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Introduction

Understanding hemostasis is essential for the safe management of patients
undergoing dental treatment. The dental literature has consistently reviewed
topics in hemostasis, particularly in management of patients with pathology
of hemostasis and on medications altering hemostasis. The literature has
detailed time-tested protocols to help with decision-making in the periopera-
tive period. With this literature support and clinical experience, dental clini-
cians, along with their physician colleague input when appropriate, have been
proficient in safely managing patients with disorders of hemostasis.

However, two major categories of changes related to hemostasis have sur-
faced in the recent past. First, evolution of the understanding of hemostasis,
the pathology of hemostasis, and medical advances relating to hemostasis
continue to occur. Second, the number of medications—especially oral medi-
cations—impacting upon hemostasis has been increasing rapidly. These addi-
tional medications are not simply clones of medications that we have all
gained clinical experience in managing—but newer classes of medications
with different pharmacodynamics and varying indications for clinical use.
The “time-tested” clinical guidelines for which clinicians have relied may no
longer be appropriate for the newer classes of medications now being pre-
scribed. In order to safely manage patients, clinicians need to be familiar with
important steps in the hemostatic process and with how the newer drugs
impact hemostasis.

To standardize the information presented throughout this book, a few criti-
cal terms are reviewed. Antithrombotic medications refer to any medications
that cause an effect on the formation and/or maintenance of a thrombus or
clot. Antithrombotic medications include anticoagulants, antiplatelet, and
fibrinolytic medications. Anticoagulants refer to medications reducing the
formation of fibrin from fibrinogen. Antiplatelet medications affect formation
of a platelet plug. Fibrinolytic mediations are “clot” busters used in the hos-
pital environment for the emergency treatment of thromboembolic diseases—
ischemic stroke, myocardial infarction, and acute pulmonary embolism [1].
Patients taking anticoagulant and antiplatelet agents are commonly present-
ing for dental care, and therefore, their review is a primary focus of this work.
Since fibrinolytics are not encountered in dental practice, the discussion of
these agents will be limited.
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Although there are slight variations in the definition of hemostasis, a clini-
cal definition that seems apropos for the climate in which we practice is
reflected in the following: Hemostasis is the physiologic system of competent
blood vessels, endothelial cells, platelets, and numerous plasma proteins that
act in a finely controlled manner to preserve blood vessel integrity and pre-
vent pathologic hemorrhage or thrombosis [2]. While surgical disciplines
(including dentistry) strive to prevent excessive hemorrhage during and fol-
lowing procedures, medicine and pharmacology are increasing the number of
medications used to alter hemostasis in order to decrease the morbidity and
mortality associated with inappropriate thrombus formation. Dental clini-
cians should be familiar with contemporary treatment recommendations.

In this book, the physiology and pathophysiology of hemostasis will be
reviewed with emphasis on updated topics. The physiology of hemostasis is
complex. The review provided herein is intended to be of sufficient depth to
allow students, residents, and practicing clinicians in dentistry and the dental
specialties a thorough understanding of the updated models of hemostasis
and the essential steps and reactions responsible for cessation of bleeding
and prevention of excessive thrombus formation. A limited number of patho-
logic alterations in hemostasis will be reviewed in order to contrast normal
physiology. This work will highlight pharmacologic agents that affect hemo-
stasis with emphasis on the expanding number and role of direct oral anti-
thrombotics which will be increasingly prevalent in dental practice. Finally,
evidence-based guidelines are presented to assist the clinician in delivering
safe dental treatment.
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Local Tissues in Hemostasis
and Platelet Review

Tiffany Kuang and Richard P. Szumita

Abstract
Hemostasis is a complex physiologic state able
to change rapidly depending on the needs of
the organism. The hemostatic system broadly
consists of three essential elements: local (vas-
cular) tissues, platelets, and biochemical fac-
tors. In health, these three elements maintain a
state of neutrality (or mild antithrombosis) to
prevent pathologic intravascular clotting.
When needed to stop hemorrhage at a site of
injury, the hemostatic system rapidly allows
for a powerful prothrombotic response at the
site of injury while maintaining neutrality
throughout the remainder of the organism.
Maintaining the appropriate state of hemo-
stasis begins with the very tissues in which the
blood circulates—blood vessels. Endothelium,
which lines the vessels, and subendothelial
structures are physiologically active in hemosta-
sis. When uninjured and in a non-pathologic
state, the endothelium allows blood to remain in
a fluid state, preventing pathologic intravascular

thrombosis. With vessel injury, the endothelium
and subendothelial tissues are responsible for
initiating the explosion of pro-hemostatic
responses culminating in clotting and cessation
of bleeding.

The second component of hemostasis, the
platelet, also fluctuates from neutral to pro-
thrombotic states. With hemorrhage, platelets
become the essential mediators that anchor the
procoagulant reactions to the site of vascular
injury, leading to local thrombus formation
and the cessation of bleeding.

This chapter reviews the fundamental
physiology and pathophysiology of local tis-
sues and platelets in hemostasis. This knowl-
edge is essential for understanding diseases
and management of patients with bleeding
disorders attributed to local tissues and plate-
lets and the pharmacology of current and
developing antiplatelet medications.

Hemostasis is a complex physiologic process that

T. Kuang (D<)

involves an intricate balance between the pro-
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coagulation factors and the antithrombotic activity
of the fibrinolytic system and coagulation inhibi-
tors. A critical component of this balance is the

very tissues in which the blood circulates—blood
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and in a non-pathologic state, the endothelium
allows blood to remain in a fluid state, preventing
pathologic intravascular thrombosis. On the con-
trary, with vessel injury, the endothelium and sub-
endothelial tissues are responsible for initiating
the explosion of pro-hemostatic responses culmi-
nating in clotting and cessation of bleeding.
Physiologic hemostasis is often described as
occurring in three phases: vascular (local tissues),
platelet, and coagulation. Therefore, understand-
ing hemostasis begins with understanding the
basic physiology of the local tissues—blood ves-
sels, endothelium, and subendothelium.

1.1 Blood Vessels
The initial vascular response to injury is to mini-
mize blood loss followed by initiating the first phase
of wound healing—inflammation [1]. When a
blood vessel is injured, vasoconstriction of the ves-
sel occurs immediately via neurogenic reflex mech-
anisms from pain and other afferent receptors in the
injured tissue. Vasoconstriction is further supported
by a number of endothelial cell and platelet-derived
mediators released at the site of injury and interact-
ing with the vessel wall smooth muscle.
Vasoconstrictor endothelial mediators released
include thromboxane A, endothelin, and endoper-
oxides (PGH,) [2-5]. Platelet vasoconstrictor medi-
ators include thromboxane A,, serotonin (5-HT),
and ADP [6, 7]. Blood vessel constriction initially
diverts blood flow to the injured site limiting the
amount of blood loss and increasing the ability of
attachment of platelets to the injured vessel walls.

In dental procedures, epinephrine in local
anesthetics has been shown to help in local hemo-
stasis. The smaller blood vessels of the mucous
membranes in the oral cavity primarily contain
a-receptors. Epinephrine is an a-agonist and
causes vasoconstriction of these local vessels [8].
Increased hemostasis has been demonstrated
with the use of vasoconstrictors present in local
anesthetics [8—10].

As part of the normal physiologic process,
vessel dilation occurs following initial vasocon-
striction as the initial response to wound healing.

Wound healing is described in three phases:
inflammatory, proliferative, and maturation. The
inflammatory phase begins immediately follow-
ing hemostasis and is characterized by local
blood vessel dilation [11, 12]. The time from ini-
tial vessel constriction to physiologic vasodila-
tion varies from seconds to several minutes or
longer [11, 12]. The time to vasodilation is
delayed after dental procedures when local anes-
thetics with vasoconstrictors are used. This is
clinically significant in the dental patient, since
delayed postoperative bleeding is seen clinically.
It has been shown delayed bleeding can be seen
approximately 6 h after a dental procedure [8]. In
the absence of pathology, this “rebound” bleed-
ing is usually minimal and controlled with local
pressure (i.e., gauze pressure to the site).

1.2  Endothelium

Endothelium lines the vasculature system, is in per-
petual contact with flowing blood, and provides the
only barrier between blood and all other tissues.
The endothelium is composed of approximately
1-6 x 10" endothelial cells comprising a surface
area of between 4000 and 7000 square meters [3,
4]. Aside from serving as a barrier, endothelial cells
possess multiple metabolic and synthetic functions
exerting their effects on vessel smooth muscle and
components in circulating blood [4]. Endothelial
cell function, then, is essential in maintaining the
balance between blood circulating in the fluid state
and initiating the rapid process of clotting when a
vessel is injured. Endothelial functions promoting
and inhibiting thrombosis are reviewed.

1.3 Endothelial Inhibition

of Thrombosis

Intact endothelium functions to maintain blood
flow and reduce the propensity for clotting.
Several characteristics are present which help
prevent intravascular clotting in intact endothe-
lium and help to control and contain a developing
thrombus in an injured vessel. The key elements



1 Local Tissues in Hemostasis and Platelet Review

supporting antithrombosis are smooth surface;
mucopolysaccharide layer; membrane-bound
thrombomodulin and antithrombin; and synthesis
and secretion of tissue plasminogen activator
(tPA), prostacyclin, and nitric oxide (NO).

The endothelium is smooth in the non-patho-
logic state. The smoothness helps prevent activa-
tion of platelets and the initiation of the intrinsic
coagulation pathway [5]. A “blanket” layer of
mucopolysaccharides is adherent to the surface of
the endothelium and repels platelets and clotting
factors. The mucopolysaccharide layer also serves
as a binding site for antithrombin (also referred to
as antithrombin III). Antithrombin is synthesized
in the liver and circulates in plasma. Antithrombin
is a natural anticoagulant which inactivates throm-
bin and activated factors IX, X, XI, and XII of the
coagulation sequence [2, 3].

The endothelium also synthesizes and
expresses thrombomodulin on its membrane.
Thrombomodulin serves as an antithrombotic by
binding thrombin (factor IIa). Binding of thrombin
serves two functions. Thrombin is powerfully pro-
thrombotic via several mechanisms including
platelet activation and conversion of fibrinogen
(factor 1) to fibrin. Thrombin is neutralized
when bound to thrombomodulin. In addition,
the membrane-bound thrombomodulin-thrombin
complex activates a natural anticoagulant, protein
C. Protein C circulates in plasma and, when acti-
vated, neutralizes activated factors V and VIII (fVa
and fVIIIa) of the coagulation sequence [2, 5, 13].

(Tissue-type) Tissue plasminogen activator
(tPA), prostacyclin, and nitric oxide (NO) are
synthesized by the endothelium. tPA is an enzyme
which catalyzes the activation of circulating plas-
minogen into plasmin. Plasmin dissolves fibrin
clots [2]. Prostacyclin and NO both inhibit plate-
let aggregation and are vasodilatory [4].

Endothelial Promotion
of Thrombosis

1.4

Upon injury of the endothelium and exposure
of subendothelium, an explosive prothrombotic
response is initiated. Injury exposes highly

thrombogenic components from endothelial
cells and the subendothelium. One of the criti-
cal prothrombotic elements exposed from the
endothelium after vessel injury is von
Willebrand factor (vWF). The endothelium
synthesizes two forms of vWE. The first are
vWF dimers which are secreted into the plasma
and subendothelium. The second form is stored
as multimers in the Weibel-Palade bodies of the
endothelium. With endothelial injury, the stored
vWF is rapidly mobilized. vWF is an important
adhesive protein aiding in platelet adhesion to
the injured tissue by binding with collagen and
with the platelet membrane receptor, GPIb/
IX/V [4, 14].

The primary prothrombotic components
exposed in the subendothelium upon vessel
injury include tissue factor, collagen, and von
Willebrand factor (VWF).

Tissue factor (TF) is factor III in the coagula-
tion sequence and is also known as thrombo-
plastin. TF initiates the coagulation process
through the extrinsic pathway. The extrinsic
pathway is activated when exposed TF at the
site of injury binds activated factor VII (fVIIa).
This binding then initiates coagulation by acti-
vating factor X of the common pathway [5, 13,
15-17].

Exposed collagen in the subendothelium of
injured perivascular tissue serves two major
functions. First, collagen is a potent platelet
activator. Second, collagen serves as a binding
site for platelet adhesion via vWF or as direct
binding to platelet membrane receptor GPVI
[13, 18, 19].

1.5 Local Tissues Upon
Vessel Injury
See Fig. 1.1.

In summary, the impact injured vascular and
perivascular (local) tissues have on the process of
bleeding cessation are immediate vasoconstric-
tion decreasing blood flow; platelet activation;
providing substrate for platelet adhesion; and ini-
tiation of coagulation.
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Fig. 1.1 Exposed bioactive compounds upon damage to endothelium/subepithelium

Contribution of Local Tissues to Bleeding
Cessation/Thrombus Formation

1. Vasoconstriction with decreased blood
flow to leaking vessel.

2. Platelet activation.

3. Exposure of substrates to allow platelet
adhesion.

4. Initiation of coagulation.

1.6  Platelet Review

Knowledge of platelet physiology is essential for
understanding hemostasis, antiplatelet medica-
tions, and management of patients with bleeding
disorders. After vessel wall injury and the expo-
sure of subepithelial elements (discussed above),
platelets provide the critical platform which
allows a thrombus to form. Platelets should be
considered the “center” of thrombus formation

and not simply a “pass-through” phase on the
way to clot generation. The platelet’s central role
in hemostasis is reviewed.

Local tissues

[ Coagulation factors ]

\
[
]

1.7  Platelet Anatomy

Platelets are derived from megakaryocytes in
bone marrow. They are disc-shaped, anucleate
cells approximately 2—-3 pm in diameter [20]. By
comparison, red blood cells are approximately
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7 pm, lymphocytes are 6-10 pm, monocytes are
12-20 pm, and granulocytes are 8—14 pm in
diameter [21].

In the adult, there are approximately one tril-
lion platelets in circulation—two thirds in the
general circulation and one third reversibly
sequestered in the spleen. Their average life
span is 8—10 days [20]. The primary sites for
platelet removal appear to be the spleen, liver,
and bone marrow [22]. Normal platelet counts
are 150,000-400,000 per microliter (pl). To
sustain a steady state of platelets, approxi-
mately 100 billion new platelets are produced
daily [20].

Platelets are designed to circulate within intact
vasculature and never interact with the endothe-
lial surface [19, 23]. However, with disruption of
a vessel wall, platelets rapidly respond through a
complex of interactions with exposed subendo-
thelial structures to initiate the adhesion of plate-
lets to the site of injury and clumping together
(aggregation).

Structural elements integral in the function
of platelets are membrane, cytoplasm, and
secretory granules. The platelet membrane is a
phospholipid bilayer. Glycoproteins, choles-
terol, and glycolipids are embedded within the
platelet membrane and are exposed on the
membrane’s external surface [20]. These
exposed membrane molecules, especially the
glycoprotein receptors, serve as highly specific
surface receptors involved in platelet activa-
tion, adhesion, aggregation, and intracellular
signaling [20]. The transmembrane glycopro-
tein receptors are designated by the preface GP.
Glycoprotein receptors have complex struc-
tures and have also been classified, and referred
to, as integrins—cell adhesion receptors
involved in physiologic and pathologic pro-
cesses [24]. For purposes of this chapter, the
receptors will be referred to by their glycopro-

tein (GP) designation. The receptors critical to
platelet function include GPIa/lla, GPIIb/IlIa,
GPVI, and GPIb/IX/V (shortened to GPIb).
Along with their roles in cellular adhesion, the
platelet membrane glycoprotein receptors are
also involved with intracellular signaling,
important in regulating and coordinating the
complex and numerous reactions required for
proper platelet function [25, 26]. These func-
tions are discussed below.

The platelet cytoplasm contains elements to
form a cytoskeleton, organelles, and intracellular
messaging systems. Platelet form is maintained
via a cytoskeleton primarily via spectrin micro-
tubules and actin filaments. Organelles in the
platelet cytoplasm, including lysosomes and per-
oxisomes, contain a number of degradative
enzymes used against material ingested via
phagocytosis. Intracellular messaging is aided
by canalicular and tubular systems within the
cytoplasm [20].

A large number of biologically active mol-
ecules are stored in secretory granules within
the platelet—a-granules and dense granules.
The a-granules are more abundant. Their con-
tents are involved in hemostasis, immunity,
inflammation, and wound healing [27]. Pro-
hemostatic substances contained in the
a-granules are von Willebrand factor (vVWF);
factors I (fibrinogen), V, XI, and XIII; protein
S; and platelet activator inhibitor (PAI-1).
Dense granules contain serotonin (5-HT), ADP,
ATP, and calcium (factor I'V). These substances
are secreted in an orchestrated fashion during
critical steps and during the evolution of the
thrombus [22, 27].

1.8 The Platelet

See Fig. 1.2.
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Fig. 1.2 Functional
elements of the platelet
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1.9  Platelets and Clotting

Platelets are central to the formation of a clot.
In physiologic hemostasis, platelets interact at
the site of disruption of vessels (surgery or
trauma) in the prevention of bleeding. Platelets
also play a role in the formation of pathologic
thrombi, mircothrombi, and emboli that are
associated with myocardial infarction, stroke,
pulmonary embolism, and end-organ damage.
There are both similarities and differences in
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Cytoplasm
Dense granules

Alpha granules

platelets’ role in the physiologic and pathologic
states.

In patient management, it will help the dental
professional to understand the concept of physi-
ologic and pathologic thrombi formation. Dental
treatment of patients being managed with anti-
platelet medications to reduce the risk of patho-
logic thrombus formation can often be
accomplished with minimal impact on the physi-
ologic formation of a wound thrombus (discussed
further in chapters).
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Platelet

Physiologic

Pathologic

Formation of
thrombi,
microthrombi,
emboli

Formation of a
clot at the site of
vessel injury to
stop hemorrhage

1.10 Platelets in Physiologic
Hemostasis

Platelets perform several important functions in
physiologic coagulation: control of thrombin
generation, support of fibrin formation, and regu-
lation of fibrin clot retraction [28]. Additionally,
platelets anchor these functions directly at the
site of tissue/vessel injury.

Platelet Functions in Physiologic
Hemostasis [28]

Control of thrombin generation.
Support of fibrin formation.

Regulation of fibrin clot retraction.
Anchor the reactions at the site of tissue
injury/hemorrhage.

= e

To accomplish these functions, platelets go
through well-coordinated and regulated pro-
cesses: activation, adhesion, aggregation, and
secretion.

Immediately after vessel injury from surgery
or trauma, vessel vasoconstriction occurs and
subendothelial substances are exposed: VWEF,

collagen, tissue factor (factor III), and others.
Rapid interactions occur between these subendo-
thelial structures and circulating platelets to initi-
ate the hemostatic process [19]. These initial
reactions activate the circulating platelets predis-
posing them to adhere to the damaged endothe-
lium. Platelets then coalesce or aggregate. This
“clump” of platelets is then able to focus and
direct multiple biochemical reactions at the site
of injury leading to the formation of fibrin.
Research continues to reveal the central roles and
complex nature platelets play in hemostasis.
Recent findings suggest there may actually be
different platelet populations, with distinct sur-
face properties, each group designed to carry out
different roles in coagulation [28].

1.11 Platelet Activation

Platelets circulate in a non-activated state. Upon
vessel injury, platelet membrane receptors inter-
act with the damaged endothelium and subendo-
thelial substances leading to platelet activation.
A major pathway in platelet activation is colla-
gen binding to platelet membrane GPVI [17].
Additional activation occurs with the binding of
vWEF to platelet membrane GPIb [19, 23]. Other
substances shown to promote platelet activation
include thrombin, thromboxane A2, 5-HT, epi-
nephrine, and ADP. With activation, several
structural and physiologic changes occur to the
platelet and include platelet shape change,
expression of pro-inflammatory molecules,
expression of platelet procoagulant activity,
potentiation of aggregation by other prothrom-
botic factors (i.e., collagen), and conversion of
platelet receptor GplIb/IIIa into active form [29,
30]. Platelet activation “primes” the platelet to
begin its pro-hemostatic and pro-healing
functions.

1.12 Platelet Adhesion

Once activated, platelets are “primed” to adhere
to the injured site—a critical step in formation of
an effective thrombus. Platelet adhesion relies
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primarily on exposed collagen at the site of
injury, VWF, and glycoprotein receptors in the
platelet membrane. [It is important to note here
that another substance is exposed after endothe-
lial damage—tissue factor (factor III). As will be
discussed shortly, tissue factor is responsible for
initiating the process of thrombin and fibrin
formation.]

The initial critical step in adhesion involves
von Willebrand factor (vWF) and the platelet gly-
coprotein  receptor Ib/V/IX (GPIb). von
Willebrand factor (vWF) is a large glycoprotein
found in several locations: in the circulation in an
inactive form, in the subendothelial matrix of
blood vessels, within Weibel-Palade bodies of
endothelial cells, and in a-granules of platelets
[25, 31]. Platelet receptor GPIb/IX/V is a com-
plex of glycoproteins on the platelet membrane
where the major binding site is on the glycopro-
tein (GP) Ib subunit. In hemostasis, GPIb binds
vWF [14, 32]. GPIb also binds a leukocyte recep-
tor (Mac-1) which plays a role in vessel wall
inflammation in atherosclerosis, thrombosis, and
restenosis [33].

Upon endothelial damage, collagen becomes
exposed and binds vWF. Binding of vWF causes
a conformational change in the molecule and
exposes the binding site for the platelet mem-
brane GPIb. vWF then acts as the link anchoring
collagen at the site of vessel injury and the
platelet via GPIb receptor [19, 32]. This interac-
tion appears to be critical especially in high
flow, high shear stresses in injured vessels—
microvascular and stenotic arteries [34]. This
initial bonding decelerates platelets and holds
them in close contact with the exposed subendo-
thelial matrix where additional interaction with
platelet receptors leads to further activation and
adhesion [17, 23].

Additional anchoring of platelets to the site of
vessel injury is provided by direct collagen bind-
ing to platelet membrane receptor glycoproteins:
GPIla/lla and GPVI. GPIa/lla binds directly to the
collagen types I and IV found in the subendothe-
lial matrix. This binding is thought to be limited
to low shear stress conditions (veins and larger

arteries) in the injured vessel. GPVI also likely
binds directly to collagen but may have a greater
role as an activator of GPIla/lla via intracellular
signaling [19, 34].

Other proteins in the subendothelial matrix
have also been shown to play a role in platelet
function: fibronectin, thrombospondin, lam-
inin, and vitronectin. Fibronectin and thrombo-
spondin are both stored in o-granules in
platelets. Fibronectin binds to platelet mem-
brane glycoprotein (GPIIb/IIla) which is
involved in platelet aggregation (discussed
below). Thrombospondin release from the
platelets with subsequent binding to the platelet
membrane interacts with fibrinogen, fibrin, and
collagen. These interactions appear to help
overcome local antithrombotic activity by pro-
viding positive feedback, enhancing platelet
adhesion and aggregation [19].

Laminin is a large glycoprotein in the suben-
dothelial matrix. Laminin acts like collagen by
binding to platelet membrane receptor GPVI
leading to platelet activation. Laminin also inter-
acts with the binding of vWF and platelet GPIb
further enhancing platelet adhesion [19, 35].

Vitronectin is also found in the subendothelial
matrix and, like fibronectin, binds to platelet
membrane receptor GPIIb/IIIa enhancing platelet
aggregation [19].

1.13 Platelet Aggregation

Aggregation of platelets to each other is the
next step in the evolution of a thrombus. This
“clumping” together of platelets occurs pri-
marily between platelet membrane glycopro-
tein receptors (GPIIb/IIla) and fibrinogen.
Fibrinogen is the intermediary between GPIIb/
IIIa receptors on adjacent platelets. GPIIb/IIIa
can also bind vWF assisting in aggregation
(Note: GPIIb/IIIa is also referred to in the lit-
erature as allbp3 integrin.) [26]. Platelet aggre-
gation results in concentrating a greater volume
of platelets at the site of injury, providing
membrane surfaces for the anchoring of the
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coagulation reactions terminating in the con-
version of fibrinogen (factor I) to fibrin at the
site of injury.

1.14 Platelet Quality: Secretion

Among its attributes, the platelet is a biochemical
manufacturing and storage “warehouse.”
Dentistry has extensively studied and employed
platelet concentrates in clinical practice for its
positive effects on wound and bone healing [36—
39]. Platelets store a multitude of substances that
are important in hemostasis as well as in healing.
These bioactive substances are contained in
a-granules, dense granules, and the cytoplasm.
The stored molecules involved in hemostasis are
as follows. a-Granules contain VWF; factors I
(fibrinogen), V, and XI; protein S; PAI-1; and
HMWEK. Dense granules contain serotonin, ADP,
ATP, and calcium. The cytoplasm contains factor
XIII. These substances are secreted during the
evolution of the thrombus [22].

1.15 Platelets in Pathologic
Hemostasis (Thrombotic

Disease)

The formation of pathologic thrombi in both the
arterial (myocardial infarction and stroke) and
venous (deep vein thrombosis potentially leading
to pulmonary emboli) vasculature is well docu-
mented. Even though pathologic clotting (within
vessels with intact endothelium) shares similari-
ties to physiologic clotting, many mechanisms for
initiation and propagation exist that are unique to
pathologic clotting. Mechanisms of pathologic
clotting even differ between the arterial and
venous systems. Arterial pathologic thrombi
appear to be anchored to vessel walls by platelet
interactions. In venous thromboembolism, fibrin
appears to be the main mediator anchoring the
clot to the vessel wall [40]. Clinically, this explains
the need for antiplatelet medication in arterial dis-
ease and anticoagulants in venous disease.

Pathologic
thrombi

Arterial Venous

Thrombus
anchored by
fibrin

Thrombus
anchored by
platelets

In the arterial system, mechanisms proposed to
explain pathologic thrombi formation include rup-
ture of atherosclerotic plaques, deformation of
vWF in high shear stress arterial vessels, and sys-
temic inflammatory states. When atherosclerotic
lesions rupture, vVWF and collagen can become
exposed initiating platelet activation, adhesion, and
coagulation. In partially occluded arteries, high
sheer stress of the blood flow can alter (“unfold”)
vWEF allowing it to bind to platelet receptor GPIb/
IX/V and initiate clotting. Systemic inflammatory
states are associated with many diseases including
cardiovascular disease. Inflammatory states are
known to activate platelets and promote endothelial
cell dysfunction by making them more adhesive to
circulating platelets.

