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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.

Introduction
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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 
involves an intricate balance between the pro-
thrombotic activity of platelets, enzymes, and 
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 
vessels, endothelium, which lines the vasculature, 
and subendothelial structures. When uninjured 
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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 A2, endothelin, and endoper-
oxides (PGH2) [2–5]. Platelet vasoconstrictor medi-
ators include thromboxane A2, 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 
α-receptors. Epinephrine is an α-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 × 1013 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 
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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 I) 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].

1.4	 �Endothelial Promotion 
of Thrombosis

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 vWF.  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.

1  Local Tissues in Hemostasis and Platelet Review
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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

Platelets

Coagulation factors

Thrombus
 

1.7	 �Platelet Anatomy

Platelets are derived from megakaryocytes in 
bone marrow. They are disc-shaped, anucleate 
cells approximately 2–3 μm in diameter [20]. By 
comparison, red blood cells are approximately 

TF
TFTF 

Endothelium

TF

Collagen

Tissue factor (FIII)

von Willebrand factor (vWF)

Subepithelium

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.

T. Kuang and R. P. Szumita
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7 μm, lymphocytes are 6–10 μm, monocytes are 
12–20  μm, and granulocytes are 8–14  μm 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 (μl). 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/IIa, GPIIb/IIIa, 
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—α-granules and dense granules. 
The α-granules are more abundant. Their con-
tents are involved in hemostasis, immunity, 
inflammation, and wound healing [27]. Pro-
hemostatic substances contained in the 
α-granules are von Willebrand factor (vWF); 
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 IV). 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.

1  Local Tissues in Hemostasis and Platelet Review
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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 

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).

The Platelet:  

Membrane receptor – GpIb/IX/V

Membrane receptor – GpIIb/IIIa

Membrane receptor – Gp Ia/IIa

Phospholipid membrane

Cytoplasm

Dense granules

Alpha granules

Fig. 1.2  Functional 
elements of the platelet

T. Kuang and R. P. Szumita
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Platelet  

Physiologic  

Formation of a 
clot at the site of 
vessel injury to 

stop hemorrhage  

Pathologic  

Formation of 
thrombi, 

microthrombi, 
emboli  

 

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.

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: vWF, 

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 
vWF 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 GpIIb/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 

Platelet Functions in Physiologic 
Hemostasis [28]

	1.	 Control of thrombin generation.
	2.	 Support of fibrin formation.
	3.	 Regulation of fibrin clot retraction.
	4.	 Anchor the reactions at the site of tissue 

injury/hemorrhage.

1  Local Tissues in Hemostasis and Platelet Review
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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 α-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: 
GPIa/IIa and GPVI. GPIa/IIa 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 GPIa/IIa 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 α-granules in 
platelets. Fibronectin binds to platelet mem-
brane glycoprotein (GPIIb/IIIa) 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/IIIa) 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 αIIbβ3 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 
α-granules, dense granules, and the cytoplasm. 
The stored molecules involved in hemostasis are 
as follows. α-Granules contain vWF; factors I 
(fibrinogen), V, and XI; protein S; PAI-1; and 
HMWK. 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 

Thrombus 
anchored by 

platelets 

Venous

Thrombus 
anchored by

fibrin 
 

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, vWF 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”) 
vWF 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 

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, II, III, 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	 �The Factors

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/IIIa 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 IV, 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 vWF. 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
I Fibrinogen Liver
II Prothrombin Liver
III Tissue factor Membrane protein in 

perivascular tissues
IV Calcium Absorbed from diet; 

stored in bones
V Proaccelerin Liver, megakaryocytes
VII Prothrombin 

conversion factor
Liver

VIII Antihemophilic 
factor

Liver

IX Christmas factor Liver
X Stuart-Prower factor Liver
XI Plasma 

thromboplastin 
antecedent

Liver

XII Hageman factor Liver
XIII Fibrin-stabilizing 

factor
Liver, megakaryocytes

Adapted from Hall: Textbook of Medical Physiology [10]

2.4	 �Cofactors

Factor Synonym Site of synthesis
IV Calcium
V Proaccelerin Liver, megakaryocytes
VIII Antihemophilic factor Liver

2.5	 �Factors Requiring Vitamin K 
for Synthesis

Factor Synonym Site of synthesis
II Prothrombin Liver
VII Prothrombin 

conversion factor
Liver

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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2.7	 �Antithrombin

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 VIIa/factor Xa. TFPI also 

inhibits free factor X. The result is a delay and 
reduction in thrombin and, subsequently, fibrin 
formation [12].

2.9	 �Thrombomodulin 
and Protein C

The endothelium also synthesizes and expresses 
thrombomodulin on its membrane surface. 
Thrombomodulin serves as an antithrombotic 
by binding thrombin (factor IIa). 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-

Endogenous (natural) antithrombotic systems

Natural anticoagulants

Antithrombin

Tissue factor
pathway inhibitor

Protein  C 

Natural fibrinolytics (thrombolytics)

Plasminogen / 
plasmin
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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 
fVIIIa) 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].

2.11	 �Review of Hemostasis: 
Putting It All Together

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 
III [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 

2  Coagulation Enzymes Review and Review of Hemostasis: Putting It All Together



18

circulating factor VII and catalyzes its conversion 
to activated factor VII (VIIa). Factor VIIa then 
catalyzes the conversion of factor X to activated 
factor X in the common pathway. Factor VIIa 
also activates factor IX [2, 4, 23].

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].

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].

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:

Intrinsic Factors
IX, XI, XIII

Common Pathway Factors
I, II, X

Extrinsic Factors
III, VII

R. P. Szumita



19

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 

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/FVIIa 
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, VIIIa, IXa, and XIa 
are now responsible for further activation of 
plasma FX leading to a significant amount of 
thrombin production on the platelet surface. This 

Fibrinogen (I)

Fibrin

Prothrombin (II)

X

IX

XI

VII

Thrombin (IIa)

X a

IX  a
VII  a

XI  a

XII  a

XII

Tissue factor
III

XIII

Fibrin mesh

Extrinsic/initiator
pathway

Intrinsic/propagator
pathway

IV

IV

IV VIII/

IV/ V

XIIIa
Thrombin (IIa)

Common
pathway 

Fig. 2.1  Coagulation cascade: Biochemical Model
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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

Platelet

/ FVIII

/ FVIII

FIX

FVIIFVII

TF
TF

TF

Collagen

Tissue factor (FIII)

von Willebrand factor (vWF)

TF

 

R. P. Szumita



21

Cell-based hemostasis: initiation

TF

Collagen

Tissue factor (FIII)

von Willebrand factor (vWF)

TF

VIIa
FIX

IXa

Xa

VIIa

TF

Platelet
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Cell-based hemostasis: initiation
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Cell-based hemostasis: amplification

Activates platelets

Activates factors: V, VIII, IX
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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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Review of von Willebrand Disease 
and Perioperative Management  
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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 
vWF.  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, vWF. vWD is classified according to 

the type of alteration in vWF. 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 vWF helps 
determine its location. Smaller vWF is secreted 
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into circulation, while larger multimers of vWF 
are stored in α-granules of the platelets or Weibel–
Palade bodies of endothelial cells. vWF 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 α-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 vWF which interact with platelet mem-
brane receptor (GpIb/IX/V) involved in platelet 
adhesion, platelet membrane receptor (GpIIb/
IIIa) 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 vWF 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 vWD into three general types: 
1, 2, and 3. Types 1 and 3 vWD encompass quan-
titative deficits in vWF.  Type 2 vWD includes 
qualitative defects in vWF. 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 vWD.  Type 1 is due to a decrease in 
vWF 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 vWF with platelet GpIb. 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 FVIII. 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].

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. 
However, 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 vWD 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 

von Willebrand Disease (vWD) 
Classifications
Type 1: Quantitative (partial) deficit in 
vWF

Type 2: Qualitative defects in vWF
•	 Type 2A
–– Decreased platelet binding due to 

lack of normal multimeric form of 
vWF

•	 Type 2B
–– Increased affinity for circulating 

vWF platelet binding; thrombocyto-
penia present

•	 Type 2M
–– Decreased platelet binding but with 

normal multimeric form of vWF
•	 Type 2N
–– Decreased affinity for factor VIII

Type 3: Complete deficiency of vWF
Acquired vWD: Arises in associated 

with certain pathologic diseases; rare.
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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

Dentist:
Local therapies

Hematologist:
Systemic therapies

- Patient interview

- Dental tretment plan and assess 
bleeding anticipated

- Collaboration with hematologist 

 

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 vWF. 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 vWF 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 vWF.  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 

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 [1–3]. 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 
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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 A2, 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-d-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 μg/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 Hemophilia B

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].

4.8	 �Moderate/Severe 
Hemophilia A and B

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 FVIII, VWF, 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 

4  Review of Hemophilia A and B and Perioperative Management in Dentistry



38

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.
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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 

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.

5.1	 �Definition 
of Thrombocytopenia

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

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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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 (Döhle 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 

Table 5.1  Pathophysiology of thrombocytopenia

Pathophysiologic 
mechanism Differential diagnosis
Decreased production Nutritional

Congenital
Bone marrow 
suppression

Sequestration Splenomegaly
Increased destruction Immune mediated

Nonimmune mediated
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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/μL 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 50–100,000μL [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].

5.5	 �Increased 
Destruction-Immune-Related

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/μL 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 Sjögren syndrome. Thrombocytopenia 
may be found in up to 7–30% of patients with 

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 5.2  Acute vs chronic immune thrombocytopenic 
purpura (ITP)

Acute Chronic
Age of onset 2–6 years 

of age
20–50 years of 
age

Gender predilection None Female to male 
ratio of 3:1

Prior infection Yes, 
common

No, unusual

Onset of bleeding Sudden Gradual
Platelet count <20,000/μL <20,000/μL
Duration Weeks Months to years
Remission 90% of 

patients
Uncommon

Seasonal pattern Winter/
spring

None

Treatment response 
rate with steroids

70% 30%

Treatment response 
rate with splenectomy

Low High

Table 5.3  Medications commonly associated with 
thrombocytopenia

Class of 
medications Medications
Anti-inflammatory 
agents

Aspirin, acetaminophen, 
ibuprofen

Cardiovascular 
agents

Quinidine, amiodarone, 
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 
drugs

Almost all agents

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/μL) 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 (vWF) 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 
a donor’s. Rituximab, an anti-CD20 antibody, has 
been shown to decrease the frequency of plasma 
exchanges required and improve remission rates 
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[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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tion as seen in patients with Henoch-Schönlein 
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 

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).

Table 5.4  Physical exam findings in patients with thrombocytopenia and coagulation disorders

Thrombocytopenia Coagulation disorders
Bleeding site Skin

Mucous membranes
(epistaxis, gingiva, GU/GI tracts)

Deep in soft tissue (joints, muscles)

Petechia Yes No
Ecchymosis Small, superficial Large, deep
Hemarthrosis/muscle bleeding Extremely rare Common
Hematoma Rare Common
Bleeding after cuts and scratches Yes No
Bleeding after surgery or trauma Immediate

Usually mild
Delayed (1–2 days)
Often severe

Abbreviations: GU genitourinary, GI 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
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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.

Table 5.5  Main clinical laboratory testing in assessing patients with bleeding tendencies and their interpretation

Test Test description Findings Causes
CBC Assessment of red blood 

cells, white blood cells, 
and platelet count

Thrombocytopenia Quantitative platelet defect

Elevated WBC and 
concomitant 
thrombocytopenia

Presence of bacterial or viral infection 
mediated thrombocytopenia

Combined anemia and 
concomitant 
thrombocytopenia

Bone marrow disorders, infections, nutritional 
deficiencies

Peripheral 
blood smear

Microscopic 
morphologic 
examination of a drop of 
blood

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

Large or giant platelets vWd, gray platelet syndrome, MYH9-related 
diseases, Bernard-Soulier syndrome, and other 
hereditary thrombocytopenias

Small platelets Wiskott-Aldrich syndrome
Schistocytes (fragmented 
RBCs)

Intravascular hemolysis seen in TTP, HUS, 
DIC

Blasts (immature cells), 
nucleated RBCs

Myelodysplasia

BT In vivo assessment of 
platelet function

Elevated Thrombocytopenia, platelet function defect, 
connective tissue disease

PT and 
aPTT

Measure of intrinsic and 
extrinsic pathways of 
coagulation

Elevated 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
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5.8	 �Management 
of the Thrombocytopenic 
Patient

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.

The risk for bleeding is not only associated 
with the type of dental procedure planned but also 
with the nature of the underlying systemic condi-
tion causing the thrombocytopenia as well as the 
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/
μL 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/μL 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/μL. Extensive maxillofacial proce-
dures are best performed in patients with counts 
above 80,000–100,000/μL (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 
indication

Platelet count/μL 
threshold Clinical scenario Dental and OMFS procedures

Therapeutic Any 
thrombocytopenic 
patienta

Active bleeding

Prophylactic 100,000 Elective neurosurgery, ocular 
surgery

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

50,000 General surgery Invasive dental treatments (dental 
extractions, periodontal surgery, deep 
scaling, and root planning, etc.)

30,000 Noninvasive dental treatments (local 
anesthetics blocks, restorative dentistry, 
intracanal endodontic treatment, 
supragingival scaling, etc.)

20,000–50,000 Lumbar puncture, central line 
venous access, endoscopy

10,000–20,000 Bone marrow aspiration of biopsy
≤10,000 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
aPlatelets are relatively contraindicated in patients with thrombotic thrombocytopenic purpura (TTP), heparin-induced 
thrombocytopenia (HIT), or immune thrombocytopenia (ITP)
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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 × 1010 platelets, is then labeled 
as “one unit.” One unit of platelet concentrate pre-
dictably increases the platelet count only 5000–
10,000/μL 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/μL.  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 × 1011 platelets suspended in 200 cc of plasma, 
which is enough to raise the platelet count 
30,000–50,000/μL. 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/μL until the hemorrhage 

is controlled. Furthermore, preserving a platelet 
count of more than 100,000/μL 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/μL) 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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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/
μL). 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.

5.10	 �Additional Considerations 
in the Management 
of the Thrombocytopenic 
Dental Patient

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/μL 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/μL, 32 

Table 5.7  Most common complications associated with 
platelet transfusion

Complication Incidence
Alloimmunization and refractoriness to 
platelet transfusion

28–44%

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 
leukoreduced 
platelets)

1:13.5 
million

Abbreviations: CMV cytomegalovirus
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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.

6.1	 �Liver Disease: A Brief Review 
of Types, Etiologies, 
Pathophysiology, Signs, 
and Symptoms

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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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 

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 

Table 6.1  Etiology of chronic liver disease in the United 
States

Etiology
Approximate frequency in 
the United States (%)

Hepatitis C 25
Alcoholic liver disease 20
Chronic hepatitis C and 
alcoholic liver disease

15

Hepatitis B 15
Cirrhosis of unknown 
etiology

15

All other causes 10

Adapted from Firriolo et al. [1]

Table 6.2  Rebalancing hemostatic mechanisms in liver 
disease

Phase Promoting bleeding
Promoting 
thrombosis

Primary 
hemostasis

• Thrombocytopenia
• Platelet function 
defects
• Enhanced inhibition 
of platelet function

• Elevated VWF
• Decreased 
inactivation of 
VWF

Secondary 
hemostasis

• Decreased levels of 
coagulation factors II, 
V, VII, IX, X and XI
• Quantitative and 
qualitative fibrinogen 
abnormalities

• Decreased 
levels of 
various 
anticoagulants
• Elevated 
factor VIII

Fibrinolysis • Low levels of alpha 2 
anti-plasmin, factor 
XIII and thrombin-
activated fibrinolysis 
inhibitor (TAFI)

• Decreased 
plasminogen

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

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 

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) <2.0 2–3 >3.0
Albumin (mg/L) >3.5 2.8–3.5 <2.8
PT seconds increase 
over control

1–3 4–6 >6.0

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
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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/mm3, 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/mm3. In more recent studies, simple 
dental extractions were performed in patients 
with INR values of 2.5 and platelet counts of 
30,000/mm3. 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/mm3 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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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 

in patients with cirrhosis [23]. Acetaminophen 
containing analgesics are also generally avoided 
in the liver disease population.

6.6	 �Pediatric Patients

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-

Fig. 6.3  Local hemostatic measures
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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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Malignancy and Hemostasis

Matthew Idle, Scott Claiborne, Ketan Patel, 
and Deepak Kademani

Abstract
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 
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-

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 VIIa 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 IIa 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-α and IL-1β) 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	 �Medical 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 

M. Idle et al.



65

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, 77]. 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-α) 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 usage 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 

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 General recommendations for antithrombotic therapy
Atrial fibrillation Assess CHADS2-VASc Score:

 � • For patients with CHADS2-VASc Score < 2, aspirin monotherapy
 � • �For patients with CHADS2-VASc Score ≥ 2, lifelong anticoagulation with 

warfarin (goal INR 2.0–3.0) or DOAC
Venous thromboembolism 
(VTE)

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

Prosthetic heart valves Valve repair procedures: aspirin monotherapy
Bioprosthetic valve replacement:
 � • 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:
 � • �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
Hypercoagulable states 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

Primary prevention of 
cardiovascular disease 
(CVD)

Aspirin monotherapy recommended for:
 � • 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)
Coronary artery disease 
(CAD)

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
Ischemic stroke 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 
additional mechanisms may contribute to the 
development and persistence of atrial fibrilla-
tion, including autonomic tone, atrial remodel-
ing and fibrosis, the presence of reentrance 

pathways, and inflammatory oxidative stress [7, 
8]. The end result is an arrhythmia that produces 
an RR interval with no distinct pattern, which is 
frequently referred to as an irregularly irregular 
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, KCNJ2, and 
KCNQ1 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 (TIA), 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 

Risk Factor Points
Assigned

Congestive Heart Failure 1

Hypertension 1

Age ≥ 75 1

Diabetes Mellitus 1

History of Stroke 2

CHADS2 Score Annual Stroke Risk

0 1.9%

1 2.8%

2 4.0%

3 5.9%

4 8.5%

5 12.5%

6 18.9%

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 

CHADS2, 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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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 
CHADS2 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-

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-

Risk Factor Points
Assigned

Congestive Heart Failure 1

Hypertension 1

Age ≥ 75 2

Diabetes Mellitus 1

History of Stroke 2

Vascular Disease (PAD,
MI, etc.)

1

Age 65-74 1

Sex Category 1

PAD, peripheral artery disease
MI, myocardial infarction

CHADS2 Score Annual Stroke Risk

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%

9 15.2%

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 

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
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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 (NOACs), 
target-specific oral anticoagulants (TSOACs), 
or direct oral anticoagulants (DOACs). 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-

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].

Risk Factor Points Assigned

Hypertension (uncontrolled; systolic > 160 mm Hg) 1

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

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

1

1

Stroke (prior history of stroke) 1

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)

1

1

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 

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
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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 DOACs 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 

Venous
Stasis

Hyper-
coagulable

State

Vascular
Injury

Thrombosis

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
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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.

8.5	 �Prevention of Cardiovascular 
Disease

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 PCI.  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 P2Y12 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 IIA) [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 P2Y12 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 
ACCP 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 

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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can be grouped as follows: thromboxane (TXA) 
inhibitors, antagonists of adenosine diphosphate 
(ADP)-mediated platelet activation, glycopro-
tein (GP) IIb/IIIa 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].

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 A2 stimulates 
platelet activation, aggregation, and recruitment 
and causes vasoconstriction [2, 7]. COX-1 
enzymes are predominantly located in the GI 
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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 A2 (TXA2) and adenosine diphosphate (ADP). 
Low dose aspirin inhibits cyclooxygenase 1 (COX-1) and 

consequently decreases production of TXA2. P2Y12 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/IIIa receptors 
with fibrinogen and VWF, which can be blocked with the 
use of GP IIb/IIIa inhibitors. Thrombin receptor antago-
nists block platelet aggregation by selectively blocking 
PAR-1 thrombin receptors
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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-
ciated with variable absorption (bioavailability of 
20–60% over a 2- to 5-h retention time) [9]. For 
acute thrombosis, immediate-release enteral 
aspirin is always the preferred choice [2].

The optimal aspirin dose that maximizes effi-
cacy and minimizes toxicity is unknown. Doses 
ranging from 75 to 325  mg daily are recom-
mended, and the dose chosen may depend on 
various patient-specific factors, such as risk of 
bleeding, time from cardiovascular or neurologic 
event, type of stent placed, concomitant medica-
tions, and many more. Lower doses of aspirin 
(i.e., 81  mg/day) have not been shown to have 
diminished efficacy than higher doses in prevent-
ing clinical outcomes [2, 10].

Up to 5% of patients annually have vascular 
thrombotic events despite active prophylaxis 
with aspirin [11]. Aspirin resistance, potentially 
due to factors such as nonadherence, decreased 
absorption, smoking, receptor polymorphisms, 
upregulation of nontargeted pathways of platelet 
activation, and pharmacodynamic alterations, 
can occur in a wide range of patients. As would 
be expected, aspirin resistance has been corre-
lated with an increased risk of death, acute coro-
nary syndromes (ACS), and stroke [12].

9.2.2.2	 �Clinical Indications
Aspirin is indicated for the treatment of ACS 
and stroke/TIA, as well as secondary prevention 
of arterial and venous thrombosis in patients 
with CAD or a history of ACS. Aspirin has been 
shown to reduce morbidity and mortality in 

Table 9.1  Aspirin and P2Y12 inhibitor pharmacokinetics and pharmacodynamics

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

salicylate (active); 
hepatic conjugation

Plasma 
esterase

CYP3A4, 
2B6

CYP3A4, 
2B6, 2C9, 
2C19

CYP3A4 CYP3A4

Clearance Renal 85% (75% 
metabolite)

Renal 
(58%)

Renal 50%
Fecal 46%

Renal 68%
Fecal 27%

Renal 1% 
(parent drug/
active 
metabolite)

Renal 60%
Fecal 23%

Time to peak 
platelet inhibition

30–60 min 30 min 300 mg LD: 
6 h
600 mg LD: 
2 h

1–2 h 2 h 2–5 days

Duration of action 7–10 days 20–60 min 7–10 days 7–10 days 3–5 days 7–10 days
Genetic 
polymorphisms

Yes Not 
reported

Yes No No Yes

IV intravenous, CYP cytochrome, LD loading dose

9  Review of Antiplatelet Agents
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acute coronary syndromes (ACS), stable angina, 
coronary bypass surgery, peripheral arterial dis-
ease (PAD), transient ischemic attack, acute 
ischemic stroke, and polycythemia vera. Aspirin 
is used as adjunctive therapy for thrombopro-
phylaxis in patients on warfarin with prosthetic 
heart valves and in patients with nonvalvular 
atrial fibrillation [13]. Chapter 8 contains more 
information on the various indications of 
aspirin.

9.2.2.3	 �Complications
Aspirin, in a dose-dependent manner, increases 
the incidence of major, gastrointestinal, and 
intracranial bleeding [2, 7]. The decision of 
whether to continue or discontinue aspirin prior 
to dental procedures is patient-specific. If war-
ranted, discontinuation of aspirin prior to elective 
surgery or procedures is 7–10  days due to the 
irreversible binding to platelets. If holding ther-
apy was indicated, resumption of aspirin approxi-
mately 24  h post-procedures is typically 
considered safe [14].

While the exact incidence of aspirin-induced 
bleeding is difficult to determine due to patient-
specific risk factors, aspirin appears to increase 
bleeding risk in a dose-dependent manner. The 
mechanism of aspirin-induced bleeding is pri-
marily due to inhibition of protective prostaglan-
din synthesis that may lead to gastrointestinal 
ulcerations. Aspirin, even when used at recom-
mended doses, may increase the risk of gastroin-
testinal bleeding 1.5- to 3-fold by itself and 
possibly more when used with other antiplatelet 
or anticoagulant agents [15]. Due to the dose-
dependent nature of aspirin-related bleeding, use 
of the lowest effective dose for each indication is 
encouraged, as this can reduce the risk by 
30–40% [2]. Enteric-coated and buffered aspirin 
doses ≤325  mg seemingly do not reduce the 
incidence of gastrointestinal bleeding [16]. The 
risk of aspirin-induced gastric toxicity may be 
decreased with concurrent use of acid-suppres-
sive therapy, especially proton pump inhibitors 
[15]. Serious side effects, such as intracranial 
hemorrhage, are thought to occur in <1% of 
patients.