Venous thromboembolism is less well under-
stood but appears to be related to inflammation
and stasis [40].
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Abstract

Hemostasis is a well-coordinated interplay
of cells and biochemical substrates which
can quickly respond to vascular injury and
form a local thrombus to stop hemorrhage.
In addition, this prothrombotic response is
balanced by endogenous antithrombotic ele-
ments to prevent excessive thrombus genera-
tion and to clear a clot once bleeding is
controlled and tissue healing progresses.
This first part of this chapter reviews the
major biochemical mediators involved in
thrombus formation (coagulation factors)
and prevention and dissolution of thrombi
(antithrombotic factors).

The second part of this chapter focuses on
how the three components of hemostasis—
local tissues and platelets (described in the
previous chapter) and coagulation factors—
interact in a well-orchestrated and tightly reg-
ulated explosion of reactions leading to
thrombus formation and cessation of bleeding.
Two models of hemostasis are reviewed. The
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first is the model by which the physiology of
hemostasis has traditionally been taught and
studied. This model is referred to as the
cascade or  biochemical model. This
ubiquitously reported model elucidates the
multiple reactions and sequencing of these
reactions leading to formation of a thrombus.
The second model is referred to as the cell-
based model of hemostasis and is widely
reported to more accurately describe in greater
detail where reactions are occurring in vivo
and how they relate to clinical hemostasis and
better explain pathologies of hemostasis.

2.1 Coagulation Factors
With formation of the platelet plug, the next step
in development of a clot is the formation of
fibrin—referred to as secondary hemostasis. The
formation of fibrin is the end result of a well-
orchestrated and regulated sequence of enzy-
matic conversions of protein factors. The end
products of these reactions are the production of
thrombin and fibrin. In this chapter, the individual
factors are reviewed. In the subsequent chapter,
the sequencing will be reviewed.

The substances involved in the biochemical
reactions leading ultimately to the formation of
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fibrin are referred to as the clotting factors. In an
effort to standardize the nomenclature of the
blood clotting proteins, in 1954 the International
Committee for the Standardization of the
Nomenclature of Blood Clotting Factors was
established. Then, in 1958, the Committee agreed
the substances involved in blood clotting would
be assigned Roman numerals [1]. Presently, there
are 12 factors: I, I, 111, IV, V, VII, VIII, IX, X, XI,
XII, and XIII. By convention, factors are desig-
nated with the letter “F” followed by the Roman
numeral. As an example, factor I would be
reported as FI. As will be discussed in this and
the subsequent chapter, most of the factors are
proteins which will under proteolysis to an
“active” form which will cause proteolysis of the
next factor in the sequence. An activated factor is
designated with a lower case “a” after the factor
name. For example, activated factor VII would be
FVIIa. Despite the international designation with
Roman numerals, several factors are commonly
referred to by names.

2.2  TheFactors
Factor I is fibrinogen, a large protein synthesized
in the liver and circulates in plasma [2].
Fibrinogen serves two critical functions. Firstly,
fibrinogen plays an important role in platelet
aggregation through binding to adjacent platelet
membrane GPIIb/IIla receptors. Secondly, fibrin-
ogen is the precursor of fibrin. In the presence of
thrombin, fibrinogen undergoes proteolysis to
yield fibrin. Along with platelets, fibrin is an
essential component of a thrombus.

Factor II is also commonly referred to as pro-
thrombin. Factor II is converted to thrombin.
Factor II is synthesized in the liver and is one of

four factors (II, VII, IX, X) that contains carbox-
ylated glutamic acid residues needed for func-
tion. These residues require vitamin K for
synthesis. The activated form of FII is thrombin.
Thrombin has many important functions includ-
ing catalyzing the conversion of fibrinogen to
fibrin; activating factors V, VIII, XI, and XIII; and
activating platelets [3-5].

Factor III is commonly referred to as tissue
factor (TF). TF is unique in that it is a mem-
brane protein found in subendothelial cells of
blood vessels and cells of perivascular tissue,
i.e., fibroblasts [4, 6, 7]. Upon vessel disruption/
injury, TF becomes exposed and initiates
coagulation.

Factors 1V, V, and VIII are cofactors. Without
these cofactors, several of the proteolytic factor
activations would not occur. Specifically, factor
IV, which is calcium, is required as a cofactor in
the activation of factors II, IX, X, and XI. Factor V
is a cofactor with calcium to convert factor II (pro-
thrombin) to thrombin. Factor VIII is also known
as antihemophilic factor. Decreases in factor VIII
levels are associated with classic hemophilia
(hemophilia A). Factor VIII circulates in plasma
bound to vWE. It is converted to an active form by
thrombin and then serves as a cofactor with cal-
cium for the activation of factor X [2, 4, 8].

Factor VII is a protein synthesized in the liver
and circulates in the blood. Factor VII is also one
of the four factors that require vitamin K to com-
plete synthesis. When activated, FVIIa forms a
complex with exposed tissue factor (FIII) at the
site of injury. Factors III and VII and cofactor cal-
cium (FIV) comprise the extrinsic pathway [9].

Factor IX is also known as Christmas factor. It
is a protein and manufactured in the liver.
Deficiencies in FIX are responsible for hemo-
philia B or Christmas disease [2].
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Factor X is synthesized in the liver. Factor
X, along with factors I and II, constitutes the
common pathway. FXa is responsible for the
activation of FII (prothrombin) into thrombin
(FIIa).

Factors XI and XII are also proteins synthesized
in the liver. Both are part of the intrinsic pathway.

Factor XIII is the fibrin-stabilizing factor.
The fibrin monomers formed by proteolysis of
fibrinogen are initially held together by weak
noncovalent bonding. Factor XIII, after activa-
tion by thrombin, converts the fibrin linkages
to strong covalent bonds and creates the fibrin
mesh by cross-linking adjacent fibrin mole-
cules [2].

2.3  Summary of Factors

Factor Synonym Site of synthesis

1 Fibrinogen Liver

11 Prothrombin Liver

I Tissue factor Membrane protein in

perivascular tissues
Absorbed from diet;
stored in bones

v Calcium

v Proaccelerin Liver, megakaryocytes

VII Prothrombin Liver
conversion factor

VIII  Antihemophilic Liver
factor

IX Christmas factor Liver

X Stuart-Prower factor  Liver

XI Plasma Liver
thromboplastin
antecedent

XII Hageman factor Liver

XIII  Fibrin-stabilizing

factor
Adapted from Hall: Textbook of Medical Physiology [10]

Liver, megakaryocytes

2.4  Cofactors

Factor Synonym Site of synthesis

v Calcium

A\ Proaccelerin Liver, megakaryocytes
VIII  Antihemophilic factor Liver

2.5 Factors Requiring Vitamin K
for Synthesis

Factor Synonym Site of synthesis

11 Prothrombin Liver

VII Prothrombin Liver

conversion factor

IX Christmas factor Liver

X Stuart-Prower factor ~ Liver

2.6 Endogenous Antithrombotic

Factors

In order to maintain proper flow of blood through
the vasculature, prevent pathologic thrombosis,
and to clear clots during healing, endogenous fac-
tors/systems are present to provide a “checks and
balances” to the prothrombotic reactions. The
antithrombotic systems are divided into antico-
agulants, which decrease the formation of fibrin
through inhibition of coagulation sequence
enzymes, and the fibrinolytic system which lyses
fibrin that thereby dissolves forming/formed
thrombi (clots). The primary components of the
endogenous anticoagulants are antithrombin, tis-
sue factor pathway inhibitor, thrombomodulin,
and protein C. The endogenous fibrinolytic
enzyme is plasmin.
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Endogenous (natural) antithrombotic systems

Natural anticoagulants Natural fibrinolytics (thrombolytics)
Antithrombin Plasminogen /
plasmin
Tissue factor
pathway inhibitor
Protein C

2.7 Antithrombin inhibits free factor X. The result is a delay and

Antithrombin is synthesized in the liver and cir-
culates in plasma. Antithrombin is a natural anti-
coagulant which inactivates thrombin and
activated factors IX, X, XI, and XII of the coagu-
lation sequence [11, 12].

2.8 Tissue Factor Pathway

Inhibitor

Tissue factor pathway inhibitor (TFPI) is pres-
ent in endothelial cells and platelets. Upon
endothelial injury, the enzyme is released. TFPI
directly inhibits the enzymes of the extrinsic
pathway by inhibition of the complex of tissue
factor (TF)/factor VIla/factor Xa. TFPI also

reduction in thrombin and, subsequently, fibrin
formation [12].

Thrombomodulin
and Protein C

2.9

The endothelium also synthesizes and expresses
thrombomodulin on its membrane surface.
Thrombomodulin serves as an antithrombotic
by binding thrombin (factor Ila). Thrombin is
potently prothrombotic. However, once bound
to thrombomodulin, thrombin is neutralized
preventing thrombin-stimulated platelet activa-
tion and the conversion of fibrinogen (factor I)
to fibrin. In addition, membrane-bound throm-
bomodulin-thrombin complex activates the nat-
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ural anticoagulant, protein C. Protein C
circulates in plasma and, when activated, neu-
tralizes activated factors V and VIII (fVa and
fVIlla) of the coagulation sequence [13—15].

2.10 Fibrinolytic System

The formation of a thrombus is essential in bleed-
ing cessation. The fibrinolytic system is respon-
sible for removing thrombi in order to maintain
blood flow to damaged tissues and to allow for
tissue healing once bleeding has stopped and the
clot is no longer needed. Fibrinolysis relies on
the enzyme plasmin to dissolve fibrin. The dis-
solution of fibrin clots into fibrin degradation
products is achieved by a protease called plas-
min. Plasminogen, the proenzyme, is manufac-
tured in the liver and released into circulation.
Plasminogen binds to fibrinogen and fibrin and is
incorporated into the forming blood clot.
Plasminogen is cleaved to plasmin in the pres-
ence of tissue plasminogen activator (tPA) and
urokinase. tPA is released from endothelial cells
upon injury and is also stimulated by tissue
occlusion, thrombin, epinephrine, vasopressin,
and strenuous exercise [12, 15, 16].

Once plasminogen and plasmin are released,
they are rapidly inactivated by their inhibitors.
The main inhibitors include plasminogen activa-
tor inhibitor, which irreversibly inhibits tPA,
thereby preventing widespread fibrinolysis [16].

Review of Hemostasis:
Putting It All Together

2.11

Describing the interactions of the coagulaton
enzymes in an attempt to explain the formation of
fibrin during coagulation has for decades been
provided by the biochemical model of coagula-
tion. Although this model provides insight into
the enzymatic reaction and sequencing, hematol-
ogists have known for years it does not accurately
explain how bleeding is halted at the site in injury.
More recently, the cell based model of hemosta-
sis has been proposed as representative of how all

of the cellular and enzymatic elements combine
to efficiently stop hemorrhage. Both models are
reviewed below.

2.11.1 Biochemical Model

Our understanding of coagulation has been
evolving over the last century and continues to
evolve through present day. A major contribution
to our understanding of hemostasis occurred in
1964 when the article “Waterfall Sequence for
Intrinsic Blood Clotting,” in the journal Science,
proposed a simple waterfall sequence of the clot-
ting factor reactions leading to a fibrin clot [17,
18]. This article was the summation of years of
extensive research by a number of scientists in
many institiutions [19]. The coagulation “cas-
cade” was then established and has been divided
into three interrelated sequences: extrinsic,
intrinsic, and common pathways. The extrinsic
pathway is also referred to as the initiator and
tissue factor pathways since studies suggest
coagulation is initiated by tissue factor (factor
III) complexing with factor VII. The intrinsic
pathway is also referred to as the propagator
pathway since this pathway drives fibrin forma-
tion after the initial predominance of the extrin-
sic pathway fades in the coagulation process.
Both the extrinsic and intrinsic pathways meet at
the common pathway where the end result is the
formation of fibrin.

2.11.1.1  The Extrinsic/Initiator/

Tissue Factor Pathway

The extrinsic pathway derived its name since an
“extrinsic” agent was required to activate the
clotting factors. This extravascular factor is
known as tissue factor (TF), which is also factor
IIT [20]. Factor III along with factor VII com-
prises the extrinsic pathway. Tissue factor (TF) is
expressed in the vascular smooth muscle, peri-
cytes, and fibroblasts within the vessel wall and
in the tissue surrounding the vasculature. TF has
been proposed to form a “hemostatic envelope”
around blood vessels [20-22]. At the site of
injury, tissue factor is exposed which binds
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circulating factor VII and catalyzes its conversion
to activated factor VII (VIIa). Factor VIla then
catalyzes the conversion of factor X to activated
factor X in the common pathway. Factor VIla
also activates factor IX [2, 4, 23].

Extrinsic Factors
111, VII

2.11.1.2 The Intrinsic/Propagator
Pathway

The intrinsic pathway is also referred to as the
propagator pathway. The factors that constitute the
intrinsic pathway include factors IX, XI, and
XII. Factor XII is listed as the first reaction in the
pathway. Factor XII is a protein which circulates in
plasma. It is activated by contact with collagen in
an injured vessel. Activated factor XII (XIIa) cata-
lyzes the activation of factor XI. High-molecular-
weight kininogen (HMWK) acts as a cofactor in
this conversion and prekallikrein accelerates the
reaction. Factor XIa then catalyzes the activation of
factor IX (Christmas factor). Factor IXa then acti-
vates factor X in the common pathway [2].

Intrinsic Factors
IX, X1, XIII

2.11.1.3 Common Pathway

Within the common pathway, three factors
undergo proteolysis culminating in the conver-
sion of fibrinogen to fibrin. Factor X becomes
activated by products from the extrinsic and
intrinsic pathways. Activated factor X (Xa) cata-
lyzes the conversion of factor II (prothrombin) to
thrombin. Thrombin then catalyzes the conver-
sion of fibrinogen to fibrin (Fig. 2.1) [3, 10].

Common Pathway Factors
LI X

Using knowledge of the coagulation reactions,
the proposed sequence of events after vessel
injury has been described in terms of primary and
secondary hemostasis. Primary hemostasis is the
reactions leading to formation of the platelet plug.
Secondary hemostasis is the formation of fibrin at
the platelet plug via the coagulation cascade.

The platelet plug is formed by initial vessel
constriction and activation of platelets. Activated
platelets then adhere and aggregate to the site of
injury via membrane glycoprotein receptors
(GP). GPIb/IX/V binds von Willebrand factor
(VWF) in the subendothelium. GPVI directly
binds exposed collagen. Platelet aggregation then
occurs with adjacent platelet GPIa/IIb binding of
fibrinogen. The coagulation cascade is then initi-
ated when tissue factor (TF), which is factor III,
binds with factor VIIa. These two factors com-
prise the extrinsic pathway. The complex of FIII/
FVIIa catalyzes the conversion of factor X in the
common pathway.

2.11.2 Cell-Based Model
of Hemostasis

The cascade model of coagulation, introduced in
1964, has had a significant impact on understand-
ing of how fibrin is formed. However, researchers
and clinicians had known for years this model
alone could not readily explain situations encoun-
tered clinically. For instance, deficiencies in fac-
tor XII do not result in pathologic hemorrhage,
whereas deficiencies in factors VIII and IX and
hemophilia A and B, respectively, are consis-
tently linked to pathologic hemorrhage [4]. It had
also become obvious to researchers that mem-
brane phospholipids were essential for in vivo
thrombin and fibrin formation. Accumulation of
data led researchers to develop surface-depen-
dent and cell-dependent models of hemostasis
that has now become a modern theory of in vivo
hemostasis known as the cell-based model of
hemostasis [4, 8, 18, 23-26]. Cell-based hemo-
stasis links the enzymatic activation of factors as
described above with specific cells accumulating
at the site of vascular injury. A brief description
of this model is as follows:
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Fig.2.1 Coagulation cascade: Biochemical Model

The process of coagulation begins when tissue
factor (FIII) is exposed to blood at the site of
injury. As discussed above, tissue factor is a trans-
membrane protein found in certain perivascular
cells. Tissue factor functions as a receptor and
cofactor for FVII. Factor VII circulates in the
blood, and if a disruption of the vessel wall is
encountered, FVII will adhere to the TF in the
membranes of exposed cells—fibroblasts, etc.
Once bound to TF, FVII becomes activated to
FVIIa. The TF/FVIIa cell membrane-bound com-
plex then activates factor X and factor IX. Factor
Xa reacts with cofactor Va to produce a small
amount of thrombin at the TF/FVIIa complex.
This thrombin serves several functions: activates
platelets and activates factors V, VIII, and

Intrinsic/propagator
pathway

Fibrin mesh

XI. These reactions are restricted to the TF-bearing
cells since FXa is immediately inactivated by the
natural anticoagulants antithrombin (AT) and tis-
sue factor pathway inhibitor (TFPI).

The other factor activated by the TF/FVIla
complex, FIXa, is not inactivated by TFPI and
only slowly by AT and, therefore, can diffuse to
the surface of the activated platelets that are
adhering to the injury site and aggregating by
mechanisms previously discussed. Factor IXa
binds to platelet receptors. Activated platelets
also bind factors Va, VIIIa, and XIa. The platelet-
bound activated factors Va, VIlla, IXa, and Xla
are now responsible for further activation of
plasma FX leading to a significant amount of
thrombin production on the platelet surface. This
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thrombin is now the catalyst for converting
fibrinogen to fibrin and for activating factor XIII
which will stabilize the clot [4, 18].

This cell-based model is divided into three
overlapping processes: initiation, amplification,
and propagation. Initiation refers to the phase
when exposed cell membrane tissue factor binds
FVII, and the TF/VIIa cell-bound complex acti-

vates factor X leading to a small amount of
thrombin production. Amplification is when the
thrombin produced during initiation activates
platelets and factors V, VIII, and XI. These acti-
vations set in motion the procoagulant response
which will lead to an explosion of thrombin pro-
duction at the platelet membrane surface consid-
ered the propagation phase [4].

Cell-based hemostasis: initiation
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Cell-based hemostasis: amplification
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Diagrams adapted from: Selective Readings in
Oral and Maxillofacial Surgery [27].

2.11.3 Thrombus

The summation of cellular and enzymatic pro-
cesses is the formation of the thrombus or clot
immediately at the site of disruption of blood
vessel integrity. The thrombus thus contains
platelets and fibrin. The platelets were anchored
to the wound by glycoprotein receptor binding to
exposed VWF and collagen at the injury. The
platelets aggregate by membrane glycoprotein
receptor binding of fibrinogen.
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Abstract

von Willebrand disease (VWD) is the most
common inherited coagulation disorder. In
addition, vWD can also be acquired later in life
in patients with no previous history of patho-
logic bleeding. vWD is the result of either a
quantitative deficit or a qualitative defect in von
Willebrand factor (vWF). Each patient’s dis-
ease is classified based on the type of defect in
vWEF. Dental and surgical management of
patients with vWD is based on the severity of
their disease, and several systemic and local
treatments are available to allow for the hemor-
rhage control. This chapter will review impor-
tant aspects of VWF, classification of vWD, and
treatment of the dental patient with vWD.

3.1 von Willebrand Disease

von Willebrand disease (VWD) results from
either a decrease in the quantity of, or a structural
defect in, VWE. vWD is classified according to
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the type of alteration in vVWF. When all types are
considered, vWD is the most common inherited
bleeding disorder. Clinically, there is significant
variability in patient presentation and degree of
bleeding risk [1-7, 11].

3.2 von Willebrand Factor (VWF)
The primary structure of von Willebrand factor
(VWF) is a large glycosylated protein which is
synthesized in endothelial cells and megakaryo-
cytes (platelet precursors) [7, 9, 10]. vWF is
found in platelets, endothelial cells, basement
membrane of blood vessels, and circulating in
plasma. The primary functions of vWF are to
promote attachment of platelets to areas of vessel
injury and to act as a carrier molecule for circu-
lating factor VIII (FVIII), stabilizing this impor-
tant factor in plasma [2, 5, 9, 11-13].

Following initial assembly of the large protein
structure in the nucleus of endothelial cells and
megakaryocytes, VWF undergoes modifications
in the endoplasmic reticulum and Golgi apparatus
resulting in the formation of multimeric (multiple
repeating segments) complexes of varying molec-
ular weights. The size of the mature vVWF helps
determine its location. Smaller vWF is secreted
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into circulation, while larger multimers of vVWF
are stored in a-granules of the platelets or Weibel—
Palade bodies of endothelial cells. vVWF released
into circulation bind with factor VIII (antihemo-
philic factor) protecting the factor from degrada-
tion [5, 7, 9]. vWF stored in endothelial cells is
released into both the circulation and the adjacent
subendothelium upon stimulation by thrombin,
fibrin, or desmopressin (DDAVP). vWF contained
in the a-granules of platelets is released upon ves-
sel injury [11, 12].

The multimeric nature of the protein structure
of the mature VWF allows it to possess unique
binding sites for platelet membrane receptors,
collagen, and factor VIII. There are four binding
sites on vVWF which interact with platelet mem-
brane receptor (GpIb/IX/V) involved in platelet
adhesion, platelet membrane receptor (Gpllb/
IITa) integral in platelet aggregation, subendothe-
lial collagen exposed after endothelial damage,
and factor VIII [9, 11-13].

von Willebrand factor is an important adhesive
protein aiding in platelet adhesion to the injured tis-
sue by binding with collagen and with the platelet
membrane receptor, GPIb/IX/V [14, 15].

Exposed collagen in the subendothelium of
injured perivascular tissue serves two major func-
tions. First, collagen is a potent platelet activator.
Second, collagen serves as a binding site for
platelet adhesion via vVWF or as direct binding to
platelet membrane receptor GPVI [16—18].

3.3 Classification of vWD

vWD is primarily an inherited disease, but
acquired VWD has also been noted. Acquired
forms of the disease are associated with patho-
logic conditions. Both forms are discussed
below.

The most widely known classification system
describes the hereditary form of vWD [1]. This
system classifies vVWD into three general types:
1,2, and 3. Types | and 3 vWD encompass quan-
titative deficits in VWF. Type 2 vWD includes
qualitative defects in vVWEF. Including all types of
vWD, the prevalence is approximately 1-3% in
the general population [10].

Type 1 vWD is the most common form of the
disease accounting for roughly 70-80% of all
cases of vVWD. Type 1 is due to a decrease in
vWEF levels (usually 5-50% of normal). The vWF
that is synthesized is structurally and functionally
normal [2, 5, 13].

Type 2 vWD is the second most common form
of the disease accounting for approximately
10-30% of all cases [1]. Type 2 vWD is a result
of a structural (qualitative) abnormality of vWF
and is further subdivided into four additional sub-
types: 2A, 2B, 2M, and 2 N. Each of the subtypes
represents a unique qualitative defect [2, 5, 11].

Type 2A vWD is a result of the absence of
high molecular weight multimer forms of vWF
(smaller molecule) resulting in decreased binding
sites on the protein. This reduces the platelet
adhesion and collagen binding [2].

Type 2B vWD results from a mutation in the
binding site on vVWF with platelet Gplb. This
mutation results in an increased affinity for circu-
lating VWF binding to platelets in circulation.
This gain-of-function trait leads to platelet
clumping and often results in varying degrees of
thrombocytopenia [5].

Type 2M vWD is characterized by defective
platelet adhesion. This decreased activity is similar
to type 2A. However, unlike type 2A, the protein
structure of VWF does not lack the multimers
making it structurally more “normal.” Similar to
type 2B, the defect in platelet binding is due to
mutations of the platelet binding sites. Unlike type
2B, the mutation results in loss of function [2, 5].

Type 2N vWD is caused by mutations in the
binding site for factor VIII (FVIII) resulting in
reduced affinity and binding of FVIIL. This leads
to depressed levels of FVIII and can be confused
with hemophilia A [5, 11].

Type 3 vWD is the most severe form of the
disease. It is rare with estimated prevalence of
1-3 per million and is characterized by severe
quantitative deficiency in vWF in plasma and
platelets. Severe mucocutaneous bleeding is seen
clinically. In addition, and unlike the other forms
of vWD, soft tissue bleeding and bleeding into
joints are common [2, 5].

Acquired vWD (AvWD) is a rare form of the
disease. This form arises in association with
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various underlying diseases, including malignan-
cies, autoimmune diseases, and structural cardiac
abnormalities (i.e., aortic stenosis) [1, 8, 19].
Patients with AvWD have no prior history of
abnormal bleeding and no family history of pro-
longed bleeding. Bleeding patterns in AvWD is
similar to hereditary vWD [8].

von Willebrand Disease (vWD)
Classifications
Type 1: Quantitative (partial) deficit in
vWF
Type 2: Qualitative defects in vVWF
* Type 2A
— Decreased platelet binding due to
lack of normal multimeric form of
vWF
e Type 2B
— Increased affinity for circulating
vWF platelet binding; thrombocyto-
penia present
e Type 2M
— Decreased platelet binding but with
normal multimeric form of vVWF
e Type 2N
Decreased affinity for factor VIII
Type 3: Complete deficiency of vVWF
Acquired vWD: Arises in associated
with certain pathologic diseases; rare.

3.4  (Clinical Presentation
Diagnosis of vWD is based on three parameters:
a history of excessive mucocutaneous bleeding, a
family history of excessive bleeding, and labora-
tory evaluation confirming a quantitative and/or
qualitative defect in vWF [5, 11].
Mucocutaneous bleeding includes recurrent
gingival bleeding, epistaxis, menorrhagia, pro-
longed bleeding from lacerations, and easy
bruising. Except for type 3 vWD, deep soft tis-
sue bleeding and bleeding into joints are
uncommon. Previously undiagnosed vWD have
been shown to manifest as prolonged and exces-
sive bleeding following undergoing oral surgi-

cal procedures—especially dental extractions
[5,7,13].

Since types 1, 2A, 2B, and 2M are inherited as
an autosomal dominant trait, a family history of
bleeding is often elicited during history taking.
Howeyver, it should be understood that the clinical
penetrance of the disease can be variable and a
clear family bleeding history is not always pres-
ent [5, 11].

3.5 Management of the Dental

Patient with vWD

Dental management of patients with vVWD can be
divided into two categories. First is the patient
without a diagnosis of vWD who presents for
dental treatment. The second is management of a
patient with a known diagnosis.

Since VWD is the most common inherited
bleeding disorder, patients may unknowingly
present to the dental office with a yet undiag-
nosed form of vWD. Especially in younger
patients, the removal of teeth (i.e., as part of com-
prehensive orthodontic treatment) or removal of
third molars may be the first significant challenge
to their hemostatic system. These oral surgical
procedures may uncover their coagulopathy. To
minimize this risk, thorough pre-procedural
bleeding history should be undertaken. Key ques-
tions include a history of frequent and prolonged
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mucocutaneous bleeding (gingival bleeding and
epistaxis), frequent bruising, prolonged bleeding
from uncomplicated skin lacerations, and, in
females, heavy menses. Any positive response
should trigger further questioning of bleeding
tendencies and asking about family history of
bleeding. If any concern is raised, evaluation with
the patient’s primary physician and/or a hema-
tologist would be prudent.