9.2.3	 �P2Y12 Inhibitors

9.2.3.1	 �Pharmacology, 
Pharmacodynamics, 
and Monitoring

P2Y12 inhibitors decrease platelet activation by 
blocking adenosine diphosphate (ADP) binding 
to P2Y12 receptors, thereby blocking activation of 
the GP IIb/IIIa receptor complex on the platelet 
surface [2]. These P2Y12 are divided into thieno-
pyridines (clopidogrel, prasugrel, and ticlopi-
dine) and non-thienopyridines (ticagrelor and 
cangrelor). Thienopyridines are prodrugs that 
require hepatic metabolism via the cytochrome 
P450 (CYP450) isoenzyme system in order to 
have a therapeutic effect (Table 9.1). Each agent 
has differing onset of action, potency, duration of 
effect, and drug interaction profile [17, 18]. 
Loading doses of all three agents are adminis-
tered in order to quickly achieve therapeutic con-
centrations and a rapid onset of action. The 
metabolism of clopidogrel and ticlopidine is a 
two-step activation process via CYP450. 
Prasugrel’s active metabolite reaches peak con-
centrations within 30 minutes, compared to 2–4 h 
for clopidogrel [2]. Additionally, prasugrel 
undergoes one-step oxidation by multiple 
CYP450 isoenzyme pathways which may con-
tribute to its more predictable pharmacokinetics.

While the actual half-life of the active metabo-
lites of thienopyridines is short (1–8 h), their irre-
versible binding to P2Y12 receptors leads to a 
duration of effect that is significantly longer 
(7–10 days). Newer agents are being developed in 
an attempt to improve in areas such as onset of 
action, duration of effect, and predictability of 
platelet inhibition [19]. Ticagrelor is a non-thieno-
pyridine P2Y12 inhibitor that is not a prodrug and 
therefore does not require hepatic metabolism for 
therapeutic effect. This results in a more rapid and 
predictable inhibition of platelet activation and 
aggregation [20]. Ticagrelor binds reversibly at 
P2Y12 receptors, resulting in a shorter duration of 
antiplatelet activity compared to thienopyridines 
[20]. Ticagrelor’s reversible binding and short 
half-life make for a potentially easier transition for 
procedures that require prior discontinuation of 
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antiplatelet therapy; however, patients may be at 
increased risk of thrombosis compared to other 
longer acting agents if a few doses are held due to 
its shorter duration of action (see Table 9.1). It is 
given twice daily, so patients must be compliant to 
ensure therapeutic levels maintained. Cangrelor is 
a new, intravenous (IV), non-thienopyridine with a 
very short half-life and rapid onset that may have a 
role in select patients undergoing PCI who cannot 
tolerate enteral P2Y12 inhibitors or in situations 
where it is desirable to be able to quickly remove 
the antiplatelet effect [21].

Resistance to clopidogrel occurs in a wide 
range of patients and depends on both patient-
specific variables, such as genetic polymor-
phisms and comorbidities, and various factors 
related to the platelet function test [18]. Genetic 
and drug-induced alterations of CYP3A4 and 
CYP2C19 enzymes, the pathways responsible 
for thienopyridine activation, appear to be of 
great importance in determining resistance [19]. 
Specifically, polymorphisms that involve a loss 
of function with CYP2C19 enzymes have been 
linked with an increased incidence of clopidogrel 
failure. Clopidogrel resistance is estimated to 
occur in up to one third of patients and may lead 
to up to a fivefold increase in risk of thrombosis 
leading to death, myocardial infarction, and 
stroke [22]. There is still no consensus on how to 
routinely monitor the antiplatelet effect of P2Y12 
inhibitors using platelet function testing [6]. 
Available data do not demonstrate superior out-
comes when platelet function monitoring is rou-
tinely performed [23]. Higher maintenance 
dosing has not shown to improve antiplatelet 
activity in all patients with established CYP450 
polymorphisms [6, 10]. Availability of newer 
agents with more favorable and predictable phar-
macokinetics and pharmacodynamics, combined 
with general unavailability and unclear utility of 
platelet function testing, may push clinicians to 
switch to agents such as prasugrel and ticagrelor.

9.2.3.2	 �Clinical Indications
P2Y12 inhibitors are indicated for primary and 
secondary thrombosis prevention in a variety 
of disease states. Ticlopidine has been shown 

to reduce thrombotic events in patients with 
stroke but is associated with neutropenia, 
thrombocytopenia, and thrombotic thrombocy-
topenic purpura [19]. Clopidogrel, typically 
with aspirin, is used for primary and secondary 
prevention of ischemic events in ACS, PAD, 
stroke, and coronary artery disease. Prasugrel, 
also usually with aspirin, is indicated for the 
prevention of thrombotic cardiovascular 
events, including in-stent thrombosis, in ACS 
patients after percutaneous coronary interven-
tion (PCI) [18]. Ticagrelor is indicated in com-
bination with aspirin for primary and secondary 
prevention of ischemic events in patients expe-
riencing ACS and may be preferred over clopi-
dogrel in patients with ACS undergoing early 
invasive reperfusion procedures [24]. Cangrelor 
is indicated for the reduction of cardiovascular 
(CV) events in select patients undergoing PCI 
[25]. Patients requiring cangrelor are typi-
cally transitioned to enteral P2Y12 inhibitors 
as soon as able. Please see Chap. 8 for more 
information.

9.2.3.3	 �Complications
The incidence of major bleeding with P2Y12 
inhibitors is different among the agents and may 
depend on other factors such as dosing, patient-
specific risk factors, and concomitant antithrom-
botic therapies. Gastrointestinal hemorrhage is a 
relatively common complication of P2Y12 inhibi-
tor therapy [15]. P2Y12 inhibitors should be 
avoided in patients undergoing neuraxial analge-
sia due to the risk of subdural hematoma [26]. 
Clopidogrel and prasugrel may need to be dis-
continued 7–10 days prior to elective surgery or 
invasive procedure, while it is recommended 
ticagrelor be stopped 5 days prior if discontinua-
tion is warranted. Therapy usually is resumed 
approximately 24 h or the next morning after sur-
gery. See Chap. 12.

Due to the unique structure of ticagrelor and 
possibly its ability to delay adenosine metabo-
lism, it has been associated with adverse effects 
not seen with thienopyridine derivatives. An 
increased rate of dyspnea, ventricular pauses, and 
hyperuricemia have been reported [20].

9  Review of Antiplatelet Agents
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9.2.4	 �Other Antiplatelet Targets

9.2.4.1	 �Pharmacology, 
Pharmacodynamics, 
and Monitoring

Aspirin and P2Y12 inhibitors are utilized by the 
overwhelming majority of patients receiving 
antiplatelet therapy. Other agents, however, are 
used in specific disease states or clinical scenar-
ios. Abciximab, eptifibatide, and tirofiban are IV 
agents that inhibit the GP IIb/IIIa receptor on the 
platelet surface and prevent platelet activation, 
aggregation, and fibrinogen-mediated platelet-
to-platelet bridging [2, 27]. These agents have 
been shown to rapidly suppress approximately 
80–90% of ADP-induced platelet aggregation 
[27, 28]. Eptifibatide and tirofiban quickly dis-
sociate from the GP IIb/IIIa receptor, and normal 
platelet function is achieved within 8 h, while the 
effects of abciximab may persist for weeks due 
to its affinity for the receptor [28]. The main 
receptor for thrombin binding, protease-acti-
vated receptor-1 (PAR-1), appears to play an 
important role in thrombin-stimulated platelet 
activation and inflammatory responses, possibly 
leading to events such as myocardial infarction 
and arterial thrombosis. Vorapaxar is a PAR-1 
antagonist that inhibits platelet aggregation 
mediated by thrombin and thrombin receptor 
agonist peptide (TRAP) [29]. Cilostazol, through 
selective inhibition of phosphodiesterase 3 (PDE 
3), increases cAMP. An increase in cAMP leads 
to an increase in the active form of protein kinase 
A, which is directly related to both inhibition of 
platelet aggregation and vasodilation [30]. 
Cilostazol is extensively metabolized by CYP 
450-3A4 and therefore has many drug-drug 
interactions that may require dose adjustments 
or selection of an alternative in patients taking 
strong inhibitors of this enzyme [31]. 
Dipyridamole inhibits adenosine deaminase and 
phosphodiesterase, leading to an increase in ade-
nosine and cAMP. These mediators then increase 
platelet aggregation, as well as possibly vasodi-
lation. Dipyridamole is metabolized through 
glucuronidation via the liver and has a half-life 
of approximately 10 h [2].

9.2.4.2	 �Clinical Indications
GP IIb/IIIa inhibitors may be used as adjunctive 
therapy for patients with ACS and those undergo-
ing PCI. The decision to use these agents must 
weigh various factors, including patient-specific 
risk factors, utilization of other antiplatelet and 
antithrombotic agents, and required duration [24, 
28]. Vorapaxar is indicated for the reduction of 
CV events in patients with a myocardial infarc-
tion or peripheral arterial disease [29]. Cilostazol 
is indicated for treatment of intermittent claudi-
cation and has been shown to improve pain-free 
walking distance [31]. In patients who have 
undergone heart valve replacement surgery, 
dipyridamole may be indicated as adjunctive 
therapy for the prevention of thromboembolism. 
Dipyridamole, in combination with aspirin, has 
been shown to reduce the incidence of major vas-
cular events in patients with a history of cerebro-
vascular accidents and TIA and therefore is 
indicated for secondary prevention [2, 32].

9.2.4.3	 �Complications
The frequency of major bleeding with GP IIb/IIIa 
therapy ranges from 1% to 14% of patients and 
depends on the specific agent, concomitant thera-
pies, and other factors related to ACS or PCI [27, 
28]. Eptifibatide and tirofiban require dose 
adjustment in patients with renal dysfunction in 
order to decrease risk of drug accumulation and 
bleeding [33]. Vorapaxar has a long half-life 
(165–311 h) and may still cause up to 50% inhi-
bition of platelet aggregation for as long as 
4 weeks after discontinuation of therapy [19, 29]. 
Headache is the most common adverse effect 
caused by both dipyridamole and cilostazol. 
However, while hemorrhage is rare with both 
agents, patients should be monitored for signs 
and symptoms of bleeding [31].

9.3	 �Summary

The list of antiplatelet medications available for 
patients has grown dramatically in recent times. 
Aspirin is still used as the backbone of antiplate-
let therapy, but the introduction of new, potent 
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classes of medications such as P2Y12 inhibitors, 
GP IIb/IIIa antagonists, and PAR-1 antagonists 
demonstrates that the landscape is continuing to 
change. Understanding the pharmacology of 
these classes of drugs, and the differences 
between each of the medications, is essential for 
the management of these patients.
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Abstract
Anticoagulation therapy is utilized for many 
thromboembolic indications with oral therapy 
being the first-line therapy choice for long-
term management of many of these disorders. 
Warfarin has been utilized for decades as the 
primary oral anticoagulant, and more recently, 
oral direct thrombin inhibitors and factor Xa 
inhibitors have emerged as alternative thera-
pies. Subcutaneous and intravenous therapies 
are also often utilized in clinical practice most 
commonly as short-term therapies for bridg-
ing or the ability to initiate long-term antico-
agulation. Dentists should be familiar with 
these agents and also be aware of potential 
drug interactions that may increase or decrease 
anticoagulant serum concentrations and alter 
clinical efficacy. Concomitant use with anti-
platelet agents and the perioperative manage-
ment of these agents, including the need for 
anticoagulation reversal, are discussed in 
other chapters of this book.

10.1	 �Introduction

Pharmacological disruption and prolongation of 
the coagulation cascade is of therapeutic benefit 
in patients with thromboembolic disorders such 
as atrial fibrillation (AF), venous thromboembo-
lism (VTE), and acute coronary syndromes 
(ACS) [1]. The current rate of atrial fibrillation in 
the adult population is estimated between one 
and two percent and a stroke risk stratification 
tool, such as the CHADS2 score, should be uti-
lized to determine appropriateness of anticoagu-
lation [2, 3]. VTE, such as deep vein thrombosis 
(DVT) and pulmonary embolism (PE), has many 
known risk factors, and it is a serious but prevent-
able cause of death in hospitalized and postsurgi-
cal patients [4, 5]. ACS has traditionally been 
treated with dual antiplatelet therapy although 
new evidence may suggest a role for anticoagula-
tion as well [1]. Dentists should be familiar with 
these indications for anticoagulation to help iden-
tify patients that may be at higher risk for throm-
boembolic and bleeding complications 
peri-procedure.

The most appropriate agent to treat one of the 
aforementioned disorders is dependent on both 
drug and patient characteristics [6]. From the 
drug standpoint, the onset of action and possible 
need for “bridging” parenteral therapy, absorp-
tion, distribution, metabolism, excretion, and 
Food and Drug Administration (FDA)-approved 
indications should be taken into account. 
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Medications with a prolonged onset of action, 
such as vitamin K antagonists, may require over-
lap or “bridging” with another, faster acting agent 
until therapeutic anticoagulation with the chronic 
agent can be confirmed. For most dental proce-
dures, discontinuation of anticoagulation therapy 
prior to procedure(s) and subsequent bridging is 
not needed. This is determined by patient specific 
factors, the invasiveness of the dental procedure 
and is outlined in more detail in Chaps. 13 and 
14. Metabolism and excretion are of particular 
importance due to the potential for adverse 
effects or treatment failure with worsening or 
improving hepatic or renal function as well as the 
potential for drug-drug interactions.

Patient characteristics to consider include 
comorbities such as renal dysfunction, obesity 
and age, medication and follow-up adherence, 
and concomitant medication therapies. The 
length of therapy (i.e., prophylaxis versus chronic 
therapy) should also be taken into account to help 
increase compliance with the prescribed therapy. 
Patients at high risk for VTE due to a reversible 
cause such as total hip or knee arthroplasty 
should be considered for a short course of pro-
phylactic anticoagulation while those with active 
VTE or another high risk chronic thromboem-
bolic disorder should be consider for prolonged 
therapy [7, 8]. This chapter will focus on cur-
rently available anticoagulants and their role in 
clinical practice.

10.2	 �Pharmacologic Agents

10.2.1	 �Oral Agents

10.2.1.1	 �Vitamin K Antagonists, 
Warfarin (Coumadin®)

Warfarin continues to be the most widely pre-
scribed anticoagulant in North America. Warfarin 
was discovered in the early 1940s at the University 
of Wisconsin as researchers were investigating 
deaths in cattle that ate spoiled sweet clover in 
the 1920s. The agent responsible for these deaths 
was identified as bishydroxycoumarin. A more 
potent agent, Wisconsin Alumni Research 
Foundation, coumarin derivative, was introduced 

as an effective rodenticide in 1948 [9]. Warfarin 
is FDA approved for the prophylaxis and treat-
ment of deep vein thrombosis (DVT) and pulmo-
nary embolisms (PE), along with treatment and 
prevention of thromboembolic complications 
associated with atrial fibrillation and/or cardiac 
valve replacement. It is also indicated for reduc-
tion in the risk of death, recurrent myocardial 
infarction, and thromboembolic events after 
myocardial infarctions [10]. Though it has been 
in use since the 1950s and is studied in most clot-
ting disorders, its use is complicated by its nar-
row therapeutic window and its many drug and 
food interactions. These issues necessitate close 
patient monitoring and education to ensure effec-
tiveness and safety.

10.2.1.2	 �Mechanism of Action, 
Pharmacodynamics, 
and Pharmacokinetics

Warfarin exerts its effects by inhibiting the syn-
thesis of activated vitamin K-dependent coagula-
tion factors (II, VII, IX, X, proteins C and S) but 
has no effect on factors currently circulating in 
the body [11]. This leads warfarin to have delayed 
onset of action as vitamin K-dependent coagula-
tion factors have half-lives ranging from 6 h to 3 
days with factor II or prothrombin having the 
longest half-life of about 60–72 h. The full anti-
coagulant effect of warfarin is not seen for 
3–5 days which requires the use of a parenteral 
anticoagulant, heparin, or low molecular weight 
heparin (LMWH), for at least 5 days after start-
ing warfarin for treatment of DVT or PE as 
“bridging” therapy [12]. Additional dosing and 
pharmacokinetic information for warfarin and 
other oral anticoagulants are available in 
Table 10.1.

10.2.1.3	 �Monitoring, Precautions 
for Use, and Specific 
Considerations

Due to its narrow therapeutic window, many food 
and drug interactions, and genetic variation among 
patients, warfarin requires close monitoring to 
ensure safety. It is monitored using the interna-
tional normalized ratio (INR). The INR is calcu-
lated from the prothrombin time (PT) or PT 
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observed/PT control which is a measure of bleed-
ing time. For most indications the desired INR 
range is 2–3 and for patients with mechanical 
valves in the mitral position the goal range is 2.5–
3.5. Though with less supporting evidence in lit-
erature, some clinicians will aim for a range of 
1.5–2 or 2.5 in patients with a lower risk for clot-
ting and a higher risk for bleeding such as pulmo-
nary hypertension or VTE prophylaxis. INR needs 
to be monitored frequently when warfarin is initi-
ated, whenever interacting medications are added 
or discontinued, or if there is a change in the 
patient’s diet. Once the INR is stable within the 
desired range, it should be monitored every 
4 weeks with the CHEST guidelines stating longer 
intervals are appropriate in certain situations [12].

Patients should also be monitored for signs of 
bleeding. Anything from a greater propensity for 
nosebleeds to hemorrhage is possible while 
receiving warfarin. Patients should be counseled 
on what to watch out for such as black tarry 
stools, which can indicate a lower GI bleed, or 
vomit that looks like coffee grounds which may 
indicate an upper GI bleed. They should also be 
instructed to seek medical care if they fall and hit 
their head or have a headache that doesn’t go 
away because of the possibility of intracranial 
bleeds.

Warfarin is contraindicated in pregnancy and 
is considered a category X, except in patients 
with mechanical heart valves where it is classi-
fied a category D. It is teratogenic weeks 6–12 of 
pregnancy and can cause maternal or fetal hem-
orrhage during the third trimester.

10.2.1.4	 �Drug/Food Interactions
Warfarin has many interactions with food and 
other medications [13]. These interactions are 
mediated through various mechanisms. 
Substrates, inducers and inhibitors of the cyto-
chrome P450 liver enzymes responsible for 
metabolism of warfarin, especially CYP2C9, will 
have an impact on the degree of anticoagulation 
and INR [14]. Enzyme inducers such as rifampin, 
carbamazepine, or chronic alcohol consumption 
can significantly lower the INR leading to an 
increased risk of clotting. Whereas, enzyme 
inhibitors like metronidazole, trimethoprim/

sulfamethoxazole, ciprofloxacin, fluconazole, 
and acute alcohol consumption (binge drinking) 
will lead to increases in the INR.  Medications 
that are highly plasma protein bound such as val-
proic acid can displace warfarin from albumin in 
the blood stream and lead to higher INRs. Lastly, 
changes dietary consumption of or supplement 
with vitamin K will impact the INR. For exam-
ple, if a patient increases consumption of leafy 
greens which are high in vitamin K, an increase 
in vitamin K-dependent clotting factors will 
result followed by a decrease in the INR.  In 
patients who have a decrease in oral intake due to 
acute illness or procedural intervention, a 
decrease in vitamin K intake may result in an 
increase in INR.  Other medications, like many 
antibiotics, affect gut absorption of vitamin K 
which can lead to a raise in INR. Herbal medica-
tions can interact in various ways including 
affecting liver enzymes like St. John’s Wort or 
increase the risk of bleeding by acting as blood 
thinners like ginkgo biloba.

10.2.1.5	 �Direct Thrombin Inhibitor, 
Dabigatran (Pradaxa®)

The first of the direct oral anticoagulants 
(DOACs), dabigatran, was approved for use in 
the United States by the FDA in fall of 2010. It 
offered a new option for the prevention of venous 
thromboembolism in nonvalvular atrial fibrilla-
tion (NVAF) and treatment of VTE [15, 16]. It is 
also indicated for the prophylaxis of DVT and PE 
in patients after hip replacement surgery [17].

10.2.1.6	 �Mechanism of Action, 
Pharmacodynamics, 
and Pharmacokinetics

Dabigatran is a direct thrombin inhibitor, inhibit-
ing both free and clot-bound thrombin as well as 
thrombin-induced platelet aggregation. In clini-
cal studies it was proven non-inferior for extended 
treatment of atrial fibrillation and VTE. From a 
safety standpoint, there was decreased overall 
bleeding but increased risk of gastrointestinal 
bleeds (GI) versus warfarin. Dabigatran should 
be used with caution in patients with renal dys-
function as it is cleared 80% by the kidneys. 
Table 10.1 below has the dose adjustments based 
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on estimated creatinine clearance and indication. 
Dabigatran requires an acidic environment for 
absorption and the capsules formulated with tar-
taric acid core [17].

10.2.1.7	 �Monitoring, Precautions 
for Use, and Specific 
Considerations

One of the advantages of dabigatran and the other 
DOACs is that they do not require routine moni-
toring of coagulation tests [18]. A complete blood 
count (CBC) with differential and renal function 
should be done prior to initiation and periodically 
throughout treatment. Coagulation assays such as 
activated partial thromboplastin time (aPTT) and 
thrombin time (TT) or dilute thrombin time (dTT) 
may be used to determine the presence or absence 
of circulating dabigatran. Table 10.2 summarizes 
commonly available laboratory monitoring tech-
niques that can be used to assess for the presence 
of circulating DOACs. The clinical utility of labo-
ratory monitoring has not been fully determined, 
and coagulation assays should not be used for the 
adjustment of therapy but may be useful in deter-
mining the presence or absence of an anticoagu-
lant in a patient needing an urgent or emergent 
procedure or actively bleeding [18, 19].

Dabigatran is dosed twice daily with a rapid 
onset of action. If stopped abruptly, due to the 
short half-life of the medication, there will be an 
increased risk of clotting. For the treatment of 
VTE, 5–10  days of parenteral anticoagulation 
must be given prior to initiation of dabigatran. It 
is contraindicated for patients with mechanical 
prosthetic heart valves due to significantly more 
thromboembolic events and bleeding [20]. 
Common side effects include GI distress up to 
25–35% in clinical trials and bleeding. Dabigatran 
must be stored in the original bottle and once 
opened the capsules are good for 30  days, and 
capsules cannot be crushed or opened as this can 
lead to a 75% increase in absorption and increased 
risk of bleeding [17]. Finally, due to low protein 
binding of approximately 35%, dabigatran is the 
only DOAC that can be successfully removed 
through hemodialysis [21].

10.2.1.8	 �Drug/Food Interactions
Dabigatran is minimally affected by food and 
cytochrome P450 interactions. It is affected by 
the permeability glycoprotein (P-gp) efflux pump 
on the cell membrane which removes foreign 
substances from the cells. The concomitant use 
of dabigatran with P-gp inducers like rifampin 
reduces the exposure to dabigatran and should 
generally be avoided. Medications that inhibit 
P-gp mediated transport (dronedarone, vera-
pamil) will increase exposure to dabigatran. This 
is especially important in patients with impaired 
renal function which may further increase expo-
sure to dabigatran [17].