In patients who present with a documented
diagnosis of vWD, safely delivering dental treat-
ment will be guided by three key elements:
reviewing the patient’s hematologic history,
assessing dental needs and the anticipated proce-
dural risks for bleeding, and communicating and
coordinating with the patient’s hematologist.
The following questions should be included in
the patient interview: When was the initial diag-
nosis of vWD made? Do you know now which
type of vWD you have? What types of bleeding
have you experienced? How have you controlled
bleeding? Have you had dental treatment or sur-
gery since your diagnosis? If so, what treatment
was administered to help control bleeding. Have
you required hospitalizations for bleeding epi-
sodes? Answers to these questions should pro-
vide insight to the patient’s disease severity,
previous effective treatment strategies, and
response to treatment.

Next, the dental team is the best suited to
assess the risks associated with various dental
procedures. The many and various dental and
oral surgical procedures are associated with
varying degrees of bleeding risk. Recently, a
dental bleeding risk assessment and treatment
tool (DeBRATT) was devised and studied.
Dental procedures were categorized into nonin-
vasive, minimally invasive, moderately invasive,
and highly invasive based on tendency to cause
bleeding [20]. This tool may prove to be a useful
adjunct when communicating with the patient’s
hematologist.

The last element in the pre-procedural phase is
communicating and coordinating with the
patient’s hematologist. Information to confirm is
the type of vWD and severity of disease. The
dentist/dental team should relay the anticipated

bleeding risk to the hematologist in order to
devise appropriate treatment strategies.
Treatment strategies aimed at preventing
pathologic bleeding are divided into local and
systemic management. The dentist is responsible
for deciding upon and implementing the local
treatments. The systemic treatments are pre-
scribed and administered by the hematologist.

vWD Management

- Patient interview

- Dental tretment plan and assess
bleeding anticipated

- Collaboration with hematologist

[ |
Dentist: Hematologist:
Local therapies Systemic therapies

Local treatments are reviewed in detail in Chap.
15. Briefly, precision in performing surgical proce-
dures, careful handling of the soft tissues, and
suturing helps limit local bleeding in all patients.
Additionally, the application of one or more of the
following prohemostatic therapies has also shown
to be effective in vWD: hemostatic wound dress-
ings, tissue adhesives, and use of antifibrinolytic
oral rinses are the mainstay of the local treatments
[4, 7, 21-23]. As in all cases of wound bleeding,
careful assessment of the effectiveness of local
measures must be performed. Persistent bleeding
should not automatically be assumed to be due to
failure of systemic therapy. In instances where
maximal effective systemic management has been
confirmed with the hematologist, careful reevalua-
tion of the source of wound hemorrhage is required.
Patient monitoring and proximal control of con-
tributing vessels may also be required [24, 25].

Systemic therapies are prescribed based on
the type and severity of vWD and include the use
of desmopressin, systemic antifibrinolytics, fac-
tor replacement infusions, and transfusions.

Desmopressin  (1-deamino-8-arginine vaso-
pressin; DDAVP) is a synthetic analogue of antid-
iuretic hormone vasopressin. Upon administration,
DDAVP transiently increases FVIII and vWE. The
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mechanism of action has not been fully estab-
lished, but the release of vWF from endothelial
cells is believed to involve DDAVP binding to the
transmembrane protein receptor, V2, which sig-
nals release of vVWF via intracellular cyclic ade-
nosine monophosphate (c-AMP) [1, 5, 13].

DDAVP is used in the management of vWD
types 1, 2A, 2M, and 2N. In type 3 vWD, response
is likely to be ineffective since most patients do
not synthesize vWE. In type 2B, administering
DDAVP worsens the thrombocytopenia. In addi-
tion, even when indicated, DDAVP does not
always produce sufficient clinical response. This
is believed to be the result of one of two mecha-
nisms: either by inducing insufficient release of
VWF or the half-life of the released VWF is
reduced in certain subsets of the disease. Patients
with a known diagnosis of vWD often undergo
evaluation for the effectiveness of DDAVP ther-
apy [5, 25].

DDAVP is administered via intravenous, sub-
cutaneous, and intranasal routes. Onset of action
is immediate and maximizes at 30—-60 min. Factor
VIII and vWF levels are increased approximately
three to fivefold and for approximately 8—12 h.
Side effects of use of DDAVP are usually mild
and transient. Primary effects include headache,
facial flushing, and mild tachycardia. Since
DDAVP possesses an antidiuretic effect, fluid
restriction for 24 h following administration is
often prescribed by the hematologist [4, 5].

The systemic administration of antifibrinol-
ytic agents is also available to the hematologist.
Although not specific for treatment of vWD, anti-
fibrinolytics have been shown to be important
adjuncts in achieving hemostasis in disease and
medication-induced oral bleeding as oral mucosa
and saliva contain high levels of plasminogen
activators [26]. The available forms of antifibri-
nolytic agents are aminocaproic acid and
tranexamic acid.

Antifibrinolytics are reviewed in Chap. 15. In
brief, the mechanism of action of antifibrinolytic
agents is the inhibition of the conversion of plas-
minogen to plasmin by reversibly binding to
plasminogen [26]. Plasmin is a proteolytic
enzyme that hydrolyzes fibrin [27]. By blocking
the effect of plasmin, the forces responsible for

dissolving the fibrin are lessened, and the clot is
“stabilized.” Both aminocaproic acid and
tranexamic acid block the conversion of plasmin-
ogen to plasmin, thereby stabilizing the forming
clot. Aminocaproic acid is supplied as tablets
(500 and 1000 mg) and syrup (250 mg/cc) for
oral use and an intravenous formulation
(5 g/20 cc). Tranexamic acid is supplied as
600 mg tablets and an intravenous formulation of
1000 mg/10 cc [28]. Depending on the dental
procedures scheduled to be performed, systemic
antifibrinolytics can be administered orally for
dental office procedures. In major maxillofacial
surgical procedures, the agent can be adminis-
tered intravenously while in the hospital.

In vWD types 2B and 3, where DDAVP is not
indicated, and in cases of failure of DDAVP in
the other types of vWD, clotting factor concen-
trates are available for infusion. Historically,
infusion of cryoprecipitate (which contains fac-
tors I, VIII, XIII, vWF) had been the main treat-
ment for patients for whom DDAVP was
contraindicated or ineffective. The primary draw-
back with cryoprecipitate is a small risk of trans-
mitting blood-borne infections. Concentrates of
factor VIII-vWF, which were initially developed
for management of hemophilia A, are now avail-
able and recommended for use in vWD. These
concentrates are treated to inactivate blood-borne
viruses [3, 13]. Factor concentrates are discussed
in detail in Chap. 11.

In summary, VWD is primarily an inherited
bleeding disorder and is present in approximately
1% of the population. This prevalence essentially
guarantees the dental team will encounter and
treat patients with this condition. vWD is a com-
plex disease with significant variability in clinical
presentations. Patients, especially young patients,
may present for dental treatment without having
been diagnosed. Careful pretreatment bleeding
history should be obtained. A history of unusual
and prolonged mucosal bleeding and excessive
bruising, especially if unusual bleeding has been
noted in a family member, should raise suspicions
of possible vWD. In patients with a diagnosis of
vWD, the type of disease and the patient’s experi-
ence with bleeding episodes should be reviewed
with the patient and the hematologist. Treatment
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strategies utilizing local and systemic therapies
have proven effective in avoiding excessive bleed-
ing during and following dental and oral and max-
illofacial procedures.
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Abstract

Hemophilia A (classic hemophilia) and hemo-
philia B (Christmas disease) are inherited disor-
ders of coagulation that can produce
life-threatening bleeding. Patients with hemo-
philia will require special management strate-
gies in order to safely undergo dental treatment.
Patient management is optimized when the den-
tal professional has a basic understanding of
how these diseases affect hemostasis, is familiar
with medical/systemic treatment strategies
available to the hematologist, and knows the
principles of dental/local management of
patients with bleeding risks. In order to help
with these goals, this chapter reviews the patho-
physiology, clinical presentation, patient evalu-
ation, and basics of medical management of
hemophilia. These reviews are presented with
an emphasis given to the dental management of
patients with hemophilia A and B.

Hemophilia A and hemophilia B are X-linked
recessive congenital bleeding disorders caused
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by deficiency of coagulation factor VIII and
factor IX, respectively [1-4]. Hemophilia A is
more common than hemophilia B, comprising
80-85% of the total hemophilia population [1-
3]. Owing to the inheritance pattern, males are
more commonly affected than females [1-3].
However, one third of all cases occur due to spon-
taneous mutation [1-3]. Hemophilia is noted to
occur in all ethnic groups, with no racial or geo-
graphic predilection [1, 2].

Hemarthroses and bleeding in soft tissues are
characteristic features of hemophilia A and B
[1-3]. Intracranial, neck, and gastrointestinal
bleeding can be life threatening and warrants
immediate treatment [1-3]. Factor levels in the
plasma correlate to severity of clinical expression
[1-4]. Based on factor levels, hemophilia is cat-
egorized into three types, namely, mild (5—40%),
moderate (1-5%) and severe (<1%). 50-100% is
considered as normal range [1-4]. Generally,
patients with mild hemophilia do not bleed spon-
taneously [1-3]. They only bleed when subjected
to surgical procedures, dental extractions, or
trauma [1-3]. Excessive bleeding is seen in
patients with moderate hemophilia in response to
minor surgery or trauma [l-3]. Patients with
severe hemophilia bleed spontaneously into
joints and muscles in addition to massive bleed-
ing after trauma or surgery [1-3]. The purpose of
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this chapter is to discuss appropriate manage-
ment of patients with hemophilia in the setting of
oral and maxillofacial surgery.

4.1 Pathophysiology

Hemophilia A, also referred to as classic hemo-
philia, is caused by a deficiency in factor
VIII. Hemophilia A is the most common heredi-
tary disease associated with life-threatening hem-
orrhage [12]. Hemophilia B, also known as
Christmas disease, is due to a deficiency in factor
IX and produces a disorder clinically indistin-
guishable from hemophilia A [12]. Both hemo-
philia A and B are X-linked recessive disorders
[1, 2, 12]. As a result of the X-linked inheritance
pattern, hemophilia A and B are more commonly
seen in males than females [2]. Hemophilia A

and B are the only hereditary clotting disorders
with a X-linked inheritance pattern (Fig. 4.1) [1].

The genes that encode coagulation factors
VIII and IX are located on the long arm of the
X-chromosome [1]. The genetic mutations lead
to a qualitative decrease in protein activity, a
quantitative decrease in protein expression, or
both [1]. A father who has hemophilia will pro-
duce female offspring that are carriers, but none
of his male offspring will be affected [2]. A
mother who is a carrier will have 50% chance of
producing male offspring with hemophilia and a
50% chance of producing female offspring who
is a carrier [2].

In order to understand the pathophysiology of
hemophilia, a thorough understanding of the pri-
mary and secondary mechanisms of hemostasis is
essential. The main function of the hemostatic
mechanism is to maintain vascular patency while

Intrinisic / Propagator
Pathway

R

Fig. 4.1 Factor VIII
outlined in blue box;
Factor IX outlined in
brown box
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restoring endothelial continuity when the vascula-
ture is injured [1]. The four principal events in hemo-
stasis are initial vasoconstriction, platelet plug
formation, thrombus formation, and eventual fibrous
tissue ingrowth into the thrombus [12]. Directly after
trauma to a blood vessel, smooth muscle cells within
the vascular wall contract, resulting in reduced ves-
sel diameter, are decreasing the blood flow through
the injured vessel [12]. When circulating platelets
come into contact with collagen fibers exposed
through the damaged vascular surface and von
Willebrand factor (vWF) that seeps into the tissue,
their physical properties change [12]. The activated
platelets become adhesive and stick to THE exposed
collagen and vWF forming the initial platelet plug
[12]. These platelets secrete many factors, including
thromboxane A,, which activate adjacent platelets to
reinforce the initial platelet plug [12].

The coagulation factors circulate through the
vascular system in inactivated forms [1]. Soft tis-
sue trauma causes release of various factors from
the vascular wall, activated platelets, and tissue
factor. Exposed tissue factor binds activated fac-
tor VII forming a tissue factor—factor VII com-
plex [1]. This complex activates factor X and
factor IX. Activated factor X converts prothrom-
bin (factor II) to thrombin (activated factor II)
[1]. Thrombin activates factor VIII and causes
release of activated factor IX [1]. Activated factor
VIII and IX along with calcium form the tenase
complex, which activates factor X, amplifying
the production of thrombin, converting fibrino-
gen to fibrin leading to fibrin clot formation [1].
Thus, the pathophysiology of hemophilia A and
B lies in the reduced quantities of activated fac-
tors VIII and IX, reduced tenase complex forma-
tion, and dysfunctional clot formation [1].

4,2 Laboratory Findings

Proper diagnosis is crucial to management of
patients with bleeding disorders. For this pur-
pose, coagulation screening tests and factor
assays are employed. Prolongation of activated
partial thromboplastin time (PTT) is found in
patients with hemophilia [1, 2]. It is increased by
2-3 times higher than normal in severe hemo-

philia [1, 2], whereas prothrombin time (PT),
thrombin time, and bleeding time are noted to be
normal [1, 2]. Additional testing such as mea-
surement of factors VIII and IX is performed to
confirm and ascertain the level of factor activity
[1, 2]. This further helps to classify the disease as
mild, moderate, or severe. Positive result of mix-
ing study indicates possibility of presence of
inhibitors. In this study, plasma of hemophilia
patient is mixed with normal plasma which con-
tains all the clotting factors. The PPT should nor-
malize. Failure to normalize PTT indicates the
presence of inhibitors [1-3].

4.3 Inhibitors

Development of inhibitors is the most significant
complication of hemophilia treatment [1-3, 5].
Inhibitors are specific immunoglobulins (IgG)
that are formed against infused factor VIII or IX
[1-3]. Infused factors are neutralized by the
inhibitors rendering factor VIII or IX ineffective
[1-3]. 30% of hemophilia A patients develop
inhibitors, whereas incidence in hemophilia B
patients is approximately 5% [1-3]. Development
of inhibitors is an immune response and it occurs
during the first 50 exposures to the factor [1, 5].
Some reports illustrate that inhibitors are formed
within the first 20 exposure days [1, 7]. Risk fac-
tors include patients with severe disease, family
history of inhibitors, and history of blood transfu-
sion prior to factor replacement. Additionally, if
patients are exposed to the factor treatment early
on in their lifetime, the chance of forming spe-
cific antibodies is increased [1, 5, 6]. Some stud-
ies have indicated that use of recombinant factor
VIII is more likely to cause the development of
inhibitors [1]. Bethesda assay is implemented to
quantify the inhibitor [1, 3]. Inhibitor titer mea-
surement is expressed as Bethesda units per mil-
limeter [1]. Patients with <5 BU/mL inhibitor
titers are considered to have “low titer,” whereas
patients with >5 BU/mL inhibitor titers are con-
sidered to have “high titer” [2, 3]. After adminis-
tration of the factor to a patient with inhibitors, if
the titer levels do not increase, the patient is
classified as “low responder,” and if the titer
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levels increase, then the patient is classified as
“high responder” [2]. Therefore, titer levels and
patient’s response to the factor play a role in
managing hemophilia patients.

4.4  Clinical Features

Hemarthroses are a characteristic finding in
patients with hemophilia [1, 2]. Knees and elbows
are more commonly involved than ankles and
shoulders [1, 2]. Wrists and hips are least fre-
quently involved [1, 2]. Symptoms involve swell-
ing, pain, and limited range of motion [1, 2].
Hemarthroses ultimately lead to painful arthropa-
thies and debilitating joint dysfunction [1-3].
Manifestations in patients with severe disease
appear in first year of their life, when they begin
crawling and walking [1, 3]. Other typical features
include easy bruising and bleeding in soft tissues
[1-3]. Even though any type of bleeding may
occur in patients with hemophilia, recognizing
life-threatening bleeds in three areas is imperative:
intracranial, iliopsoas, and neck and retropharyn-
geal space [1-3]. The first area is intracranial hem-
orrhage (ICH). Majority of deaths in hemophilia
patients are attributed ICH [1, 2]. The mortality
rate is as high as 20% and most of the patients
experience post ICH sequelae [6]. Next in order is
bleeding in iliopsoas muscle that can present as
pain in the lower abdomen, groin, and/or lower
back [1, 3, 7]. There may be altered sensation in
the medial aspect of the thigh [3, 7]. Sometimes,
loss of patellar reflex secondary to femoral nerve
compression is noted [3, 7]. Patients also report
painful extension of the hip and weakness of the
quadriceps [3, 7]. Large amount of blood is lost in
retroperitoneum leading to hypovolemic shock
before any symptoms or physical signs appear [1].
Lastly, bleeding in neck and retropharyngeal space
can lead to airway embarrassment [1-3].

4,5 Medical Management

Factor replacement is required for the treatment
of bleeding in patients with hemophilia [1, 2].
They receive factor replacement for the follow-

ing purposes: prophylactic, treatment of bleed-
ing episodes and perioperatively [1, 2].
Hemophilia prophylaxis is initiated at an early
age to reduce the incidence of hemophilic
arthropathies [2, 3, 8, 9]. Factor replacement
protocol includes episodic treatment, continuous
prophylaxis, and intermittent prophylaxis [3, 8].
Episodic treatment is also referred to as on-
demand treatment, which comprise of factor
replacement at the time of clinically evident
bleeding [3, 8]. Continuous prophylaxis consists
of primary, secondary, and tertiary prophylaxis
[3, 8]. Primary continuous prophylaxis is consid-
ered an optimal mode of management before the
age of 3 years with or without previous joint
bleeds [3, 8, 9]. Secondary continuous prophy-
laxis prevents progression of joint disease [3, 8,
9]. Treatment is started after two or more bleed-
ing episodes into the joints [3, 8, 9]. Tertiary
continuous prophylaxis involves treatment after
the joint disease is reported by a physical exam
and on plain radiographs of the affected joints
[3, 8]. Intermittent prophylaxis, also called as
periodic prophylaxis, suggests factor replace-
ment to prevent bleeding for duration not exceed-
ing 45 weeks in a year [3, 8].

4,6 Mild Hemophilia A

Majority of patients with mild hemophilia A
respond positively to desmopressin 1-deam-
ino-8-p-arginine vasopressin (DDAVP) [1-4,
10]. DDAVP is a synthetic analog of the antidi-
uretic hormone [1, 10]. The mechanism of action
of DDAVP is inadequately understood [1, 10,
11]. It is believed that DDAVP increases levels of
von Willebrand factor (VWF), which in turn
makes more binding sites for factor VIII available
inside the VWF molecules [10, 11]. DDAVP can
be administered by various routes, namely, intra-
nasal, intravenous, or subcutaneous [1-3, 10].
The recommended dose for intravenous route:
0.3 pg/kg diluted in 50-100 mL of isotonic saline
and infused over 30 min [3, 4, 10], whereas
owing to poor absorption intranasally, the recom-
mended dose for intranasal DDAVP is 300 [3, 4,
10]. DDAVP can increase baseline factor VIII
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levels by three- to fivefold, 30-90 min after its
administration [3, 4]. The released factor VIII
half-life is about 8—12 h similar to that of the nor-
mal circulating protein [2, 4]. Response to
DDAVP decreases with repeat administration
over a short period of time; this phenomenon is
called as tachyphylaxis [1-3]. DDAVP is a syn-
thetic analog of vasopressin [1-3]. It causes water
reabsorption from the renal collecting ducts [1-
3]. Therefore, excessive water consumption
should be avoided to prevent hyponatremia
[1-3].

4,7 Mild HemophiliaB

Factor IX levels do not increase in the presence
of DDAVP; therefore it has no role in the man-
agement of hemophilia B [3, 4]. Hence, preoper-
ative administration of factor IX is essential.
Factor IX is not an acute phase reactant [4].
Therefore, factor IX levels do not increase in
response to surgery or inflammation [4].
Thereupon, postoperative replacement is rou-
tinely required to achieve wound healing [4].

Moderate/Severe
Hemophilia A and B

4.8

A calculated dose of factors VIII and IX is admin-
istered 10-20 min prior to the procedure [3, 4].
Administration of 1.0 IU/kg of factors VIII and
IX increases the factor levels by 2% and 1%,
respectively [2, 3]. Considering the short half-
lives, factor VIII is typically administered every
12 h and factor IX every 24 h [2].

4.9 Fresh Frozen Plasma (FFP)

and Cryoprecipitate

Sometimes, FFP is used to manage coagulation
factor deficiencies because it contains all the
coagulation factors [3]. One milliliter of FFP is
considered equivalent to 1 U of factor activity
[3]. Cryoprecipitate contains significant quanti-

ties of FVIIL, VWEF, fibrinogen, and FXIII [3]. A
bag of cryoprecipitate may contain 70-80 U of
FVIII [3].

4.10 Dental Management

As is the case for any new patient encounter, a
preoperative evaluation of a patient with hemo-
philia begins with a through history and physical
examination. Components of the history targeted
toward hemophilia include family members with
history of bleeding problems and history of
abnormal bleeding after surgical procedures or
trauma [12]. As is the case with many other
bleeding disorders, in patients with hemophilia,
bleeding after surgery, including oral surgical
procedures, is often the first evidence of an
underlying coagulopathy [12]. As mentioned ear-
lier, components of the physical exam that may
lead the practitioner to suspect an underlying
coagulopathy include easy bruising and swelling,
pain, and limited range of motion in joints due to
hemarthroses.

For patients with known hemophilia, preven-
tive dentistry is of the utmost importance.
Frequent dental visits with education on dental
hygiene and routine dental prophylaxis are instru-
mental in minimizing dental caries and periodon-
tal disease [12]. Fluorides, sealants, and diet
modifications including carbohydrate restriction
should be initiated in childhood and maintained
throughout adult life [12]. Early and aggressive
dental maintenance can prevent the need for more
invasive dental procedures later on.

In patients with known hemophilia requiring
more invasive surgical procedures, preoperative
consultation with a hematologist is indicated.
Often, patients with hemophilia require hospi-
talization for surgical procedures. The decision
to hospitalize the patient is made by thorough
communication between the dental practitioner
and the hematologist. Factors considered in this
decision include the severity of the disease and
the nature of the dental procedures. Patients
with mild hemophilia and no inhibitors can usu-
ally be managed on an outpatient basis without



38

P. Gangwani and R. Richards

the need for factor replacement [12]. Patient
with moderate hemophilia and no inhibitors
may require factor replacement for less invasive
procedures and will require factor replacement
for more invasive oral surgical procedures [12].
Patients with moderate hemophilia can also be
treated with DDAVP (desmopressin) and EACA
(epsilon-aminocaproic acid) or tranexamic acid
[12]. Patients with severe hemophilia will
require hospitalization and treatment with factor
replacement, DDAVP, EACA, or tranexamic
acid [12]. Local measures can also be taken for
surgical treatment of patients with hemophilia
regardless of severity of disease. Preoperatively,
surgical stents can be fabricated to prevent dis-
placement of the clot. Good surgical technique
and pressure packings can be useful. Surgical
sites can be packed with Gelfoam impregnated
with topical thrombin to control postoperative
bleeding. Patients should also be seen 24-48 h
after surgery to assess postoperative control of
bleeding [12].

In conclusion, surgical management of
patients with hemophilia can be concerning for
both the patient and provider. However, thorough
preoperative assessment, coordination with the
patient’s hematologist, and careful preoperative
planning allow safe and effective surgical man-
agement of patients with hemophilia.

References

1. Zimmerman B, Valentino LA. Hemophilia: in review.
Pediatr Rev. 2013;34:289-95.

2. Smith JA. Hemophilia: what the oral and maxillofa-
cial surgeon needs to know. Oral Maxillofac Surg Clin
North Am. 2016;28:481-9.

3. Srivastava A, Brewer AK, Mauser-Bunschoten EP, Key
NS, Kitchen S, Llinas A, Ludlam CA, Mahlangu JN,
Mulder K, Poon MC, Street A. Guidelines for the man-
agement of hemophilia. Haemophilia. 2013;19:1-47.

4. Mensah PK, Gooding R. Surgery in patients
with inherited bleeding disorders. Anesthesia.
2015;70:112-20.

5. Kreuz W, Ettingshausen CE. Inhibitors in patients
with haemophilia A. Thromb Res. 2014;134:S22-6.

6. Ljung RCR. Intracranial hemorrhage in hemophilia A
and B. Br J Haematol. 2007;140:378-84.

7. Balkan C, Kavakli K, Karapinar D. Iliopsoas haemor-
rhage in patients with haemophilia: results from one
centre. Haemophilia. 2005;11:463-7.

8. Ljung R, Andersson NG. The current status of pro-
phylactic replacement therapy in children and adults
with hemophilia. Br J Haematol. 2015;169:777-86.

9. Rodriguez-Merchan EC. Musculoskeletal complica-
tions of hemophilia. HSSJ. 2010;6:37-42.

10. Franchini M, Zaffanello M, Lippi G. The use of
desmopressin in mild hemophilia A. Blood Coagul
Fibrinolysis. 2010;21:615-9.

11. Haberichter SL, Shi Q, Montgomery RR. Regulated
release of VWF and FVIII and the biologic implica-
tions. Pediatr Blood Cancer. 2006;46:547-53.

12. Little, James W. Dental management of the medically
compromised patient, 7th edn. St. Louis, MO; Mosby,
2008.



®

Check for
updates

Review of Thrombocytopenia
and Perioperative Management

in Dentistry

Hani F. Braidy
Abstract
Thrombocytopenia may be caused by a vari-
ety of underlying systemic diseases.

Mechanisms resulting in low levels of circu-
lating platelets can be categorized into
three categories: decrease in platelet produc-
tion, an increase in platelet sequestration, or
peripheral destruction of platelets. Peripheral
platelet destruction may be further classified
as immune or nonimmune mediated. The
management of thrombocytopenia is based on
the severity of the underling systemic disorder
and clinical extent of the bleeding. A detailed
history and physical exam, review of labora-
tory values, and scope of the anticipated den-
tal procedure will determine the optimal
perioperative management of the thrombocy-
topenic patient.

Platelet disorders generally fall within one of two
categories: qualitative, referring to abnormal
platelet function, or quantitative, indicating a low
platelet count (thrombocytopenia). Both types of
conditions can be associated with significant
bleeding problems of interest for the clinician.
Rarely, an underlying medical condition may
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produce concomitant qualitative and quantitative
platelet disorders such as Bernard-Soulier syn-
drome. In this chapter, the most common condi-
tions associated with thrombocytopenia and their
perioperative management will be reviewed.