10.2.1.9	 �Direct Factor Xa Inhibitors
The oral direct factor Xa inhibitors where first 
introduced with rivaroxaban, which was approved 
by the FDA in July 2011 [22]. They work by 
selectively inhibiting factor Xa, an important step 
in the coagulation cascade. They, like dabigatran, 
don’t require routine monitoring of coagulation 
tests. Prothrombin time and chromogenic anti-
factor Xa assays may be utilized for the director 
factor Xa inhibitors to determine the presence of 
anticoagulation [18, 19]. Refer to Table 10.2 for 
more details. All are cleared to varying degrees 
by the kidneys and liver. Specific dosing based 

Table 10.2  Laboratory coagulation assays for DOACs 
[18, 19]

Oral direct 
thrombin 
inhibitors 
(dabigatran)

Oral direct factor 
Xa inhibitors 
(rivaroxaban, 
apixaban, 
edoxaban)

Coagulation 
assays

Able to determine presence of 
circulating anticoagulant?a

Activated partial 
thromboplastin 
time (aPTT)

Yes No

Prothrombin time 
(PT)

No Yes

Thrombin time 
(TT)

Yes No

Dilute thrombin 
time (dTT)

Yes No

Chromogenic 
anti-factor Xa 
assay

No Yes

aQualitative measure for presence of medication, but not 
quantitative measure
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renal function and indications are listed below in 
Table 10.1. Like dabigatran, if these medications 
are abruptly stopped or if patients are non-adher-
ent, there is an increased risk of clotting. Because 
it has not been studied, the oral factor Xa inhibi-
tors are not recommended for use for patients 
with prosthetic heart valves.

10.2.1.10	 �Specific Considerations

Rivaroxaban (Xarelto®)
Rivaroxaban was the first oral direct factor Xa 
inhibitor brought to the market. In clinical trials it 
was non-inferior to warfarin for prevention of 
reoccurrence of VTE and for prevention of stroke 
and systemic embolism in nonvalvular atrial 
fibrillation [23, 24]. It is also indicated for the 
prophylaxis of VTE after hip or knee replace-
ment surgery. In clinical trials rivaroxaban had 
similar major bleeds compared to warfarin.

The 15 and 20 mg tablets that are used in atrial 
fibrillation and DVT/PE treatment should be taken 
with food according to the package insert [22]. 
Doing so increases bioavailability and increased 
the area under the curve by 39% in trials. The tab-
lets may be crushed and administered via a naso-
gastric (NG) tube but not a nasojejunal (NJ) tube 
because rivaroxaban is absorbed in the stomach.

Unlike warfarin or dabigatran, rivaroxaban 
does not require treatment with a parenteral anti-
coagulant prior to initiating treatment for 
VTE. The loading dose for VTE is listed below in 
Table 10.1. Rivaroxaban is dosed once daily for 
maintenance dosing which may result in 
improved patient compliance. A dose reduction is 
necessary for renal dysfunction and concomitant 
therapies that affect CYP3A4, and P-gp will 
affect clearance of rivaroxaban.

Apixaban (Eliquis®)
Apixaban was the next oral direct factor Xa 
inhibitor approved by the FDA in 2012 [25]. In 
clinical trials it demonstrated mortality benefit 
verses warfarin for prevention of stroke in non-
valvular atrial fibrillation [26]. It is also FDA 
indicated for the prophylaxis of VTE in patients 
who after hip or knee replacement surgery and 

for the treatment of VTE and reduction of reoc-
currence [25]. Apixaban had less major bleeding 
then warfarin for VTE treatment in clinical trials 
[27]. Apixaban does not require the use of a par-
enteral anticoagulant prior to starting treatment 
for DVT or PE.  Apixaban is dosed twice daily 
and can be administered via a NG or a NJ tube. 
Renal clearance of apixaban is only about 27% 
making it the least affected by renal dysfunction 
of the DOACs. Clearance of apixaban, like rivar-
oxaban, is affected by medications that act on 
liver enzyme CYP3A4 and P-gp.

Edoxaban (Savaysa®)
Edoxaban was approved in 2015 for thromboem-
bolism/stroke prophylaxis in patients with non-
valvular atrial fibrillation [28]. In clinical trials it 
was non-inferior to warfarin for the prevention 
of VTE in nonvalvular atrial fibrillation, and 
there was no difference in major bleeding [29, 
30]. Edoxaban is also indicated for the treatment 
of VTE following 5–10  days of initial therapy 
with a parenteral anticoagulant. This like dabiga-
tran and warfarin makes treatment of DVT or PE 
a little more burdensome. Edoxaban is highly 
dependent on renal clearance and should be dose 
adjusted for renal dysfunction and should not be 
used for treatment of nonvalvular atrial fibrilla-
tion if the patient’s CrCL is greater than 95 mL/
min because of an increased risk of ischemic 
stroke during the trials. It is dosed once a day 
making it easier for some patients, and there is 
currently no data on crushing edoxaban.

10.2.2	 �Subcutaneous Agents

10.2.2.1	 �Unfractionated Heparin
Therapeutic anticoagulation with heparin is typi-
cally given by continuous infusion, which will be 
discussed later, but historically has been given 
subcutaneously [12]. Therapeutic dosing of sub-
cutaneous heparin is given as a 333 units/kg load-
ing dose followed by 250  units/kg every 12  h 
[13]. In clinical practice, subcutaneous heparin is 
most commonly used for VTE prophylaxis at a 
dose of 5000 units every 8 or 12 h.
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10.2.2.2	 �Low Molecular Weight 
Heparin

LMWH are produced by either chemical or enzy-
matic depolymerization of unfractionated hepa-
rin (UFH). They work by inactivating Factor Xa 
and to a lesser extent thrombin through potentia-
tion of antithrombin. They have been extensively 
evaluated and used in the treatment of acute coro-
nary syndromes, PE, DVT, as well as the preven-
tion of VTE in high risk populations including 
cancer patients [13]. Common LMWHs include 
enoxaparin (Lovenox®) and dalteparin (Fragmin®) 
which are dosed empirically based on weight and 
are administered subcutaneously on a fixed 
schedule once to twice daily based on the particu-
lar drug and indication. They need to be dose 
adjusted for renal dysfunction.

10.2.2.3	 �Monitoring, Precautions 
for Use, and Specific 
Considerations

The pharmacokinetics of LMWHs are more pre-
dictable than their predecessor, UFH, so levels 
are not typically followed for short term use. For 
outlier patients or situations such as overweight, 
underweight, severe burns, pregnancy, and 
extended use or for individuals with renal dys-
function, a peak anti-Xa level is used to monitor 
[31]. Prior to starting therapy, it is recommended 
to check the patient’s serum creatinine and CBC 
with platelet count [13].

LMWHs should be avoided in patients with a 
history of heparin induced thrombocytopenia 
(HIT). LMWHs also should also be avoided in 
patients undergoing spinal/epidural anesthesia 
or spinal puncture. These procedures while 
receiving LMWHs increase the risk of spinal or 
epidural hematoma which has led to long-term 
or permanent paralysis in some patients [12].

10.2.2.4	 �Fondaparinux (Arixtra®)
Fondaparinux is a fully synthetic pentasaccha-
ride. It is a five saccharide molecular piece of 
heparin. It acts by indirectly inhibiting factor Xa 
and but no activity on thrombin. It is dosed as a 
once daily subcutaneous injection based on 
patient weight [13]. Fondaparinux is FDA 

approved for the treatment of DVT/PE when 
administered in conjunction with warfarin. It is 
also approved for DVT prophylaxis after knee, 
hip, or abdominal surgery [32].

10.2.2.5	 �Monitoring, Precautions 
for Use, and Specific 
Considerations

Fondaparinux displays predictable pharmacoki-
netics and levels are not typically followed. For 
outliers an anti-Xa concentration can be drawn. 
As with LMWHs, patient’s Scr and CBC should 
be monitored. Fondaparinux is renal cleared and 
is contraindicated with CrCl  <  30  ml/min. 
Adverse drug reactions to fondaparinux are simi-
lar to those found in LMWHs.

Fondaparinux shows no cross-reactivity with 
heparins so may be useful in patients with or with 
a history of HIT.  For the treatment of HIT, 
fondaparinux offers an easier option to bridge to 
warfarin compared to intravenous direct thrombin 
inhibitors as it does not have any impact on INR 
like argatroban or bivalirudin. Lastly, fondaparinux 
is a fully synthetic moiety so can be used for 
patients that unable to use pork products unlike 
heparin or LMWHs which are derivatives of por-
cine gut mucosa.

10.2.3	 �Intravenous Agents

10.2.3.1	 �Unfractionated Heparin
Unfractionated heparin (UFH) is extracted from 
porcine and bovine mucosa with most products 
used in clinical practice today of porcine origin. 
It indirectly inactivates clotting factors IIa and 
Xa by binding to and promoting the activity of 
antithrombin [31]. It is indicated for the preven-
tion and treatment of VTE and PE, prevention 
and treatment of thromboembolic complications 
associated with atrial fibrillation, and treatment 
of acute and chronic coagulopathies and is com-
monly used in blood transfusions, extracorporeal 
circulation, and dialysis procedures. It is metab-
olized by the reticuloendothelial system after 
binding to endothelial cells and also undergoes 
renal clearance.
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10.2.3.2	 �Monitoring, Precautions 
for Use, and Specific 
Considerations

Due to patient specific differences in pharmaco-
kinetics, intravenous UFH should be monitored 
utilizing either anti-Xa activity or aPTT.  The 
standard loading dose of UFH is 75–100 units/
kg followed by a continuous infusion of 
18–20 units/kg/h for the treatment of most acute 
thrombotic events or highly prothrombotic con-
ditions such as atrial fibrillation or mechanical 
heart valves. Lower doses such as a loading dose 
of 60  units/kg (maximum of 5000  units) fol-
lowed by 12  units/kg/h (maximum of 
1000 units/h) may be utilized for patients with 
acute coronary syndromes [31, 33]. Platelet 
count should also be assessed at the initiation of 
heparin and monitored throughout therapy due 
to the risk of developing HIT. Platelet factor 4 
(PF4) is a protein released by platelets that has 
antagonistic activity against heparin and when 
bound, heparin-dependent IgG antibodies may 
be produced against this complex [31]. These 
antibodies may cause platelets activation and 
consumption through their Fc receptors which 
may also propagate clot formation [34]. 
Treatment of suspected or confirmed HIT should 
include discontinuation of any heparin or hepa-
rin-containing product and initiation of a non-
heparin anticoagulant to mitigate the risk of 
thrombosis [34].

10.2.3.3	 �Direct Thrombin Inhibitors
Intravenous direct thrombin inhibitors (DTI) 
offer an alternative to UFH in patients requir-
ing anticoagulation through the intravenous 
route. These medications bind directly to 
thrombin without the need of an antithrombin 
intermediary. The two DTIs commonly used in 
clinical practice today include bivalirudin and 
argatroban. They have been studied and are 
used for multiple indications including ACS 
with or without percutaneous coronary inter-
vention, acute stroke, and coronary artery 
bypass surgery. Due to their short half-lives of 
25–45 min, both medications are initiated at a 
weight-based infusion without the need for a 
loading dose [35].

10.2.3.4	 �Monitoring, Precautions 
for Use, and Specific 
Considerations

Argatroban is currently FDA approved for the 
treatment of HIT and has been shown to decrease 
the incidence of new thrombotic events and as 
well as bleeding episodes [36, 37]. Monitoring of 
argatroban and bivalirudin should be done with 
aPTT, and special care should be taken when 
bridging patients from these agents to warfarin as 
they may falsely elevate the INR leading to pre-
mature discontinuation of the parenteral agent or 
inappropriate dose adjustments to warfarin [38].

�Conclusion
Anticoagulation is a mainstay of treatment for 
many disease states including but not limited 
to atrial fibrillation, VTE, and mechanical 
heart valves. There are multiple agents avail-
able for both short-term and long-term use. 
Oral agents are used most commonly for 
chronic therapy with warfarin being the most 
prevalent agent and the oral direct thrombin 
and factor Xa inhibitors playing a larger role. 
Subcutaneous and intravenous agents are typi-
cally reserved for acute, short-term therapy 
and may be used as bridging therapy in 
patients that need interruption in anticoagula-
tion therapy at the initiation of therapy or 
around the time of an applicable procedure. 
Of the oral agents, warfarin is the only medi-
cation that requires routine coagulation assay 
monitoring, and routine monitoring of the 
other agents is not recommended. For more 
information regarding antiplatelet agents, 
please refer to Chap. 11, and for perioperative 
management of patients receiving anticoagu-
lants or the need for anticoagulation reversal, 
please refer to Chaps. 13–17.
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Pharmacologic Reversal Agents

James F. Gilmore, Michael J. Schontz, 
and Kenneth E. Lupi Jr.

Abstract
Management of antithrombotic and anticoag-
ulant therapy in patients undergoing dental 
procedures involves balancing the risks of 
thrombosis and bleeding. Variability in mech-
anism of action of commonly employed out-
patient anticoagulant medications has 
increased over the past several years. While 
many patients may be able to have dental pro-
cedures performed on therapeutic anticoagu-
lant therapy, providers must be aware of 
specific supportive care and reversal tech-
niques to match each patient’s individual sce-
nario. An overview of commonly employed 
and anticipated FDA-approved anticoagulant 
reversal agents, including indications and dos-
ing, is provided.

11.1	 �Introduction

Antiplatelet and antithrombotic agents are com-
monly prescribed for a number of medical condi-
tions. Patients on oral anticoagulants undergoing 
invasive dental treatments may be at higher risk 
of bleeding than those who are not depending on 
patient- and procedure-specific factors [1]. The 
most effective strategy for prevention of antico-
agulant- or antiplatelet-induced bleeding during a 
dental procedure is an appropriate assessment of 
the patient and the procedure being conducted for 
the need of medication cessation prior to inter-
vention. This requires a thorough history and 
communication between specialists and the 
patient’s primary care provider, a process that 
may take preparation weeks in advance of inter-
vention. Often dental procedures are able to be 
carried out in patients on anticoagulants, and if 
determined that changes are warranted, in many 
cases medication changes to short-acting agents 
for an appropriate period of time is an achievable 
solution. In the event an acute intervention is 
required in a patient on anticoagulant therapy, 
rarely pharmacologic reversal of anticoagulation 
is desired to minimize bleeding risks. This chap-
ter will review pharmacologic reversal agents for 
commonly prescribed anticoagulant medications, 
indications for use, dosing, and monitoring strat-
egies. In-depth discussion on clinical periopera-
tive management of patients on antiplatelets and 
anticoagulants will be discussed in Chaps. 12 and 
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13, respectively. For in-depth discussion of peri-
operative management of dental patients on anti-
coagulants, refer to Chap. 14.

11.2	 �Blood Products

Blood products are some of the oldest products 
that have been considered to reverse pharmaco-
logic coagulopathy. In addition to transfusing all 
components together as whole blood, one to four 
transfusable products can be produced from each 
donation. These are red cells, platelets, plasma, 
and cryoprecipitate. By utilizing only the compo-
nents, several patients are able to be treated with 
each donation [2]. Whole blood and red cells do 
not have a role in reversal, while plasma, platelets, 
cryoprecipitate, and concentrated fibrinogen will 
assist in either reversal or attenuation of clinical 
bleeding caused by pharmacologic coagulopathy.

As a reversal agent, fresh frozen plasma (FFP) 
has been used to replace factors II, VII, IX, and X 
and is included in warfarin reversal guidelines 
although prothrombin complex concentrate 
(PCC) is now generally the preferred agent if 
emergent reversal is desired [3–5]. A more in-
depth look at PCC is provided later in this chapter. 
When used in conjunction with vitamin K, FFP 
will rapidly reverse the INR until endogenous fac-
tors can be produced which can take up to 24 h 
after vitamin K administration. The effect of FFP 
is sustained for about 12–24 h, while vitamin K 
duration can be days [6]. Vitamin K is discussed 
in greater detail later in the chapter. Several disad-
vantages prohibit FFP usage for emergent use in 
certain patient populations compared to PCC, 
making PCC preferred in those clinical scenarios. 
PCC advantages include efficacy, speed of rever-
sal, and reduced volume administration (approxi-
mately 250 mL per unit of FFP). The total amount 
of FFP administered will vary patient to patient 
depending on the INR value and desired goal. 
Additionally, the INR of FFP is approximately 1.6 
(will vary from unit to unit) and will therefore not 
lower the INR of a patient below that value con-
sistently unlike PCC [6, 7].

Platelets can be used to help attenuate the 
effects of agents that inhibit the effects of plate-

lets such as aspirin and thienopyridines. These 
medications inhibit platelet function for the lifes-
pan of the platelet [8]. The pharmacology of anti-
platelet medication is provided in Chap. 9. 
Platelet transfusion will not reverse the effects 
but provide additional, functional platelets. As 
with all transfusions, risks and benefit needs to be 
weighed against the urgency of the procedure. 
This should include platelet-specific risks; they 
should not be used when the patient has throm-
botic thrombocytopenic purpura or heparin-
induced thrombocytopenia unless the bleed is life 
threatening [9].

Cryoprecipitate contains high levels of fibrin-
ogen and factor VIII [9]. Its role, as well as con-
centrated fibrinogen (RiaSTAP), in reversal is 
limited to recombinant tissue plasminogen acti-
vator (tPA). Recombinant tPA is used to dissolve 
clots by converting plasminogen to plasmin, 
which in turn, cleaves fibrin polymers [10]. 
Fibrinogen replacement helps to promote hemo-
stasis. Similar to FFP, there are disadvantages to 
cryoprecipitate (thawing, blood matching, higher 
volume than fibrinogen concentrate) [9]. 
Additionally, cryoprecipitate dose per unit is not 
standardized like the concentrated fibrinogen 
product [11]. Although clinically useful, reversal 
of tPA is not likely to be encountered during den-
tal procedures. Cryoprecipitate and concentrated 
fibrinogen have a bigger role in congenital or 
acquired fibrinogen deficiency as well as severe 
postpartum hemorrhage.

The risks of transfusion should be consid-
ered before utilizing any blood product 
(Table 11.1). These complications can be acute, 
occurring between minutes and up to 24 h, or 
delayed, greater than 24 h and up to years later. 
Acute complications include hemolytic reac-
tions, allergic reactions, transfusion-related 
acute lung injury (TRALI), transfusion-associ-
ated circulatory overload (TACO), febrile 
nonhemolytic transfusion reactions (FNHTR), 
and metabolic disturbances. Delayed complica-
tions include hemolytic reactions, iron over-
load, transfusion-related immunomodulation 
(TRIM), infection, posttransfusion purpura, 
and transfusion-associated graft-versus-host 
disease [9].
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11.3	 �Desmopressin

Desmopressin (DDAVP) is a synthetic analog of 
the natural antidiuretic hormone vasopressin. 
Desmopressin is used to prevent or control the 
symptoms of central diabetes insipidus and is 
also indicated for the management of bleeding 
episodes in patients with mild to moderate hemo-
philia A or von Willebrand’s disease type 1 [14]. 
Refer to Chap. 3 for full discussion on von 
Willebrand’s disease and perioperative manage-
ment in dentistry. The chemical substitutions 
made to desmopressin are responsible for its 
enhanced antidiuretic effect, reduced vasopres-
sor effect, and prolonged duration of action [15, 
16].

Desmopressin acts similarly to native vaso-
pressin. Vasopressin exerts its effect through two 
receptor subtypes: the vasopressin 1 (V1) sub-
type, which mediates smooth muscle contraction 
in the peripheral vasculature, and the vasopressin 
2 (V2) subtype, which regulates water reabsorp-
tion in the collecting duct [14, 17]. Additionally, 
the hemostatic effects of desmopressin are medi-
ated through agonism at the V2 receptor [17]. 
DDAVP is a strong V2 agonist with no effect on 
V1 receptors. DDAVP increases the plasma con-
centrations of factor VIII and von Willebrand fac-
tor, with possible direct effects on platelet 
reactivity [18–20]. Increases in factor VIII and 
von Willebrand factor levels are thought to be 
due to their release from endogenous reservoirs 
and not via increased synthesis due to the rapidity 
in response [17]. The increased levels of factor 
VIII and von Willebrand factor subsequently 
stimulate glycoprotein IIb/IIIa-mediated platelet 
aggregation [21].

Desmopressin has also been used in acquired 
bleeding disorders, including drug-induced plate-
let dysfunction [17]. Bleeding is the major side 
effect of inhibitors of platelet aggregation, and 
there are conflicting data on the clinical efficacy 
of desmopressin in reversing antiplatelet agents 
[19]. Desmopressin has been shown to improve 
drug-induced bleeding related to heparin, ticlopi-
dine, hirudin, dextran, and aspirin [19, 22]. A 
single dose of desmopressin was successfully 
used to prevent procedure-related bleeding in 
patients with uremia receiving aspirin and was 
also shown to shorten bleeding time in patients 
with platelet dysfunction due to cirrhosis or aspi-
rin use [23, 24]. DDAVP was also shown to nor-
malize platelet dysfunction from clopidogrel and 
acetylsalicylic acid, in healthy volunteers and 
in  vitro studies, respectively [19, 25, 26]. 
However, another study evaluating the use of 
DDAVP in healthy volunteers treated with 
ticagrelor determined that desmopressin is 
unlikely to be of therapeutic value for the control 
of bleeding events associated with ticagrelor 
[19]. A recent review of strategies to reverse anti-
platelet therapy suggests consideration of desmo-
pressin administration in individual cases, such 
as patients that will undergo neurosurgical evalu-
ation, or life-threatening bleeding refractory to 
standard hemostatic techniques [21].

Desmopressin can be administered by oral, 
intranasal, or parenteral (IV or SC) routes; the 
oral route is utilized for central diabetes insipi-
dus and primary nocturnal enuresis [14]. The 
maximal dose-response increase in factor VIII 
activity occurs at 0.3–0.4 μg/kg of intravenous 
desmopressin. There is no increase in activity 
with doses greater than 0.4 μg/kg, likely due to 

Table 11.1  Indications and monitoring of blood products [3, 9, 12, 13]

FFP Cryoprecipitate Concentrated fibrinogen Platelets
Uses VKA reversal Supportive in tPA-induced 

bleeding
Supportive in tPA-induced 
bleeding

Supportive in antiplatelet-
induced bleeding

Dose 15–30 ml/kg 10 pooled units (1000–
2000 mg fibrinogen)

Unknown fibrinogen: 
70 mg/kg

5 units

Dose (mg/kg) = (Target 
level-measured)/1.7

Monitoring Hemostasis, 
INR

Hemostasis, goal 
fibrinogen > 100 mg/dl

Hemostasis, goal 
fibrinogen >100 mg/dl

Hemostasis, can consider 
platelet reactivity assay

11  Pharmacologic Reversal Agents
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saturation at receptor sites. Factor VIII activity is 
increased 30 min after IV or intranasal adminis-
tration, with a peak activity at 90  min to 2  h. 
Peak plasma concentrations are noted within 
40–45 min. Intranasal desmopressin, at a dose of 
300 μg, results in maximal factor VIII and von 
Willebrand factor activity levels of 150–200% of 
normal. The terminal half-life for desmopressin 
is approximately 90 min to 3 h [27]. In patients 
with renal dysfunction receiving single doses of 
desmopressin injection, the terminal half-life 
was significantly increased of a mean of 3.4 h to 
a mean of 7.2 h in patients with moderate renal 
impairment and 10 h in patients with severe renal 
impairment [27].

The dose of desmopressin for the manage-
ment of spontaneous bleeding or for bleeding 
prophylaxis in patients with drug-induced plate-
let dysfunction is 0.3–0.4 μg/kg IV or SC as a 
single dose [28–31]. Repeat dosing is not recom-
mended due to tachyphylaxis [29]. Preoperatively, 
give desmopressin 30 min prior to surgery. Due 
to short duration of action, many patients will see 
bleeding times return to baseline within 24 h [29, 
31]. Caution is advised in patients with cardiac 
disease, especially hypertension, heart failure, or 
coronary artery disease [14, 32–34].

11.4	 �Protamine

Protamine sulfate is a protein derived from fish 
sperm that is effective for reversal of unfraction-
ated heparin and low molecular weight heparin. 
When protamine is administered alone, it pos-
sesses weak and clinically insignificant antico-
agulant effects. When protamine makes contact 
with a heparin molecule, it forms a salt, neutral-
izing the anticoagulant effect of both drugs by 
forming a protamine-heparin complex and dis-
rupting the heparin-antithrombin III complex. 
The onset of action is rapid, with neutralization 
of heparin evident within 5 min [35].

Dosing of protamine will depend on the dose 
of heparin product the patient has received and 
the timeframe of the administration. For unfrac-
tionated heparin, the protamine dose will be cal-

culated based on the amount of heparin 
administered in the last 3  h accounting for any 
bolus doses administered (Table 11.2). For hepa-
rin exposure less than 1  h, 1  mg protamine for 
every 100  units of heparin should be adminis-
tered. For heparin exposure between 1 and 2 h, 
0.5  mg protamine for every 100  units heparin 
should be administered. For heparin exposure 
more than 2  h, 0.25  mg protamine for every 
100 units of heparin should be administered [35].