Definition
of Thrombocytopenia

5.1

A normal individual has a platelet count of
150,000-400,000/pL. as measured in 95% of the
population [1]. By definition, thrombocytopenia
is a platelet count of less than 150,000/
pL. Thrombocytopenia can be further classified
as  mild (100,000-150,000/puL), moderate
(50,000-99,000/uL), or severe (less than 50,000/
pL). According to the 95% confidence interval
above, 2.5% of the normal population will have
platelet count of less 150,000/pL.

5.2  Pathophysiology

of Thrombocytopenia

A thorough knowledge of platelet physiology is
essential to fully comprehend the various mecha-
nisms leading to thrombocytopenia. The reader is
referred to Chap. 2 for an in-depth platelet review.
A decreased platelet count can be caused by sev-
eral mechanisms listed in Table 5.1. In the major-
ity of patients, a single identifiable condition is
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Table 5.1 Pathophysiology of thrombocytopenia

Pathophysiologic

mechanism Differential diagnosis

Decreased production Nutritional
Congenital

Bone marrow
suppression
Splenomegaly
Immune mediated
Nonimmune mediated

Sequestration
Increased destruction

often responsible for a low platelet count by means
of a distinct mechanism (i.e., primary autoimmune
thrombocytopenia causing increased platelet
destruction). Rarely, however, the decrease in
platelet count may be initiated by multiple simul-
taneous mechanisms triggered by an illness (i.e.
increased platelet destruction and decreased pro-
duction in HIV-infected individuals [2]).

5.3 Decreased Production

The production of platelets can be decreased due
to a variety of disease processes such as nutri-
tional deficiencies, congenital conditions, and
direct bone marrow damage.

Many nutritional deficiencies are responsible
for impaired cell production such as anemia, pan-
cytopenia, and, more rarely, isolated thrombocy-
topenia. Iron deficiency typically leads to
hypochromic and microcytic anemia which may
be occasionally associated with thrombocytope-
nia. Vitamin B12 (cobalamin) and B9 (acid folic,
folate) are vital for DNA production and repair as
well as for red blood cell maturation. Deficiencies
in B12 and folate may trigger a megaloblastic
anemia with a concomitant mild thrombocytope-
nia resulting from decreased platelet production.
In the Western hemisphere, the acute and chronic
ingestion of alcohol is one of the most common
causes for thrombocytopenia. Transient decrease
in megakaryocyte production within the bone
marrow may be caused by alcohol metabolites
such as acetaldehyde. Chronic alcoholism has
also been shown to suppress bone marrow, trig-
ger folate deficiency, and cause end-stage liver
disease resulting in splenomegaly and increased
sequestration of platelets [1].

There is myriad of rare congenital disorders
and syndromes exhibiting thrombocytopenia or a
defect in platelet function. Some of these disorders
present soon after birth due to severe bleeding and
bruising such as congenital amegakaryocytic
thrombocytopenia, an autosomal recessive disease
caused by mutations affecting the thrombopoietin
receptor [3]. It has been shown these patients
respond favorably to stem cell transplantation.
Bernard-Soulier syndrome is also an autosomal
recessive disease characterized by giant platelets,
thrombocytopenia, and qualitative platelet defects
due to decreased or lack of GPIb receptor for von
Willebrand factor [3]. Most patients with inherited
platelet disorders, however, are discovered later in
life as they present with relatively mild cutaneous
or mucosal purpura, petechia, and ecchymosis as
well as with mild bleeding following minor sur-
geries such as dental extractions. Upon careful
review, patient family history is usually relevant
for sporadic bleeding episodes. A few of these
inherited platelet disorders are related to autoso-
mal dominant transmission of mutations on the
MYH9 gene, which include May-Hegglin anom-
aly, Sebastian syndrome, Epstein syndrome, and
Fechtner syndrome, all characterized by thrombo-
cytopenia, giant platelets, and neutrophil inclu-
sions (Dohle bodies) [4]. Of note for the dentist
and the oral maxillofacial surgeon, DiGeorge or
velocardiofacial syndrome is a condition associ-
ated with craniofacial anomalies including cleft
palate and velopharyngeal insufficiency as well as
with congenital cardiac malformations and learn-
ing disabilities. Mild macrothrombocytopenia can
be found in up to 20% of patients which may lead
to mild bleeding tendencies [5].

Decreased production of platelets may also be
the result of bone marrow suppression by a vari-
ety of conditions. In these situations, megakaryo-
cytes are absent or decreased upon review of the
bone marrow aspirate. Arrest of megakaryocyto-
poiesis may be secondary to direct stem cell
destruction by cytotoxic drug or replacement of
bone marrow by an infiltrative disease process.
Multiple drugs are well known to cause bone mar-
row suppression by direct effect on platelet pro-
duction. For example, the use of chemotherapeutic
drugs in the treatment of Hodgkin’s disease typi-
cally leads to profound bone marrow suppression
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and resulting pancytopenia, including severe
thrombocytopenia. Gemcitabine and platinum
agents such as cisplatin and carboplatin, both of
which are used in the treatment of advanced head
and neck cancer, for instance, are chemotherapeu-
tic agents notoriously responsible for severe
thrombocytopenia. Platelet transfusions are indi-
cated if the platelet count drops to 10,000/pL or if
bleeding occurs. Recently, the use of thrombopoi-
etin receptor agonists has shown promise in treat-
ing thrombocytopenia-induced chemotherapy by
stimulating the production and maturation of
megakaryocytes [6]. Although most drug-induced
thrombocytopenias are immune in nature, some
are known to directly suppress the bone marrow
such as thiazide diuretics and tolbutamide [7].

Multiple infiltrative diseases of the bone mar-
row may cause thrombocytopenia by disrupting
megakaryocytopoiesis. Bone marrow malignan-
cies such as leukemia, multiple myeloma, and
lymphoma predictably induce a thrombocytope-
nia accompanied by a pancytopenia. Bone mar-
row destruction and thrombocytopenia may also
occur in the setting of advanced breast or prostate
cancer due to their propensity for bone metasta-
sis. Thrombocytopenia is also noted in the setting
of myelodysplastic syndromes (MDS) which are
a group of diseases affecting the maturation of
bone marrow stem cells and result in cytopenias.
Patients with MDS may have a history of chemo-
therapy, radiation, or exposure to toxic agents
such as benzene and pesticides. MDS are also
associated with a variety of other conditions such
as Down’s syndrome and aplastic anemia [8].

5.4  Sequestration

Approximately 30% of platelets normally reside
in the spleen at any given point, where they can
be released depending on physiological demands.
As the spleen enlarges, the amount of seques-
tered cells also increases, which decreases the
total amount of circulating  platelets.
Hypersplenism secondary to liver cirrhosis and
portal hypertension is the most common cause
for pathologic spleen enlargement [1]. The result-
ing thrombocytopenia is noted to be in the order
of 50-100,000pL [9] which may further exacer-

bate bleeding problems in patients in whom
coagulation pathways are already compromised
(see Chap. 6). Splenomegaly may also be found
in myelofibrosis, a condition whereby normal
bone marrow environment is slowly invaded by
fibrotic scar tissue due to abnormal proliferation
of stem cells and excess release of cytokines. The
resulting pancytopenia stimulates splenic extra-
medullary hematopoiesis and hypersplenism
which increases platelet sequestration [10].

Increased
Destruction-immune-Related

5.5

An important step in the evaluation of the
thrombocytopenic patient where the mechanism
of the low platelet count is due to increased
destruction is to establish whether increased
platelet destruction is of immune or nonimmune
origin.

Immune thrombocytopenia (formerly known
as immune thrombocytopenic purpura (ITP)), first
recognized by Hippocrates, is one of the most fre-
quent causes for thrombocytopenia with an inci-
dence of approximately 4 per 100,000. Harrington
and Hollingsworth devised a famous experiment
in 1951 that proved critical in understanding the
pathophysiology of the disease [1]. Immune
destruction of the platelets is thought to be medi-
ated by autoantibodies directed to the glycopro-
teins receptors, notably GPIIB/IIIA and
occasionally GPIB [9]. In idiopathic or primary
ITP, which occurs in 80% of patients with
immune-mediated thrombocytopenia, no underly-
ing disease can be found. Secondary ITP, which
affects 20% of patients with ITP, is seen in patients
with history of autoimmune disorders such as sys-
temic lupus erythematosus. In children, ITP is
usually of acute onset and preceded by a common
viral infection such as varicella zoster, Epstein-
Barr, and rubella [11]. It is believed a complex
interplay between genetics, cell-mediated immu-
nity, and complement pathway defects is respon-
sible for the production of IgG antibodies against
platelets and their subsequent destruction by the
reticuloendothelial system, which mostly occurs
in the spleen [1]. An acute onset is typically seen
in children and often spontaneously resolves
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without treatment (see Table 5.2). Platelet counts
of <20,000/pL are noted and accompanied with
mild mucosal bleeding and purpura. Severe bleed-
ing is rare due to upregulation of platelet function
and bone marrow production in response to
increased destruction. In adults, ITP usually
becomes chronic in half of the patients and is
often found to be an early manifestation of HIV or
hepatitis. Patients with critical symptoms may be
first treated with intravenous immunoglobulin
(IVIG) or steroids [9]. More advanced lines of
therapies in children with recalcitrant symptoms
may include splenectomy, rituximab (anti-CD20
monoclonal antibody), and thrombopoietin recep-
tor agonists (such as romiplostim or eltrombopag)
[12]. In patients with acute life-threatening hem-
orrhage, platelet transfusions may be adminis-
tered but are not expected to increase the platelet
count significantly due to the underlying disease
process. It is believed the concomitant administra-
tion of IVIG and steroid therapies with transfu-
sions may delay the eventual destruction of
platelets dispensed [1].

Secondary ITP is, by definition, immune
thrombocytopenia in the setting of autoimmune
disease such as antiphospholipid syndrome, sys-
temic lupus erythematosus (SLE), rheumatoid
arthritis, or Sjogren syndrome. Thrombocytopenia
may be found in up to 7-30% of patients with

Table 5.2 Acute vs chronic immune thrombocytopenic
purpura (ITP)

Acute Chronic
Age of onset 2-6 years  20-50 years of
of age age
Gender predilection None Female to male
ratio of 3:1
Prior infection Yes, No, unusual
common
Onset of bleeding Sudden Gradual
Platelet count <20,000/pL. <20,000/pL
Duration Weeks Months to years
Remission 90% of Uncommon
patients
Seasonal pattern Winter/ None
spring
Treatment response 70% 30%
rate with steroids
Treatment response Low High

rate with splenectomy

SLE and may even be an initial symptom of the
disease [13]. Up to 60% of patients with SLE
exhibit antiplatelet antibodies and are associated
with severe end-organ disease [14]. In SLE,
thrombocytopenia may be caused by a variety of
other mechanisms including depressed thrombo-
cytopoiesis, splenomegaly, and bone marrow
suppression secondary to immunosuppressants
or systemic infections [1]. Clinically, severe
hemorrhage is rare and can be managed with
platelet transfusions and the concomitant admin-
istration of steroids and IVIG.

Lastly, immune-mediated platelet destruction
may also be triggered by certain drug reactions
(see Table 5.3). Commonly used drugs suspected
to activate these rare complex immune responses
include heparin, antimalarial agents, platelet
inhibitors (aspirin), antibiotics (penicillins, ceph-
alosporins), and analgesics (nonsteroidal anti-
inflammatories) [15]. It is thought these drugs
elicit an antigenic response once they bind on the
platelet protein receptor, namely, GPIIB/IIIA or
GPIB. The autoantibodies then target the complex

Table 5.3 Medications commonly associated with

thrombocytopenia
Class of
medications Medications
Anti-inflammatory  Aspirin, acetaminophen,
agents ibuprofen
Cardiovascular Quinidine, amiodarone,
agents propranolol, hydralazine, ACEI,
digoxin
Antiplatelets Ticlopidine, abciximab, tirofiban,
eptifibatide
Antibiotics Penicillin, ampicillin,
trimethoprim-sulfamethoxazole,
clindamycin, cephalosporins,
ciprofloxacin, macrolides
Antihistamines Ranitidine, famotidine
Anticonvulsants Carbamazepine, phenytoin,
diazepam, valproic acid
Antiparasitics Quinine, dapsone
Chemotherapeutic ~ Almost all agents
drugs
Diuretics Furosemide, hydrochlorothiazide
Others Corticosteroids, gold salts,
fluoxetine, chlorpropamide,
allopurinol, heparin
Abbreviations: ACE  angiotensin-converting enzyme

inhibitor
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“drug-platelet” through a mechanism called “hap-
ten-dependent antibody” as seen with penicillins
or cephalosporins, for example [15]. Other pro-
posed mechanisms include ‘“quinine-type drug”
reactions, whereby the presence of the offending
medication generates platelet antibodies as seen
with quinine (an antimalarial), sulfonamides, and
nonsteroidal  anti-inflammatory ~ analgesics.
Patients usually present with mild ecchymosis
and mucosal petechiae which develop following a
few days’ exposure to the offending medication.
The thrombocytopenia promptly resolves as soon
as the associated drug is discontinued [15].

Heparin-induced thrombocytopenia (HIT) is a
well-known reaction occurring in 1 in 5000
patients [16] and usually presents with decreased
platelet count (20,000/puL) in the hospitalized
patients requiring anticoagulation for deep vein
thrombosis, pulmonary embolism, or coronary
artery disease. As opposed to other types of
immune-mediated drug thrombocytopenias, HIT
predisposes up to 50% of patients to thrombotic
events such as vein thrombosis in the legs and
pulmonary embolism or, less commonly, stroke
and myocardial infarction [16]. In these patients,
heparin binds with platelet factor 4 (PF4) which
triggers the development of antibodies. These
newly formed complexes ‘“antibody-heparin-
PF4” subsequently elicit platelet, monocyte, and
endothelial activation with aberrant thrombin
production, resulting in a consumptive type of
thrombocytopenia [16]. Patients with HIT are
promptly treated by discontinuing heparin and
with the administration of direct thrombin inhibi-
tors such as argatroban and lepirudin [4].

5.6 Nonimmune Platelet

Destruction

Furthermore, platelets may be peripherally
destroyed by a variety of nonimmune-related
mechanisms. Disseminated intravascular coag-
ulation (DIC) is a potentially fatal condition in
which “the intravascular activation of coagula-
tion is generalized and arising from different
causes” [17]. The exuberant activation of coag-
ulation then overwhelms anticoagulant regula-

tor systems in place which are mainly mediated
by protein C, antithrombin, and tissue factor
pathway inhibitor [18]. As a result, a large
amount of fibrin is produced and deposited
intravascularly with subsequent thrombosis of
small vessels ensuing major organ failure. As
platelets and other coagulation factors are
depleted by widespread clot formation, hemor-
rhage ensues and manifests in mucosal, skin,
and gastrointestinal tract bleeding. Gram-
negative sepsis, incompatible transfusion reac-
tions, brain injury, malignancies, and snakebite
venom have all been associated with DIC which
carries a mortality risk of up to 50-80% [18].
Treatment of DIC is directed to the manage-
ment of the underlying associated conditions
and the administration of platelet transfusion,
cryoprecipitate, and fresh frozen plasma in
severe cases associated with hemorrhage.
Depending on clinical indications, anticoagula-
tion may be instituted for patients at risk for
developing thrombosis or emboli [19].

Another condition associated with a consump-
tive thrombocytopenia and a prothrombic state is
thrombotic thrombocytopenic purpura (TTP). In
this rare disease, a metalloprotease (ADAMTS13)
responsible for cleaving the large multimeric
form of the von Willebrand factor (vVWF) is either
congenitally missing or decreased due to an auto-
immune reaction as seen in systemic lupus ery-
thematosus or HIV [20]. These large multimers
aggregate circulating platelets to produce thrombi
and trigger vessel occlusion in different organs.
Patients with TTP classically exhibit a pentad of
fever, thrombocytopenia, hemolytic anemia,
renal insufficiency, and neurologic symptoms
such as seizures, stroke, coma, or confusion.
Hemorrhagic clinical signs include epistaxis,
bruising, and hematuria. Due to its rarity, a high
degree of suspicion is required to promptly diag-
nose TTP as any delay in treatment may result in
devastating morbidity. If left untreated, mortality
approaches 85—-100% [4]. TTP is urgently treated
with plasma exchange using an automated blood
cell separator to exchange the patient plasma for
adonor’s. Rituximab, an anti-CD20 antibody, has
been shown to decrease the frequency of plasma
exchanges required and improve remission rates



44

H. F. Braidy

[20]. Steroids are also routinely administered to
decrease the production of ADAMTS13 inhibitor
[21]. Severe or life-threatening bleeding in
patients with TTP is rare and can be urgently
treated with platelet transfusion [22].

In the pregnant patient, nonimmune thrombo-
cytopenia may be caused by preeclampsia, a con-
dition characterized with a new onset hypertension,
proteinuria, renal insufficiency, thrombocytope-
nia, and liver damage. The term eclampsia refers
to a preeclamptic patient developing seizures dur-
ing the peripartum phase. The pathogenesis of pre-
eclampsia is complex and thought to be caused by
uteroplacental ischemia [23]. A low platelet count,
hypothesized to be the result of increased coagula-
tion activation similar to TTP, can be found in
approximately half of preeclamptic women [1].
The thrombocytopenia severity is typically closely
associated with the degree of preeclampsia.
Additionally, HELLP syndrome can be found in
approximately 10-20% of patients with severe
preeclampsia. This peripartum complication is
characterized by hemolytic anemia, elevated liver
enzymes, and low platelet count and closely
resembles some of the clinical characteristics and
pathophysiology of TTP as well [24]. Bleeding
problems are rarely encountered in patient with
preeclampsia and HELLP syndrome. In severe
cases, delivery of the fetus, corticosteroid therapy,
and plasma exchange are considered [25].

5.7  Perioperative Management
of Thrombocytopenia
5.7.1 Detailed History

A thorough history is critical to perform in order
to establish a diagnosis and to initiate the appro-
priate consultation and perioperative manage-
ment. A history of recurrent epistaxis, severe
menorrhagia, spontaneous gingival or gastroin-
testinal bleeding, and bruises should raise suspi-
cions of a platelet disorder as opposed to a
coagulation problem.

Excessive bleeding after surgery or dental
extractions is usually the first clinical manifesta-
tion of an underlying platelet disorder and should

elicit additional testing and consultation with a
hematologist. Typically, the postsurgical bleed-
ing associated with thrombocytopenia such as
ITP or VwD is immediate and usually mild as the
initial “platelet plug” is either absent or ineffec-
tive. On the other hand, coagulation disorders
such as hemophilia A or B are more often associ-
ated with delayed (1-2 days) and often severe
bleeding.

A history of new medication exposure such as
NSAIDs, Tylenol, penicillin, sulfonamides, hep-
arin, and anticonvulsants, among many others, as
well as quinine-containing beverages (such as
tonic water), has also been associated with
thrombocytopenia.

Alcoholism, malnutrition, and vegetarianism
should raise concerns of abnormal production of
platelets. A history of severe anemia, end-stage
cancers, and myeloproliferative disorders such as
lymphoma and leukemia may cause severe bleed-
ing. A report of end-stage liver disease should
also elicit the possibility for splenomegaly and
platelet sequestration as described earlier in this
chapter.

A history of recent acute viral infection in
children or chronic infection in adults such as H.
pylori, hepatitis C, or HIV in a patient with low
platelet count is suspicious for immune-mediated
thrombocytopenia [26].

A positive family history for bleeding is often
found in patients with congenital platelet disor-
ders such as von Willebrand disease, May-Hegglin
anomaly, Bernard-Soulier = syndrome, or
Glanzmann’s thrombasthenia.

5.7.2 Physical Exam

Dermatologically, thrombocytopenia commonly
manifests as bruises, caused by the superficial
extravasation of blood within the skin or mucosa,
and is more commonly found in dependent areas
such as the lower extremities. On the other hand,
hemarthrosis and deep muscle bleeding are more
commonly associated with coagulation abnor-
malities (see Table 5.4).

Bruises are typically found to be flat on pal-
pation unless caused by vessel wall inflamma-
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Table 5.4 Physical exam findings in patients with thrombocytopenia and coagulation disorders

Thrombocytopenia

Bleeding site Skin

Mucous membranes

Coagulation disorders
Deep in soft tissue (joints, muscles)

(epistaxis, gingiva, GU/GI tracts)

Petechia Yes

Ecchymosis Small, superficial

Hemarthrosis/muscle bleeding Extremely rare

Hematoma Rare

Bleeding after cuts and scratches Yes

Bleeding after surgery or trauma Immediate
Usually mild

Abbreviations: GU genitourinary, G/ gastrointestinal

Fig. 5.1 Petechia (standard arrow) and purpura (block
arrow). Image obtained from https://en.wikipedia.org/
wiki/Petechia, copyright belongs to James Heilman, MD

tion as seen in patients with Henoch-Schénlein
purpura [27] or other vasculitides. In addition,
bruises do not blanch under pressure unlike vas-
cular  malformations or  hemangiomas.
Clinically, bruises are further classified accord-
ing to size. Petechiae are punctate purple hem-
orrhagic spots less than 3 mm in diameter and
are often found in clusters, caused by a ruptured
capillary (see Fig. 5.1). Bruises are labeled as
purpura (see Fig. 5.1) when measured between
3 and 10 mm and as ecchymosis when found to
be larger (>10 mm). In the oral cavity, bruising

No

Large, deep
Common

Common

No

Delayed (1-2 days)
Often severe

is referred as “wet purpura” and is clinically
associated with increased bleeding severity and
morbidity. Other than thrombocytopenia and
platelet function defects, many conditions may
cause mucocutaneous bruising: physical trauma,
vitamin C and K deficiencies, connective tissue
diseases, septicemia, and many infectious dis-
eases [28].

In addition to performing a detailed mucocu-
taneous exam, the clinician must also palpate the
liver and the spleen for enlargement.
Hepatosplenomegaly may be a sign of liver dis-
ease causing platelet sequestration in patient with
thrombocytopenia. Additional classic physical
signs associated with end-stage liver disease
include jaundice, ascites, and spider angiomas.
Splenomegaly may also be found in lupus,
myelofibrosis, lymphoma, or leukemia [29], all
of which are conditions often associated with a
low platelet count. Lastly, lymphadenopathy in
patients with thrombocytopenia may be associ-
ated with an underlying infectious process or
malignancy [30].

5.7.3 Laboratory Testing

Once a bleeding disorder is suspected upon his-
tory and physical exam, thorough testing is
undertaken. A first line of bloodwork includes a
complete blood count (CBC), a peripheral blood
smear (PBS), bleeding time (BT), and coagula-
tion studies such as prothrombin time (PT) and
activated partial thromboplastin time (aPTT)
(Table 5.5).
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Table 5.5 Main clinical laboratory testing in assessing patients with bleeding tendencies and their interpretation

Causes
Quantitative platelet defect

Presence of bacterial or viral infection
mediated thrombocytopenia

Bone marrow disorders, infections, nutritional
deficiencies

Pseudothrombocytopenia (redraw with
non-EDTA coagulant such as sodium citrate or
heparin [4])

vWd, gray platelet syndrome, MYH9-related
diseases, Bernard-Soulier syndrome, and other
hereditary thrombocytopenias
Wiskott-Aldrich syndrome

Intravascular hemolysis seen in TTP, HUS,
DIC

Myelodysplasia

Test Test description Findings
CBC Assessment of red blood Thrombocytopenia
cells, white blood cells,
and platelet count
Elevated WBC and
concomitant
thrombocytopenia
Combined anemia and
concomitant
thrombocytopenia
Peripheral Microscopic Clumped platelets
blood smear morphologic
examination of a drop of
blood
Large or giant platelets
Small platelets
Schistocytes (fragmented
RBCs)
Blasts (immature cells),
nucleated RBCs
BT In vivo assessment of Elevated
platelet function
PT and Measure of intrinsic and Elevated
aPTT extrinsic pathways of

coagulation

Thrombocytopenia, platelet function defect,
connective tissue disease

Warfarin use, vitamin K deficiency,
hemophilia, DIC

Abbreviations: CBC complete blood count, WBC white blood count, vWd von Willebrand disease, EDTA ethylenedi-
aminetetraacetic acid, RBC red blood cell, TTP thrombotic thrombocytopenic purpura, HUS hemolytic uremic syn-
drome, DIC disseminated intravascular coagulation, BT bleeding time, PT prothrombin time, aPTT activated partial

thromboplastin time

In patients with confirmed thrombocytopenia,
the evaluation of the peripheral blood smear is
the most critical step to elucidate the etiology for
patients with low platelet count (see Fig. 5.2). A
concomitant anemia and/or leukopenia should
raise the suspicion for myelosuppression which
can be ruled out by performing a bone marrow
aspiration and biopsy. A bone marrow
examination is especially critical in patients more
than 60 years of age to rule out myelodysplastic
syndrome [31]. Human immunodeficiency virus
(HIV) and hepatitis C virus (HCV) tests are also

commonly administered as asymptomatic throm-
bocytopenia is considered to be a marker and
early sign for these conditions [32]. Additional
testing is mainly indicated when there is suspi-
cion for other underlying systemic diseases such
as liver disease (coagulation studies), SLE (anti-
nuclear antibodies), TTP (ADAMTS13 activity),
heparin-induced thrombocytopenia (heparin-PF4
antibodies), etc. Consultation with a hematolo-
gist or an internist is often required to elucidate
the underlying mechanism responsible for the
low platelet count.
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Fig.5.2 Diagnostic
approach to the patient
with thrombocytopenia.
Abbreviations: DIC
disseminated
intravascular
coagulation, HUS
hemolytic uremic
syndrome, TTP

Platelet count <
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The risk for bleeding is not only associated
5.8 Management with the type of dental procedure planned but also
of the Thrombocytopenic with the nature of the underlying systemic condi-
Patient tion causing the thrombocytopenia as well as the

The clinician faces numerous challenges when
treating patients at risk for bleeding. A consulta-
tion with a hematologist is mandatory to further
stratify the risk for hemorrhage and to optimize
the thrombocytopenic patient.

platelet count value. For instance, it is well known
the risk for bleeding is amplified in patients with
end-stage liver disease due to coagulation path-
ways disruption in addition to thrombocytopenia.
Addressing the deficit in both coagulation factors
and platelets is often necessary to optimize cir-
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rhotic patients prior to an invasive procedure.
Similarly, patients with Bernard-Soulier syn-
drome often present with bleeding disproportion-
ate to their level of thrombocytopenia which is
due to concomitant platelet adhesion defects.
These patients may require a combination of
platelet transfusion and factor VIIa [33] to address
both quantitative and qualitative platelet defects.

Certain dental procedures, such as extractions,
periodontal surgery, placement of endosseous
implants, and periapical endodontic surgery, are
well known to produce hard or soft tissue bleed-
ing. The administration of inferior alveolar and
posterior superior alveolar blocks likewise car-
ries the potential to induce uncontrolled bleeding
or hematoma due to the presence of significant
local vessels at risk for perforation. Dental proce-
dures associated with a low risk of intraoperative
or postoperative bleeding include supraperiosteal
injections (buccal infiltrations), supragingival
scaling and cleaning, restorative dentistry, fabri-
cation of fixed and removable partial dentures, as
well as intracanal endodontic therapy.

Clinically, a platelet count of less than 10,000/
pL is classically associated with a risk of sponta-
neous gastrointestinal or genitourinary tracts
bleeding and usually prompts the prophylactic
initiation of platelet transfusions depending on
the clinical picture [34]. Excluding any concomi-
tant qualitative platelet or coagulation defects,
platelet counts of 30,000/uL are considered to be
generally safe for local anesthesia administra-
tion, including blocks, and for most noninvasive
dental procedures [35]. Dental extractions, peri-
odontal surgery, and minor soft tissue surgery are
likely to be safe in patients with platelet count
above 50,000/puL. Extensive maxillofacial proce-
dures are best performed in patients with counts
above 80,000—100,000/pL (see Table 5.6). Below
these recommended levels, platelet transfusions
are generally recommended to reduce the risk for
severe bleeding. Of special concern, procedures
performed in the floor of mouth area carry the
risk for hematoma formation and resulting air-
way obstruction. Great care must be taken to
avoid injections or extensive flaps in this area.

Table 5.6 Indications for platelet transfusion based on platelet count threshold and clinical scenario

Type of Platelet count/pL.
indication threshold Clinical scenario
Therapeutic ~ Any Active bleeding
thrombocytopenic
patient®
Prophylactic 100,000 Elective neurosurgery, ocular
surgery
50,000 General surgery
30,000

20,000-50,000

Dental and OMFS procedures

Extensive maxillofacial surgery
(orthognathic surgery, tumor resection,
reconstruction, etc.)

Invasive dental treatments (dental
extractions, periodontal surgery, deep
scaling, and root planning, etc.)
Noninvasive dental treatments (local
anesthetics blocks, restorative dentistry,
intracanal endodontic treatment,
supragingival scaling, etc.)

Lumbar puncture, central line

veénous access, Cl’ldOSCOpy

10,000-20,000
<10,000

Bone marrow aspiration of biopsy
Acute leukemia, chronic stable

thrombocytopenia, patients
undergoing chemotherapy for solid

tumors

Abbreviations: OMFS oral and maxillofacial surgery, DIC disseminated intravascular coagulation, CNS central nervous

system

“Platelets are relatively contraindicated in patients with thrombotic thrombocytopenic purpura (TTP), heparin-induced
thrombocytopenia (HIT), or immune thrombocytopenia (ITP)



5 Review of Thrombocytopenia and Perioperative Management in Dentistry 49

5.9 Platelet Transfusion

Platelets may be collected by one of two methods
for anticipated transfusions. In the single donor
platelet method, also named whole blood-derived
platelets or random donor pooled platelets, whole
blood is mixed with citrate anticoagulant and cen-
trifuged at low and high speed (double centrifuga-
tion). 40-70 cc of the supernatant, which contains
approximately 5.0 x 10 platelets, is then labeled
as “one unit.” One unit of platelet concentrate pre-
dictably increases the platelet count only 5000—
10,000/pL in the average size adult. Therefore,
platelets are typically administered as a package
of 6 units (from six random donors), raising base-
line platelets 30,000—60,000/uL. This method
allows for quick, efficient, and inexpensive col-
lection of platelets for transfusion. On the other
hand, the transfusion recipient is exposed to mul-
tiple donors, increasing the risk for infection
transmission and allergic reactions. The apheresis
method allows for platelet collection from a sin-
gle donor thereby limiting the recipient exposure
to antigens. In this technique, whole blood from a
random or selected (i.e., family member, HLA-
compatible, etc.) donor circulates through a plate-
let apheresis machine which separates the platelets
and plasma from the red blood cells which are
ultimately returned to the donor. This method of
platelet collections typically yields approximately
3 x 10" platelets suspended in 200 cc of plasma,
which is enough to raise the platelet count
30,000-50,000/pL. One unit of apheresed plate-
lets is therefore equivalent to a pool of 4—6 units
of random donor platelets. Both pooled and
apheresed platelets are collected and stored at
room temperature (22 °C, as opposed to 4 °C for
red blood cells [34]) under continuous agitation.
Refrigeration is known to inactivate platelets and
increase macrophage-mediated clearance from
the circulation [36]. The typical shelf life for both
collection methods is only approximately 5 days
following collection due to increased risks for
bacterial contamination [37].

Platelets may be “therapeutically” transfused
in thrombocytopenic patients who are actively
bleeding, with the goal of maintaining a platelet
count of at least 50,000/uL until the hemorrhage

is controlled. Furthermore, preserving a platelet
count of more than 100,000/pL is advocated in
patients with central nervous system bleeding or
DIC due to increased risks for morbidity [38].
Platelets may also be “prophylactically” trans-
fused to optimize thrombocytopenic patients
undergoing elective invasive medical or dental
procedures (see Table 5.6). Lastly, a subset of
patients with severe chronic thrombocytopenia
(less than 10,000 platelets/pL) secondary under-
lying systemic disease (as discussed previously
in this chapter) may benefit from platelet transfu-
sion to prevent spontaneous bleeding.
Prophylactic platelet transfusions in prepara-
tion for elective surgical or dental procedures can
be administered either as in an inpatient or outpa-
tient setting through a peripheral or central intra-
venous access. A unit of apheresed platelets or a
pack of sixpooled donor units, which is the stan-
dard adult dose for prophylactic transfusion,
should be infused over 30—-60 min, once a day.
Patients actively bleeding will typically require
repeated transfusions based on the clinical situa-
tion. Patient’s vital signs including temperature
must be monitored during the transfusion pro-
cess. A platelet count is taken immediately prior
to and following the transfusion to confirm the
anticipated platelet response. Generally, the
platelet count peaks in the first hour following the
infusion of platelets, followed by a gradual
decrease over the following 3 days [38].
Complications associated with platelet trans-
fusions are generally rare and summarized in
Table 5.7. The most common complication asso-
ciated with platelet transfusion is allergic reac-
tions which manifests as pruritus and urticaria in
minor cases or hypotension and anaphylactic
shock in the most severe instances. Febrile trans-
fusion reactions are also common and thought to
be triggered by various inflammatory mediators
released by donors’ neutrophils normally found
in small quantity within the platelets. The risk for
bacterial infection transmission is approximately
1 in 2000 transfusions, 15 times more frequent
than for red blood cell administration. This
increased risk associated found in platelet trans-
fusion is caused by rapid proliferation of bacteria
at room temperature [38]. Inadequate increase in
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Table 5.7 Most common complications associated with
platelet transfusion

Complication Incidence
Alloimmunization and refractoriness to 28-44%
platelet transfusion

Febrile reactions 7%

Allergic reactions 2%

Bacterial infection (sepsis) 1:75,000
Transfusion-related acute lung injury 1:140,000
Viral infection HIV 1:2.3
million
Hepatitis B 1:2.6
million
Hepatitis C 1:3.3
million
CMV (in 1:13.5
leukoreduced million
platelets)

Abbreviations: CMV cytomegalovirus

platelet count following transfusion may be seen
in 28-44% of patients [39]. Refractoriness to
platelet transfusion is often caused by a systemic
infection, fever, platelet sequestration by the
spleen, and certain medications. In addition,
autoimmune inactivation of platelets is thought to
occur in approximately 20% of patients and is
often mediated by antibodies targeting human
leukocyte antigens (HLA) expressed by platelets
through a process called alloimmunization.
Alloimmune inactivation of platelets is reduced
by leucocyte reduction and irradiation of the
transfused platelets. In patients with history of
alloimmunization, the use of HLA-compatible
and crossed-matched platelets may improve
platelet count response posttransfusion [37].
Platelet transfusions are relatively contraindi-
cated in consumptive thrombocytopenias such as
thrombotic thrombocytopenic purpura (TTP) and
heparin-induced thrombocytopenia (HIT). In
these potentially fatal disorders, patients are at
high risk for developing widespread end-organ
thrombosis. Transfusing platelets to correct the
resulting thrombocytopenia may only “add fuel
to the fire” and is only reserved in cases of severe
hemorrhage. Platelet transfusions are relatively
contraindicated in patients with immune throm-
bocytopenia (ITP) due to their anticipated auto-
immune destruction. Fortunately, patients with
ITP are found to be at relatively low risk for

bleeding due to highly effective and upregulated
residual circulating platelets (typically >30,000/
pL). As mentioned earlier in this chapter, ITP is
primarily managed with intravenous immuno-
globulin (IVIG) or steroids while reserving plate-
let transfusion for life-threatening hemorrhage.

Additional Considerations
in the Management

of the Thrombocytopenic
Dental Patient

5.10

Following the detailed review of the patient’s
history and physical examination, laboratory
values, and hematology consultation, the dentist
will need to determine whether to treat the
patient in a hospital or office setting. As men-
tioned previously, procedures at low risk for
bleeding in patients with platelet count above
30,000/pL can safely be performed in a dental
office. Patients requiring platelet prophylactic
transfusions or undergoing invasive procedures
such as dental extractions are ideally managed in
a hospital outpatient setting which facilitates the
coordination of care and gives the dentist greater
resources to manage surgical complications.
When required, platelet transfusion should occur
at the beginning of the day to allow enough pro-
cessing time for a pre/post platelet count. The
surgical procedure would then be promptly initi-
ated after verifying a satisfactory increase in
platelet count. Following the procedure, the
patient is monitored for at least 1-2 h to confirm
persisting hemostasis and dissipation of the epi-
nephrine contained in local anesthetic solutions.
Intraoperative or postoperative platelet transfu-
sion may be required depending on platelet
response, baseline platelet count, surgical proce-
dure extent, or persisting hemorrhage. It is also
advisable to schedule patients at risk for postop-
erative bleeding at the beginning of the work
week which allows flexibility should a complica-
tion occur. Communication with the treating
hematologist is therefore key to coordinate the
treatment phases described above. In a retro-
spective study of 68 thrombocytopenic patients
with a mean platelet count of 44,000/pL, 32
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patients required prophylactic transfusions prior
to dental extractions. Postoperative bleeding was
noted in only five patients in whom local mea-
sures and aminocaproic acid rinse were success-
fully used to control the hemorrhage. According
to the authors of the study, extractions in throm-
bocytopenic patients are relatively safe provided
adequate hematological workup and medical
optimization [40].

The preoperative construction of a surgical
stent is often useful in providing postoperative
pressure to the surgical site and carrying local
hemostatic agents to the wound. An impression
of the arch is taken and plaster is poured to fab-
ricate working models. The cast is then modi-
fied (i.e., teeth removed, alveoloplasty
simulated, etc.) before a soft vacuum forming
mouthguard material is “sucked down” with the
vacuum-forming machine (Patterson Dental, St.
Paul, MN).

The use of careful surgical technique is
imperative when managing patient at risk for
postoperative bleeding. Releasing incisions and
extensive flaps should be realistically avoided to
minimize soft tissue injury. Conservative bony
removal and tooth sectioning are advised to
reduce hard tissue bleeding. Granulation tissue
should be carefully curetted and removed as it
may be responsible for postoperative bleeding.
If possible, primary closure with sutures should
be achieved to help stabilize the clot. It is imper-
ative the dentist or oral maxillofacial surgeon
provides their patients with detailed postopera-
tive surgical instructions aimed to reduce the
risks for bleeding. These typically include bit-
ing on cotton gauzes, maintaining a soft diet,
avoiding spitting and rinsing for the first day,
etc. Multiple local hemostatic and pharmaco-
logical agents are available to the dentist and
described in detail in Chap. 15. With proper
planning and medical and surgical management,
re-bleeding should be uncommon. Should a
patient present with postoperative bleeding,
local hemostatic measures are promptly re-
implemented. Failure to obtain enduring hemo-
stasis should urge the clinician to reconsult the
hematologist and obtain a new platelet count
and coagulation profile.

5.11 Summary

As reviewed in this chapter, thrombocytopenia
may be caused by a decrease in platelet produc-
tion, increased sequestration, or peripheral plate-
let destruction. A low platelet count may be
associated with life-threatening hemorrhage and
therefore profoundly affects dental management
of these medically compromised patients. Proper
preoperative evaluation, laboratory workup, and
consultation with the hematologist are critical to
establish and sequence the appropriate treatment
plan and to reduce the risks for bleeding.
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Abstract

The liver has numerous essential functions,
and multifactorial liver disease presents many
challenges for the delivery of medical and
dental care. Dental professionals who treat
patients in various stages of the disease must
be aware of the associated disturbances in
hemostasis and the increased likelihood of
bleeding postoperatively and during dental
and oral surgical procedures. Thus, managing
liver disease patients in the dental office or a
hospital requires an understanding of the dis-
ease’s progression, an ability to interpret labo-
ratory tests, and proper preparation to manage
hemostatic complications.
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Liver Disease: A Brief Review
of Types, Etiologies,
Pathophysiology, Signs,

and Symptoms

6.1

In the United States, an estimated 5.5 million
people have chronic liver disease; it claims the
lives of approximately 25,000 Americans each
year. Additionally, more than 300,000 people are
hospitalized annually due to cirrhosis [1]. Among
the most common causes of liver disease in the
United States are alcohol abuse, chronic hepatitis
B or C, and fatty liver disease (Table 6.1) [1].
During acute stages of liver disease, hepatocel-
lular damage occurs, but the liver retains normal
function after withdrawal of the causative agent
or treatment of the underlying cause. However,
after years of continuous injury, the process may
become irreversible and fibrous scarring is noted,
resulting in impaired liver function. At this stage,
the disease progresses to a chronic state, and nor-
mal hepatic architecture is replaced with inter-
connecting bands of fibrous tissue. Normal liver
function is altered due to inadequate blood flow
and ongoing damage to hepatocytes [2]. This
may lead to portal hypertension, ascites, spleno-
megaly, and esophageal varices. Ultimately, this
process results in cirrhosis, hepatocellular necro-
sis, and hepatic failure, and the patient will
require a liver transplant.
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Table 6.1 Etiology of chronic liver disease in the United
States

Approximate frequency in
Etiology the United States (%)
Hepatitis C 25
Alcoholic liver disease 20
Chronic hepatitis C and 15
alcoholic liver disease

Hepatitis B 15
Cirrhosis of unknown 15
etiology

All other causes 10

Adapted from Firriolo et al. [1]

6.2 Disturbances in Hemostasis
Associated with Liver

Disease

The liver plays a central role in coagulation in
both primary and secondary hemostasis. It pro-
duces 11 of the 13 coagulation factors involved in
the coagulation cascade and plays a role in clear-
ing these products from circulation. This process
has been described in great detail elsewhere in
this book. Furthermore, the liver produces throm-
bopoietin, which regulates the production of
platelets from megakaryocytes and serves as a
storehouse for vitamin K, which is essential to the
activation of coagulation factors II, VII, IX, and X
[3]. Therefore, patients with end-stage liver dis-
ease may have a decreased platelet count and
reduced production of coagulation factors, all of
which may lead to disturbances in hemostasis.

Thrombocytopenia may add to the complexity
of these disturbances. A decreased platelet count
may be secondary to alcoholic marrow suppres-
sion or caused by decreased hepatic synthesis of
thrombopoietin. Platelet number and function are
also affected by portal hypertension through
altered endothelial function and increased
sequestration associated with splenomegaly.
However, platelet procoagulant activity is gener-
ally preserved in patients with cirrhosis [4]. This
is attributed to an elevated von Willebrand factor
(VWF), which enhances platelet adhesion and
counteracts the defects from thrombocytopenia
and platelet dysfunction [5].

Patients with cirrhosis frequently acquire a
disorder of hemostasis secondary to their disease

Table 6.2 Rebalancing hemostatic mechanisms in liver
disease

Promoting

Phase Promoting bleeding thrombosis
Primary * Thrombocytopenia * Elevated VWF
hemostasis ¢ Platelet function * Decreased

defects inactivation of

¢ Enhanced inhibition =~ VWF

of platelet function
Secondary ¢ Decreased levels of  * Decreased
hemostasis  coagulation factors II,  levels of

V, VII, IX, X and XI various

 Quantitative and anticoagulants

qualitative fibrinogen e Elevated

abnormalities factor VIII
Fibrinolysis ¢ Low levels of alpha2 e Decreased

anti-plasmin, factor plasminogen

XIII and thrombin-

activated fibrinolysis

inhibitor (TAFI)

Adapted from http://www.iltseducation.com/documents/
Mallett_ILTScoag.pdf

but are susceptible to both bleeding complica-
tions and thrombotic disease. These patients can
have elevated levels of VWF and factor VIII as
well as decreased levels of anticoagulants such as
protein C and antithrombin [6, 7].

An improved understanding of hemostatic
mechanisms and the pathogenesis of liver disease
has led to the concept of “rebalanced hemostasis”
(Table 6.2), in which hemostatic changes that
promote bleeding can be counterbalanced by
hemostatic changes that promote thrombosis.
Consequently, many liver disease patients cur-
rently undergo surgery without any blood prod-
uct transfusion. The hemostatic balance in these
patients, however, can be unstable, and occur-
rences of both bleeding and thrombotic compli-
cations during surgery may occur [6].

6.3 Pretreatment Evaluation

of the Liver Disease Patient:
The History and Physical
Examination, Blood

and Other Testing

Prior to initiating any procedures, the clinician
must obtain a thorough history, conduct a physi-
cal exam, order pertinent laboratory tests, and
consult the patient’s physician. The bleeding risk
in the patient with liver disease should be assessed
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through these means. Risk stratification may be
documented by using classifications such as the
Child-Pugh and Model for End-Stage Liver
Disease (MELD) score (Table 6.3).

Clinical examination of the oral cavity and
surrounding regions may reveal evidence of liver
dysfunction with the presence of petechiae, jaun-
diced mucosal tissues, gingival bleeding, parotid
enlargement, generalized mucosal erythema, and
icteric mucosal changes. Also, glossitis may be
seen in patients with alcoholic hepatitis [8] and
alcohol-related nutritional deficiencies (see
Figs. 6.1 and 6.2). The remainder of the complete
physical exam is also likely to yield findings
associated with the underlying condition.
However, physical examination alone is not ade-

Table 6.3 Modified Child-Pugh classifications

Parameter 1 2 3
Ascites None Slight Moderate—
severe
Encephalopathy None Slight—  Moderate—
moderate  severe
Bilirubin (mg/dl) <20 23 >3.0
Albumin (mg/L) >3.5 2.8-3.5 <2.8

PT seconds increase 1-3  4-6 >6.0

over control

Key

Total score Child-Pugh class
5-6 A

7-9 B

10-15 C

Adapted from Firriolo et al. [1]

Fig. 6.1 Tongue of chronic alcoholic

Fig. 6.2 Glossitis from nutritional deficiencies

quate to assess the stage of liver disease and the
risk of bleeding. As such, the history, with a par-
ticular focus on previous surgery and bleeding
episodes, physical findings, and pertinent labora-
tory test results are all important elements in the
database that serves as the basis for collaborative
management of these patients with their primary
care physicians and specialists as indicated.

The dentist should be aware of the Child-Pugh
classification scheme and the MELD score for
liver disease patients and their use in preoperative
assessment. The Child-Pugh classification is
commonly used and helps to determine long-
term prognosis based on disease progression [9].
The classification assesses ascites, encephalopa-
thy, bilirubin, albumin, and prothrombin time
(PT). Although there is no direct correlation
between Child-Pugh class and hemostasis, a
patient with higher Child-Pugh score is likely to
have an increased bleeding risk.

MELD score, which is used to determine the
extent of the coagulopathy or the severity of liver
failure, is currently being used to prioritize candi-
dates for liver transplant. It is based on a patient’s
serum bilirubin, creatinine international normal-
ized ratio (INR) and, as of 2016, serum sodium
level. However, this score does not predict which
of these patients will require perioperative trans-
fusion [6].

Liver function laboratory tests help to assess
liver disease status. However, there is no defini-
tive laboratory test that determines the degree of
hepatic failure, and these tests are limited in their
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ability to predict bleeding risk [10]. Laboratory
tests commonly used in patients with potentially
impaired hemostasis include platelet count, pro-
thrombin time (PT), activated partial thrombo-
plastin time (aPTT), and INR. If any of these
tests are abnormal in patients with known liver
disease, consultation with the patient’s physician
is required. It is critical that the treating clinician
understand the relative value of INR in liver dis-
ease as compared with its utility in determining
the therapeutic range of anticoagulation. For
individuals with normal hemostatic mechanisms
who are prescribed medications to achieve thera-
peutic anticoagulation, INR is an appropriate tool
and is predictive of bleeding risk. Much has been
written in the dental and oral surgical literature
supporting the safety of minor surgical proce-
dures with INR values up to 3.5 or even higher in
that population. It must be clear that in patients
with liver disease, the same surgical procedures
should not be undertaken if there are significant
elevations in INR. This laboratory value is not
correlated with bleeding risk in a linear fashion
as it is with individuals using warfarin. Moreover,
even small elevations in INR may be associated
with potentially catastrophic bleeding in the pres-
ence of liver disease. Abnormal results may con-
tribute to the risk stratification process and to the
development of a plan for perioperative manage-
ment that may include administration of fresh
frozen plasma (FFP) and/or blood products.

The PT and aPTT are commonly used labora-
tory tests for patients with cirrhosis even though
these tests are known to be poor predictors of
bleeding. PT test results will be elevated with
decreased hepatic synthesis of coagulation factor
VII with cirrhosis that affect more than 50% of
the liver. Therefore, small elevations in PT, which
will be reported as INR, represent a significant
liver damage and should alert the clinician for
possible  complications during procedure.
However, as indicated above, there is no direct
correlation between increased bleeding during
oral surgery procedures and abnormal PT [9].

Patients with chronic liver disease will often
present with anemia that may be normocytic. It
may also be microcytic and hypochromic, usu-
ally as a result of blood loss from the gastrointes-
tinal tract, or macrocytic, a function of alcoholism

and nutritional deficiency. Anemia in this popula-
tion may also be related to suppression of eryth-
ropoiesis or to hemolysis secondary to
hypersplenism [1]. Thrombocytopenia is not
uncommon and should alert the clinician to an
increased bleeding risk, but it does not provide
information  regarding  platelet  function.
Qualitative issues may be present with normal
numbers of platelets. If the platelet count falls
below 40,000/mm?, the procedure should be
withheld, and the patient will require preopera-
tive blood products to correct thrombocytopenia
prior to any procedure [9].

It is important to note that conventional labo-
ratory testing does not adequately reflect the
“rebalanced hemostasis” of liver disease [6].
These values do measure specific changes that
may promote bleeding and thrombosis but may
not capture the bigger picture as it occurs in vivo
[2]. However, due to their availability and the
persistence of long-standing practices in medi-
cine, they are widely used to estimate bleeding
risk in patients with liver disease.

In light of the limitations of standard labora-
tory tests, there are new global coagulation assays
that mimic the in vivo environment and reflect
the effects of procoagulants, anticoagulants, and
platelets. One such test is the thrombin genera-
tion assay. This test measures thrombin by using
tissue factor to initiate coagulation in the pres-
ence of platelets [11]. Thromboelastography
(TEG) is another test that can provide continuous
tracing of all the hemostatic functions that lead to
clot formation. This test takes into account pri-
mary hemostasis, coagulation, and fibrinolysis.
Both tests may more completely and accurately
represent what occurs in vivo, but further clinical
trials are needed to determine their predictive
value with respect to bleeding risks and thrombo-
sis in patients with cirrhosis [5, 12].

6.4 Dental and Oral Surgical
Management of the Adult

Patient with Liver Disease

Dental providers are often asked to evaluate and
treat patients at various stages of liver disease.
This may include assessment of the remaining
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dentition and restorations as well as interventions
from minimally invasive to significant surgical
procedures. Clinicians should carefully evaluate
the history, including previous bleeding, as well
as physical findings to help determine whether
the patient can be treated in the dental office or
the hospital. Communication and collaboration
with the patient’s physician are necessary to opti-
mize outcomes and enhance patient safety. As
previously discussed, routine laboratory tests are
important but may not be statistically significant
in predicting bleeding risks [13].

The dentist should be aware of episodes of
preoperative, intraoperative, and postoperative
bleeding while treating liver disease patients.
Morimoto et al. [14] and Thomson et al. [15]
report isolated cases of severe hemorrhagic com-
plications occurring during extraction of teeth of
patients with liver diseases [16].

If oral surgical procedures are required, spe-
cial attention should be paid to minimizing
trauma. For more invasive procedures, an infu-
sion of fresh frozen plasma or blood products
should be considered [16]. DePaola [17] reported
that 8 of 39 of the patients undergoing dental
extractions in one series were given preoperative
fresh plasma and coagulation-promoting medica-
tion. Nevertheless, three of the eight patients still
experienced hemorrhagic complications [7].

Therefore, the hospital setting is appropriate
for conducting oral surgical procedures or any
dental procedures with the potential to cause
bleeding on a patient with end-stage liver disease.
The dental office is not an ideal site for manage-
ment of serious bleeding, and in this population
with the likelihood of significant comorbidities,
bleeding may not be the only issue to arise.

6.5 Perioperative Issues
and their Management
6.5.1 The Preoperative Period

The critical issues addressed during the preopera-
tive assessment relate to patient safety. Can the
procedure be done in a dental office, and if so,
what modifications might be required? If not,
referral to a hospital dental service and collabora-

tion with the patient’s primary care physician and
appropriate specialists are recommended. Risk
stratification is based on the type of the procedure
as well as the current status of the patient’s liver
disease. According to Ward et al. [13], patients
requiring more than ten dental extractions are at
high risk of experiencing prolonged postopera-
tive bleeding, suggesting the need for a higher
level of management and hospital admission for
observation. Guidelines are useful; however, risk
stratification is best served by a careful assess-
ment of each patient and his/her surgical needs.

Risk stratification requires a complete history
and physical examination as well as pertinent
laboratory tests and consultation with the
patient’s physician. While being mindful of the
limitations of laboratory testing, particularly in
this population, test results do contribute to the
process of evaluating the relative bleeding risk
and the need for preoperative administration of
FFP and blood products.