For patients on a low molecular weight hepa-
rin such as enoxaparin, time since dose is also a 
factor in determining protamine dose (Table 11.3) 
[35, 36]. If enoxaparin has been administered 
within 8  h, administer 1  mg of protamine for 
every 1  mg of enoxaparin. If enoxaparin was 
administered between 8 and 12 h prior, adminis-
ter 0.5 mg of protamine for every 1 mg of enoxa-
parin. If greater than 12  h from enoxaparin 
exposure, protamine administration may not be 
necessary unless there is continued bleeding or 
renal dysfunction. If second dose of protamine is 
needed (prolonged aPTT at 2–4  h after prot-
amine), give 0.5  mg IV for every 1  mg of 
enoxaparin.

Table 11.2  Protamine dosing for reversal of unfraction-
ated heparin [35]

Time from heparin 
exposure Protamine dose
Less than 1 h 1 mg protamine for every 

100 units heparin
1–2 h 0.5 mg protamine for every 

100 units heparin
More than 2 h 0.25 mg protamine for every 

100 units heparin

Table 11.3  Protamine dosing for reversal of enoxaparin 
[35, 36]

Time from 
enoxaparin 
exposure Protamine dose
Less than 8 h 1 mg protamine for every 1 mg 

enoxaparin
8–12 h 0.5 mg protamine for every 1 mg 

enoxaparin
More than 12 h Protamine may not be necessary 

unless continued bleeding or renal 
dysfunction
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11.4.1	 �Example Patient Case

Patient has been receiving a heparin infusion at 
1400 units/h without any recent bolus doses. To 
calculate the total amount of heparin received in 
the last 3 h:

	1.	 100% heparin in last hour: 1400 units.
	2.	 50% heparin in preceding hour: 700 units.
	3.	 25% heparin in hour before that: 350 units.
	4.	 Total heparin: 1400 + 700 + 350 units = 245

0 units.
	5.	 Protamine dose to be administered: 24.5 mg.

Protamine can be administered undiluted via 
slow IV push, not to exceed 5  mg/min. Severe 
hypotension, cardiovascular collapse, and ana-
phylactoid reactions associated with rapid admin-
istration of protamine. Other risk factors for 
developing a hypersensitivity reaction include 
high doses or overdose of protamine, previous 
exposure, current or previous use of protamine-
containing drugs (e.g., neutral protamine 
Hagedorn insulin), fish hypersensitivity, vasec-
tomy, and severe left ventricular dysfunction 
[35]. The risks and benefits of administration of 
protamine should be carefully considered, and 
resuscitation equipment should be immediately 
available in case of a severe reaction.

Another important consideration with prot-
amine is to not simultaneously administer with 
perioperative antibiotics, as protamine has exhib-
ited incompatibilities with several penicillins and 
cephalosporins and should not be administered 
through the same infusion line [35].

11.5	 �Phytonadione (Vitamin K)

Phytonadione stimulates synthesis of the vitamin 
K-dependent clotting factors, II, VII, IX, and X, 
and can be administered via the oral, IM, IV, or 
SC route to reverse vitamin K antagonists such as 
warfarin [21, 37–39]. Due to this mechanism, 
reversal of the INR takes several hours. High 
doses of phytonadione (>10 mg), although effec-
tive, can lead to warfarin resistance for 1 week or 
more after administration.

The oral route is effective for lowering the 
INR and is the preferred route unless rapid rever-
sal of the INR is critical [40, 41]. In emergent 
settings, the IV route is recommended due to its 
faster onset of action (within 2–4 h) [42–44]. The 
IV route also has a more appreciable effect in 
6–12 h when compared to oral therapy. Following 
IV administration a normal prothrombin time 
may be observed in 12–24 h [38–40, 45]. A meta-
analysis showed similar efficacy and safety 
between oral and intravenous vitamin K in 
patients taking vitamin K antagonists with a 
supratherapeutic INR, but not actively bleeding 
[21, 46]. After PO administration, the effect may 
not be seen for 12–24 h. Subcutaneous adminis-
tration can result in erratic absorption, and effects 
may be delayed for upward of 24 h. Additionally, 
this route has been shown to be inferior to both 
IV and PO administration and similar to placebo 
[40, 47–49]. IV and IM administration may cause 
anaphylactoid reactions. The reactions are 
reported frequently; however the true incidence 
of this complication is approximately 3 out of 
100,000 doses administered. The anaphylactoid 
reactions may be more likely related to the vehi-
cle previously used to keep vitamin K in solution, 
polyethoxylated castor oil. When administered 
IV, a slow infusion over at least 20 min of diluted 
phytonadione is recommended to mitigate the 
already very low risk of potentially fatal reac-
tions [21, 38, 39, 42, 50].

The American College of Chest Physicians 
(ACCP) clinical practice guidelines for antico-
agulant management and reversal of warfarin 
were updated in 2012 (Table 11.4). In summary, 
the guidelines concluded that excessively ele-
vated INR values have an increased risk of 
bleeding, particularly at INR values greater than 
5.0. However, the short-term major bleeding risk 
is low for patients with an INR value less than 10 
[40, 43]. The current guidelines recommend 
against routine vitamin K administration in 
patients with an INR of 4.5–10 and no bleeding. 
In patients who need an elective procedure or 
have an elevated INR but are asymptomatic and 
at low risk for bleeding, holding warfarin ther-
apy may be sufficient. It takes approximately 
2.5 days for an INR between 6.0 and 10.0 to fall 
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to <4.0 [40, 42, 53]. When administering PO 
phytonadione in conjunction with a temporary 
interruption of warfarin therapy, approximately 
1.4 days are required for an INR between 6.0 and 
10.0 to decline to <4.0 [42, 53]. For patients with 
an INR of >10 and no bleeding, oral vitamin K is 
recommended [40]. At 24  h, 5  mg of PO and 
1 mg IV phytonadione produce similar effects on 
the INR [42, 51, 54]. For major bleeding at any 
INR, IV vitamin K at a dose of 5–10 mg should 
be administered, in combination with 4-factor 
PCC [40]. Due to the short half-lives of PCC, 
FFP, and recombinant factor VIIa, vitamin K is 
given in the setting of major bleeding to sustain 
the coagulant effects of these agents [40]. When 
given at higher doses for the management of the 
bleeding, IV administration works more rapidly 
than either PO or SC.  Reduction of the INR 
begins within 2 h, with a correction to within the 
normal range usually achieved within 24  h 
(depending on if hepatic function is normal and 
a sufficiently large dose was administered) [42, 
44, 45]. Refer to Chap. 13 for a more in-depth 
discussion of perioperative management of 
patients on anticoagulants and Chap. 14 for more 
information regarding perioperative manage-
ment of dental patients on anticoagulants. In the 
peri-procedural or surgical setting, one strategy 
for INR normalization in patients receiving war-

farin (in which holding therapy was not com-
pletely effective) is to administer 1–2.5  mg of 
oral phytonadione the day prior to the procedure, 
with an INR check on the day of procedure or 
surgery [51, 55].

11.6	 �Recombinant Factor VIIa 
(NovoSeven RT)

Initially approved in 1999, activated recombi-
nant factor VII (rFVIIa) was FDA approved as 
an orphan drug for use in the treatment of 
bleeding episodes and perioperative manage-
ment in hemophilia A or B patients with inhibi-
tors to factor VIII or factor IX. Chapter 4 of this 
book provides a more hemophilia A and B  
and perioperative management in dentistry. 
Additional approvals have been added for treat-
ment of bleeding episodes and perioperative 
management with acquired hemophilia, con-
genital factor VII deficiency, and Glanzmann’s 
thrombasthenia with refractoriness to platelet 
transfusions, with or without antibodies to 
platelets [56, 57].

Mechanistically, rFVIIa has the same effect as 
endogenous factor VIIa and complexes with tis-
sue factor although the concentration after injec-
tion is up to 1000 times the physiological levels. 

Table 11.4  Management strategies for elevated INRs in patients on warfarin [40–42, 51, 52]

INR Bleeding status Phytonadione recommendation Additional considerations
<4.5 No evidence of 

bleeding
Phytonadione not recommended
If pre-procedural in patient whom warfarin 
has been held, consider PO 1–2.5 mg day 
prior to procedure with repeat INR on day 
of procedure or surgery

Lower or skip a dose of warfarin; monitor 
more frequently; no dose modifications 
may be needed if only slightly above 
range

4.5–
10

No evidence of 
bleeding

Phytonadione not routinely recommended. 
Consider PO 1–2.5 mg if at increased 
bleeding risk
If patient and procedural factors warrant 
reversal therapy, ≤5 mg PO can be given 
(expect INR reduction in 24 h); additional 
1–2 mg PO if INR still elevated

Skip 1–2 doses of warfarin and resume 
when INR is therapeutic

>10 No evidence of 
bleeding

Phytonadione PO 2.5–5 mg Expect INR to be reduced within 24–48 h, 
additional dose may be given after 24 h

Any 
INR

Major bleeding Phytonadione 5–10 mg by slow  
IV infusion

Phytonadione administration 
recommended in addition to 4-factor 
prothrombin complex concentrate (PCC)
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This will activate the extrinsic clotting pathway 
ultimately resulting in thrombin formation and a 
hemostatic plug [56].

Although approved for specific indications, 
recombinant factor VIIa has been frequently used 
off-label in the clinical setting [58]. As more spe-
cific reversal agents (aPCC, idarizumab, adex-
anet, etc.) have become available, the role that 
recombinant factor VIIa plays in anticoagulant 
reversal has lessened.

The use of recombinant factor VIIa in addi-
tion to vitamin K and 3-factor PCC (or FFP) has 
been used to correct warfarin-related bleeding 
[21, 59–61]. As a sole agent, rFVIIa does not 
result in a complete reversal of warfarin due to 
half-life of rFVIIa (2.3 h) and lack of warfarin 
depleted factors [56]. When combined with vita-
min K and 3-factor PCC, the combination will 
provide sufficient replacement of the vitamin 
K-dependent factors II, VII, IX, and X to rapidly 
reverse the INR, while vitamin K leads to a sus-
tained response. In current guidelines, 4-factor 
PCC is preferred which provides the same fac-
tors [40, 62].

In vitro and in vivo studies of rFVIIa on anti-
Xa inhibitors have shown variable effects on 
coagulation tests [63–67]. Even though these 
tests may be corrected, there was no effect on 
anti-Xa activity which was induced specifically 
by rivaroxaban. Without more data showing effi-
cacy and reliability to reverse anti-Xa inhibitors, 
it is not recommended [63, 64]. Coagulation tests 
and evidence of a hemostatic effect should be 
monitored for both warfarin and anti-Xa reversal 
although the coagulation tests may not correlate 
with clinical response.

As is expected with rFVIIa, thrombosis is the 
biggest safety concern. One risk factor for events 
appears to be patients who are not hemophiliacs 
receiving rFVIIa for an off-label use due to their 
intact clotting cascade and a more pronounced 
response to rFVIIa. An earlier meta-analysis 
which included clinical trials, case series, and 
case reports found a low thrombotic incidence of 
1–2% [68]. However, the risk of off-label use is 
as high as 9% in randomized controlled trials 
[69]. The risk also is higher for higher doses of 
rFVIIa [58, 69, 70].

The use of rFVIIa as a reversal agent for anti-
coagulation agents is limited, and its use will 
likely be replaced as newer agents are available.

11.7	 �Prothrombin Complex 
Concentrate (PCC)

For clinical scenarios where pharmacologic 
reversal or other coagulopathy correction is 
required quickly, it is warranted to consider 
reversal using prothrombin complex concentrate 
(PCC) with or without the addition of phytonadi-
one. PCCs are characterized as 3-factor, 4-factor, 
or activated PCCs. 3-Factor PCCs (Profilnine 
SD) contain therapeutic amounts of vitamin 
K-dependent factors II, IX, and X, as well as non-
therapeutic amounts of factor VII. 4-Factor PCCs 
(Kcentra, Beriplex) contain therapeutic amounts 
of vitamin K-dependent factors II, VII, IX, and 
X, as well as proteins C and S and a small amount 
of heparin. 4-Factor PCC is the recommended 
agent for rapid reversal of anticoagulation accord-
ing to the most recent guidelines from several 
medical communities [40, 71]. Dosing for 4-fac-
tor PCC depends on the patient’s INR (Table 11.5) 
[72]. Clinical trial data in patients with major 
bleeding has demonstrated 4-factor PCCs to be 
non-inferior to FFP in achieving hemostasis. 
Patients receiving PCC developed less volume 
overload than patients receiving FFP [73]. In 
patients on a VKA requiring reversal before sur-
gery, 4-factor PCC has demonstrated superiority 
over FFP [74, 75]. Safety and efficacy of 4-factor 
PCCs has been confirmed in several observa-
tional analyses [76–78]. PCC has been shown to 
work faster to lower the INR than both FFP and 
phytonadione [6, 79–82]. As 4-factor PCCs con-

Table 11.5  4-Factor prothrombin complex concentrate 
dosing based on INR [72]

Pretreatment INR <4 4–6 >6
Dose of 4-factor 
PCC units/kg actual 
body weight

25 35 50

Maximum dose 
(units of factor IX)

Not to 
exceed 
2500

Not to 
exceed 
3500

Not to 
exceed 
5000

4-Factor PCC is dosed in units of factor IX
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tain heparin, they should not be administered to 
patients with active or a recent history of heparin-
induced thrombocytopenia.

3-Factor PCCs containing factors II, IX, and 
X must be coadministered with FFP because they 
lack factor VII and on their own only are able to 
achieve partial reversal of VKA anticoagulation 
[83]. The combination of 3-factor PCC and FFP 
demonstrated efficacy and safety in reversal of 
warfarin-related bleeding and prior to surgery 
[59, 84–87]. The use of 4-factor PCC is more cost 
effective than the combination of 3-factor PCC 
and FFP together [21, 88–90]. As 3-factor PCC 
does not contain heparin, it may be appropriate 
for use in patients with active or a recent history 
of HIT. Activated PCCs (aPCC, factor VIII inhib-
itor bypassing activity, FEIBA) have been used to 
reverse warfarin and direct oral anticoagulant 
(DOAC)-related bleeding, but is not considered 
first line for these indications [91, 92].

There is a small risk of thrombosis with the 
use of all PCCs [93]. This risk is higher with the 
use of aPCC. Case reports and case series suggest 
utility in different dosing regimens of PCC to 
reverse DOACs, though as more targeted anti-
dotes are developed and become commercially 
available, PCC use for this indication will decline. 
As the DOACs have markedly shorter half-lives 
than VKAs, holding for procedure should be 
achievable for most patients prior to their dental 
procedure [94–96].

11.8	 �Idarucizumab

Idarucizumab is a monoclonal antibody for the 
reversal of dabigatran for emergency or urgent 
procedures or for life-threatening or uncontrolled 
bleeding. It was approved under accelerated 
approval based on data which showed a reduction 
of unbound dabigatran and normalization of 
coagulation parameters in healthy volunteers, 
and continued approval may be contingent on 
results of an ongoing cohort case series study 
[97, 98]. Idarucizumab was FDA approved in 
October of 2015.

Idarucizumab is a humanized monoclonal 
antibody fragment that binds to dabigatran and 

its acyl glucuronide metabolites with higher 
affinity (>350 times) than the binding affinity of 
dabigatran to thrombin, thus neutralizing their 
anticoagulant effect within minutes and lasting 
over 24  h [97–99]. Idarucizumab is a reversal 
agent specific only for dabigatran and has no 
impact on the effect of other anticoagulants or 
antithrombotic therapies. In healthy subjects 
aged 45–64 years, the plasma concentrations of 
unbound dabigatran were decreased to the lower 
limit of quantification immediately after adminis-
tration of 5 g of idarucizumab. The diluted throm-
bin time, ecarin clotting time, activated partial 
thromboplastin time, thrombin time, and acti-
vated clotting time returned to baseline. The 
reduction in dabigatran plasma concentration 
was seen over the entire observation period of at 
least 24  h. Idarucizumab is rapidly eliminated 
with an initial half-life of 47 min and a terminal 
half-life of 10.3 h [97, 98].

The Reversal of Dabigatran Anticoagulant 
Effect with Idarucizumab (REVERSE-AD) is an 
ongoing open-label, single-arm, phase III trial of 
idarucizumab administration in patients who are 
taking dabigatran that present with overt, life-
threatening, or uncontrollable bleeding or require 
emergent surgery [100]. In the interim analysis of 
90 patients, idarucizumab reversed hemostatic 
parameters, as measured by ecarin clotting time 
or dilute thrombin time in the first 4  h after 
administration, in 100% of cases, and in 88–98% 
of them, the reversal occurred within minutes 
[21, 100]. Also from the interim analysis, throm-
bosis was reported in five patients. Thrombosis 
occurred 2 days after idarucizumab in one patient 
and 7 days or more after idarucizumab treatment 
in the remaining four patients. None of the 
patients were receiving antithrombotic therapy 
when the events occurred [97, 100]. 
Administration of idarucizumab in the absence of 
dabigatran was shown to have no effect on coagu-
lation parameters, suggesting it is unlikely to be 
prothrombotic [101].

For dabigatran reversal during emergency sur-
gery, for urgent procedures, or for life-threaten-
ing or uncontrolled bleeding, the dose of 
idarucizumab is 5  g intravenously once. In the 
REVERSE-AD study, 6 patients had a rebound 
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of dabigatran concentrations at 12  h and 16 
patients had a rebound in concentrations at 24 h. 
The subsequent increases in concentrations were 
associated with increases in clotting times. This 
observation may be explained by a redistribution 
of dabigatran into the intravascular space. Data 
supporting the administration of an additional 5 g 
dose is limited, and the safety and effectiveness 
of repeat treatment have not been established. If 
reappearance of clinically relevant bleeding 
together with elevated coagulation parameters 
(e.g., activated partial thromboplastin time or 
ecarin clotting time) is observed or a patient 
requires a second emergency surgery/urgent pro-
cedure and has elevated coagulation parameters, 
administration of an additional 5 g dose of idaru-
cizumab may be considered. Dabigatran may be 
reinitiated 24  h after idarucizumab administra-
tion [98].

11.9	 �Coagulation Factor Xa 
(Recombinant), 
Inactivated-zhzo

Direct oral anticoagulants (DOACs) are an 
important advancement in anticoagulation ther-
apy. DOACs include the medications dabigatran, 
rivaroxaban, apixaban, and edoxaban. The rever-
sal of dabigatran was previously discussed. 
Coagulation factor Xa (recombinant), inacti-
vated-zhzo (trade name Andexxa, also sometimes 
referred to as andexanet alfa) is a novel antidote 
which is being studied to reverse direct and indi-
rect factor Xa (fXa) inhibitors which were previ-
ously discussed in Chap. 10. Specifically, these 
include rivaroxaban, apixaban, edoxaban, and 
enoxaparin [102–104].

Coagulation factor Xa (recombinant), inacti-
vated-zhzo is a recombinant protein that has been 
designed to be a universal antidote for fXa inhibi-
tors. It is a modified fXa molecule with a serine 
mutation in the catalytic site which maintains the 
protein’s structure but eliminates any fXa antico-
agulant activity. An additional deletion of the 
membrane binding γ-carboxyglutamic acid 
(GLA) domain prevents the antidote’s potential 
to competitively bind factor Va which assists in 

cleaving prothrombin to thrombin. By effectively 
binding the medication and becoming a “decoy,” 
endogenous fXa retains its procoagulant activity 
and promotes hemostasis via the coagulation cas-
cade [105]. Coagulation factor Xa (recombinant), 
inactivated-zhzo dosing consists of a bolus and 
infusion dose and depends on the agent requiring 
reversal and time of last ingestion (Table 11.6).

A multicenter, prospective, open-label, single-
group study involving 67 patients with acute 
major bleeding within 18  h of a dose of fXa 
inhibitor administration were evaluated for phar-
macokinetic and pharmacodynamic data. Anti-Xa 
activity decreases from baseline were 89% after 
bolus and 86% after 2 h infusion for rivaroxaban, 
while apixaban showed decreases of 93% and 
92%. Hemostatic efficacy was evaluated and 
adjudicated by an independent committee for 
each case 12  h after  coagulation factor Xa 
(recombinant), inactivated-zhzo infusion with 
objective definitions based upon location of 
bleed. Of the 47 patients included in the hemo-
static efficacy population, 37 patients had either 
excellent (n  =  31) or good hemostasis (n  =  6) 
(79%; 95% CI, 64–89). Nine patients had poor or 
no hemostasis [106].

The safety of coagulation factor Xa (recombi-
nant), inactivated-zhzo was evaluated in several 
trials [102, 105, 107–109]. It is well tolerated 
with minimal adverse effects. One of the main 
concerns for anticoagulant reversal is thrombo-
sis. In the ANNEXA-4 study, thrombotic events 
occurred in 12/67 (18%) of the safety population 
within the 30-day follow-up period. Of the 12 
patients, 4 had an event occur within 3 days after 
infusion. Therapeutic anticoagulation was 
restarted in 1 of the 12 patients prior to the throm-
botic event [106].

Table 11.6  Coagulation factor Xa (recombinant), inacti-
vated-zhzo dosing by indication [102, 106–108]

Bolus 
dose, mg

Infusion dose 
(over 2 h), mg

Apixaban or rivaroxaban 
>7 h ago

400 480

Edoxaban, enoxaparin, or 
rivaroxaban <7 h ago

800 960

Unknown time of last 
dose of anticoagulant

800 960
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One key exclusion criteria of the ANNEXA-4 
was the scheduling of surgery within less than 
12  h after presentation, although this does not 
include minimally invasive surgery or procedure. 
Additionally, these patients presented with acute 
bleeds which may be rare when presenting for 
evaluation [106]. This may preclude a subset of 
patients with potential for dental surgery. The 
risks and benefits should be weighed when decid-
ing to reverse a fXa inhibitor emergently or 
allowing the medication’s effects to subside by 
holding before surgery.

Conclusion 
Pharmacologic reversal agents are a rapidly 
expanding area of research, due to the sub-
stantial need to balance the risks of bleeding 
and thrombotic events. There are several 
pharmacologic reversal agents available to 
practitioners; these are summarized in 
Table  11.7. This chapter summarizes the 
available pharmacologic reversal agents and 
their place in therapy. As will be discussed 
further in upcoming Chaps. 12 and 13, 
patient- and procedure-specific factors will 
drive the perioperative management of anti-
coagulant and antiplatelet therapy. In cases 
where pharmacologic reversal of an antico-
agulant is desired, it is important for dental 
practitioners to be comfortable with selecting 
and dosing the appropriate reversal agent 
based on the anticoagulant, as well as moni-
toring and reinitiating of the medication being 
reversed.
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Abstract
When dental patients on continuous antiplate-
let medications present for dental surgery, a 
decision must be made to continue antiplatelet 
therapy with potential increased bleeding risks 
or to interrupt therapy with potential increased 
embolic risks. But dental surgery is unlike 
other types of surgery in that major vessels are 
unlikely to be encountered and most bleeding 
complications are easy to access without addi-
tional surgeries both perioperatively and post-
operatively. Of more than 3522 dental patients 
undergoing more than 6265 dental surgical 
procedures without interrupting antiplatelet 
therapy reported in the medical and dental lit-
erature, no more than 86 patients (a 2.4% 
minor bleeding incidence) required additional 
local measures for hemostasis, and still only 
two patients (in separate reports) suffered 
bleeding complications requiring more than 
local measures for hemostasis, a remarkably 
low incidence of serious bleeding complica-
tions of 0.06%. A close look at these two 
cases, one over 30 years old and the other over 
50 years old, shows that they do not support 
interrupting antiplatelet therapy for dental sur-
gery. Of 702 patients undergoing at least 752 
interruptions of antiplatelet therapy for dental 

procedures, there were at least 19 embolic 
complications (2.5% of cessations). These 
embolic complications included myocardial 
infarction, stent thrombosis, coronary artery 
syndrome, and cerebrovascular strokes. Since 
the review of the literature of antiplatelet 
interruption for dental procedures includes 
some case reports and some studies that were 
not prospective, randomized, and controlled, 
it is virtually certain that the actual incidence 
of embolic complications with antiplatelet 
interruption for dental procedures is signifi-
cantly lower than 2.5%, but there certainly is 
an increased embolic risk, regardless of the 
reason for the interruption. As a result, anti-
platelet therapy should not be interrupted for 
dental surgery.