Rose and Kay [18] suggested that patients will
need transfusion with FFP for INR of 3.0 or
greater and platelet transfusion for counts less
than 50,000/mm?. In more recent studies, simple
dental extractions were performed in patients
with INR values of 2.5 and platelet counts of
30,000/mm?>. In one series, blood transfusions
were not needed, and postoperative bleeding was
controlled with local hemostatic measures [19].
In a 2017 publication by Cocero et al., 1183
extractions in 318 patients in various stages of
liver disease were analyzed. The authors con-
cluded that patients with platelet counts greater
than 40,000/mm?® and INR values lower than 2.5
are considered low risk. The authors of both of
these studies concluded that INR of 2.5 or greater
is a better predictor of bleeding risk than platelet
count [13, 20].

6.5.2 Intraoperative Management

During the procedure, the clinician must be pre-
pared to control bleeding. Hemostasis can be
achieved with local measures such as pressure,
sutures, surgical splint with periodontal packing,
oxidized cellulose, absorbable gelatin, local anes-
thesia, fibrin glue, and cyanoacrylate spray. If local
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in patients with cirrhosis [23]. Acetaminophen
containing analgesics are also generally avoided

vz in the liver disease population.
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Fig. 6.3 Local hemostatic measures

measures are unsuccessful, the patient may require
transfusions of FFP, platelets, cryoprecipitate, and
vitamin K injections [13, 21, 22] (see Fig. 6.3). On
rare occasion, uncontrollable bleeding may occur
during surgical removal of teeth. In such an event,
in addition to the measures noted above, the proce-
dure should be abandoned, and the patient may
require transfusions of packed cells [7].

6.5.3 The Postoperative Period

The patient is still at an increased risk for bleed-
ing in the postoperative period and requires a
period of observation and close follow-up after
discharge from the clinician’s direct care. Reports
of secondary bleeding after dental extractions
have been published, and in one series, these
were successfully treated by local measures [16].

Instructions routinely provided after dental
extractions should be modified, if indicated, to
reflect the special needs of patients in this popu-
lation. For pain management, a consideration
should be given to postoperative medications and
their chance to increase postoperative bleeding.
The use of aspirin and nonsteroidal anti-inflam-
matory drugs in patients with chronic liver dis-
ease should be avoided. Both medications have
antiplatelet effects and have increased chance of
reaching toxic levels due to higher bioavailability

There is not a great deal of data on the impact of
liver disease on hemostasis in children. Decisions
based upon extrapolation from adult studies may
not be fully informed given age-related physio-
logic differences and the nature of hepatic pathol-
ogy in the pediatric population. Diseases affecting
the liver, including inborn errors of metabolism,
may have profound effects on hemostasis, some
of which are more marked in pediatric patients.
Invasive dental or oral and maxillofacial proce-
dures on such patients require collaborative man-
agement with the appropriate pediatric specialists
in a setting that best supports the safety and com-
fort of the child [24].

6.7 Liver Transplant Patients
Patients awaiting liver transplant may be referred
to dental professionals for evaluation of non-
restorable teeth and eradication of active oral
disease. Those patients with extensive periodon-
tal disease and carious teeth may require full
mouth extraction and the fabrication of dentures.
This has been suggested to minimize posttrans-
plant morbidity and mortality associated with
infection in patients who are immunosuppressed
[16]. These patients, some of whom are Child
stage C, may be at an increased risk for bleeding
due to chronic liver disease and cirrhosis. In one
small series, 7 of 16 patients awaiting liver trans-
plant (43.8%) developed hemorrhagic complica-
tions in the course of preoperative dental
treatment [7]. Even with aggressive preoperative
preparation and perioperative management,
patients in this population who require multiple
extractions are at a significant risk of postopera-
tive bleeding [13].

During the first 3 months following liver
transplant, only emergency dental care should be
provided. Some authors advocate antibiotic pro-
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phylaxis; however, there is a lack of evidence
supporting this recommendation. If invasive
treatment is necessary, the patient should be
admitted to the hospital and treated collabora-
tively with the transplant team and the patient’s
primary physician. Following the initial recovery
period, nearly normal liver function may be
restored. The coagulation profile and blood
chemistry values may be close to normal, though
they should always be checked before dental
treatment. Platelet levels, however, may remain
depressed [7].

Special attention should be given to patients
with acute rejection posttransplant as these
patients are treated with increased immunosup-
pression. As such, all dental procedures should
be postponed, and only emergency care should be
rendered, and these patients should be treated to
correct coagulation factor abnormalities and low
platelet levels prior to any procedure in order to
avoid increased bleeding.

Conclusion

Patients with liver disease present a number of
challenges to the dental team. Multiple insults
to the hemostatic mechanism may result in
bleeding that is significant enough to compli-
cate the procedure and/or the postoperative
course. Less frequently, serious bleeding may
be encountered, requiring aggressive manage-
ment. Preoperative assessment and careful
planning are essential and involve far more
than simple guidelines based on laboratory
test results. While such guidelines may be use-
ful in the treatment of other patients with
coagulopathies and bleeding disorders,
patients with liver disease must be evaluated
comprehensively, risk stratified thoughtfully,
and managed with great care in the appropri-
ate setting.
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Abstract

The presence of cancer may predispose the
patientto ahypercoagulable state. Approximately
15% of all patients with a malignancy may be
affected by some form of thromboembolic
disease. Trousseau’s syndrome relates to this
predisposition to both arterial and venous
coagulation in this cohort of patients. This
well-documented state affects the local tumor
site as well as causes these systemic effects.
The additional burden on the patient of poten-
tial immobility, chemotherapy, surgery,
indwelling lines, and nutritional deficit make
thromboembolic disease more prevalent. It
must also be borne in mind that malignant dis-
ease may also result in a greater bleeding ten-
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dency due to dysfunction with components
of the coagulation cascade. Additionally,
many patients may be on anticoagulant ther-
apy, and bone marrow disorders such as leu-
kemia may cause thrombo-hemorrhagic
complications.

The oral surgical management of cancer
patients in regard to hemostasis is a complex
interplay of history, physical findings, labora-
tory values, and provider preference. There is
limited high-quality information available
regarding the specific oral surgery population,
and therefore the best recommendations are
extrapolated from available studies and guide-
lines in the medical and surgical literature.
The ultimate decision is at the discretion of
the treating provider to ensure procedures are
executed appropriately, and there is a plan for
monitoring in the postoperative period.
Certainly the patient and treatment factors
which place patients at greater risk for bleed-
ing should be evaluated together in consulta-
tion with the patient’s oncologist prior to
surgery. Once the risk of bleeding is estab-
lished, laboratory testing guides consideration
of preoperative transfusion, further medical
management, or alteration of the surgical plan
to reduce risk of bleeding intraoperatively.
Scheduling surgery to accommodate for the
expected bone marrow recovery following
the drop in the patient’s blood counts is also
a helpful measure. Reducing the extent of
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surgery and dividing treatment into multiple
visits can decrease the stress on the patient’s
hemostatic mechanisms. Careful attention to
surgical technique to minimize tissue trauma
and blood loss is essential, and local hemo-
static measures discussed elsewhere are help-
ful adjuncts.

7.1 Introduction

The presence of cancer may predispose the
patient to a hypercoagulable state. Approximately
15% of all patients with a malignancy may be
affected by some form of thromboembolic dis-
ease [1]. Trousseau’s syndrome relates to this
predisposition to both arterial and venous coagu-
lation in this cohort of patients [2]. This well
documented state affects the local tumor site as
well as causing these systemic effects [3]. The
additional burden on the patient of potential
immobility, chemotherapy, surgery, indwelling
lines, and nutritional deficit make thromboem-
bolic disease more prevalent [4]. It must also be
borne in mind that malignant disease may also
result in a greater bleeding tendency due to dys-
function with components of the coagulation cas-
cade. Additionally, many patients may be on
anticoagulant therapy, and bone marrow disor-
ders such as leukemia may cause thrombo-hem-
orrhagic complications [5].

This chapter seeks to cover all aspects of
acquired coagulation disorders related to malig-
nancy and how these may impact on the manage-
ment of oral disease. The aim is to gain an
appreciation of the cancer patient presenting with
a tendency toward clotting or hemorrhage and
thus have an algorithm in mind for their dental
treatment so as to minimize potential complica-
tions that may arise.

7.2  Hypercoagulability

Thromboembolic manifestations are the most fre-
quent complication of patients with a malignancy
[6]. These are most commonly venous thrombo-

embolism (VTE) in the form of either deep vein
thrombosis or pulmonary embolism [7].
Malignancy will have effects on all features of
Virchow’s triad [8]. It is known that abnormalities
in the hematological clotting screen may be abnor-
mal with malignancy even if there is no evidence
of clinical manifestations [9]. A solid-state tumor
has the ability to leak fibrin into the local environ-
ment and also has effects systemically. This along
with fibrinolysis is more predominant in patients
with metastatic disease thereby increasing the pre-
ponderance for hypercoagulability [10].

Recently interesting developments have
shown a strong correlation between platelets and
cancer-related thrombosis [11]. A subset of plate-
lets called COAT (collagen and thrombin) have a
high level of factor V bound to the surface and are
related to thromboembolic events [12, 13]. High
factor VIII levels and low protein C levels also
had a predictive value for thrombosis in patients
with malignancy [14].

7.3  Tumor Effects

The presence of a tumor may have several local
effects, as procoagulant molecules are evident of
the surface of cancer cells [15]. In addition, as the
tumor shed cells, this initiates a blood-borne
phase of the clotting cascade. These metastatic
cells encourage thrombus formation surrounding
them containing both fibrin and platelets [16, 17].
It was originally postulated that for tumors to
spread via a hematogenous route, then activation
of the coagulation cascade was necessary [18].
This has subsequently been proven in animal
models to be the case [16, 17].

Tissue factor (TF) seems to play a central role
in tumor-related coagulation [7]. TF is needed for
activation of clotting factors in plasma. It forms a
complex with factors VII and VIla that then initi-
ate the coagulation protease cascade [19]. TF
expression is increased not only by cancer cells
but also by the tissue surrounding the tumor [20,
21]. The subsequent thromboembolic events
caused then result in hypoxia and the expression
of vascular endothelial growth factor (VEGF)
resulting in angiogenesis and cancer growth [22].
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There is a measurable aspect to this as shown by
a study that demonstrated increased venous
thromboembolism in patients with high tumor
expression of TF [23]. In mouse models that
focused specifically on colorectal cancers, activa-
tion of the oncogene, k-ras, and inactivation of
the tumor suppressor protein, p53, caused
increased TF expression [24]. Many studies show
that TF is critical to overall survival. Its expres-
sion is related to increased angiogenesis, poorer
histological differentiation, and a higher rate of
blood-borne metastasis leading to a less favor-
able outcome. The processes by which TF causes
tumor progression have been proposed by Langer
and Bokemeyer to be either coagulation-depen-
dent or coagulation-independent mechanisms
[7]. With regard to the mechanisms that are
dependent, the production of thrombin with the
subsequent conversion of fibrinogen to fibrin
causes the activation of platelets and the forma-
tions of an extracellular matrix that leads to
tumorigenesis. The independent mechanism
functions via TF and factor Ila complexes sig-
naled through protease-activated receptors. This
process causes enhanced cell proliferation with
invasion and angiogenesis that is associated with
tumor progression and decreased survival. It is
the TF in the cytoplasm that purportedly causes
the upregulation of VEGF and subsequent angio-
genesis [25]. The current thinking is that TF pres-
ent in the bloodstream is more likely to be the
cause of VTE in cancer patients than TF pro-
duced from the primary tumor. It is via this path-
way that it can have a direct effect on
hypercoagulability. A retrospective analysis
showed that the incidence of VTE was 35% in
patients who demonstrated TF-positive micropar-
ticles as opposed to 0% without evidence of these
microparticles [26]. These microparticles are
usually introduced into the circulation directly
from the cancer cells and can thus exert their
effect. Correlation has been demonstrated
between levels of these TF-related microparticles
and D-dimer that has emerged once again as a
valuable measure of coagulability [27]. Several
other studies have demonstrated that the surgical
removal in patients who had localized tumors
resulted in a corresponding rapid decrease in the

TF-related microparticles [7]. The mechanism by
which TF promotes metastases is also linked
closely with it promotion of hemostasis. With
regard to lung metastases, it has been directly
proven that the formation of a fibrin-platelet clot
around tumor cells enables both spreading and
protection from natural killer cell-mediated cyto-
toxicity [28]. In mouse models disruption of this
TF-initiated cascade effectively suppressed lung
metastases [29]. However, this has not been dem-
onstrated effectively in clinical models due to
concerns regarding the risks of bleeding associ-
ated with anti-TF treatment. Outside of lung
metastasis, the inhibition of Trousseau’s syn-
drome by blocking TF has been investigated in
experimental and preclinical studies by either the
downregulation of TF or the destruction of
TF-expressing tumor cells. Overall, the
TF-related link between hypercoagulability and
cancer spread has also not been convincingly
proven, and further work is currently ongoing.
Several other molecules have also been described
to have a procoagulant effect in malignancy.

Cancer procoagulant, fibrinolytic molecules
and cytokines (e.g., TNF-a and IL-1p) that are
released by tumor cells have also been shown to
have thrombotic effects [30].

The proinflammatory cytokine tumor necrosis
factor alpha orchestrates complex multicellular
processes through a wide variety of changes that
it induces in cell functions. TNF-alpha is pro-
duced by tumor cells constitutively and in turn
induces the expression of tissue factor by the vas-
cular endothelial cells [31, 32].

Cancer procoagulant (CP) is another such pro-
coagulant. CP is a cysteine protease which is a
substrate for factor X in the coagulation cascade.
CP can activate factor X independently and
cleaves its heavy chain site at a different location
compared to other known factor X activators [30,
33, 34]. CP has been detected in several extracts
of tumor cells [30, 35, 36]. CP has been shown to
be elevated up to 85% of cancer patients [30, 37].

Platelets also play a major role in the tumor
microenvironment. They play a crucial role in
promoting tumor growth and metastasis. In solid
tumors, many studies have shown that platelets
play a major role in protecting tumor cells from
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natural killer (NK) cell-mediated lysis [38, 39].
Furthermore, platelet-coated tumor cells were
physically shielded from lysis by NK cells, and
this protection is not a result of passive agglutina-
tion but required platelet activation. Upon aggre-
gation by tumor cells or physiological factors,
platelets mobilize to their surface membrane
glucocorticoid-induced ~ TNF-related  ligand
(GITRL). This leads to the platelet-coated tumor
cell are protected, from NK lytic activity and also
interferon-gamma secretion due to the interaction
of the GITRL interaction with its receptor GITR
on the NK cells. Soluble factors are also secreted
by these platelets which inhibit NK antitumor
activity. Therefore, platelets not only protect
tumor cells from NK-mediated lysis within the
circulation but also potentially within the tumor
microenvironment via signaling by secreting sol-
uble factors [40, 41].

In hematological malignancies, platelets on the
contrary are inhibited from aggregation. Platelets
derived from acute and chronic myeloid leukemia
(AML and CML) patients tend to have impaired
platelet responsiveness to physiological responses.
In addition, they may have platelet storage defi-
ciency and, commonly in AML, disease- and
treatment-induced thrombocytopenia [42-45].

Tumors may have an additional physical effect
causing thrombosis by disturbing bloodflow. This
can be via direct pressure causing alteration in
flow or injury to the intima of the vessels [1].
This is particularly notable in renal cell carci-
noma that is strongly associated with inferior
vena cava thrombosis [46]. This has been shown
to be the case in 4-10% of renal tumors [47].

7.4  Chemotherapy

The treatment of malignant disease with chemo-
therapy is associated with an increase in the risk
of developing VTE by up to six times that of the
control group [48, 49]. Most patients who develop
VTE do so in the outpatient setting [50]. A sig-
nificant amount of research was done in the field
of breast cancer, and it was shown that both
tamoxifen and chemotherapy increased the risk
of VTE [51, 52]. Cisplatin-based chemotherapy
demonstrated the prevalence of VTE to be 17%

compared to 7% for any chemotherapy [53, 54].
It is postulated that this is independently related
to endothelial injury, hypomagnesemia, and
raised levels of von Willebrand factor [55, 56].
Overall, the acknowledgment is that the poly-
pharmacy of chemotherapy can increase the risk
of VTE. The use of anticoagulants, to reduce
thromboembolic events in patients undergoing
chemotherapy for malignancy, will also impact
on the management by the dentist. This will be
discussed later in this chapter.

7.5 Maedical Devices

The management of patients with malignancy,
particularly those undergoing chemotherapy, will
usually necessitate the placement of a central
venous catheter (CVC). This will facilitate the
administration of drugs and sampling blood for
hematology and chemistry. It is acknowledged
that the presence of this device will increase the
risk of DVT particularly in the upper limb on the
same side and also consequently PE [57]. The
injury to the vessel wall that occurs upon its
placement may contribute to an increased rate of
thrombotic event [58]. This has been documented
to occur in 2/3 of patients with cancer. Catheters
placed in the left subclavian vein appear to have
an increased risk compared to those on the right
[59]. Several other variables exist that can affect
the development of a DVT related to CVCs
including the material used to construct the cath-
eter and the fluid infused through it. The use of
total parenteral nutrition is more likely to cause a
DVT than a crystalloid solution [60]. It has also
been proposed that increasing the number of
lumens of the CVC may increase DVT rates.
Finally, catheters that contain the use of polyvi-
nyl chloride are more thrombogenic than those
containing polyurethane [61].

7.6  Surgery

The management of oncology patients for outpa-
tient dental or oral surgical procedures begins
with a multifactorial medical and dental assess-
ment. The proposed procedure and its complexity
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should be considered in relation to the patient’s
overall health status and expected prognosis in
consultation with the patient’s oncologist. With
modern advances in cancer treatment, patients
are often managed with chronic chemotherapy or
immunotherapy even in the face of metastatic
disease and have a much longer life expectancy
than in the past. Dental providers are therefore
tasked with managing this new subset of complex
patients.

Oncology patients require careful attention to
the history and physical examination in prepara-
tion for invasive procedures. Important features
of the history should be identification of the type
of cancer, its stage, the proposed or current treat-
ment regimen, and current medications.
Treatment approaches may include a combina-
tion of surgery, radiotherapy, chemotherapy, or
immunotherapy. The management may also dif-
fer based on prognosis and whether the intent is
curative or palliative therapy. Knowledge of the
care provided is essential in determining the
duration and magnitude of impact on hemostasis,
immune response, and wound healing prior to
undergoing surgical procedures.

The medical treatment of cancer often results
in hemodynamic changes which place the patient
at increased risk of intraoperative or postopera-
tive hemorrhage, and this is a key component to
assessing the patient’s candidacy for surgery.
Consultation with the patient’s oncologist will
provide additional details and provide the dental
provider a risk assessment regarding the care of
patient. In general, the most ideal approach is to
provide dental examinations and management of
dental pathology prior to initiation of radiation or
oncologic treatment. In the event that this is not
the case, the dentist must be prepared to be
involved in treatment of patients with pre-exist-
ing cancer diagnoses and ongoing treatment.

Medical history taking is the most important
component of evaluating hemostatic function
[62]. At the consultation appointment, all patients
should be questioned regarding any pre-existing
bleeding disorders, easy or frequent bruising,
prolonged bleeding with minor trauma or prior
surgery, or episodes of spontaneous bleeding.
Melena or hematochezia, hematuria, menorrha-
gia, epistaxis, and bleeding from mucous mem-

branes are signs of derangement of hemostasis.
Examination of the patient should not only be
focused on the oral cavity but on the patient as a
whole. Evidence of prior bleeding may be seen
on a routine physical examination and include
petechiae, ecchymosis, or hematomas. Pallor of
the conjunctiva and cutaneous ecchymosis may
indicate significant anemia. Jaundice, icteric
sclera, and abdominal fullness could signify liver
dysfunction related to chemotherapy toxicity or
previous disease. While a full physical examina-
tion is not the responsibility of the dentist, careful
attention may prompt further investigation by
history or laboratory studies.

Hemostatic derangements are commonly
found on laboratory testing in cancer patients,
related to severity of disease and duration of both
illness and treatment. One study of 40 patients
with solid tumors found 80% had two or more
abnormal hemostatic tests; another showed an
even higher proportion at 92% [63]. A significant
portion of the patients had elevated D-dimer lev-
els, which signified a hypercoagulable state, as
previously discussed. However, thrombocytope-
nia was noted in 12.5% and coagulopathy signi-
fied by prolonged PT/PTT in 40%, indicating risk
of bleeding. Along with the prolonged PT/PTT,
there was also a significant difference between
the normal control group’s platelet count and the
cancer patients [64]. Both of these findings are
indicative of the abnormal hemostasis and sup-
portive of the need for laboratory studies in
patients with known malignancy.

The presurgical laboratory workup of patients
with malignancy focuses on the hematological
and immune system abnormalities commonly
seen either as a result of treatment or from the
cancer itself. Cancer infiltration of the bone mar-
row may be seen in primary lesions such as lym-
phoma or from metastatic spread from virtually
all cancers. Breast, prostate, and lung are the
most common cancers associated with bone mar-
row invasion [65]. Once the bone marrow is 80%
saturated with cancer cells, the production of
myeloid and lymphoid cell lines are significantly
inhibited, leading to reduction in circulating red
blood cells (anemia), platelets (thrombocytope-
nia), and white blood cells (leukopenia) [66].
Bone marrow suppression is also a common side
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effect of many chemotherapeutic drugs and
results in similar cytopenias. Radiation may
induce some bone marrow suppression by
encompassing those sites during treatment; how-
ever, it is less commonly seen than with patients
receiving chemotherapy [67]. Platelet function
abnormalities have also been reported with
malignancy, due to the myeloproliferative pro-
cess, but these are challenging to diagnose.
Bleeding time testing is notoriously unreliable
and it has limited usefulness [68]. A platelet
function test is expensive and seldom warranted
as a baseline evaluation. A key factor in evaluat-
ing these patients is the timing of any previous
chemotherapy or planned cycles. The effect of
treatment on the bone marrow is a cyclic process
which follows a generally predictable pattern in
which the platelet count begins to fall approxi-
mately day 7 following treatment, reaches the
low-point at day 14, and returns back to baseline
levels between days 28 and 35 [69].

As indicated above, cancer patients are more
likely to have a coexisting coagulopathy in addi-
tion to the myelosuppressive effects of chemo-
therapy and radiation. The causes are varied.
Malnutrition can lead to vitamin K deficiency and
therefore inadequate production of active coagu-
lation factors [70]. Hepatotoxicity of chemothera-
peutic  drugs  (methotrexate, fludarabine,
azacytidine) can cause abnormal hepatic synthetic
function of clotting factors, although the effects
are usually transient [71]. Disseminated intravas-
cular coagulation (DIC) may be found in approxi-
mately 7% of cancer patients, with either the
hypercoagulable form (clotting) or the hypocoag-
ulable form which induces bleeding from lysis of
fibrin clots. Circulating heparin-like anticoagu-
lants are produced in occasional patients afflicted
with multiple myeloma [72]. Coagulopathy can
be identified by elevated prothrombin time (PT)
and standardized INR results as well as prolonged
partial thromboplastin time (PTT). In general, the
INR should be within the range of 2-3 for elective
dental procedures in an outpatient setting. Patients
with coexisting coagulopathy, thrombocytopenia,
or anemia are a challenge even for the most rou-
tine of oral surgeries. These patients may benefit
from a hospital setting where easy access to blood

products is available in the case of significant
bleeding. Vitamin K or fresh frozen plasma may
sometimes be required to transfuse active clotting
factors to correct hemorrhage in patients with
underlying coagulopathy [73].

Thrombocytopenia is usually identified on a
complete blood count by reduction in the platelet
count below the normal level of 150,000—
400,000. The causes are generally decreased pro-
duction by myelosuppression, increased
destruction by drug-related effects, and seques-
tration by splenomegaly. Chemotherapy causes
approximately 2/3 of all thrombocytopenia in
cancer patients [74]. Values below 100,000 often
require reduction in chemotherapy dosing [75].
Severe platelet deficiency of less than 50,000
occurs in 20-25% of those receiving chemother-
apy, according to 2 major studies of 4956 patients
[76, T7]. Despite this high frequency of signifi-
cant thrombocytopenia, spontaneous bleeding is
a less frequent complication, occurring in only
9% of treatment cycles [78]. The highest risk has
long been thought to occur when platelet counts
drop below 20,000, which was established in the
1960s in a study of patients with acute leukemia
[79]. This has been the standard threshold for
platelet transfusion in patients who are otherwise
asymptomatic and not undergoing surgical pro-
cedures in the hopes of reducing spontaneous
hemorrhage [80].

Subsequent authors have challenged the abso-
lute use of the platelet count as the only variable
to determine risk. The study by Ducher found
84% of significant bleeding events began when
the platelet count was between 20,000 and
50,000, with a population of 1274 patients. This
is evidence of significant variability from patient
to patient regarding bleeding at specific platelet
counts, which is important when considering the
threshold for transfusion or the safety of even
minor surgery procedures. A more recent study
by Friedman found that platelet count was not
correlated at all with episodes of bleeding, and
the most significant factor was a history of prior
bleeding events [81]. A retrospective study by
Slichter supports the previous conclusions and
found importance not in the platelet count, but in
a history of bleeding within 5 days [82]. Another
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study indicated a prior history of bleeding, pres-
ence of bone marrow metastasis, and highly
myelosuppressive chemotherapy were all associ-
ated with hemorrhage [83]. Certain chemothera-
peutic drugs are known to have higher incidence
of myelosuppression. Cisplatin, methotrexate,
fluorouracil, vincristine, cyclophosphamide,
doxorubicin, and etoposide are medications caus-
ing thrombocytopenia severe enough to warrant
delay in radiation therapy [84]. Elting in 2002
identified cisplatin, carboplatin, lomustine, car-
mustine, dacarbazine, and mitomycin C as agents
considered extremely toxic to bone marrow
which were more associated with bleeding [85].
Many other agents have intermediate risk.

All of these factors in addition to the labora-
tory values should be considered when assessing
oncologic patients and their risk stratification in
preparation for oral surgical procedures. The
studies cited above all dealt with asymptomatic
patients who were not undergoing surgical proce-
dures. The risk of uncontrolled hemorrhage is
likely higher during surgery as increased stress is
placed on the coagulation process. Current guide-
lines from the American, British, and Canadian
systems for surgery (excluding neurosurgery)
reflect this concern and consider preoperative
transfusion indicated to maintain a platelet count
>50,000 [86-88]. Thrombocytopenic patients
have been found to be safe for routine dental
extractions, in a single study with some limita-
tions. Fillmore in 2013 studied 68 patients with a
platelet count under 100,000 and found 7.4% had
postoperative hemorrhage, which responded to
local measures [89]. The study concluded that
neither the transfusions nor hemostatic measures
had any outcome on bleeding risk, although the
authors indicated the use of local measures
remains the judgment of the treating dentist. This
study is of limited sample size and did not seek to
stratify the results based on severity of thrombo-
cytopenia; therefore the results are of limited
value. The authors did seem to reflect the recom-
mendations by others that oral surgical proce-
dures are safe above the 50,000 platelet level.
More substantial research is indicated for the
safety of oral surgical procedures in this patient
population.

Anemia is defined as decreased red blood cell
mass, amount of hemoglobin, or volume of RBCs
based on standardized numbers set by gender
[90]. Normal hemoglobin values are between
12-16 g/dL for women and 14-18 g/dL for men
[91]. The World Health Organization classifies
anemia as mild (10 mg/dL to the lower limit of
normal), moderate (8-9.9 g/dL), severe (6.5—
7.9 g/dL), and life-threatening (<6.5 g/dL). While
anemia does not cause intraoperative bleeding,
significant bleeding may worsen pre-existing
anemia, increasing postoperative morbidity, and
it is therefore important to note in the operative
management of oncology patients. One study
identified 63% of patients with cancer diagnosis
presented with anemia, which increased with
advancing cancer stage [92]. Anemia may result
from many different mechanisms in cancer
patients. Patients with gastrointestinal lumen
cancers or genitourinary cancers may lose blood
through direct bleeding from the neoplasm itself.
Those with bone marrow invasion or metastasis
lack ability to produce active red blood cells. The
inflammatory products of cancers (IL-1, IL-6,
TNF-a) can also restrict survival of red blood cell
precursors, leading to anemia [93]. Hemolysis of
existing RBCs may be the result of autoimmune
processes or drug related [94]. Malnutrition is a
common cofactor in cancer which reduces iron
stores and therefore leads to anemia [95].
However, the most common cause of anemia in
cancer patients by far is treatment with chemo-
therapy or radiation, inducing a suppression of
red cell production.

A routine complete blood count includes both
hemoglobin and hematocrit values, will promptly
identify anemia, and should be included in basic
preoperative laboratory testing for these patients
as mentioned previously because it will also
screen for thrombocytopenia. The management of
cancer-associated anemia is complex but in gen-
eral utilizes iron supplementation, erythropoietic-
stimulating agents (ESAs), and blood transfusions
[96]. In placebo-controlled trials of ESAs,
2-3 weeks was required before a significant dif-
ference was found between the epoetin and pla-
cebo groups [97, 98]. Therefore, transfusion is the
recommended option when rapid correction of
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hemoglobin levels is required [95]. This could be
for emergent surgeries or more severe or symp-
tomatic anemia. In general, stable patients with
hemoglobin levels of 7-8 do not require red blood
cell transfusion unless major bleeding is expected
[99]. Patients with mild to moderate anemia are
usually able to be managed as outpatient surger-
ies, while symptomatic or severe anemia may
require blood transfusion prior to surgical proce-
dures or warrant completion of those procedures
in a hospital setting. Identifying anemia during
preoperative evaluation, optimizing hemoglobin
levels, and minimizing blood loss during surgery
are key components to the management of cancer
patients undergoing oral surgery, who often
require simultaneous management of thrombocy-
topenia or anticoagulation.

In summary, the oral surgical management of
cancer patients in regard to hemostasis is a com-
plex interplay of history, physical findings, labo-
ratory values, and provider preference. There is
limited high-quality information available
regarding the specific oral surgery population,
and therefore the best recommendations are
extrapolated from available studies and guide-
lines in the medical and surgical literature. The
ultimate decision is at the discretion of the treat-
ing provider to ensure procedures are executed
appropriately, and there is a plan for monitoring
in the postoperative period. Certainly the patient
and treatment factors which place patients at
greater risk for bleeding should be evaluated
together in consultation with the patient’s oncol-
ogist prior to surgery. Once the risk of bleeding is
established, laboratory testing guides consider-
ation of preoperative transfusion, further medical
management, or alteration of the surgical plan to
reduce risk of bleeding intraoperatively.
Scheduling surgery to accommodate for the
expected bone marrow recovery following the
drop in the patient’s blood counts is also a helpful
measure. Reducing the extent of surgery and
dividing treatment into multiple visits can
decrease the stress on the patient’s hemostatic
mechanisms. Careful attention to surgical tech-
nique to minimize tissue trauma and blood loss is
essential, and local hemostatic measures dis-
cussed elsewhere are helpful adjuncts [100].
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Stratifying Thromboembolic Risk:
Why Is Your Patient
on Antithrombotic Medications?

Benjamin Hohlfelder

Abstract

Utilization of antithrombotic medications is
extremely prevalent and may be indicated for
a variety of disease states. Additionally, inno-
vation and advancements in pharmacotherapy
have increased the number of antithrombotic
medications available to prescribers, the com-
binations of medications utilized, and dura-
tions of wusage with these therapies.
Understanding why patients are on certain
antithrombotic therapies and the risks of dis-
continuing these therapies is a vital compo-
nent of preparation for dental procedures
patients may undergo. This chapter will high-
light the most common indications for anti-
thrombotic therapy, suggested medications for
each disease state, along with recommended
intensity and duration of treatment.

Thromboembolic disease represents a significant
cause of morbidity and mortality [1].
Anticoagulant and antiplatelet therapy are the
mainstay of therapy in the treatment and preven-
tion of thromboembolic disease [1]. The use of
oral antithrombotic medications is extremely
prevalent in the United States and globally. A

B. Hohlfelder
Cleveland Clinic, Cleveland, OH, USA
e-mail: hohlfeb@ccf.org

© Springer International Publishing AG, part of Springer Nature 2018

survey of adults aged 45-75 in the United States
showed that over half of people in this age group
used aspirin [2], and approximately six million
patients utilize anticoagulant medications in the
United States annually [3]. With an aging patient
population, increased awareness of the risks of
thromboembolic disease, and improved thera-
pies in the management of thromboembolic dis-
ease, this number can only be expected to rise in
the coming years [2, 3].

Antithrombotic therapy is frequently indi-
cated for disease states that can lead to arterial
and venous thromboembolism [1]. This chapter
will highlight many of the common indications
for antithrombotic therapy, the common agents
utilized for treatment or prevention of these dis-
ease states, and the durations of treatment with
these agents (Table 8.1). The indications high-
lighted are not an exhaustive list of reasons for
patients to be utilizing these medications, but
encompass a majority of patients requiring anti-
thrombotic therapy.

8.1 Atrial Fibrillation

Atrial fibrillation represents the most common
indication for chronic anticoagulation therapy. It
was estimated that in 2010, approximately 33.5
million people worldwide were living with atrial
fibrillation [4]. The atrial arrhythmia occurs
when there is rapid firing of electrical signals
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Table 8.1 Indications for antithrombotic therapy and general recommendation for antithrombotic therapy

Indication for
antithrombotic therapy
Atrial fibrillation

Venous thromboembolism
(VTE)

Prosthetic heart valves

Hypercoagulable states

Primary prevention of
cardiovascular disease
(CVD)

Coronary artery disease
(CAD)

Ischemic stroke

General recommendations for antithrombotic therapy
Assess CHADS,-VASc Score:

* For patients with CHADS,-VASc Score < 2, aspirin monotherapy

* For patients with CHADS,-VASc Score > 2, lifelong anticoagulation with
warfarin (goal INR 2.0-3.0) or DOAC

Anticoagulation with warfarin (goal INR 2.0-3.0) or DOAC
Duration of therapy:

¢ Provoked VTE: 3—6 months

* Idiopathic VTE: 6—12 months

* Recurrent VTE: at least 6 months, with consideration for lifelong therapy

Valve repair procedures: aspirin monotherapy
Bioprosthetic valve replacement:

e Aortic or pulmonary valve-aspirin monotherapy

 Mitral or tricuspid valve-warfarin (goal INR 2.0-3.0) for 3 months followed by
aspirin monotherapy; or aspirin monotherapy

Mechanical valve replacement:

e Aortic or pulmonary valve-warfarin (goal INR 2.0-3.0) for lifelong therapy
(exception — may consider goal INR 1.5-2.0 for OnX valve aortic valve
replacement)

 Mitral or tricuspid valve-warfarin (goal INR 2.5-3.5) for lifelong therapy

No specific recommendations for hypercoagulable states. If thromboembolic disease
develops in the setting of a hypercoagulable state, it may influence duration and
intensity of antithrombotic therapy

Aspirin monotherapy recommended for:

e Age > 50 years old (ACCP guidelines)

* Risk of CVD > 10% over a 10-year period (AHA guidelines)

* Patients with diabetes and an intermediate risk of CVD (5-10% risk over a

10-year period) (AHA guidelines)

¢ Chronic kidney disease, (GFR < 45 mL/min but not severe kidney disease) (AHA
guidelines)

Stable ischemic heart disease:
* Aspirin monotherapy or DAPT
CABG:
* Aspirin monotherapy
Percutaneous coronary Intervention with stenting

» Bare metal stent-DAPT for at least 1 month followed by aspirin monotherapy

* Drug-eluting stent-DAPT for at least 3—6 months (12 months preferred) followed
by aspirin monotherapy

* Continue DAPT for as long as tolerable/acceptable from a risk of bleeding
perspective

Cardioembolic stroke:
» Warfarin (goal INR 2.0-3.0) or DOAC depending on etiology of cardioembolism
Non-cardioembolic stroke:

* Aspirin monotherapy

* Aspirin/extended-release dipyridamole (Aggrenox®)

* Clopidogrel

DOAC direct oral anticoagulant, ACCP American College of Chest Physicians, AHA American Heart Association,
DAPT dual antiplatelet therapy

triggered by the pulmonary veins [5-7]. Several pathways, and inflammatory oxidative stress [7,
additional mechanisms may contribute to the 8]. The end result is an arrhythmia that produces
development and persistence of atrial fibrilla- an RR interval with no distinct pattern, which is
tion, including autonomic tone, atrial remodel- frequently referred to as an irregularly irregular
ing and fibrosis, the presence of reentrance cardiac rhythm [8—11].
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There are several risk factors for the develop-
ment of atrial fibrillation [9, 10, 12]. Age is the
most commonly recognized risk factor, with the
risk of developing AF increasing significantly in
patients over age 60 [13]. Other risk factors for
developing AF include hypertension, diabetes
mellitus, coronary artery disease and those with a
history of myocardial infarction, structural or
valvular heart disease, or heart failure [10, 12,
13]. In some cases, there may be a familial or
genetic component to the risk of AF [14, 15].
Recent studies have identified that up to 30% of
patients with AF have a familial history of the
disease [14, 15]. The KCNE2, KCNIJ2, and
KCNQI genes have been implicated in disrupt-
ing electrical signals within the myocardium but
have only been identified in a few instances [14,
15]. The familial risk of AF may be more related
to the familial risk of developing several of the
cardiovascular and endocrine disorders that are
also risk factors for development of AF.

The most feared and common complication of
AF is thromboembolic disease, most notably
ischemic stroke [16]. Compared to patients with-
out AF, patients with the dysrhythmia are at a
fivefold higher risk of stroke. Thrombus forma-

tion can occur in AF through several proposed
mechanisms [10, 11]. As the atrium fibrillates,
blood stasis may allow for clot to form. The pres-
ence of a left atrial appendage may also provide
an additional area for stasis. Atrial endothelial
dysfunction has also been observed in patients
with AF. Changes in atrial endothelium can lead
to a proinflammatory state and a subsequent
hypercoagulable state. Upregulation in plasmino-
gen activator inhibitor-1 and downregulation of
thrombin factor pathway inhibitor have been
observed. Ultimately, in the absence of anti-
thrombotic therapies, patients with AF have an
annual stroke risk between 1.9% and 18.2%
depending on the presence of other risk factors
[17, 18].

Just as there are many risk factors for the
development of AF, several factors influence
the risk of thromboembolic disease in patients
with AF [17, 18]. Notable risk factors include
age, diabetes mellitus, history of stroke or tran-
sient ischemic attack (TTA), and hypertension.
The use of a clinical scoring tool can help to
stratify patients who are in need of chronic anti-
coagulant therapy. The CHADS2 score
(Fig. 8.1) was developed using data from the

Annual Stroke Risk

CHADS, Score

Points
Assigned
Congestive Heart Failure 1
Hypertension 1
Age 275 1
Diabetes Mellitus 1
History of Stroke 2

Fig. 8.1 CHADS2 Risk Scoring Tool. The CHADS2
Risk Scoring Tool can help clinicians evaluate a patient
with atrial fibrillation’s annual stroke risk. While guide-
lines now recommend the use of CHADS2-VASc over

0 1.9%
1 2.8%
2 4.0%
3 5.9%
4 8.5%
5 12.5%
6 18.9%

CHADS?2, previous recommendations suggested that
patients with a CHADS2 score of 2 or higher should be
chronically anticoagulated. Patients with a CHADS2
score of 0 or 1 could be managed with aspirin alone
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CHADS, Score Annual Stroke Risk

Points
Assigned

Congestive Heart Failure 1
Hypertension 1
Age =75 2
Diabetes Mellitus 1
History of Stroke 2
Vascular Disease (PAD, 1
Ml, etc.)

Age 65-74 1
Sex Category 1

PAD, peripheral artery disease
MI, myocardial infarction

Fig. 8.2 CHADS2-VASc Risk Scoring Tool. The
CHADS2-VASc Risk Scoring Tool can help clinicians
evaluate a patient with atrial fibrillation’s annual stroke
risk. Guideline recommendations suggest that patients
with a CHADS2-VASc score of 2 or higher should be

National Registry for AF and has been utilized
to estimate the yearly stroke risk [19]. Previous
guidelines have recommended that patients
with a CHADS2 score > 2 should be chroni-
cally anticoagulated, while patients with a
CHADS?2 score < 2 could be treated with aspi-
rin alone. More recently, the CHADS2-VASc
(Fig. 8.2) provided an updated risk scoring tool
that incorporated additional risk factors for
stroke in AF [18]. Guidelines recommend that
patients with a CHADS2-VASc score > 2
should be chronically anticoagulated [20].
Patients with a CHADS2-VASc score of 0 or 1
may be adequately protected with aspirin.

Risk scoring tools have also been established
to help guide clinicians as to their patients’ risk
of bleeding while on anticoagulation [21]. The
HAS-BLED score (Fig. 8.3) was developed using
data from the Euro Heart Survey on AF and can
be used to predict a patient’s annual risk of major
bleeding on anticoagulation [22]. Risk factors
identified in the HAS-BLED score include hyper-

0 0%

1 1.3%
2 2.2%
3 3.2%
4 4.0%
5 6.7%
6 9.8%
7 9.6%
8 12.5%
© 15.2%

chronically anticoagulated, when the risk of bleeding does
not outweigh benefits of anticoagulation. Patients with a
CHADS2-VASc score of 0 or 1 may be managed with
aspirin alone

tension, abnormal renal or hepatic function, age,
and bleeding history. It is important to note that
some of the variables in HAS-BLED refer to
patients who are currently utilizing anticoagulant
therapy and cannot accurately predict a patient’s
bleeding risk prior to initiation of anticoagula-
tion. Similarly, a comparison of a patient’s
CHADS2-VASc and HAS-BLED score to deter-
mine the net clinical benefit of anticoagulation
has not been validated [23]. A HAS-BLED
score > 3 will indicate that a patient is at a higher
risk of bleeding. However, a HAS-BLED
score > 3 does not necessitate cessation of anti-
coagulation [22]. Rather, these risk stratification
tools simply provide clinicians with additional
resources when weighing the risks and benefits
of anticoagulation.

Oral anticoagulation is the mainstay of ther-
apy for stroke prevention in AF. For decades,
warfarin has been the primary agent used for this
indication. Compared with placebo, warfarin has
been shown to reduce the risk of thromboembo-
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Points Assigned

Hypertension (uncontrolled; systolic > 160 mm Hg)

Abnormal renal function (dialysis; transplant; SCr> 2.25)

Abnormal hepatic function (cirrhosis; bilirubin or ALT/AST > 2x ULN) 1

Stroke (prior history of stroke)

Bleeding history (prior major bleeding or disposition to bleed) 1
Labile INRs (Unstable/high INR; time in therapeutic range <60%) 1
Elderly (Age > 65) 1

Drugs (Alcohol use > 8 drinks/week;
NSAID/antiplatelet use)

Fig. 8.3 HAS-BLED Risk Scoring Tool. The HAS-
BLED risk scoring tool to evaluate a patient’s risk of
bleeding while on warfarin. To fully evaluate the HAS-
BLED score, patients must already be on warfarin. A
HAS-BLED score > 3 indicates that a patient is at a

lism by two thirds [24]. The ACTIVE-W trial
group sought to determine if antiplatelet therapy
was sufficient to prevent stroke in AF. However,
in comparison with the combination of aspirin
and clopidogrel, warfarin was shown to be supe-
rior for the prevention of vascular events, with no
difference in major bleeding between the two
groups [25].

Recently, however, a novel group of oral
anticoagulants were developed for stroke pre-
vention in patients with AF. Dabigatran, rivar-
oxaban, apixaban, and edoxaban have all been
approved for use in the United States by the
FDA since 2010. They are often referred to by
several names: novel oral anticoagulants or
non-vitamin K oral anticoagulants (NOACsS),
target-specific oral anticoagulants (TSOACsS),
or direct oral anticoagulants (DOACSs). Each of
these medications was compared to warfarin
for stroke prevention in AF in the RELY [26],
ROCKET-AF [27], ARISTOTLE [28], and
ENGAGE-AF [29] trials, respectively. All four
medications were shown to be at least non-
inferior to warfarin for stroke prevention in AF,
as well as major bleeding associated with ther-

higher risk of bleeding. However, an elevated HAS-BLED
score does not necessarily indicate a need to stop antico-
agulation therapy, rather that a clinician should undertake
an assessment of the risks and benefits of therapy

apy. Since their approval, the use of these
agents has increased significantly and now is
used in approximately 50% of patients on
chronic anticoagulation for stroke prevention
in AF [30, 31].

8.2  Venous Thromboembolism
Venous thromboembolism (VTE) is a disease
state that encompasses both deep vein thrombo-
sis (DVT) and pulmonary embolism (PE) [32].
It represents a significant cause of morbidity
and mortality and was highlighted by the United
States Surgeon General as one of the most com-
mon causes of preventable disease in the hospi-
tal setting [33]. An estimated 350,000-600,000
people are diagnosed with VTE each year in the
United States, with as many as 100,000 VTE-
related deaths annually [33]. Additionally,
many patients living with VTE suffer from
chronic complications of the disease state such
as the post-thrombotic syndrome and chronic
thromboembolic pulmonary hypertension [32,
34, 35].
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Venous
Stasis

Hyper-
coagulable
State

Vascular
Injury

Fig. 8.4 Virchow’s Triad. Virchow’s Triad has histori-
cally been used to represent the common risk factors for
development of venous thromboembolism (VTE). Within
each area of the triad, there are several conditions or dis-
ease states that may contribute to the risk of VTE. Patients
with risk factors in multiple or all aspects of the triad may
be at a higher risk for development of VTE

The classic causes for VTE are highlighted in
Virchow’s triad (Fig. 8.4), which includes the
three most common mechanisms for develop-
ment of VTE [32, 36]. Venous stasis can be
caused by several disease states, and a decrease
in blood flow rate allows for an increased likeli-
hood of coagulation. Inherited or acquired
thrombophilia (will be discussed in a future sec-
tion) is often diagnosed in the setting of a new
VTE event. Lastly, vascular or endothelial injury
may significantly increase a patient’s risk of
developing VTE. This may occur as a direct
manipulation of the vasculature, such as during a
surgical procedure [37], or as a result of indirect
damage to the endothelium, such as in diabetes
mellitus [38].

The management of VTE can involve both
enteral and parenteral anticoagulants. For
chronic management of VTE, oral anticoagu-
lants are generally preferred, while injectable
agents such as the low molecular weight hepa-
rins (LMWH) or fondaparinux may be utilized
in certain clinical situations [39]. As with atrial
fibrillation, warfarin has been the mainstay of
oral therapy for treatment of VTE [39]. The
DOACs have also undergone clinical trials to

determine their efficacy in the treatment of
VTE. Dabigatran, rivaroxaban, apixaban, and
edoxaban were compared with warfarin in the
treatment of VTE in the RE-COVER [40],
EINSTEIN-VTE [41, 42], AMPLIFY [43], and
Hokusai-VTE [44] trials, respectively. Compared
with warfarin, each of the DOACs demonstrated
non-inferior efficacy and safety [40-44].
Therapy with apixaban and edoxaban was also
associated with a decreased rate of major and
clinically relevant nonmajor bleeding when
compared with warfarin [43, 44].

As previously described, patients with active
malignancy are at an increased risk of developing
VTE [45, 46]. For this subset of patients, warfa-
rin therapy may present many challenges, includ-
ing but not limited to decreased oral intake and
changes in diet, nausea and vomiting, drug inter-
actions with chemotherapeutic and supportive
care agents, and changes in hepatic function [45,
46]. The CLOT trial compared therapy with the
LMWH dalteparin to therapy with warfarin for
treatment of VTE [47]. Compared with warfarin,
dalteparin significantly reduced the rate of recur-
rent VTE without an increase in major bleeding.
As a result, the National Comprehensive Cancer
Network Guidelines for Cancer-Associated VTE
Disease issued a Category 1 recommendation
that LMWH monotherapy is the preferred treat-
ment option for the first 6 months in patients with
advanced or metastatic cancer [48]. Currently,
the DOAC:s are undergoing clinical investigation
to assess their safety and efficacy in this patient
population[49].

The appropriate duration of therapy for treat-
ment of VTE remains a clinical controversy [32].
When determining a patient’s duration of treat-
ment, several factors must be considered. First, it
is important to consider the cause of VTE. VTE
that occurs after a patient undergoes major sur-
gery, has had a long-distance travel experience,
or occurs during pregnancy, active malignancy or
a period of prolonged immobility is considered to
be provoked. VTE that occur without a provoking
factor are classified as idiopathic [32].

Patients with provoked VTE can generally be
treated for a shorter duration of therapy, assum-
ing the provoking factor has been removed or is
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no longer present in the patient. Idiopathic VTE
should be treated for a longer duration. The
American College of Chest Physicians (ACCP)
guidelines recommend anticoagulation for
3 months in patients with provoked VTE. For
patients with idiopathic VTE, a duration of ther-
apy of 6-12 months is suggested [50]. In both
scenarios, the patient’s risk of bleeding should be
weighed with risk of thrombosis when determin-
ing the duration of therapy. Patients who develop
recurrent VTE will generally warrant prolonged
or lifelong anticoagulation, if tolerated from a
bleeding risk standpoint [50-52].

8.3  Prosthetic Heart Valves

Valvular heart disease is an extremely common
condition, especially in patients of advanced
age. Patients may undergo surgical or percuta-
neous cardiac procedures to repair or replace
damaged heart valves when the disease is
severe, causes physical limitations, or in the
setting of mild-moderate disease when under-
going other cardiac procedures [53]. In the
United States, over 100,000 procedures take
place annually to repair or replace heart valves,
and that number is expected to rise with
improvements in procedural technology, fur-
ther options for percutaneous valve replace-
ment, and an aging population [54, 55].

The heart contains four heart valves: the tri-
cuspid and pulmonary valves on the right side of
the heart and the mitral and aortic valves on the
left side of the heart. Because the left heart per-
forms more work than the right heart, and pumps
against significantly higher afterload, the mitral
and aortic valves are most commonly impacted in
valvular heart disease [53, 54]. The tricuspid and
pulmonary valves are generally spared in valvu-
lar heart disease. Exceptions to this include cases
of pulmonary hypertension, which increases
right heart afterload, or endocarditis or rheumatic
disease, where infectious processes may cause
direct valvular damage [56].

Valvular heart disease presents as two primary
etiologies: stenosis and regurgitation [57].
Stenotic valves do not open appropriately. In

many cases, calcification of the valve that
increases with age occludes the opening and
decreases blood flow through the valve. In other
cases, the valve leaflets may thicken or stiffen
and decrease the open size of the valve. Disease
states such as hypertension may worsen this type
of valvular disease [56]. Lastly, patients may be
born with congenital heart disorders, such as a
bicuspid valve, that increase the likelihood of
stenosis.

Regurgitation represents the other major sub-
set of valvular heart disease. Valvular regurgita-
tion is defined as an inappropriate closing of
valve leaflets that allows for retrograde blood
flow [58]. Patients with valvular regurgitation
often present with similar symptoms to patients
with heart failure, as the retrograde blood flow
inhibits cardiac output. Risk factors and causes of
valvular regurgitation include hypertension, heart
failure, congenital heart diseases, myocardial
infarction, rheumatic heart disease, or endocardi-
tis [58, 59].

The choice of antithrombotic agent in a
patient undergoing cardiac surgery for valve
repair or replacement is often complex [56, 60,
61]. For most patients undergoing valve repair,
aspirin is sufficient for antithrombotic prophy-
laxis. For valve replacement procedures, the
need for anticoagulation versus antiplatelet ther-
apy may be dependent on the type of material
used for the replacement valve. Bioprosthetic
valves may be crafted using porcine or bovine
tissue [62]. Mechanical valves are produced
from synthetic materials. While mechanical
heart valves generally have a longer lifespan
than bioprosthetic valves, mechanical valves are
more thrombogenic than bioprosthetic valves
[62, 63]. Patients who have a mechanical valve
implanted will require lifelong anticoagulation
in most scenarios [63].

The valve being replaced also impacts the
need or degree of antithrombotic therapy. Due to
differences in hemodynamics and blood flow
across the valves, the tricuspid valve and mitral
valve carry a significantly higher risk of throm-
bosis compared to their pulmonary and aortic
counterparts [64]. While antiplatelet therapy is
usually sufficient for bioprosthetic aortic valve
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replacements, anticoagulation may be needed
after replacement of mitral or tricuspid valves,
even with a bioprosthesis [56, 60, 61].

Lastly, for patients receiving mechanical heart
valves, the type of mechanical valve implanted
may play a role in the degree to which patients
are anticoagulated. Older mechanical valves,
such as the caged ball and monoleaflet valves, are
less similar physiologically to the native heart
valve and are more thrombogenic [63]. Newer
valve technology more closely replicates the
native heart valve and may require a lower degree
of anticoagulation. The newest mechanical heart
valve, the On-X valve, has been approved by the
FDA for use with a lower INR target (1.5-2.0)
when used in the aortic position [65].

As with other indications for anticoagulation,
warfarin has been the mainstay of therapy for
decades among patients undergoing valve
replacement surgery requiring anticoagulant
therapy. The duration of anticoagulation and the
intensity of anticoagulation, as determined by the
goal INR range, are dependent on the valve mate-
rial and position [56, 60, 61].