The history of antiplatelet drugs can be traced to 
antiquity. Hippocrates recommended chewing on 
willow leaves, which contain salicylic acid, to 
ease the pain of childbirth, but it wasn’t until the 
late 1890s that Felix Hoffman, a chemist at the 
Bayer Company isolated pure acetylsalicylic acid 
(ASA), calling it “aspirin.” Since then, aspirin 
has been used by millions of people for its anti-
pyretic, anti-inflammatory, analgesic, and anti-
thrombotic effects, earning its name as a “wonder 
drug.” When aspirin is used for its antithrombotic 
effects, the usual dose of this antiplatelet drug is 
75–325 mg once daily [1]. There are also newer 
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antiplatelet drugs, including dipyridamole 
(Persantine, Aggrenox), clopidogrel (Plavix), 
ticagrelor (Brilinta), prasugrel (Effient), cilo-
stazol (Pletal), and ticlopidine (Ticlid) (see 
Table  12.1). Continuous antiplatelet therapy is 
used for atrial fibrillation, history of angina or 
myocardial infarction, prevention of coronary 
artery disease, history of coronary bypass sur-
gery, history of transient ischemic attack or 
stroke, and asymptomatic carotid artery disease 
(see Table  12.2) When patients on continuous 
antiplatelet therapy present for dental treatment, 
a decision must be made to continue therapy and 
increase the risk of bleeding complications or 
interrupt therapy and increase the risk of throm-
boembolic complications like myocardial infarc-
tion or stroke.

12.1	 �Controlled Studies 
of Antiplatelet Drugs 
and Dental Surgery

Most controlled studies of dental surgical patients 
have shown no significant difference in bleeding 
complications between those whose antiplatelet 
medications are continued versus those not on 
antiplatelet medications or whose medications are 
interrupted. A 2000 study by Ardekian et  al. [2] 
consisted of 39 dental extraction patients, ran-
domly assigned into one of two groups: a study 

group (19 patients whose aspirin therapy was con-
tinued) or a control group (20 patients whose aspi-
rin therapy was interrupted for 7 days before and 
restarted the day after the procedure). There were 
no bleeding complications requiring more than 
local hemostatic methods in either group, leading 
the authors to conclude, “Low-dose aspirin should 
not be stopped before oral surgery. Local hemosta-
sis is sufficient to control bleeding.”

In a study first described by Valerin et al. [3] in 
2006 and then by Brennan et al. [4] in 2008, 36 
healthy dental extraction patients were randomly 
divided into two groups: 17 on 325 mg daily aspi-
rin for 4 days and 19 on a placebo. There were no 
bleeding complications requiring more than local 
measures for hemostasis in either group, and 
there were no differences in bleeding time 
between the two groups. The authors concluded 
that “there is no indication to discontinue aspirin 
for persons requiring single-tooth extraction.”

In 2008, Krishnan et al. [5] studied 82 dental 
extraction patients divided into three groups: 
group 1 consisted of 25 patients whose antiplate-
let therapy was interrupted between 1 and 10 days 
(mean 4.7  days) before the procedure; group 2 
consisted of 32 patients whose antiplatelet ther-
apy was continued; and group 3 comprised 25 
healthy patients not on antiplatelet therapy. There 
were no bleeding complications requiring more 
than local measures for hemostasis in any group, 
and the authors concluded, “Routine dental 
extractions can be safely performed in patients on 
long-term antiplatelet medication, with no inter-
ruption or alteration of their medication. Such 
patients do not have an increased risk of pro-
longed or excessive postoperative bleeding.”

In 2011, Medeiros et al. [6] studied 63 patients 
on 100 mg daily aspirin divided into two groups: 
31 patients whose aspirin therapy was interrupted 
for 7  days before extraction and 32 patients 
whose aspirin therapy was continued for the pro-
cedure. There were no bleeding complications 
requiring more than local hemostatic methods, 
and there was no difference in the amount of 
postoperative bleeding between the two groups. 
The authors concluded that there is no need to 
interrupt aspirin therapy for dental patients 
undergoing single extractions.

Table 12.1  Antiplatelet medications

Cilostazol (Pletal)
Clopidogrel (Plavix)
Dipyridamole (Persantine, Aggrenox)
Prasugrel (Effient)
Ticagrelor (Brilinta)
Ticlopidine (Ticlid)

Table 12.2  Antiplatelet medication indications

History of transient ischemic attack or stroke
Atrial fibrillation
History of angina or myocardial infarction
History of coronary bypass surgery
History of coronary artery disease
History of myocardial infarction
History of peripheral vascular disease
Primary prevention of cardiovascular disease
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In 2015, Varghese et al. [7] studied 190 dental 
extraction patients on antiplatelet medications and 
randomly assigned 2 patients to 2 groups: 1 group 
of 95 patients continued their antiplatelet medica-
tions for the procedure and the other group of 95 
patients interrupted antiplatelet therapy for 5 days 
before the procedure. No patient in either group 
had any bleeding complications requiring more 
than local measures for hemostasis. The authors 
concluded that antiplatelet therapy should not be 
interrupted for single dental extractions.

In 2016, Eapen et  al. [8] studied 80 dental 
extraction patients on low-dose aspirin, divided 
into two groups—those who continued aspirin 
and those whose aspirin therapy was interrupted 
for 5  days before the procedure. Although the 
bleeding time was longer in the aspirin group, 
there were no bleeding complications requiring 
more than local measures for hemostasis in either 
group, and the authors concluded that “dental 
extraction procedures in patients on low-dose 
[aspirin] therapy can be safely carried out with-
out stopping the antiplatelet therapy.”

Even for full mouth extractions, antiplatelet 
medications should not be interrupted. In a 2015 
retrospective study [9], Omar et  al. studied 
patients on antiplatelet medications undergoing 
full mouth extractions. There were 68 patients 
studied, divided into four groups: 25 using aspi-
rin, 12 using clopidogrel, 9 using both aspirin and 
clopidogrel, and 22 had interrupted antiplatelet 
therapy at least 5  days before the procedure. 
There were no bleeding complications requiring 
more than local measures for hemostasis in any 
patient, and the authors concluded, “Clopidogrel 
therapy during full-mouth extraction is not asso-
ciated with significant bleeding complications 
and may be continued in patients who have a high 
risk of experiencing a cardiac event.”

12.2	 �Controlled Studies of Dual 
Antiplatelet Therapy 
and Dental Surgery

Although dual antiplatelet therapy can theoreti-
cally increase the risk of bleeding after, con-
trolled studies have repeatedly and consistently 

shown that dental surgery in such patients is safe. 
In a 2009 retrospective study of 43 patients on 
single or dual antiplatelet therapy undergoing 
invasive dental procedures (extractions, gingival 
surgery, scaling and root planing, and subgingi-
val scaling), Napeñas et  al. [10] reported that 
there were no bleeding complications or pro-
longed bleeding in any patient. They concluded, 
“The risks of altering or discontinuing use of 
antiplatelet medications far outweigh the low risk 
of postoperative oral bleeding complications 
resulting from dental procedures.”

Lillis et  al. in 2011 [11] studied 111 dental 
extraction patients on antiplatelet medications 
(aspirin and/or clopidogrel) of whom 33 were on 
dual aspirin-clopidogrel medication and 532 
patients not on antiplatelet medications in a con-
trol group. No patient in the study or control 
groups required more than local measures for 
hemostasis. Minor postoperative bleeding com-
plications were higher in the single antiplatelet 
groups than in the control groups. Although 
minor postoperative bleeding was higher in the 
dual antiplatelet group than in the single anti-
platelet or control groups, the authors concluded, 
“[D]ental extractions may be safely performed in 
patients receiving single or dual antiplatelet ther-
apy when appropriate local hemostatic measures 
are taken, thus averting thrombotic risk of tempo-
rary antiplatelet discontinuation.”

Dudek et al. in 2011 [12] studied 55 oral sur-
gical patients on dual antiplatelet therapy with 
aspirin and clopidogrel and compared with 33 
patients not on antiplatelet medications in the 
control group. There was no excessive bleeding 
in any patient in either group, and the authors 
concluded, “Therapy with clopidogrel and aspi-
rin after acute coronary syndromes does not seem 
to increase the risk of real-life bleeding following 
oral surgery, regardless of the platelet activity 
response to dual antiplatelet therapy.”

Girotra et al. in 2014 [13] studied 546 oral sur-
gical patients on antiplatelet medications (aspirin 
or clopidogrel) including 139 on aspirin-clopido-
grel dual therapy and a control group of 575 
healthy patients. Prolonged bleeding was greatest 
in the dual therapy group, followed by the single 
antiplatelet group, and least in the control group, 
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but no patient in any group required more than 
local measures for hemostasis. The authors rec-
ommended that “patients on dual therapy require 
higher levels of hemostatic measures, thus sutur-
ing should be the first line of control to arrest 
bleeding.” Their conclusion was that with these 
additional local hemostatic measures, “there is no 
need to expose the patient to the risk of thrombo-
embolism, cerebrovascular accidents, or myocar-
dial or renal infarction by discontinuing 
anti-platelet therapy before minor oral surgical 
procedures, which could cost the patient his or 
her life.”

In 2016, Lu et al. [14] studied 183 patients on 
antiplatelet therapy, including 42 patients on dual 
aspirin-clopidogrel therapy undergoing 24 surgi-
cal appointments and a control group of 1088 
patients not on antiplatelet or anticoagulant ther-
apy. No patient in the study or control groups 
required more than local measures for hemosta-
sis. There was a higher incidence of minor bleed-
ing in the study group than in the control group 
and a slightly higher incidence in the dual anti-
platelet group than the single antiplatelet group, 
but the differences in bleeding complications 
were not significant. The authors concluded, 
“These findings indicate that there is no need to 
interrupt antiplatelet drugs before dental 
extraction.”

12.3	 �Controlled Study 
of Combination Antiplatelet-
Anticoagulant Therapy 
and Dental Surgery

Dental surgery has been shown to be safe in 
patients on combination antiplatelet and antico-
agulant therapy (e.g., warfarin), provided their 
international normalized ratio (INR) is not above 
therapeutic levels (INR ≤  3.5). In a 2012 pro-
spective study of 213 dental extraction patients, 
Bajkin et  al. [15] studied 213 dental extraction 
patients divided into three groups of 71 patients 
each: those on aspirin therapy, those on vitamin 
K antagonist anticoagulant therapy, and those on 
combined aspirin and anticoagulant therapy. No 
patient in any of three groups required more than 

local measures for hemostasis, and there was no 
statistical difference in minor postoperative 
bleeding between groups. The authors concluded, 
“Tooth extractions can be performed safely while 
patients continue to receive combined anticoagu-
lant-aspirin therapy.”

12.4	 �Systematic and Narrative 
Reviews of Dental Surgery 
in Patients on Antiplatelet 
Therapy

In a 2015 systematic review and meta-analysis of 
dental patients on long-term aspirin therapy 
undergoing extractions, there were three random-
ized controlled trials and seven controlled trials 
that met the inclusion criteria for a total of 1752 
patients (529 on aspirin therapy and 1223 not on 
aspirin) [16]. The results showed that although 
“bleeding time is prolonged or hemorrhage is 
exacerbated by long-term use of aspirin,” aspirin 
should be continued for dental extractions with 
local measures for hemostasis. In a systematic 
review of dental extractions on patients on dual 
antiplatelet therapy, Nathwani and Martin con-
cluded, “Patients on dual antiplatelet therapy—
although at an increased risk of postoperative 
bleeding complications—can be managed safely 
with local haemostatic measures and without the 
need to discontinue antiplatelet therapy” [17].

In a narrative review in 2014, [18] this author 
found that of more than 1282 patients undergoing 
more than 2343 dental surgical procedures, no 
more than 35 patients (2.7% of patients and 2.6% 
of visits) suffered bleeding complications requir-
ing additional local hemostatic measures and 
only two patients (0.16% of patients and 0.15% 
of visits) suffered bleeding complications requir-
ing more than additional local hemostatic 
measures.

Since then, there have been more studies iden-
tified. Of more than 3522 dental patients under-
going more than 6265 dental surgical procedures 
without interrupting antiplatelet therapy reported 
in the medical and dental literature [2–15, 19–54] 
(see Table  12.3), no more than 86 patients 
required additional local measures for hemostasis 
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(a 2.4% minor bleeding incidence), and still only 
two patients (in separate reports) suffered bleed-
ing complications requiring more than local mea-
sures for hemostasis, a remarkably low incidence 
of serious bleeding complications of 0.06%. A 
close look at these two cases, one over 30 years 
old and the other over 50 years old, shows that 
they do not support interrupting antiplatelet ther-
apy for dental surgery.

12.5	 �Analysis of Cases of Bleeding 
Complications Requiring 
More Than Local Hemostatic 
Methods

In 1974, Lemkin et al. reported a case of signifi-
cant bleeding after 18 extractions that could not 
be controlled with local measures for hemostasis. 
On hospital admission, a platelet transfusion was 
administered. The patient had a history of ethanol 
abuse but denied recent ethanol ingestion and was 
taking 12–20 aspirin tablets daily (dosage unre-
ported)—significantly more than the single daily 

dose typically prescribed today for antithrombo-
sis [34]. In 1997, Thomason et al. reported on a 
kidney transplant patient who received a platelet 
transfusion after local measures for hemostasis 
were unsuccessful following an upper anterior 
gingivectomy [52]. The patient was taking 150 mg 
daily aspirin as well as cyclosporine, azathio-
prine, and amlodipine, any or all of which could 
have independently contributed to the postopera-
tive bleeding and/or platelet function reduction. 
As a result, it is not certain that the aspirin inges-
tion caused the postoperative bleeding.

12.6	 �Embolic Risk 
with Antiplatelet Therapy 
Interruption

In a narrative review from 2014 [18], there were 
at least 17 cases (5%) of embolic complications 
of 324 patients whose antiplatelet therapy was 
interrupted at least 374 times for dental proce-
dures (see Table 12.4). In an update of this review, 
there have been more studies and case reports 

Table 12.4  Antiplatelet withdrawal for dental procedures

Source

No. of 
patents 
treated

No. of 
cessations

No. of 
extractions

Antiplatelet 
medications Comment

Days of 
withdrawal

Thrombotic 
complications

Ardekian 
et al. [2]

20 34 34 Aspirin 7 0

Bajkin et al. 
[19]

19 19 ≥19 Usually 
aspirin

Not 
reported

None reported

Candemir 
et al. [55]

1 1 1 Clopidogrel Warfarin was 
continued

10 1 myocardial 
infarction due to 
very late stent 
thrombosis

Collet et al. 
[56]

1 1 Not 
reported

Aspirin 8 Myocardial 
infarction 10 days 
after aspirin 
withdrawal for 
dental surgery

Darawade 
et al. [24]

100 100 100 81 mg 
aspirin

7 0

Duygu et al. 
[26]

19 48 48 Aspirin 7 None reported

Eapen et al. 
[8]

40 40 ≥40 ≤ 120 75 mg 
aspirin

5 0
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Source

No. of 
patents 
treated

No. of 
cessations

No. of 
extractions

Antiplatelet 
medications Comment

Days of 
withdrawal

Thrombotic 
complications

Ferrari et al. 
[57]

13 ≥13 ≥13 Aspirin Not 
reported

13 cases of acute 
coronary syndrome

Ferreira-
González 
et al. [58]

17 17 Not 
reported

Aspirin, 
clopidogrel, 
or both

Not 
reported

Not reported

Gagneja 
et al. [59]

1 1 6 ASA Warfarin was 
continued

10 0

Kovacic 
et al. [60]

197 ≥197 ≥197 Aspirin, 
clopidogrel, 
aspirin, and 
clopidogrel

Not 
reported

≥2 cases of stent 
thrombosis and/or 
acute myocardial 
infarction (personal 
communication 
3/23/13 with Jason 
Kovacic)

Krishnan 
et al. [5]

25 28 28 Aspirin 1–10 0

Loomba 
et al. [61]

1 1 1 Aspirin 3 0

Lu et al. 
[14]

2 2 2 Aspirin 7 2 cerebrovascular 
strokes

Medeiros 
et al. [6]

31 31 31 Aspirin 7 0

Napeñas 
et al. [10]

2 6 6 Clopidogrel 1 patient 
substituted 
aspirin for 
clopidogrel on 
day of 6 
extractions; 1 
patient stopped 
clopidogrel 
3 days before an 
oral examination

1–3 0

Omar et al. 
[9]

22 22 376 81 or 325 mg 
aspirin, 
75 mg 
clopidogrel, 
or dual

≥5 0

Sadhasivam 
et al. [46]

100 100 ≥103 Aspirin, 
clopidogrel, 
and dual

9 patients had 
minor bleeding 
after 1 h

3–5 0

Varghese 
et al. [7]

95 95 95 Aspirin, 
clopidogrel, 
and dual

5 None reported

Totals 702 ≥752 ≥19 (2.7% of 
patients; 2.5% of 
cessations) 
thromboembolic 
complications

Adapted and updated from Table 2 in the American Journal of Medicine, Vol. 127, “Dental surgery and antiplatelet 
agents: bleed or die,” pages 260–267, Copyright 2014, with permission from Elsevier

Table 12.4  (continued)
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identified. Of 702 patients undergoing at least 752 
interruptions of antiplatelet therapy for dental 
procedures, there were at least 19 embolic com-
plications (2.5% of cessations). These embolic 
complications included myocardial infarction, 
stent thrombosis, coronary artery syndrome, and 
cerebrovascular strokes. Since the review of the 
literature of antiplatelet interruption for dental 
procedures includes some case reports and some 
studies that were not prospective, randomized, 
and controlled, it is virtually certain that the 
actual incidence of embolic complications with 
antiplatelet interruption for dental procedures is 
significantly lower than 2.5%, but there certainly 
is an increased embolic risk, regardless of the 
reason for the interruption.

Well-controlled studies in the medical literature 
have repeatedly shown an increased embolic risk in 
patients whose antiplatelet therapy was interrupted 
for various medical procedures or as a result of 
negligence by the patient. In a study of 118 patients 
in 2013, Derogar et al. found a sevenfold increase 
in the risk of death or acute cardiovascular event 
within the first 6  months after low-dose aspirin 
therapy interruption (after peptic ulcer bleeding) 
versus those whose aspirin was continued [62].

In a case-control study of 39,513 patients on 
low-dose aspirin therapy followed for an average 
of 3.2 years, García Rodríguez et al. [63] found 
that patients recently interrupting aspirin therapy 
were significantly more likely to suffer nonfatal 
myocardial infarction. For every 1000 patients 
who had recently stopped therapy in the course of 
a year, there were four more cases of nonfatal 
myocardial infarction than in those who contin-
ued therapy. The authors stated, “Discontinuation 
of low dose aspirin increases the risk of non-fatal 
myocardial infarction or death from coronary 
heart disease by almost 50% in patients in pri-
mary care who have a history of ischaemic 
events.” In another analysis of these patients, 
García Rodríguez et  al. [64] showed a 40% 
increase in the incidence of stroke in those who 
recently interrupted low-dose aspirin therapy ver-
sus those who continued therapy.

In a systematic review and meta-analysis of 
50,279 patients on aspirin therapy, Biondi-Zoccai 
et al. [65] found the risk of major adverse cardiac 
events three times higher in those whose therapy 
had been interrupted versus those in whom ther-
apy was continued. The authors concluded that 
interruption of aspirin therapy has “ominous 
prognostic implication[s].” Of 289 patients with 
ischemic stroke studied by Sibon and Orgogozo 
in 2005 [66], 13 (4.5%) had interrupted antiplate-
let therapy within the month before the stroke, 
either from their own negligence or a physician’s 
recommendation before a surgical procedure, and 
the authors recommended rethinking the practice 
of antiplatelet therapy interruption for certain 
surgical procedures.

In a case-control study by Maulaz et al. of 309 
recent stroke patients on aspirin therapy versus 
309 control patients on aspirin therapy who had 
not had a stroke within the previous 6  months, 
4.2% study patients had interrupted aspirin 
within 4 weeks before stroke versus only 1.3% of 
control patients [67]. Of the 13 stroke patients 
who had interrupted aspirin therapy within 4 
weeks before the stroke, 7 were instructed to do 
so by a physician for a surgical procedure, lead-
ing the authors to conclude that interrupting aspi-
rin therapy for surgical procedures “may not 
always be the best solution.”

In a prospective, randomized, double-blind, 
placebo-controlled study in 2010, Oscarsson 
et al. [68] studied 220 patients undergoing non-
cardiac (nondental) surgery, divided into two 
groups: 109 receiving aspirin and 111 receiving 
a placebo for 7 days before and 3 days after the 
procedure. Ten patients (9%) in the placebo 
group but only four patients (3.7%) in the aspi-
rin group developed major adverse cardiac 
events, but there was no significant difference in 
bleeding complications between the groups. 
The authors concluded, “In high-risk patients 
undergoing non-cardiac surgery, perioperative 
aspirin reduced the risk of major adverse car-
diac events without increasing bleeding 
complications.”
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In contrast, in a similarly well-controlled 
2011 study of 291 patients divided into two 
groups of 145 patients on aspirin and 146 
patients on placebo for 7 days before major non-
cardiac (nondental) surgery, Mantz et al. showed 
no differences in bleeding complications or 
thrombotic complications between the two 
groups [69]. The Mantz et  al. study showed a 
more favorable outcome in the placebo group 
than the Oscarsson et  al. study did, possibly 
because aspirin was interrupted for only 7 days 
in total, whereas in the Oscarsson et al. study, the 
interruption was for 10 days in total. Although 
only the former study showed a benefit of 
decreased thrombotic complications in the inter-
ruption group, neither study showed a benefit of 
decreased risk of bleeding complications in the 
interruption group. When dental procedures in 
patients on continuous antiplatelet therapy are 
considered, it should be noted that there has 
never been a fatal case of postdental bleeding 
when antiplatelet medications are continued, but 
there have been many cases of embolic compli-
cations (including at least one fatal embolism) 
where antiplatelet therapy was interrupted for 
dental surgery.

In a 2011 study, Broderick et  al. [70] found 
that 114 (5.2%) of 2197 ischemic strokes 
occurred after antithrombotic medication (either 
warfarin or antiplatelet medication) interruption, 
including 53 strokes after antiplatelet medication 
interruption, either as a result of a physician rec-
ommendation or patient negligence. The authors 
concluded, “The withdrawal of anticoagulant and 
antiplatelet medications is associated with a sub-
stantial number of acute first-ever and recurrent 
ischemic strokes.”