With the development of the DOACS, there is
hope that these medications can be used for this
indication as well. While the majority of studies
with these agents have been in patients with non-
valvular atrial fibrillation [26—-29], one trial com-
pared dabigatran with warfarin for patients
undergoing mechanical aortic or mitral valve
replacement [66]. However, dabigatran was asso-
ciated with an increase in both thromboembolic
and bleeding outcomes, and the trial was termi-
nated prematurely. To this point, DOACs are not
recommended for use in patients with valvular
heart disease or those who have undergone valve
replacement procedures [56, 60, 61].

8.4  Hypercoagulable States

Hypercoagulable states are a group of inherited
or acquired conditions that place patients at a
higher risk of thromboembolism [67]. Among the
general population, hypercoagulable states are
generally uncommon [67]. However, it is becom-
ing increasingly recognized that among patients

with thromboembolic disease, hypercoagulable
states more commonly play a role [32, 68]. As
many as 70% of patients who present with idio-
pathic VTE may have a form of hypercoagulabil-
ity upon workup [32, 67, 69]. Hypercoagulable
states most frequently manifest in VTE events
but may also cause arterial thrombosis [32, 68].

Hypercoagulable states are generally classi-
fied as inherited or acquired. Inherited hyperco-
agulable states are primarily genetic [70, 71] and
include protein C and S deficiencies [72], factor
V Leiden [71], prothrombin gene mutation, and
antithrombin deficiency [73]. In the general pop-
ulation, the incidence of these conditions ranges
from less than 1% up to 10%. Examples of
acquired hypercoagulable states include antiphos-
pholipid or anticardiolipin antibody syndromes
[74], malignancy, myeloproliferative disease
[69], and heparin-induced thrombocytopenia
[75]. Each hypercoagulable state leads to an
increased risk of thromboembolism through a
different yet related mechanism. The presence of
one of these conditions will lead to activation of
the coagulation system or a dysregulation of the
body’s natural anticoagulant or fibrinolytic
systems.

In the absence of a strong family history of
one of these hypercoagulable states, a high per-
centage of hypercoagulable states are diagnosed
in the presence of a new thromboembolic event
[32]. By itself, the presence of a hypercoagula-
ble state may not indicate a need for anticoagula-
tion [76, 77]. Some hypercoagulable states such
as factor V Leiden or hyperhomocysteinemia
may only confer a 2—4 times greater likelihood
of developing VTE over the course of a patient’s
life [78].

Hypercoagulable states play a more signifi-
cant role when determining the duration of anti-
coagulation after a patient’s thromboembolic
event. For some lower-risk hypercoagulable
states, there is no data to suggest extended dura-
tion anticoagulation after a single thromboem-
bolic event [76]. For higher-risk conditions such
as antithrombin deficiency or antiphospholipid or
anticardiolipin antibody syndromes, guideline
recommendations suggest at least 1 year of anti-
coagulation and up to lifelong anticoagulation
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[76]. Ultimately, a patient’s duration of antico-
agulation should be carefully assessed based on
the individual patient’s risk of thromboembolism
and bleeding complications.

Prevention of Cardiovascular
Disease

8.5

Cardiovascular diseases (CVD), most notably
coronary artery disease and stroke, represent a
significant cause of morbidity and mortality [79].
CVD is the most common cause of death in the
United States annually, with over 600,000 deaths
each year [79, 80]. As such, there is significant
interest in the prevention of such CVD.

Several large-scale registries and analyses
have helped clearly define those at risk for
developing CVD. One of the most notable, the
Framingham Heart Study, is an ongoing registry
of residents of Framingham, Massachusetts
[82]. The study began in 1948 and has spanned
three generations of patients. From this study
and others, well-recognized risk factors for
CVD and strategies to prevent CVD have been
identified. Additionally, risk scoring tools,
including the Framingham Risk Score, have
been developed to better predict and categorize
a patient’s risk [82—84].

Risk factors for CVD can be classified as
modifiable risk factors and non-modifiable risk
factors [79, 80]. Hypertension is well recognized
as one of the most common risk factors, particu-
larly for the development of stroke. Other modifi-
able risk factors for CVD include hyperlipidemia,
obesity and physical inactivity, a diet high in sat-
urated fats, use of tobacco products, type 2 diabe-
tes, and use of certain medications such as
hormonal replacement therapy [81-84]. The
most notable non-modifiable risk factors include
age, with the risk of stroke doubling with each
decade after age 55, gender, with males being at
a higher risk, and familial history of CVD
[79-84].

In addition to treatment or changes in modifi-
able risk factors, antithrombotic therapy may be
employed to aid in the prevention of CVD. Aspirin
is the most frequently utilized antithrombotic

agent for this indication. In fact, in the most
recent guidelines for primary and secondary pre-
vention of cardiovascular disease, the American
College of Chest Physicians recommends the use
of low-dose aspirin (75-100 mg) in patients
greater than 50 years old, with a level of evidence
of Grade IIB [85]. These guidelines do comment
that the benefits are relatively minimal and must
be weighed with the risk of aspirin adverse
effects, including the risk of gastrointestinal
bleeding [85, 86].

Other guidelines suggest the use of a risk scor-
ing tool, or assessment of patient risk factors, to
determine the need for antithrombotic therapy.
The American Heart Association guidelines rec-
ommend the use of aspirin for primary preven-
tion in several scenarios: patients with a risk of
CVD > 10% over a 10-year period, as determined
by a risk scoring tool; patients with diabetes with
an intermediate risk of CVD, defined as a 5-10%
risk over a 10-year period; or patients with
chronic kidney disease, defined as an estimated
glomerular filtration rate < 45 mL/min, but does
not apply to patients with severe chronic kidney
disease (KDIGO Stage 4 or 5) [87].

8.6  Coronary Artery Disease
Coronary artery disease (CAD) is one of the most
common manifestations of CVD. Nearly 400,000
Americans die of CAD annually, representing the
majority of deaths due to CVD [79, 80].
Additionally, nearly 750,000 patients annually
will have a myocardial infarction (MI), including
over 200,000 in patients who have previously had
MI [79, 80]. The risk factors for developing CAD
mirror the risk factors for CVD. The most notable
risk factors include hypertension, hyperlipidemia,
diabetes, obesity, and a familial history of CAD
[81-84].

Classification of CAD may be made based on
the acuity of the presenting disease, the number
and location of coronary arteries impacted by
CAD, and interventions taken in the treatment of
CAD [88]. Initial deposits of cholesterol and
plaque formation in the coronary arteries are gen-
erally defined as stable CAD. Stable CAD can be
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stratified by the percent occlusion of the coronary
artery and the number of vessels impacted.
Patients who experience chest pain associated
with their stable CAD are classified as chronic
stable angina [89].

As disease progression occurs, there may be
destabilization of plaque formation in the coro-
nary. Plaque destabilization and ultimately rup-
ture may initiate a cascade of sequelae that can
ultimately lead to a complete occlusion of the
coronary arteries and death. These events are
referred to as acute coronary syndromes (ACS)
[89, 90]. Disruption of a coronary plaque that
leads to partial thrombosis of the coronary artery
may be defined as unstable angina (UA) or non-
ST segment elevation MI (NSTEMI). These two
syndromes differ, as NSTEMI is severe enough
to cause myocardial injury and the release of car-
diac enzymes and biomarkers [91]. ACS events
that progress and occlude the entire coronary
artery will present with hallmark ST segment
elevations and are defined as ST segment eleva-
tion MI (STEMI) [91].

Antiplatelet therapy will be the backbone of
chronic management for patients with CAD. For
patients with stable CAD not undergoing any
coronary intervention, low-dose aspirin should
be utilized in the absence of any contraindica-
tions [91, 92]. The use of dual antiplatelet therapy
(DAPT) has been evaluated for patients with
chronic stable CAD. The CHARISMA trial
enrolled over 15,000 patients with stable CAD to
receive DAPT with clopidogrel and aspirin ver-
sus aspirin alone [93]. While no difference in
stroke or MI was observed between the two
groups, patients with a history of MI had a
decrease in the rate stroke or MI, but at the cost of
an increased risk of bleeding. As a result, the
2012  ACCF/AHA/ACP/AATS/PCNA/SCAI/
STS guidelines recommend DAPT over aspirin
alone in high-risk patients with a level of evi-
dence of Grade IIB [92]. They do note that the
potential benefits of therapy should be weighed
with the increased cost and bleeding risk associ-
ated with DAPT.

For patients with ACS, or those with severe
stable CAD, revascularization of the coronary
arteries is the hallmark of therapy. This can be

done through several modalities, including coro-
nary artery bypass graft surgery (CABG), coro-
nary angioplasty and percutaneous coronary
intervention (PCI) with stenting, and pharmaco-
logic thrombolysis in the setting of STEMI [92].
The choice of antithrombotic therapy is depen-
dent on the revascularization strategy undertaken
and the type of stent placed during PCIL. In the
case of CABG, aspirin monotherapy is recom-
mended for prevention of graft occlusion. Doses
of aspirin may range from 81 to 325 mg daily,
although the guidelines note that higher doses
(325 mg daily) may be considered to prevent
aspirin resistance [94].

The use of clopidogrel post-CABG has been
investigated, most commonly in combination
with aspirin. In the CURE trial, over 12,000
patients with ACS without ST segment elevations
were randomized to receive aspirin or aspirin
plus clopidogrel [95]. In a subgroup analysis of
patients undergoing CABG, the DAPT group had
a reduction in the primary composite outcome of
CV death, nonfatal MI, or stroke. However, the
majority of the benefit received from DAPT
occurred prior to patients undergoing CABG
[96]. A subsequent trial, the CASCADE trial,
demonstrated no difference in graft patency
between aspirin (162 mg daily) and DAPT with
clopidogrel plus aspirin [97].

The newer P2Y12 inhibitors prasugrel and
ticagrelor have also been studied post-CABG, but
primarily as a component of DAPT in compari-
son with DAPT with clopidogrel. In the TRITON-
TIMI-38 trial, patients receiving prasugrel plus
aspirin were found to have a lower rate of death
after CABG when compared to the clopidogrel
plus aspirin group [98]. This benefit, however,
came at the cost of a higher rate of blood loss
post-CABG. In the PLATO trial, ticagrelor plus
aspirin was compared with clopidogrel plus aspi-
rin [99]. Among patients undergoing CABG,
there was a nonsignificant reduction in the pri-
mary endpoint with ticagrelor, without an
increase in post-CABG bleeding. In each of the
trials above, DAPT was continued for 1 year after
the index event. For now, aspirin monotherapy
remains the recommended antiplatelet therapy
post-CABG [94].
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For patients undergoing PCI, the choice of
antiplatelet therapy is dependent on the type of
intervention employed. There are two primary
types of coronary stents used by interventional-
ists during PCI. The bare metal stent (BMS) was
the first type of stent developed for angioplasty
of the coronary arteries [100]. Subsequent devel-
opments in stenting technology led to the inven-
tion of drug-eluting stents (DES). There are
multiple generations of DES [101]. Early gener-
ations of DES were coated with sirolimus or
paclitaxel. Second-generation DES are coated
with zotarolimus or everolimus. The newest
technologies focus on the use of bioabsorbable
materials in the stent material. With each subse-
quent generation of stent, there may be a decrease
in stent thrombosis and need for coronary revas-
cularization [101].

All patients undergoing PCI will require life-
long antiplatelet therapy, if they are able to tol-
erate [102]. As with other CAD indications,
aspirin is the mainstay of therapy. Generally,
low-dose aspirin is recommended for the
remainder of a patient’s life, as long as there are
no contraindications or adverse events associ-
ated with aspirin therapy. DAPT also plays an
important role, particularly in the initial period
following stent placement [102]. The P2Y12
inhibitors clopidogrel, prasugrel, and ticagrelor
have all been studied extensively after PCI and
coronary angiography.

Clopidogrel, the first P2Y 12 inhibitor, helped
to establish the need for DAPT after stent place-
ment [103]. The CURE trial, mentioned above,
compared DAPT with clopidogrel and aspirin to
aspirin alone [95]. Cardiovascular events were
significantly reduced in the entire cohort by
21% at 30 days. An increased benefit was
observed in the PCI subgroup of the CURE trial,
with a 30% reduction in cardiovascular events at
30 days. Several subsequent trials, CLARITY
[104], CREDO [105], and CURRENT-OASIS 7
[106], have showed benefits with clopidogrel
when added to aspirin and helped to solidify the
use of DAPT after PCI as a Grade IA recom-
mendation [102].

Prasugrel has been studied as a part of
DAPT, primarily in comparison with DAPT

with clopidogrel. In the TRITON-TIMI-38 trial
mentioned previously, DAPT with prasugrel
was compared with DAPT with clopidogrel in
over 13,000 patients [98]. Nearly 100% patients
included in the trial underwent PCI, with 99%
undergoing angiography and 94% receiving at
least one stent. Overall, prasugrel therapy was
associated with a 20% reduction in the primary
composite endpoint. However, the efficacy ben-
efit was balanced with a significant increase in
major bleeding, including a significant increase
in life-threatening bleeding and fatal bleeding.

Ticagrelor has been evaluated in a similar
fashion to prasugrel. The PLATO trial, described
above, compared DAPT with ticagrelor with
DAPT with clopidogrel in over 18,000 patients
[99]. Over 80% of patients underwent coronary
angiography, with over 60% receiving PCI as a
part of their therapy. As with prasugrel, there was
a significant decrease in the primary composite
endpoint with ticagrelor when compared with
clopidogrel. However, there was not a significant
increase in bleeding associated with DAPT with
ticagrelor. There was an increased rate of intra-
cranial hemorrhage with ticagrelor, but fatal
bleeding was actually more frequent among the
clopidogrel group. Because of this risk-benefit
profile, the most recent guideline updates from
the ACC/AHA suggest it is reasonable to favor
the use of ticagrelor over clopidogrel for DAPT
after PCI (Grade ITA) [102].

The minimal duration of DAPT is highly
dependent on the type of stent utilized and the
speed with which that stent endothelializes. BMS
are associated with a higher rate of early stent
thrombosis when compared with DES [107].
However, in the absence of a drug-eluting coating,
endothelialization occurs at a more rapid rate. In
comparison, DES have significantly delayed or
even absent endothelialization [108, 109].

Endothelialization is crucial in the prevention
of in-stent thrombus formation. This allows for a
shorter duration of DAPT with BMS [100].
Current guideline recommendations suggest a
minimum of 1 month of DAPT with BMS, with
most clinicians favoring a course of at least
3 months of DAPT. For DES, a minimum of
6 months of DAPT is recommended, with most
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clinicians opting for 12 months of DAPT [102].
In all scenarios, a longer duration of DAPT has
been shown to prevent subsequent events, with
the trade-off of increased bleeding risk [110]. For
patients at high risk or who have experienced
recurrent events, many clinicians opt for extended
or even lifelong DAPT, when the risk of bleeding
and cost associated with therapy is acceptable to
the patient.

8.7  Ischemic Stroke

Another feared manifestation of CVD is isch-
emic stroke [111]. Ischemic stroke is responsible
for over 100,000 deaths annually in the United
States and represents one of the highest eco-
nomic burdens to the health-care system [112].
Nearly 800,000 people experience a stroke each
year, with approximately 75% of these as first
time strokes. Risk factors for stroke similarly
mirror those for CVD, with hypertension, female
gender, and ethnicity playing significant roles
[111, 113].

There are several etiologies to ischemic stroke,
with significant differences in pathophysiology.
The TOAST classification system defines five
types of ischemic stroke: large artery atheroscle-
rosis, cardioembolic, small-vessel occlusion,
stroke of other determined etiologies, and stroke
of undetermined etiology [114]. Stroke of unde-
termined etiology may also be referred to as
cryptogenic stroke. The SSS-TOAST is an
updated system that defines each subtype as
being “evident,” “probable,” or “possible” [115].
Strokes may also be classified by the arteries and
segments of the brains they impact. Notable
arteries commonly impacted include the middle
cerebral arteries, anterior cerebral arteries, and
posterior inferior cerebral arteries.

With the burden of disease that stroke pres-
ents, prevention of recurrent events is significant.
Antithrombotic therapy plays a significant role in
the secondary prevention of ischemic stroke
[113]. Several antiplatelet and anticoagulant
options have been investigated for the secondary
prevention of stroke. The choice of agent may
also depend on the etiology of stroke. Aspirin has

been demonstrated across many studies and
meta-analyses to be an effective agent in the pre-
vention of stroke [113]. The International Stroke
Trial demonstrated a decrease in recurrent isch-
emic stroke and a composite outcome of nonfatal
stroke and death with aspirin over placebo [116].
The CAST trial demonstrated a mortality benefit
demonstrated a decrease in mortality at 4 weeks
with aspirin after ischemic stroke [117]. The
Antithrombotic Trialists’ Collaboration has pub-
lished several analyses describing the efficacy
and safety of aspirin for this indication. A 2009
meta-analysis from the group demonstrated a
20% reduction in recurrent disease in patients
taking aspirin compared to placebo [118], and a
2016 pooled analysis showed 58% reduction in
recurrent disease in the first 6 weeks of treatment
[119]. Doses of aspirin may range from 75 to
325 mg per day, with no apparent difference in
safety or efficacy outcomes between higher and
lower doses [113].

The use of clopidogrel and other P2Y 12 inhib-
itors has been evaluated in the secondary preven-
tion of ischemic stroke. The CAPRIE trial
compared aspirin and clopidogrel in patients with
recent stroke, MI, or peripheral arterial disease
(PAD) [120]. Overall, there was a significant
reduction in the composite outcome of recurrent
disease with clopidogrel. However, there was not
a significant difference in recurrent stroke, and
the majority of difference between the two groups
was observed in patients with PAD. Ticagrelor
was compared with aspirin for ischemic stroke in
the SOCRATES study [121]. However, in over
13,000 patients, there was no significant reduc-
tion in stroke, MI, or death in the ticagrelor arm.

Combination antiplatelet therapy with aspirin
and a P2Y12 inhibitor has also been evaluated.
The CHANCE trial compared clopidogrel plus
aspirin to aspirin alone in a trial of over 5000
Chinese patients with either high risk TIA or
ischemic stroke [122]. Overall, the study found a
decrease in recurrent stroke in the combination
therapy group, with no difference in major bleed-
ing. However, two more recent trials, the MATCH
trial [123] and CHARISMA [93] trial, have dem-
onstrated no difference in efficacy with the com-
bination of clopidogrel and aspirin over
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monotherapy with clopidogrel or aspirin. In the
MATCH trial, DAPT was associated with an
increased rate of major bleeding and intracranial
hemorrhage compared to aspirin alone [123].

Dipyridamole is a phosphodiesterase inhibitor
that exhibits antiplatelet effect through potentia-
tion of prostacyclin. It is available as an immedi-
ate-release formulation and an extended-release
formulation in combination with aspirin
(Aggrenox®). In the largest trial evaluating the
use of dipyridamole for recurrent stroke preven-
tion, the ESPS-2 trial, enrolled patients with
recent TIA or ischemic stroke to four groups: pla-
cebo, aspirin monotherapy (25 mg twice daily),
dipyridamole monotherapy (200 mg extended
release twice daily), or aspirin plus dipyridamole
[124]. Both aspirin and dipyridamole monother-
apy were superior to placebo, while the combina-
tion of dipyridamole and aspirin was superior to
both individual components alone. However, in a
subsequent meta-analysis of trials investigating
dipyridamole, when ESPS-2 data were excluded
from the trial, dipyridamole alone was not more
effective to control groups [125].

Current guidelines from the AHA and the
ACCEP for the prevention of recurrent stroke or
TIA recommend that for a non-cardioembolic
event, an antiplatelet agent be prescribed [113].
There is no recommendation for any of the three
agents described above over another. There may
be potential benefit to the use of clopidogrel or
dipyridamole, but with a possible increase in
bleeding risk, and an added cost in comparison to
aspirin alone [113]. For patients with cardioem-
bolic stroke, anticoagulation is recommended
over antiplatelet therapy. Cardioembolic stroke is
most frequently a result of atrial fibrillation and
should be treated utilizing treatment guidelines
for this indication.

Conclusion

There are many indications that patients are
utilizing antithrombotic medications. When
assessing the need for these antithrombotic
therapies, a careful assessment of the risk of
thrombosis and the risk of bleeding must be
undertaken. Utilization of risk scoring tools,
when available, may aid in these decisions, as

well discussion with a patient’s cardiologist,
primary care physician, and others involved in
the patient’s care.
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Abstract

Development of thrombi can lead to various
life-threatening cardiovascular and neurologi-
cal events, and the role of platelets in throm-
bus formation is well known. Antiplatelet
agents are used in the treatment, as well as
both primary and secondary prevention, of
various disease states or clinical scenarios.
Mechanisms of action, reversibility, metabo-
lism, drug interactions, duration of action, and
other characteristics differ widely among the
different classes of, and between individual,
antiplatelet agents. An overview of the phar-
macology, clinical indications, and monitor-
ing considerations of antiplatelet drugs is
included.

9.1 Introduction

Development of thrombi can lead to various
life-threatening cardiovascular and neurologi-
cal events, and the role of platelets in thrombus
formation is well known [1-3]. Antiplatelet
agents are used commonly for both the acute
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treatment and prevention of coronary artery
disease (CAD) and stroke, as well as for pre-
vention of venous thromboembolism (VTE)
after orthopedic surgery, vascular disease,
unstable angina, or in patients who have under-
gone percutaneous coronary intervention (PCI)
or cardiac surgery. Mechanism of action,
reversibility of binding to different receptors,
degree of hepatic metabolism and renal clear-
ance, duration of therapeutic effect, drug inter-
actions, and monitoring of both efficacy and
safety differ among available agents [3].
Understanding these key drug properties and
differences between medications, along with
patient-specific characteristics, is essential to
appropriate monitoring in both the inpatient
and outpatient setting [4].

This chapter focuses on the pharmacology,
pharmacodynamics, clinical indications, and
complications of specific antiplatelet agents. See
Chaps. 8 and 12 for more information.

9.2  Antiplatelet
Pharmacotherapy
9.2.1 Overview of Antiplatelet

Pharmacotherapy

Platelet activation, adhesion, and aggregation are
all affected by various antiplatelet agents.
Pharmacological inhibitors of platelet function
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Fig. 9.1 Mechanisms of platelet activation and pharma-
cological inhibition of platelet function. Pharmacological
inhibitors of platelet function target adhesion, release, and
aggregation mechanisms. Platelet adhesion occurs via
binding of von Willebrand factor (VWF) to glycoprotein
(GP) receptors. Platelet activation involves an intracellu-
lar signaling process that leads to the production of throm-
boxane A, (TXA,) and adenosine diphosphate (ADP).
Low dose aspirin inhibits cyclooxygenase 1 (COX-1) and

can be grouped as follows: thromboxane (TXA)
inhibitors, antagonists of adenosine diphosphate
(ADP)-mediated platelet activation, glycopro-
tein (GP) IIb/IIla complex inhibitors, thrombin
receptor antagonists, and phosphodiesterase
inhibitors (Fig. 9.1).

Antiplatelet medications inhibit platelet func-
tion to varying degrees. The terms ‘“resistance”
and “nonresponse” describe a failure to prevent a
thrombotic event due to inadequate platelet inhi-
bition [5]. This may be due to underlying clinical,
cellular, and genetic mechanisms, which can be
confirmed by platelet function testing [5].
However, standard testing protocols have yet to
be established [6].

consequently decreases production of TXA,. P2Y, inhib-
itors diminish the effects of ADP, which is released in
response to platelet adhesion and promotes platelet activa-
tion and release of prothrombotic factors. The stable adhe-
sion phase involves the interaction of GP IIb/Illa receptors
with fibrinogen and VWE, which can be blocked with the
use of GP IIb/Illa inhibitors. Thrombin receptor antago-
nists block platelet aggregation by selectively blocking
PAR-1 thrombin receptors

9.2.2 Aspirin

9.2.2.1 Pharmacology,

Pharmacodynamics,

and Monitoring
Aspirin, or acetylsalicylic acid, is metabolized by
esterases to its active form, salicylic acid, and sub-
sequently blocks platelet activation. Aspirin irre-
versibly  inhibits cyclooxygenase enzymes
(COX-1, COX-2), therefore decreasing the con-
version of arachidonic acid to prostaglandin and
TXA by-products. Thromboxane A, stimulates
platelet activation, aggregation, and recruitment
and causes vasoconstriction [2, 7]. COX-1
enzymes are predominantly located in the GI
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Table 9.1 Aspirin and P2Y, inhibitor pharmacokinetics and pharmacodynamics

Aspirin Cangrelor  Clopidogrel Prasugrel Ticagrelor Ticlopidine
Route Oral v Oral Oral Oral Oral
Receptor binding  Irreversible Reversible Irreversible Irreversible Reversible Irreversible
Prodrug Yes No Yes Yes No Yes
Metabolism Plasma esterase to Plasma CYP3A4, CYP3A4, CYP3A4 CYP3A4

salicylate (active); esterase 2B6 2B6, 2C9,

hepatic conjugation 2C19
Clearance Renal 85% (75% Renal Renal 50%  Renal 68% Renal 1% Renal 60%

metabolite) (58%) Fecal 46%  Fecal 27% (parent drug/ Fecal 23%

active
metabolite)
Time to peak 30-60 min 30 min 300 mg LD: 1-2h 2h 2-5 days
platelet inhibition 6h
600 mg LD:
2h

Duration of action 7-10 days 20-60 min 7-10days  7-10 days 3-5 days 7-10 days
Genetic Yes Not Yes No No Yes
polymorphisms reported

1V intravenous, CYP cytochrome, LD loading dose

tract, kidneys, and on platelets. Aspirin’s inhibition
of COX-1 appears to be the primary mechanism
of inhibition of hemostasis, and low doses of aspi-
rin given daily can substantially block COX-1
production [2]. Aspirin irreversibly binds to plate-
lets and therefore maintains its therapeutic effect
for the life of the platelet (7-10 days) despite
plasma concentrations quickly dropping due to a
short half-life (Table 9.1). Aspirin may have its
maximum antithrombotic effect at doses as low as
30-150 mg, while larger doses are required to
fully inhibit COX-2 and produce systemic anti-
inflammatory effects. Substantial variation exists
between patients with regard to the daily doses
required to suppress inflammation and inhibit
platelet function [8].

Aspirin is available in various dosage forms
and may be administered enterally or rectally.
Chewable tablets can achieve peak concentra-
tions within 30 minutes and platelet inhibition
within 1 h [2]. Enteric-coated and delayed-release
formulations have diminished bioavailability,
delayed onset of action (approximately 3—4 h to
reach peak plasma levels), and therefore delayed
therapeutic effect. Rectal administration is asso-
cia