12.7	 �National Medical and Dental 
Group Statements

National medical and dental groups have rec-
ommended against interruption of antiplatelet 
medication therapy for dental surgery, as the 

risks of (possibly fatal) thromboembolic com-
plications with interruption exceed the risk of 
postdental bleeding complications (usually 
simple to treat with local hemostatic measures) 
with continuation. In a 2007 joint science advi-
sory statement, the American Heart Association, 
American College of Cardiology, Society for 
Cardiovascular Angiography and Interventions, 
American College of Surgeons, and American 
Dental Association have stated that single or 
dual antiplatelet therapy should not be inter-
rupted for dental procedures, concluding 
“Given the relative ease with which the inci-
dence and severity of oral bleeding can be 
reduced with local measures during surgery 
(e.g., absorbable gelatin sponge and sutures) 
and the unlikely occurrence of bleeding once 
an initial clot has formed, there is little or no 
indication to interrupt antiplatelet drugs for 
dental procedures” [71]. In 2012, the American 
College of Chest Physicians also recommended 
continuing aspirin therapy instead of interrupt-
ing it for dental procedures [72]. In a system-
atic literature review and evidence-based 
practice recommendation, the American 
Academy of Neurology stated in 2013, “Stroke 
patients undergoing dental procedures should 
routinely continue aspirin.” [73] In a consensus 
statement in 2014, the Society for Neuroscience 
in Anesthesiology and Critical Care stated 
antiplatelet medication interruption is not 
required for single dental extractions as the 
bleeding risk is very low in such patients [74]. 
In 2015, the American Dental Association 
stated, “There is general agreement that in 
most cases, treatment regimens with older anti-
coagulants (e.g., warfarin) and antiplatelet 
agents (e.g., clopidogrel, ticlopidine, prasug-
rel, ticagrelor, and/or aspirin) should not be 
altered before dental procedures. The risks of 
stopping or reducing these medication regi-
mens (i.e., thromboembolism, stroke, MI) far 
outweigh the consequences of prolonged 
bleeding, which can be controlled with local 
measures” [75] (see Table 12.5).
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12.8	 �Physician Consultation 
and Informed Consent

If a patient presents for dental treatment while on 
antiplatelet therapy, then such therapy should 
generally not be interrupted. Physician consulta-
tion is usually not required in such patients. There 
are occasions that the dentist may require more 
information about a patient’s health condition to 
aid in a decision and therefore may wish to con-
sult with the patient’s physician, but ultimately it 
is the dentist and not the physician who is respon-
sible for the dental treatment recommendations.

Sometimes a patient on antiplatelet therapy 
will bring up the idea of an interruption of ther-
apy before a dental procedure, either on his own 
or because his physician recommended it. In a 
situation like this, the dentist has an obligation to 
explain that the issue has been extensively stud-
ied, and controlled studies in the medical and 
dental literature have shown that dental surgery 
is safe in patients taking antiplatelet medication, 
but there is an increased embolic risk when such 

therapy is interrupted. When bleeding complica-
tions in patients continuing antiplatelet therapy 
have been reported in the medical and dental lit-
erature, they have never been fatal, but there 
have been serious, even fatal embolic complica-
tions when antiplatelet therapy has been inter-
rupted for dental procedures. The dentist may 
wish to explain that the literature shows that any 
patient on antiplatelet drugs who suffered a 
bleeding complication after dental surgery pre-
sumably made a full recovery, while patients 
with embolic complications after antiplatelet 
interruption for dental procedures may have suf-
fered permanent disability or even death. Patients 
have the right to make informed decisions 
regarding their health, and if a patient decides to 
interrupt antiplatelet therapy for a dental proce-
dure after being informed of the risks, this deci-
sion should be documented, and the treatment 
can proceed.

A recommendation for antiplatelet therapy 
alteration should never be made by the dentist; 
only the physician should make antiplatelet ther-
apy alterations or antiplatelet therapy interrup-
tion for dental procedures, and then the dentist 
has an obligation to inform the patient about the 
abundance of scientific evidence that dental sur-
gery is safe in patients on antiplatelet therapy and 
there is an increased risk of embolic complica-
tions when such therapy is interrupted. The den-
tist may wish to share also that national medical 
and medical group statements confirm that dental 
treatment is safe while continuing antiplatelet 
therapy.

12.9	 �Summary

Bleeding complications in patients on continuous 
antiplatelet medications are rare and are usually 
simple to treat with local measures for hemostasis. 
In thousands of cases in the literature, there have 
been only two nonfatal cases of bleeding compli-
cations requiring more than local measures for 
hemostasis and those two patients presumably 
made full recoveries. On the other hand, in 
patients whose antiplatelet medication therapy is 
interrupted for dental procedures, there have 

Table 12.5  National medical and dental group state-
ments for dental treatment in patients on antiplatelet 
medications

Year Group Recommendation
2015 
[75]

American Dental 
Association

Continue 
antiplatelets for 
dental procedures

2014 
[74]

The Society for 
Neuroscience in 
Anesthesiology and 
Critical Care (supported by 
the American Society of 
Anesthesiologists)

Continue 
antiplatelets for 
single dental 
extractions

2013 
[73]

American Academy of 
Neurology

Continue aspirin 
for dental 
procedures

2012 
[72]

American College of Chest 
Physicians

Continue aspirin 
for dental 
procedures

2007 
[71]

American Heart 
Association, American 
College of Cardiology, 
Society for Cardiovascular 
Angiography and 
Interventions, American 
College of Surgeons, and 
American Dental 
Association

Continue 
antiplatelets for 
dental procedures
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been several reports of serious embolic complica-
tions, including at least one fatality. For these 
patients, the decision has been called “bleed or 
die.” Antiplatelet therapy should not be inter-
rupted for dental procedures.
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Abstract
Patients on oral anticoagulation (OAC) requir-
ing an invasive procedure or surgery may 
require interruptions to their anticoagulation 
regimen depending on patient- and procedure-
specific factors. The risks of both thromboem-
bolism and procedural-related bleeding need 
to be considered as well as provider and 
patient preferences. Though some dental pro-
cedures allow for continuation of OAC, other 
procedures may require that their anticoagula-
tion regimen be continued at a minimized 
intensity, held, or switched to a temporary 
“bridging” agent. A plan specific to each event 
requires coordination with the patient, the pro-
vider overseeing the patient’s anticoagulation 
regimen (e.g., primary care provider, cardiolo-
gist, or other specialist) and the provider per-
forming the surgery or invasive procedure. 
This chapter will focus on the periprocedural 
management of anticoagulants.

13.1	 �Introduction

For patients on anticoagulation requiring an inva-
sive dental procedure or surgery, providers must 
consider both the risks of thromboembolism (if 
anticoagulation is withheld or intensity mini-
mized) and the risk of periprocedural bleeding. 
This assessment is used to determine if interrup-
tion of anticoagulation is required and if so, 
guides the development of a periprocedural 
anticoagulation plan to mitigate associated 
risks. A plan should be developed in conjunction 
with the patient’s primary care provider and/or 
cardiologist. Most low-risk dental procedures, 
such as single tooth extractions, will not require 
interruption of anticoagulation since the proce-
dure itself has minimal risk of bleeding [1, 2]. 
For other procedures, the risk of bleeding associ-
ated with the specific procedure/surgery, patient-
specific risk factors for thrombosis and bleeding, 
and the bleeding risk associated with their cur-
rent anticoagulation regimen should be consid-
ered when evaluating the need to transition to a 
short-acting parenteral or “bridging” agent. The 
risks of bleeding and thromboembolism should 
be weighed to determine if anticoagulation 
should be continued, continued with minimized 
intensity, held, or switched to a temporary “bridg-
ing” agent. Patient and provider preferences 
should also be incorporated in the plan. For 
patients on short-term anticoagulation (e.g., for 
treatment of a provoked deep vein thrombosis) 
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with a high risk of thromboembolism, the practi-
tioner should consider postponing elective high 
bleeding risk dental procedures until the risk of 
thromboembolism is acceptable [3, 4].

13.2	 �Thromboembolism Risk 
Assessment

Major thromboembolic events, including fatali-
ties, have occurred due to holding anticoagula-
tion for prolonged periods of time around dental 
procedures, despite there being limited reports 
of severe bleeding associated with these proce-
dures that cannot be controlled by local hemo-
static measures [5, 6]. Prior to a planned 
procedure, a thorough assessment of the risk of 
thromboembolism should be completed using a 
standardized risk stratification tool; when avail-
able a tool validated in patients with the same 
underlying disease state should be utilized [1]. 
Validated tools include the CHADS2 score (most 
commonly used in previous clinical trials and 
current guidelines) and the newer CHA2DS2-
VASc (currently used in clinical practice)—both 
validated in patients with atrial fibrillation [7]. 
The American College of Chest Physicians 
guidelines provide a risk stratification tool to 
determine if patients are at high, moderate, or 
low risk for thromboembolism when anticoagu-
lation is interrupted during a perioperative 
period. Patients categorized as high risk have a 
greater than 10% annual risk of recurrent throm-
boembolism [1]. Should anticoagulation be 
interrupted, factors increasing the risk of an 
event include a recent thromboembolic event, 
presence of a mechanical mitral valve, recent 
stroke/transient ischemic attack (within the past 
3 months), and high CHADS2 or CHA2DS2-Vasc 
score (Table 13.1) [8]. Other patient-specific fac-
tors should be considered such as previous 
thromboembolic event during interruption of 
anticoagulation, more than one previous event, 
or multiple risk factors. Dental procedures/sur-
geries do not typically increase the risk of throm-
boembolism above the patient’s baseline risk, 
with the reported incidence of venous thrombo-

embolism in major oral and maxillofacial sur-
gery being less than 0.06% [9].

13.3	 �Bleeding Risk Assessment

The risk of periprocedural bleeding must be 
assessed from multiple viewpoints including (1) 
the risk associated with the specific intervention; 
(2) the baseline patient-specific risks including all 
concurrent medications, bleeding history, and 
organ function; (3) the risk of the intervention in 
the presence of anticoagulants; (4) the risks asso-
ciated with bridging; and (5) the availability of 
topical hemostatic agents to minimize bleeding 
and, if needed, emergency agents to address major 
life-threatening bleeding. Various tools exist to 
evaluate a patient’s risk for bleeding on anticoag-
ulation and should be used where appropriate 
[10]. It is important to determine the population 
used to validate the risk assessment tool to ensure 
it is applicable to the patient being evaluated.

The type of dental procedure is the most 
important risk factor for post-procedural bleed-
ing. Although there are limited high-quality data 
published to guide the practitioner, there are pub-
lished case reports, case series, and extrapolation 
of data from other fields that provide the baseline 
for expert opinion guidelines [3–5, 8]. The pro-
vider must consider the complexity of the proce-
dure including number of teeth involved, surface 
area, invasiveness, and expected amount of 
inflammation when determining the expected 
risk of bleeding [8]. Procedures that are likely to 
incur a higher risk of bleeding include multiple 
extractions or impacted extractions, incisional 

Table 13.1  Risk factors for thromboembolic events dur-
ing interruption of anticoagulation [8]

Mitral mechanical valve
High-risk prosthetic valve (caged ball, tilting disc)
Recent stroke or transient ischemic attack (within 
3 months)
CHADS2 score 5 or 6
Rheumatic valvular heart disease
Recent venous thromboembolism (within 3 months)
Severe thrombophilia
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biopsies from highly vascular or inflamed tissue, 
and periodontal grafting [5, 8, 10]. In contrast, 
dental procedures generally incurring a low risk 
of bleeding include simple single extractions and 
routine dental hygiene [10].

Patient-specific considerations include a thor-
ough review of the patient’s medication and med-
ical history (Table  13.2) and concomitant 
medications that may increase the patient’s risk 
of periprocedural bleeding including antiplatelet 
agents (e.g., aspirin, clopidogrel, ticagrelor, pra-
sugrel) and nonsteroidal anti-inflammatory 
agents (e.g., ibuprofen, naproxen) [8]. Past medi-
cal history should also be reviewed to determine 
if a patient has had previous dental surgery while 
on therapeutic anticoagulation, and if so, were 
there any bleeding complications. Additionally, 
the provider should evaluate if there is a history 
of procedures with a similar risk of bleeding, 
such as dermatological procedures, and if the 
patient experienced any bleeding events. Finally, 
the provider should review baseline labs such as 
coagulation panels with a complete blood count 
and platelet count to identify predisposing risks 
for bleeding [8]. For patients on a vitamin K 
antagonist, an INR should be obtained to ensure 
anticoagulation is not supratherapeutic at the 
time of the intervention. For patients on a direct 
oral anticoagulant (DOAC), serum creatinine and 
liver function tests should be obtained to evaluate 
for altered drug clearance.

For patients on vitamin K antagonists with a 
high risk of thromboembolism whose dental pro-

cedure cannot be delayed, the practitioner may 
decide to hold warfarin and use a short-acting 
parenteral anticoagulant (once the INR is 
expected to be less than 2) around the time of the 
procedure. Registry data demonstrates this is 
unnecessary for the vast majority of patients and 
oral anticoagulation with warfarin and may be 
continued as long as the INR is less than 3 at the 
time of the procedure [11]. In this case, the risk of 
bleeding associated with the bridging agent must 
also be considered. For those receiving a DOAC, 
bridging is not recommended given the pharam-
cokinetics of these agents. If interruption of the 
DOAC is indicated based on evaluation of throm-
bosis and periprocedural bleeding risk, the time 
frame for discontinuation should be based on the 
patient’s renal function and risk for bleeding 
associated with the procedure (see Table 13.3).

Regardless of the approach for managing anti-
coagulation around the time of the procedure, the 
provider should be aware of the availability of 
local and system hemostatic agents available 
should bleeding occur (both of which will be dis-
cussed in detail in subsequent chapters).

Table 13.2  Patient-specific risk factors for bleeding on 
anticoagulation

Patient characteristics Comorbidities
Advanced age (>55 years 
old)

Diabetes

Female gender Vascular disease
Previous history of 
bleeding

Renal dysfunction

Poorly controlled INRs Heparin dysfunction
Alcohol consumption Congestive heart failure
Concomitant drugs Anemia

Active cancer
Hypotension or 
hypertension

Table 13.3  Management of direct-acting oral anticoagu-
lants if periprocedural interruption of anticoagulation is 
required [12–17]

Calculated 
CrCl (ml/
min)

Timing of last dose before surgery
Low risk of 
bleeding High risk of bleeding

Dabigatran
>50 24 h (PI: 

discontinue 
1–2 days 
before)

2 days (PI: consider 
longer times if major 
surgery, spinal 
puncture, spinal or 
epidural catheter, 
patients in whom 
complete hemostasis 
may be required)

31–50 2 days (PI: 
discontinue 
3–5 days before 
if CrCl <50 ml/
min)

5 days (PI: discontinue 
3–5 days before if CrCl 
<50 ml/min)

<30 4 days 5–6 days
Rivaroxaban, apixaban, edoxaban
>50 1 day 2 days
31–50 1–2 days 3–4 days
<30 2 days 4 days

PI package insert, CrCl creatinine clearance
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13.4	 �Periprocedural Management 
of Anticoagulation

For patients that are deemed high risk for a throm-
boembolic event and necessitate bridging, use of 
prophylactic dose low molecular weight heparin 
(LMWH), therapeutic dose LMWH, or intrave-
nous unfractionated heparin (UFH) may be con-
sidered. Other options may include fondaparinux 
or therapeutic doses of subcutaneous UFH.  In 
those with a mechanical heart valve, continuous 
infusion UFH is the preferred agent, but LMWH 
may be utilized in special circumstances. These 
agents should be started when the INR is less than 
2.0, or at the time the next DOAC dose would be 
due [12–17]. See Fig. 13.1 for details.

Routine monitoring of coagulation assays is 
not used for determining therapeutic concentra-
tions in those receiving DOACS. Though abnor-
mal coagulation assays may be helpful in deciding 
if residual effect is circulating, normal assays can-

not rule out that the effect has resolved. In patients 
receiving factor Xa inhibitors (e.g., rivaroxaban, 
apixaban, edoxaban) undergoing high-risk dental 
procedures or those with maxillofacial trauma, 
one may consider using an anti-factor Xa level 
that is calibrated to LMWH/UFH to exclude any 
relevant drug concentrations [3]. For those receiv-
ing direct thrombin inhibitors (e.g., dabigatran), 
the activated partial thromboplastin time (aPTT) 
may be useful in determining residual anticoagu-
lant effect. Though not specific, patients who are 
anticoagulated will have an elevated aPTT above 
baseline. Although the ecarin clotting time (ECT) 
is the most sensitive assay to determine therapeu-
tic levels, it is unavailable for routine use in the 
United States [3].

If a bridging agent was initiated, it is impor-
tant to stop this agent prior to the procedure. The 
exact time to stop the agent is dependent on the 
bleeding risk of the procedure and patient’s renal 
function. See Tables 13.4 and 13.5 for practical 

Risk of bleeding with dental intervention while
on therapeutic anticoagulation

High

High

Withhold 2-4 days for
goal INR < 1.5-2**;
consider bridging with
UFH/LMWH

Withhold 2-4 days for
goal INR < 1.5-2 without
bridging

Continue-target INR < 4 Continue-target INR < 4

Continue-time daily
doses for lowest peak
activity

ContinueDiscontinue for 24-48
h

Time daily dose for
lowest peak activity or
hold for 24 h

*General recommendations do not account for patient specific risk factors including end organ function and drug-
drug interactions, which may affect drug clearance

**Specific INR goal based on actual intervention and provider preference

High

Low

Low
Low

Risk of
thromboembolism

Risk of
thromboembolism

Warfarin*

DOAC*

Fig. 13.1  Periprocedural management of patients on oral anticoagulants
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considerations for transitioning between various 
OACs and parenteral anticoagulants [10].

13.5	 �Re-initiation 
of Anticoagulation

If anticoagulation was held, it is recommended 
to discuss re-initiation of anticoagulation ther-
apy with the surgeon/proceduralist. Clinicians 
may prefer to restart anticoagulation once hemo-
stasis is achieved with a shorter-acting parenteral 
agent, such as continuous infusion UFH to moni-
tor for bleeding. Alternatively, once hemostasis 
is achieved, the proceduralist may resume the 
patient’s home OAC regimen (Table 13.6).

If the patient was previously on warfarin, a 
bridge to a therapeutic INR may be considered 
using a short-acting parenteral agent. This is 
dependent upon the risk of thromboembolism, 
where those at high risk may require a bridge 
[11]. A bridge is not indicated when restarting a 
DOAC due to their rapid onset of action which is 
typically between 1 and 4  h depending on the 
specific agent (refer to Chap. 12 for a more 
detailed review of the pharmacokinetics of spe-
cific oral anticoagulants).
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postoperatively
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procedure

Therapeutic 
LMWH

Last dose 24 h prior to surgery/
procedure

Table 13.6  Determine when to re-initiate anticoagula-
tion therapy postop [1]

Surgery/
procedure 
bleeding risk

Anticoagulation re-initiation 
recommendation

Low risk • �Approximately 24 h after (following 
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• �Warfarin may be initiated the evening 
of the procedure at the patient’s 
previously determined maintenance 
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50% higher than previous dose

High risk The following options may be 
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The withdrawal of anticoagulant and antiplatelet medications is associated with a 
substantial number of acute first-ever and recurrent ischemic strokes.

Broderick et al. Stroke 2011

Perioperative Management 
of Dental Patients on Anticoagulants

Michael J. Wahl

Abstract
When continuously anticoagulated patients 
present for dental surgery, a decision must be 
made to continue anticoagulation and risk 
bleeding complications or to interrupt antico-
agulation and risk embolic complication like 
stroke or heart attack. The incidence and mor-
bidity of postdental bleeding complications in 
anticoagulated patients have been overesti-
mated, and at the same time the increased 
embolic risks when anticoagulation has been 
interrupted have been underestimated. A 
search of the literature reveals that of more 
than 7376 anticoagulated patients undergoing 
14,879 surgical procedures including 13,703 
extractions, there were only about 486 bleed-
ing complications (6% of patient visits), of 
which only 33 (0.4% of patients and visits) 
required more than local measures for hemo-
stasis. On the other hand, there have been at 
least 3278 dental patients whose anticoagula-
tion was interrupted for at least 3380 appoint-
ments. A total of 29 of these patients (0.9% of 
patients or visits) have had embolic complica-
tions after interruption, including 7 fatalities 
(0.2% of patients or visits). As a result, thera-
peutic anticoagulation levels should not be 
interrupted for dental surgery.

Millions of patients’ lives have been prolonged 
by the discovery of continuous anticoagulant 
medications, which can prevent embolic compli-
cations such as stroke and heart attack. 
Continuous anticoagulant medications like the 
vitamin K antagonist warfarin are used to prevent 
embolic complications including stroke or heart 
attack in patients with atrial fibrillation, pulmo-
nary embolism, deep vein thrombosis, a history 
of stroke, and mechanical heart valves. Warfarin’s 
therapeutic effect is measured by the International 
Normalized Ratio (INR), and for most patients, 
the therapeutic range for anticoagulation is 
between INR 2.0 and 3.0, but for patients with 
mechanical mitral heart valves, the recommended 
range is between INR 2.5 and 3.5 [1]. Since war-
farin’s therapeutic effect can be enhanced or 
diminished by interactions with other medica-
tions or food, INR levels are typically checked 
periodically with blood testing, either at a medi-
cal facility or with home testing devices. There 
are now direct-acting oral anticoagulants 
(DOACs) that act differently than vitamin K 
inhibitors like warfarin (Coumadin), including 
direct thrombin inhibitors like dabigatran 
(Pradaxa) and direct factor Xa inhibitors like 
apixaban (Eliquis), rivaroxaban (Xarelto), and 
edoxaban (Savaysa). Although more expensive 
than warfarin, the DOACs do not require INR 
monitoring, have fewer drug interactions, a rapid 
onset, and a much shorter half-life (5–17 h) than 
warfarin’s 20–60 (mean 40) h. As a result, when 
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DOAC therapy is interrupted, normal coagulation 
is achieved much faster than when warfarin ther-
apy is interrupted. The standard interruption 
interval among those recommending interruption 
of anticoagulation for dental procedures is usu-
ally 2 or 3 days for warfarin and 1 day for DOACs.

Dentists see anticoagulated patients on a daily 
basis and when dental surgery is contemplated 
must weigh the risks of bleeding complications 
when anticoagulation is continued versus the risk 
of embolic complications when anticoagulation 
is interrupted for surgery. As early as 1956, Askey 
and Cherry reported on six anticoagulated 
patients undergoing 14 extractions without bleed-
ing complications and concluded that the embolic 
risk with anticoagulation interruption for dental 
extractions exceeded the bleeding risk with con-
tinuation [2]. Soon thereafter, however, Ziffer 
et al. reported in 1957 three cases of “profound” 
bleeding after dental extractions in two antico-
agulated patients and concluded that the risk of 
excessive bleeding exceeded the risk of thrombo-
embolism in anticoagulated patients and advised 
a brief interruption in therapy for these patients 
[3]. Local measures for hemostasis were insuffi-
cient, and these patients were given injections of 
vitamin K to reverse anticoagulation. (It should 
be noted that anticoagulation in these patients 
was well above current therapeutic levels.) Ever 
since these reports, dental surgery in anticoagu-
lated patients has been controversial and the sub-
ject of avid interest in the medical and dental 
literature.

This author and his group have conducted nar-
rative reviews of dental surgery in thousands of 
anticoagulated patients showing there is a small 
but significant risk of serious and sometimes fatal 
embolic complications with anticoagulation 
interruption for dental procedures, which out-
weighs the small risk of bleeding complications 
when anticoagulation is continued [4, 5]. These 
postdental bleeding complications have never 
been shown to be fatal and are almost always 
simple to treat with local measures for hemosta-
sis. Of only 33 cases (0.4%) of bleeding compli-
cations requiring more than hemostatic measures, 
most were in patients with significant comorbidi-
ties and/or significantly higher than therapeutic 

INR levels. Unlike patients suffering embolic 
complications, who can suffer permanent dis-
abilities or even death, every postdental bleeding 
complication patient presumably made a full 
recovery.

These reviews have been updated for this 
chapter with still more studies of dental surgery 
in anticoagulated patients (including single, mul-
tiple, full mouth, and surgical extractions, as well 
as other surgical procedures like alveoplasties, 
gingival surgery, and implant placement) show-
ing that of more than 7376 anticoagulated patients 
at 7685 visits of more than 14,879 surgical proce-
dures including 13,703 extractions, there were 
about 486 (6% of patient visits) bleeding compli-
cations, of which only 33 (0.4% of patients and 
visits) required more than local measures for 
hemostasis [2, 3, 6–11] (see Table 14.1). On the 
other hand, there have been at least 3278 dental 
patients whose anticoagulation was interrupted 
for at least 3380 appointments. Unfortunately, 29 
of these patients (0.9% of patients or visits) have 
had embolic complications after interruption, 
including 7 fatalities (0.2% of patients or visits) 
[3, 6, 10, 11, 13, 18, 25, 29, 30, 32, 33, 36, 42, 43, 
46, 47, 49, 51, 52, 57, 58, 62, 68, 79, 82, 88, 91, 
98, 99, 104, 108, 110–160] (see Table 14.2).

Paradoxically, even though anticoagulation 
theoretically increases the postoperative bleeding 
risk, the 6% bleeding complication rate (includ-
ing both minor bleeding complications requiring 
additional local hemostatic measures and bleed-
ing complications requiring more than local mea-
sures for hemostasis) was the same in both the 
anticoagulated group and the interruption group, 
and those bleeding complications requiring more 
than local measures for hemostasis were actually 
higher in the interruption group than in the anti-
coagulation group. Among these embolic com-
plications, 16 (4 fatal) occurred after interruptions 
of between 1 and 5 days. There is apparently little 
or no benefit with bleeding complications, but 
there is increased embolic risk when interrupting 
anticoagulation for dental procedures.

While these reviews address interruptions 
only for dental procedures, there have been many 
more reports of embolic complications after 
relatively brief periods of anticoagulation 
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interruption when considering all types of medi-
cal procedures. Wysokinski et  al. found a 1.1% 
embolic complication rate in 345 patients whose 
anticoagulation was interrupted for 4 or 5  days 
with or without bridging therapy [161]. In a study 
of 984 patients whose anticoagulation was inter-
rupted for 5 days or fewer, Garcia et al. reported 
4 embolic complications, an incidence of 0.4% 
[126]. In a 2011 study, Broderick et  al. [118] 
found that 114 (5.2%) of 2197 ischemic strokes 
occurred after antithrombotic medication (either 
warfarin or antiplatelet medication) interruption, 
including 61 strokes after warfarin interruption, 
either as a result of a physician recommendation 
or patient negligence. The authors concluded, 
“The withdrawal of anticoagulant and antiplate-
let medications is associated with a substantial 
number of acute first-ever and recurrent ischemic 
strokes.”

Based on a close look at the studies in antico-
agulation of dental patients, there is overwhelm-
ing evidence that therapeutic levels of 
anticoagulation should not be interrupted for 
dental procedures as the increased (but low) risk 
of serious and possibly fatal embolic complica-
tions or death with interruption exceeds the (low) 
risk of nonfatal and fully recoverable bleeding 
complications with anticoagulation. No wonder 
continuing anticoagulation without interruption 
for dental surgery has been called the “gold stan-
dard in the perioperative management of antico-
agulation” [75].

14.1	 �Direct-Acting Oral 
Anticoagulants (DOACs)

Although their safety and efficacy appear to be 
similar to that of vitamin K inhibitors like war-
farin [162, 163], there have been very few stud-
ies on dental surgery in patients on DOACs. 
Some advocate interrupting DOAC therapy 
before dental surgery. In a 2016 study by 
Miclotte et  al. [133] of 26 patients on dabiga-
tran, rivaroxaban, or apixaban, patients skipped 
their morning dose before a dental extraction 
and restarted the normal regimen at least 4  h 

after the procedure. These patients were com-
pared with 26 matched control healthy patients 
not on antithrombotic therapy. Although all 
bleeding was controlled with local hemostatic 
methods and there was no difference in early 
bleeding events, there was more delayed bleed-
ing in the study group (seven patients versus 
none in the control group). The authors con-
cluded, “Skipping the morning dose of new oral 
anticoagulants avoids excess bleeding during 
and early after the procedure. However, antico-
agulated patients had an increased risk of 
delayed bleedings. Further study is needed to 
determine the optimal postprocedural manage-
ment.” A problem with this study is there was 
not a third group of patients whose anticoagula-
tion was continued. It is conceivable that an 
anticoagulation continuation group would have 
had a similar frequency of delayed bleeding, 
controlled with local hemostatic measures. 
Some delayed bleeding controlled with local 
measures for hemostasis with anticoagulation 
seems a small price to pay versus a small chance 
of a serious embolic complication or death when 
skipping a dose.

In a pilot study of anticoagulated patients 
undergoing extractions, 31 patients taking direct 
oral anticoagulants were matched with 20 tak-
ing vitamin K anatagonists, and there was no 
significant difference in the incidence of postop-
erative bleeding events; all of which were 
treated with local measures for hemostasis [75]. 
In a study of anticoagulated implant surgical 
patients including 30 with vitamin K inhibitors, 
16 with DOACs, and a control group of 447 
patients, there were 2 bleeding complications in 
the vitamin K inhibitor group, 3  in the control 
group, but none in the DOAC group, though all 
bleeding complications were minor and simple 
to treat with local hemostatic methods [42]. In a 
study of 18 rivaroxaban patients undergoing 
implant surgery and 39 matched control patients, 
there was no significant difference in bleeding 
episodes after surgery [59]. The authors of these 
studies have each independently concluded that 
anticoagulation therapy should be continued for 
dental surgery. Most authorities agree that 
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DOACs should be continued for dental extrac-
tions or minor oral surgery, but that for “major” 
oral surgery (including >5 extractions, surgical 
extractions with ostectomy, multiple implant 
placement, or torus removal), recommend inter-
rupting anticoagulation 24  h before the proce-
dure and restarting at least 24  h after the 
procedure [164]. Although there has been one 
report of “severe bleeding” after 18 extractions 
in a patient on continuous dabigatran requiring 
postoperative interruption of dabigatran” [30], 
until there is more evidence of serious bleeding 
risks among these patients, it appears more pru-
dent to continue anticoagulation rather than 
subject these patients to an increased embolic 
risk with interruption.

14.2	 �To Bridge or Not to Bridge?

In the past, bridging anticoagulation with replace-
ment has been advocated as an alternative to anti-
coagulation continuation or anticoagulation 
interruption without replacement. Rather than go 
without any anticoagulation during the entire 
interruption period, a long-acting anticoagulant 
like warfarin (half-life ~40 h) is interrupted 4 or 5 
days before the procedure and then replaced with 
a short-acting anticoagulant like heparin (half-
life ~60  min), until just before the medical or 
dental procedure, at which time no anticoagulant 
would be given, and the patient would not be 
anticoagulated at all. Warfarin dosing resumes 
shortly after the procedure (and depending on the 
procedure, possibly heparin also), and after 2 
days, once the patient’s INR levels are therapeu-
tic, then the heparin dosing stops and warfarin 
continues as before the bridging. Although bridg-
ing is theoretically a reasonable alternative to 
anticoagulation interruption without any replace-
ment, in practice it has been shown to cause 
“excessive bleeding, longer length of hospital 
stay, and other significant morbidities, while pro-
viding no clear prevention of [embolic complica-
tions]” [165]. A systematic review and 
meta-analysis of 7118 heparin bridged patients 
and 5160 nonbridged anticoagulated patients 

concluded, “Vitamin K antagonist-treated 
patients receiving periprocedural heparin bridg-
ing appear to be at increased risk of overall and 
major bleeding and at similar risk of thromboem-
bolic events compared to nonbridged patients” 
[166]. Erden et  al. showed that there was less 
total blood loss in dental extraction patients 
whose anticoagulation was continued versus 
those whose therapy was interrupted with low 
molecular weight heparin bridging [51]. Bridging 
anticoagulation is both unnecessary and unwise 
in dental patients as dental surgery in anticoagu-
lated patients without interruption has been 
shown to be safe.

14.3	 �Physician Consultation

Physician consultation is sometimes advocated 
as a method to protect patients from harm and 
dentists from potential lawsuits. In the early 
twentieth century, dentists often blindly followed 
physicians’ recommendations to extract mouth-
fuls of salvageable and/or healthy teeth to treat or 
prevent all kinds of maladies such as arthritis, 
psychiatric illness, kidney disease, and colitis, 
based on the focal infection theory [167]. Since 
such treatment would usually have no beneficial 
effect, after such extractions, an arthritic patient, 
for example, would now end up with two mala-
dies—both arthritis and edentulousness. In 1920, 
C. Edmund Kells, a pioneer in the use of dental 
X-rays and the inventor of surgical suction, spoke 
about blindly following such physician recom-
mendations as “The Crime of the Age” and wrote, 
“The time will come, however,—the time must 
come—when no exodontist of standing will 
extract a tooth upon the orders of a physician. A 
dentist, and no one but a dentist, should sign the 
death certificate of a tooth. The Lord only knows 
why physicians should want to sign such certifi-
cates. Don’t they sign enough such certificates in 
their own legitimate line?” [168]. Nearly 
100 years later, the editor of the Journal of the 
American Dental Association stated that although 
physician consultation can be a helpful tool, it 
should not be a “crutch” [169]. If anticoagulation 
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is interrupted for a dental extraction as a result of 
physician consultation, and the patient suffers a 
stroke even though dental extractions carry very 
minimal bleeding risks and national medical and 
dental groups recommend against interruption in 
such cases, then physician consultation protects 
neither the patient from harm nor the dentist (and 
presumably the physician) from a lawsuit. The 
Division of Legal Affairs of the American Dental 
Association has stated, “[T]he dentist who 
blindly follows the physician’s recommendation, 
even though it conflicts with the dentist’s profes-
sional judgment, will not be able to defend him-
self or herself by claiming ‘the devil made me do 
it’ if the patient sues. The courts recognize that 
each independent professional is ultimately 
responsible for his or her own treatment deci-
sions” [170]. Cases where a dentist who does not 
know how to proceed therefore follows the advice 
of a physician (who also does not know how to 
proceed but advises nonetheless) have been 
called “the blind leading the blind” [171].

There may be some physicians who recom-
mend clinically acceptable amalgam restoration 
removal and replacement with nonamalgam 
materials as a cure for multiple sclerosis, but 
there is no credible evidence amalgam restora-
tions cause or amalgam removal cures multiple 
sclerosis, and a dentist who follows such advice 
to his patient’s detriment could be liable for any 
harm caused by such negligent treatment. 
Physician consultation for dental surgery in anti-
coagulated patients is similar.

Physicians have been shown to overestimate 
bleeding risks associated with dental surgery in 
anticoagulated patients and underestimate 
embolic risks. For example, many physicians 
recommend anticoagulation interruption for pro-
cedures like dental cleanings, which should 
never cause postoperative bleeding significant 
enough to interrupt anticoagulation [172]. In a 
1996 survey, more physicians recommended 
interruption for root canal therapy than for pro-
fessional cleanings, even though root canal ther-
apy would rarely cause any bleeding at all (and 
certainly less than cleanings), neither of which 
would warrant anticoagulation interruption 
[173]. In a 2011 survey of 1648 anticoagulated 

patients, about half of the respondents had been 
asked to interrupt warfarin anticoagulation for 
dental or medical procedures. Of those asked to 
interrupt warfarin anticoagulation, about half 
were for procedures specifically contraindicated 
for interruption by national medical or dental 
guidelines, including many who were asked to 
interrupt warfarin for dental cleanings [172].

Just like most medications dental patients 
may be taking, anticoagulants may be safely 
continued for dental treatment. As a result, as 
long as recent INR levels are known for warfa-
rin-based medications and there are no other 
contraindications in the patient’s medical his-
tory, the dentist may proceed with treatment. But 
many dentists request a physician consultation 
before an extraction for an anticoagulated 
patient, and the physician often recommends 
anticoagulation interruption. If such a patient 
suffers a stroke after anticoagulation interrup-
tion, a lawsuit may be filed against the dentist 
(and most likely, the physician also). The dentist 
may try to use the defense that he or she simply 
followed the advice of the physician to interrupt 
anticoagulation for a patient undergoing a dental 
procedure, but there was no need to expose the 
patient to an increased embolic risk (with inter-
ruption) without any evidence of a significant 
bleeding risk (with anticoagulation) and in spite 
of national dental and medical group recommen-
dations to the contrary.

In a case like this, it is likely that both the den-
tist and the physician may be liable. Once a phy-
sician consultation is requested (and regardless 
of the physician’s opinion), the dentist has the 
obligation to inform the patient that the relevant 
medical and dental literature show that the proce-
dure can be performed safely without interrupt-
ing anticoagulation and with minimal bleeding 
risk and that in the unlikely event of postopera-
tive bleeding, the complication can be treated 
simply without long-term effects. The patient 
should also be informed that if anticoagulation is 
interrupted, there is a small but significant 
embolic risk; the consequence of which is possi-
bly catastrophic and even fatal.

There have been at least four cases of serious 
embolic complications; two of which were fatal, 

M. J. Wahl



177

after physician consultation and anticoagulation 
interruption for dental extractions [115]. In each 
of these cases, a lawsuit was filed against the den-
tist. Alexander stated, “Consulting with the 
patient’s physician certainly did not help in 
[these] cases….These cases did not go to the 
literature, only to litigation. Medical consultation 
is a process by which the requesting doctor gath-
ers information about a patient’s condition. After 
gathering this information, the treating doctor, as 
captain of the ship, must decide on the appropri-
ate course of therapy based on information pro-
vided by the consultant.”

There are valid reasons for physician consul-
tation. The dentist may need to consult the physi-
cian for recent INR levels if the patient does not 
know them. If INR levels are known and not 
within the therapeutic range—too high or too 
low—then the dentist may wish to consult for 
that. Dental treatment is safe when INR levels are 
slightly above therapeutic levels up to INR 4.0, 
within therapeutic levels (INR 2.0–3.0 for most 
conditions and INR 2.5–3.5 for mechanical 
mitral valves), or below therapeutic levels but can 
be deferred if INR levels are well above thera-
peutic levels. Ultimately, however, dental treat-
ment decisions should not be deferred to 
nondentists, even if the nondentists are physi-
cians. It is the dentist and not the physician who 
is ultimately responsible for such decisions. 
There is no substitute for good clinical judgment, 
experience, and education.

14.4	 �Informed Consent

Patients have a right to make an informed deci-
sion if anticoagulation interruption for dental 
surgery is considered, including the potential 
risks and benefits. Although patients can be anx-
ious about potential bleeding problems when 
continuing anticoagulation, it should be 
explained that such problems are uncommon, 
but when they occur, they are usually simple to 
treat. No bleeding complications in anticoagu-
lated patients have ever been documented in the 
medical and dental literature to be fatal, but 
patients should also be informed of the increased 

risk of embolic complications if anticoagulation 
is interrupted. Although such embolic complica-
tions are also uncommon, they often create dev-
astating long-term consequences or can even 
lead to death. A physician once commented that 
upon contemplation, after considering the risks 
and benefits of anticoagulation interruption, 
many patients say they may actually prefer 
death to the long-term consequences of surviv-
ing a stroke. When properly informed, most 
patients would choose to continue anticoagula-
tion for dental surgery. If anticoagulation is to 
be interrupted, it is only the physician (and 
never the dentist) who should direct the patient 
to do so. The physician prescribes the medica-
tion; the dentist does the dentistry. Whether 
anticoagulation is interrupted or not, the dentist 
can safely proceed with the dental surgery, pro-
vided the levels are not above INR 4.0 for war-
farin anticoagulation. If the physician or patient 
volunteers that anticoagulation should be inter-
rupted for a dental procedure, then the dentist is 
obligated to explain why it should be continued, 
including the risks and benefits of interruption 
versus continuation. The dentist may wish to 
share national medical and dental group recom-
mendations with the patient and the physician as 
well. If anticoagulation is interrupted before 
dental surgery, it should be restarted as soon as 
possible after the procedure.

14.5	 �National Medical and Dental 
Group Recommendations

There are at least seven national medical or 
dental group statements on dental surgery in 
anticoagulated patients [174–180]. They all rec-
ommend continuing anticoagulation without 
interruption for most or all anticoagulated 
patients. The American College of Chest 
Physicians issued statements in 2001 [181], 
2004 [182], and 2008 [183] recommending con-
tinuing anticoagulation for dental procedures 
but in 2012 added a 2- to 3-day interruption 
option with a prohemostatic agent (although this 
option has been criticized for various reasons) 
[5, 184, 185] (see Table 14.3).
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14.6	 �Specialist Versus Generalist

The majority of dentists in a 2016 survey in 
Germany did not perform extractions on patients 
anticoagulated with warfarin [186], perhaps 
partly because some authors have recommended 
that dental extractions in anticoagulated patients 
be performed by specialists (e.g., oral surgeons) 
in hospitals. Many controlled comparative stud-
ies have shown that bleeding complications and/
or blood loss are not significantly different in 
anticoagulated patients versus non-anticoagu-
lated (those whose anticoagulation was inter-
rupted or reduced) patients [11, 15, 16, 28, 29, 
33, 36, 47, 52, 57, 59, 68, 77]. Bleeding compli-

cations can occur in both anticoagulated patients 
and healthy patients. When they occur, they are 
usually simple to treat with additional local mea-
sures for hemostasis. These measures include 
gauze compression, biting on tea bags, oxidized 
cellulose (Surgicel), absorbable gelatin, sutures, 
and antifibrinolytic rinses like tranexamic acid. 
The normal protocol for postextraction bleeding 
complications for any other patient will suffice 
for anticoagulated patients. As a result, no special 
training or special facilities are necessary for 
these procedures in anticoagulated patients. Both 
general dentists and dental specialists familiar 
with postextraction hemostatic methods can 
safely perform dental surgery in such patients.

14.7	 �Interruption Arguments

Although the evidence is overwhelming that den-
tal surgery is safe in anticoagulated patients, 
there are still a few authorities who recommend a 
brief (2- or 3-day) interruption in some cases. A 
2010 “decision-tree analysis” purported to show 
that anticoagulation interruption is slightly 
favored over continuation for dental surgery 
[187], but the analysis was widely discredited for 
various reasons [184, 188–190]. The author of 
the decision-tree analysis used a grossly overesti-
mated fatal bleeding incidence of 1% although 
the literature has failed to document a single case 
of fatal bleeding in anticoagulated patients (a 0% 
incidence). Dental surgery is different than other 
types of surgery in that major blood vessels are 
unlikely to be encountered, and perioperative and 
postoperative bleeding complications are usually 
simple to treat with local measures instead of 
additional surgeries.

It was also asserted in the decision-tree analy-
sis that “there has been no reported case of a 
dental extraction causing a cardiovascular acci-
dent (CVA) in a patient whose warfarin was tem-
porarily discontinued” [187], but there had in 
fact been many documented cases of postdental 
embolic complications, including several deaths, 
after anticoagulation interruption, at least five 
documented in the 1998 review and now, at least 
29. The embolic complication rate used in the 

Table 14.3  National medical and dental group statements

Year Group Recommendation
2016 [174] American Academy 

of Oral Medicine
Continue warfarin 
anticoagulation 
with INR testing 
within a few days 
of the procedure

2015 [175] American Dental 
Association

Continue warfarin 
or DOAC for most 
patients

2014 [176] The Society for 
Neuroscience in 
Anesthesiology and 
Critical Care 
(supported by the 
American Society of 
Anesthesiologists)

Continue 
anticoagulation for 
single dental 
extractions

2013 [177] American Academy 
of Neurology

Continue warfarin 
anticoagulation

2012 [178] American College of 
Chest Physicians

Continue warfarin 
anticoagulation 
with oral 
prohemostatic 
agent or interrupt 
anticoagulation for 
2–3 days before 
dental surgery

2007 [179] The Haemostasis 
and Thrombosis 
Task Force of the 
British Committee 
for Standards in 
Haematology

Continue warfarin 
anticoagulation, 
checking INR 
levels within 72 h 
of dental surgery

2003 [180] American Heart 
Association and 
American College of 
Cardiology

Continue warfarin 
with 
antifibrinolytic 
mouthwash
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decision-tree analysis was 0.059%, much lower 
than rates of 1.1% [161] and 0.4% [126] shown 
in relatively large prospective studies with brief 
(≤5-day) interruption periods. An embolic rate 
of 0.9% after anticoagulation interruption for 
dental procedures is more than 15 times the 
0.059% used in the decision analysis. Even if the 
0.059% is accepted as accurate, it is still not 
worth the increased risk of a debilitating or even 
fatal stroke without any attendant benefit when 
interrupting anticoagulation. Bleeding compli-
cations are uncommon and have never been 
shown to be fatal in anticoagulated patients. To 
understand risk, a comparison has been made 
with airplane flights. Of 87,000 daily airplane 
flights in the United States, there would be 51 
crashes every day if the crash rate were 0.059% 
[184]. Few people would choose to fly with such 
a high incidence of crashes. So it is with antico-
agulation interruption—if patients and practitio-
ners fully understand the increased embolic risk 
with interruption and the safety of dental proce-
dures with anticoagulation, then very few would 
choose interruption.

Some advocating interruption also point out 
that bleeding complications can cause “anxiety 
and distress” [178] and can be “troublesome” 
[191], but surely, these bleeding complications, 
usually simple to treat with simple local mea-
sures and never fatal, are not nearly as trouble-
some as embolic complications, which often 
cause permanent disability or even death. Finally, 
another reason given for interrupting anticoagu-
lation has been the unavailability of “prohemo-
static agents” [192], apparently defined as any 
local hemostatic measures other than gauze, 
used for compression. Specific examples of pro-
hemostatic agents have been antifibrinolytic 
rinses (like tranexamic acid) and sutures. While 
it is true that antifibrinolytic rinses may not be 
widely available to dental practitioners in the 
United States, sutures are readily available to 
any dentist performing extractions, on anticoag-
ulated patients and any other patients. In addi-
tion, oxidized cellulose, absorbable gelatin, and 
other forms of local hemostatic aids are readily 
available to practitioners. Fortunately, although 
additional hemostatic aids should be available 

when performing dental surgery, compressed 
gauze is usually all that is needed for hemostasis 
[7, 20, 97].

�Conclusion
When anticoagulated patients require dental 
surgery, a decision must be made whether to 
continue anticoagulation and risk bleeding 
complications or interrupt anticoagulation and 
risk embolic complications. Fortunately, den-
tal surgery is unlike surgery in other parts of 
the body. Major vessels are unlikely to be 
encountered, and bleeding complications can 
usually be directly addressed either periopera-
tively or postoperatively without additional 
surgery. In studies and reports on thousands 
and thousands of anticoagulated patients, 
there has never been a fatal bleeding compli-
cation, and only 0.4% suffered bleeding com-
plications requiring more than local measures 
for hemostasis. On the other hand, among 
thousands of patients whose anticoagulation 
was interrupted for dental procedures, 0.9% 
suffered embolic complications, including 
many who died. The decision should be very 
simple: anticoagulation should not be inter-
rupted for dental surgery.
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Abstract
In surgical or traumatic wounds, the cessation 
of bleeding ranges from spontaneous hemosta-
sis, where no intervention is required, to com-
plex multidisciplinary management requiring 
multiple systemic and local therapies. Effective 
management begins with understanding bleed-
ing has diverse causes. Generally, the causes of 
bleeding can be local, systemic, or a combina-
tion. Local factors include injured vessel(s) 
size and type (large versus small; arterial ver-
sus venous versus capillary) and fragility of 
capillaries and perivascular tissues due to age, 
disease, or medications. Systemic factors 
include drug-induced coagulopathies and 
underlying hematologic defects. Obtaining 
hemostasis is interdependent on the cause(s) of 
bleeding and event-specific factors such as size 
of wound, type of procedure/surgery per-
formed, degree of inflammation at the wound 
site, and response to pharmacologic 
interventions.

In oral hemostasis, the dental practitioners’ goal 
for patient management should be to minimize 
and control local bleeding and minimize the risk 
of systemic thrombosis. Accomplishing this goal 
begins with understanding pathologic bleeding 
can occur due to many diverse factors. Local fac-
tors include injured vessel size and type, fragility 
of capillaries and perivascular tissues. Systemic 
causes include bleeding disorders and drug-
induced coagulopathies [1–5]. This understand-
ing should help in obtaining a thorough and 
effective patient history. Key elements of a hema-
tologic history include ascertaining previously 
diagnosed bleeding diatheses, bleeding tenden-
cies, or diseases of organ systems intimately 
involved in hemostasis—bone marrow suppres-
sion and liver disease. Ascertaining a complete 
list of medications and supplements taken is also 
a critical portion of the history. When necessary, 
clarification of patient’s history and quantifica-
tion of disease should be discussed with the 
patient’s primary care physician and/or 
hematologist.

With information obtained from the history, 
the dental practitioner should then consider the 
following patient-specific issues: etiology of 
bleeding, impact of antithrombotic medication(s) 
on local bleeding versus systemic thrombosis 
risk, impact of hematologic disease on bleeding 
risk, and therapeutic modalities available to help 
control bleeding.
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In evaluating and managing patients, one 
method the author finds helpful is to stratify 
patients in terms of bleeding risk as follows: no 
pathology of hemostasis, pharmacologic altera-
tion of hemostasis, and pathology of hemostasis 
(i.e., von Willebrand disease, hemophilia A). 
Patients with absence of a bleeding disorder and 
no unusual bleeding tendencies are at the lowest 
risk for bleeding and will likely require minimal 
local techniques to control procedural or postop-
erative bleeding.

Bleeding Risk
Stratification

No alteration of
hemostasis

Antithrombotic 
therapy

Hematologic
pathology

 

Patients on antithrombotic medications have 
been reviewed extensively in this book. If within 
therapeutic ranges, most patients on anticoagu-
lant or antiplatelet medications do carry a slight 
increase in surgical site bleeding. However, 
bleeding is well controlled with local treatments, 
and alteration of medications is usually not indi-
cated. (The reader is directed to Chaps. 12 and 
14 in this book and the extensive bibliography 
provided.)

Generally, patients with diseases of hemosta-
sis have the highest risk for bleeding. As dis-
cussed in several of the chapters of this book, 
management depends on disease severity and 
often includes pre-procedural systemic optimiza-
tion by a hematologist, intraoperative local ther-
apy, and postoperative local and systemic 
interventions. In this patient population, local 
procedures alone will often be insufficient to 
control procedural and postoperative bleeding. 
Management of these patients should be coordi-
nated with patient’s hematologist. The hematolo-
gist directs and prescribes the systemic 
management as directed by the patient’s disease. 
The dentist directs and employs local therapies 
which, combined with systemic management, 
provide the optimum conditions to overcome the 
defects in hemostasis.

Procoagulant therapeutic modalities are medi-
cal and surgical interventions which help the 
patient’s physiologic clotting—especially when 
clotting is insufficient. The interventions are 
divided into local (surgical) and systemic (medi-
cal). Local modalities include procedures and 
products that are applied locally to help stop 
bleeding. Systemic interventions include sys-
temic administration of pharmacologic agents, 
pharmacologic reversal agents, and transfusions. 
Employment of the appropriate therapies is based 
on the suspected etiology and severity of bleed-
ing. Systemic therapies are associated with vari-
ous disease processes and have been reviewed 
throughout this book.

The remainder of this chapter reviews the 
local therapies or “local measures” to help with 
obtaining hemostasis in dental patients. When 
needed, a number of these local “tools” are avail-
able to the dental practitioner to employ at the 
site of bleeding or potential bleeding. Each of 
these therapies varies in efficacy, complexity, 
availability, price, adverse reactions, and degree 
of patient compliance needed. All of these factors 
should be considered prior to implementing into 
practice.

Local measures can be divided into:

	1.	 Surgical techniques
	2.	 Local pressure
	3.	 Hemostatic wound dressings
	4.	 Local pharmacologic agents
	5.	 Tissue adhesives
	6.	 Energy-based treatments

15.1	 �Surgical Techniques

Properly employed surgical techniques along 
with appropriate and immediate wound care are 
essential in minimizing posttreatment hemor-
rhage. Each dental/oral surgical procedure, rang-
ing from dental prophylaxis and dental 
extractions to soft and hard tissue reconstruction 
of the dentition and maxillofacial skeleton, is 
associated with unique challenges to hemostasis. 
In the performance of procedures, there are sev-
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eral key elements to consider to minimize intra-
operative hemorrhage and to manage 
postoperative bleeding. Central to all surgical 
procedures is the proper handling of the tis-
sues—soft and hard tissues. Proper soft tissue 
management decreases excessive soft tissue 
injury and increases the efficacy of post-proce-
dural wound maintenance. Effective soft tissue 
management includes avoidance of tearing, 
excessive stretching, and crushing. These can 
extend microtrauma to vessels and tissues 
beyond the immediate incision sites creating 
increased tissue inflammation. Well-planned soft 
tissue surgical design, sharp incisions, careful 
control of tissue elevation in the proper tissue 
plane, and gentle retraction create less soft tissue 
trauma. The appropriate use and placement of 
releasing incisions further helps in preventing 
tearing and maceration of tissue. Of course, 
avoidance of direct injury to the larger vascular 
structures of the oral cavity is important. These 
structures include the mental, inferior alveolar, 
greater palatine, and lingual vessels.

Hard tissue management to decrease local 
bleeding includes thorough debridement of 
chronic inflammatory (granulation) tissue from 
bone and roots of teeth, reduction of sharp and 
loose areas of bone, and identification of bleed-
ing vessels in bone. Granulation tissue tends to 
bleed with manipulation. Clinical experience 
shows thorough debridement of granulation tis-
sue from the alveolar bone and roots of teeth 
decreases intraoperative bleeding and leads to 
better local hemostasis. Reduction of sharp 
edges of bone and removal of grossly mobile 
spicules of bone from the surgical field allow for 
less tissue trauma and inflammation and allow 
for application of surface pressure (gauze) with 
increased comfort.

Suturing is an important surgical skill to uti-
lize for both wound management and hemosta-
sis. Indications for suturing oral wounds include 
immobilization of soft tissue after mobilization 
(flap elevation), repositioning of soft tissue to 
new location (flap advancement), securing soft 
tissue grafts, minimizing dead space in multi-
layer wounds, and aid in hemostasis. Of course, 

not all oral wounds require suturing. Use of 
suture and implementation of suturing tech-
niques vary based on procedure performed. 
When needed to assist in hemostasis, sutures are 
employed in several ways. First, sutures can be 
used to directly ligate a soft tissue vessel not 
controlled by other techniques. Suture ligation is 
often needed to control bleeding from an injured 
artery. If the vessel is accessible, the vessel is 
clamped with a hemostat, and a suture is used to 
tie around the vessel. If the point of bleeding is 
identified but the vessel cannot be isolated, a fig-
ure “8” suture can be placed around the bleeding 
point. Vessel ligation is often performed with 3-0 
silk suture. More commonly in dentoalveolar 
surgery, sutures placed in the gingiva are useful 
for applying adequate pressure on the soft tis-
sues surrounding extraction sockets and the 
alveolar ridge.

15.2	 �Local Pressure

Application of pressure to a bleeding site is ele-
mentary to first aid. In dentistry, application of 
pressure to a surgical area comes in several forms. 
Pressure can be divided into digital (direct) pres-
sure, superficial (external) wound packing, and 
application of oral stents.

Digital (direct) pressure will be most often 
applied to bleeding site that may be encountered 
with injury to one of the larger blood vessels 
(arteries/veins) of the oral cavity. Disruption of an 
artery produces a brisk and voluminous bleeding. 
This bleeding can be complicated in the oral cavity 
if the bleeding is in the depth of a bony crypt as in 
the extraction socket of a mandibular third molar 
or the access bony cavity in endodontic apical sur-
gery. Immediate pressure is needed and best sup-
plied with digital pressure, with or without 
intervening gauze, to quell the amount of bleeding. 
Application of topical medicaments at this stage is 
often insufficient to slow bleeding. The use of cau-
tery is also unlikely to stop the bleeding and 
greatly increases the chance of neural injury. Once 
the bleeding is reduced from direct pressure, 
placement of wound dressings and medicaments 
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can be used as discussed below. In the case of per-
sistent bleeding after release of pressure, gauze 
pack can be compressed into the socket, and the 
gauze help in place with figure “8” or mattress 
sutures for 24–48  h. Close follow-up with the 
patient is recommended.

Packing of surgical wounds to aid in hemosta-
sis is well known. A ubiquitous method used in 
dentistry to apply superficial pressure is the 
placement of gauze pads over oral wounds and 
utilizing firm continuous biting pressure to help 
in local hemostasis. This method is safe, effica-
cious, and cost-effective. Additionally, tea bags 
are also empirically used if gauze packing is inef-
fective. Although the literature is scant with stud-
ies on the efficacy of tea bag use, the physical 
properties allow for contouring to the wound and 
biting pressure similar to gauze packing. Tea 
bags are also safe and relatively cost-effective. 
Additionally, tea leaves have been proposed to 
contain substances to aid in hemostasis. Tannins, 
present in tea and many other plants, have astrin-
gent properties. Tannins in tea extracts have 
implicated in antifibrinolysis through inhibition 
of plasmin [6–8]. Whether tea leaves contained in 
commercial tea bags exert significant procoagu-
lant properties topically is not clear, the use of tea 
bags as a superficial pressure dressing is safe and 
has empiric efficacy.

There are several deficiencies to the use of 
superficial pressure packs. The primary draw-
back is the need for patient compliance. Young 
children and patients with certain neurologic 
pathologies may be unable to keep the gauze in 
the proper position and apply continuous pres-
sure. In addition, the use of a pressure dressing is 
also often ineffective in patients with “liver” 
clots. “Liver” clots have also been referred to in 
the dental literature as “currant jelly” clots due to 
their physical appearance. The pathophysiology 
of liver clots is not clear. However, clinically 
patients often described postsurgical bleeding 
which persists and often increases despite the 
diligent application of surface gauze pressure. 
Upon presentation, an exuberant mass of clot is 
present extruding from the surgical wound. A 
persistent ooze of blood is noted from around the 

mass. The mass is often soft and compressible. 
Manipulation can cause increase in  local bleed-
ing [9, 10] (Fig. 15.1).

The following diagrams illustrate why surface 
pressure with gauze may be insufficient to obtain 
hemostasis (Figs. 15.2, 15.3, and 15.4).

Fig. 15.1  “Liver” clot from molar extraction site

Fig. 15.2  “Normal” clot adherent to the sockets walls

Fig. 15.3  “Liver” clot dislodged from socket walls. 
Bleeding occurs around the clot
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Management of this condition includes reas-
sessment of patient’s bleeding risk by review of 
the patient’s medical, medication, and bleeding 
history. If multiple surgical sites are present, 
bleeding at only one of the sites will confirm 
bleeding is a local issue. If multiple sites are 
bleeding, suspicion of an underlying coagulopa-
thy should be entertained. Hemostasis is obtained 
by complete debridement of all exuberant clot 
from the surgical wound, irrigation of the area, 
and reapplication of direct gauze pressure. Use of 
wound dressings and suturing is up to the discre-
tion of the practitioner.

Superficial pressure dressings may also be 
ineffective when used alone in the management 
of patient with systemic bleeding disorders. 
Pressure dressings are almost always indicated 
but may need to be used in conjunction with other 
local and systemic therapies.

Direct wound pressure can also be obtained 
through the use of custom intraoral splints. This 
is especially effective if the splint is made in 
preparation for intraoral surgical procedures. A 
surgical splint can be designed to be more com-
fortable than pressure packing and decrease the 
need for patient compliance in the proper place-
ment of gauze pads. Splints can also act as carri-
ers for prohemostatic material and medicaments 
if needed [11–13]. Fabrication of splints is safe, 

cost-effective, efficacious, and easily performed 
by dental professionals.

15.3	 �Hemostatic Wound 
Dressings

Hemostatic wound dressings consist of materials 
placed within the confines of a traumatic or surgi-
cally created wound to assist the patient’s physiol-
ogy in the cessation of bleeding. The first two 
commercially available hemostatic wound dress-
ings, which became commercially available in the 
1940s, were oxidized cellulose, Oxycel (Becton 
Dickinson), and gelatin, Gelfoam (Pfizer) [14]. 
Since then, many more wound dressings have 
become available for use in the oral cavity.

The hemostatic wound dressings are divided 
into:

	1.	 Oxidized cellulose
	2.	 Gelatin
	3.	 Collagen products
	4.	 Chitosan products

15.3.1	 �Oxidized Cellulose

Oxidized cellulose is composed of polyanhydro-
glucuronic acid. The material has a low pH.  Its 
prohemostatic properties are related to providing 
a scaffold for clot formation, denaturation of 
blood proteins, and contact activation of the clot-
ting cascade. Oxidized cellulose has been shown 
to be bacteriostatic likely related to its acidic 
properties. The acidity may also be irritating and 
possibly damaging if in close proximity to vital 
structures like the inferior alveolar nerve [15]. 
Although it is reported to completely resorb in 
4–8 weeks, there have been several case reports 
of residue of oxidized cellulose (used outside of 
the oral cavity) present on reoperation. 
Biodegradability may be influenced by quantity 
used and site of implantation [14, 16–19]. The 
material is easy to work with and easily cut to 
size and placed into wounds.

Fig. 15.4  Gauze pressure compresses exuberant clot 
without applying pressure to bleeding socket
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15.3.2	 �Gelatin

Commercially available gelatin products are 
derived from porcine or bovine sources and are 
available in granular or sponge forms. Gelatin 
dressings can provide a mechanical matrix for 
which a clot can form. These products will con-
form to irregular wounds and expand up to 200% 
of its initial volume providing a tamponade 
effect. They also likely initiate contact activation 
of the clotting. Gelatin products produce minimal 
to no tissue reaction and completely resorbs 
4–6 weeks [14, 17, 19].

15.3.3	 �Collagen Products

Absorbable collagen products are derived from 
bovine source and are available in several forms: 
sheets, sponges, plugs (for extraction sockets), 
and powder-like. Collagen dressings help pro-
mote hemostasis via two mechanisms: contact 
activation of clotting and promotion of platelet 
aggregation [16, 17, 20].

15.3.4	 �Chitosan Products

Chitosan is a derivative of chitin (N-acetyl-d-
glucosamine) which is ubiquitous natural bio-
polymer. Despite chitin forming the bulk of the 
exoskeleton of shellfish, there have been no reac-
tions reported of using chitosan in shellfish-sen-
sitive patients. Chitosan is positively charged and 
attracts negatively charged red blood cells form-
ing a viscous clot and seals the wound promoting 
hemostasis. This mechanism functions indepen-
dent of the coagulation factors. Chitosan is com-
pletely biodegradable and usually resorbs in 
approximately 48 h.

Chitosan has also shown to enhance the 
release of PDGF and TGF-β aiding in wound 
healing [16, 21–24].

15.4	 �Local Pharmacologic Agents

Locally applied pharmacologic agents are divided 
into:

	1.	 Bone wax
	2.	 Caustic agents
	3.	 Antifibrinolytic agents
	4.	 Epinephrine
	5.	 Thrombin

15.4.1	 �Bone Wax

Bone wax is composed primarily of beeswax 
with isopropyl palmitate (wax-like substance) 
and/or paraffin wax. Bone wax’s mechanism of 
action is to provide a physical barrier in the area 
of bleeding bone causing a tamponade effect. 
There is no interaction with platelets or coagula-
tion factors. Its use is primarily limited to areas of 
low-flow bleeding bone. High-flow bleeding 
(from an artery) may displace from the bone ren-
dering the bone wax ineffective. Bone wax is eas-
ily malleable and can be readily molded and 
adapted to the intended area.

The disadvantage to the use of bone wax is its 
inhibition to new bone growth. Bone wax is 
insoluble in the body and remains indefinitely. Its 
presence prevents ingrowth of the soft tissue and 
bone. It can also induce a foreign body granu-
loma, become infected, and induce local inflam-
mation and pain [25–29].

A synthetic substance with similar handling 
properties to bone wax is now available which 
does not inhibit osteogenesis. The product is an 
alkylene oxide copolymer which is applied to the 
bleeding bone in the same manner as bone wax. 
However, this polymer is water soluble, absorbed 
within approximately 48  h, and has no adverse 
tissue interactions. Since the material is resorbed, 
bone growth and normal healing progress. One 
product commercially available is Ostene® 
(Baxter International Inc.) [5, 27].

15.4.2	 �Caustic Agents

Caustic agents induce local hemostasis by caus-
ing a degree of superficial destruction of the tissue 
it contacts and interacting with the proteins at the 
site of bleeding. These substances have also been 
classified as styptics and astringents. There effect 
is best seen in minor, superficial bleeding [26, 30].
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The caustic agents are divided into:

	1.	 Silver nitrate
	2.	 Ferric compounds
	3.	 Aluminum compounds

15.4.2.1	 �Silver Nitrate
Silver nitrate exerts its hemostatic effect by releas-
ing free silver ions topically which bind to and 
precipitate tissue proteins causing obstruction of 
small vessels. Application of silver nitrate is most 
commonly performed with sticks although a solu-
tion is available. Application should be with light 
pressure at the site of minor bleeding. Initially, 
there is temporary black discoloration of the tis-
sue which disappears. Adverse reactions can 
include local tissue irritation, possible tattoo for-
mation due to the impregnated silver particles, 
and discomfort during application [26].

15.4.2.2	 �Ferric Compounds
Ferric compounds have been used in topical 
hemostasis: ferric chloride, ferric sulfate, and 
ferric subsulfate. The iron-containing solutions 
are dark and have the ability to stain tissues and 
teeth.

Ferric chloride reacts with blood proteins 
causing them to coagulate. This reaction seals the 
openings of small vessels and capillaries. This 
effect occurs independent of the hemostatic sys-
tem [26, 30, 31].

Ferric subsulfate is also known as Monsel’s 
salt and, when combined with distilled water, 
Monsel’s solution. Historically, it has been used 
for topical hemostasis of minor wounds in der-
matology and surgery, including oral surgery and 
dentistry. This compound is acidic and the sub-
sulfate group acts as an oxidant. Both of these 
properties catalyze protein precipitation which 
causes occlusion of small vessels [26, 30].

Today, commercially available products for 
dentistry usually contain a combination of ferric 
sulfate with and without subsulfate along with a 
buffer due to its acidity [32]. Ferric local hemo-
statics have been shown to be irritating to tissues 
and have caused delay in osseous and soft tissue 
healing. When used, they should be completely 
removed from the tissue by curettage and rees-
tablishing bleeding bone. Their use in close prox-

imity to neural structures and the sinus and nasal 
cavities is not advised [33, 34].

15.4.2.3	 �Aluminum Compounds
Three aluminum compounds are available for 
use in dentistry: aluminum chloride, aluminum 
potassium sulfate, and aluminum sulfate. 
Aluminum chloride has been used in medicine 
and surgery as a topical hemostatic agent. 
Aluminum chloride is thought to hydrolyze to 
hydrogen chloride which exerts its hemostatic 
effects by protein coagulation, vasoconstriction, 
and/or activation of the extrinsic coagulation 
pathway. Aluminum chloride can result in tissue 
irritation and dysesthesias [26, 35]. In dentistry, 
aluminum chloride is available in solution and 
found in certain brands of gingival retraction 
cord. Aluminum chloride has also been reported 
to be used successfully for hemostasis in periapi-
cal surgery [36–41]. Aluminum chloride can 
lead to tissue irritation and delayed bone heal-
ing. When it is used for hemostasis during peri-
apical surgery, all of the product should be 
removed and the bone edges freshened prior to 
wound closure [37].

Aluminum potassium sulfate and aluminum 
sulfate have been used in gingival retraction in 
prosthetic dentistry [38, 41]. The product alum, 
marketed to dentists, refers to aluminum potas-
sium sulfate [42].

15.4.3	 �Antifibrinolytic Agents

Antifibrinolytic agents used in dentistry are 
aprotinin, aminocaproic acid, and tranexamic 
acid. These agents have primarily been used 
systemically but have also been reported to be 
efficacious when used topically in the oral cav-
ity. In the USA, aprotinin is no longer available 
for systemic use; however, it is still a component 
of some topical fibrin sealants [43–46]. 
Aminocaproic acid and tranexamic acid have 
been used topically as oral rinses and placed 
onto gauze packs and wound dressings as an aid 
in achieving topical hemostasis. Tranexamic 
acid is believed to be a more powerful antifibri-
nolytic. However, in the USA, tranexamic acid is 
often difficult to obtain in the outpatient setting. 
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Therefore, aminocaproic acid has been used 
[47–57].

The mechanism of action of antifibrinolytic 
agents is the inhibition of the conversion of plas-
minogen to plasmin. Plasmin is a proteolytic 
enzyme that hydrolyzes fibrin [58]. Both amino-
caproic acid and tranexamic acid block the con-
version of plasminogen 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 [59]. The mouth rinses are 

compounded from the systemic formulations 
(Figs. 15.5 and 15.6).

15.4.4	 �Epinephrine

The use of epinephrine in dentistry is well 
known and well established. The two main 
forms of epinephrine employed in dental prac-
tice are in conjunction with local anesthetics 
and in gingival retraction. Epinephrine pro-
vides vasoconstriction of peripheral tissues 
due to its agonist activity on α-adrenergic 
receptors. When local anesthesia with epineph-
rine is infiltrated into local tissues, decrease in 

Plasminogen Plasmin

Dissolves 

fibrin

Fibrin clot

Fig. 15.5  Fibrinolysis with plasmin

Plasminogen Plasmin

Fibrin clot

Antifibrinolytic agents

Clot stableFig. 15.6  Site of action 
of antifibrinolytics

R. P. Szumita and P. M. Szumita



195

blood flow is noted, but the length of vasocon-
striction is finite. Rebound (postoperative) 
bleeding is possible [60, 61]. There should be 
consideration given for the use of additional 
adjuncts when treating patients at a higher risk 
for bleeding.

For gingival retraction, retraction cord impreg-
nated with racemic epinephrine and solutions of 
racemic epinephrine are available for use. The 
solution of racemic epinephrine (2.2%) placed on 
gauze or collagen has also been reported to be 

effective for intraoperative bleeding during peri-
apical surgery [62, 63].

15.4.5	 �Thrombin

Thrombin, which is an activated factor II (fIIa), 
is available for topical application. Thrombin 
stimulates platelets, converts fibrinogen to 
fibrin, and activates factor XIII, promoting clot 
stabilization [16].
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Commercially available thrombin is obtained 
from one of three sources: bovine thrombin, 
pooled human plasma thrombin, or recombinant 
thrombin. Bovine and recombinant thrombin are 
supplied as a powder, stored at room temperature, 
and reconstituted with saline when ready for use. 
These properties allow for consideration for use 

in dental practice. Pooled human thrombin is the 
most expensive and supplied as liquid which 
requires refrigeration [20].

There are well-documented significant risks 
with the use of thrombin products. Bovine throm-
bin has been associated with development of 
immunologic reaction related to factor V which 
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increases the risk of patients developing a coagu-
lopathy when reexposed to the product. A signifi-
cant percentage of patients also develop antibodies 
to the product. Recombinant thrombin is manu-
factured using cells from hamsters and snakes. 
Allergic reactions have occurred in patients aller-
gic to hamster or snake proteins. Pooled human 
thrombin carries risk of viral disease transmission 
[20, 26]. In addition, great care is needed to avoid 
entrance of any of the thrombin products into sys-
temic circulation via large diameter vessels in the 
wound as there is a risk of disseminated intravas-
cular coagulation and death [26].

15.5	 �Tissue Adhesives

Tissue adhesives are defined as substances which 
polymerize and serve to hold tissues together 
and/or provide a barrier to leakage [64]. Tissue 
adhesives now encompass a large group of sub-
stances used for wound closure, flap and graft 
adhesion, and wound hemostasis. In addition, 
many terms are used to classify these various 
“tissue glues” available in medicine and surgery. 
This section will primarily review tissue adhe-
sives that have applications to dentistry.

Tissue adhesives can be generally classified into 
two categories: alloplastic and biologic adhesives. 
The alloplastic tissue adhesives are represented by 
cyanoacrylates. Generally, cyanoacrylates are 
divided into three groups based on the length of 
their side chains: short (ethyl), intermediate (butyl), 
and long (octyl). Short-chain cyanoacrylates are 
sold as household and construction glues such as 
Krazy Glue® (Elmer’s Products) and Super Glue® 
(3M). These substances are more toxic to tissues 
than the longer-chain cyanoacrylates and are not 
marketed for medical use. The intermediate- and 
long-chain cyanoacrylates are available for medi-
cal use. Their use is primarily in superficial wound 
closure [26, 64]. The effectiveness of cyanoacrylate 
in  local hemostasis is likely due to its ability to 
maintain wound closure [65].

The biologic tissue adhesives available are divi
ded into fibrin sealants, albumin-glutaraldehyde 
compounds, hydrogels (polyethylene glycol poly-
mers), and gelatin-thrombin products [5, 16, 17, 

64]. Unlike the alloplastic (cyanoacrylate) adhe-
sives, the biologic adhesives contain components 
which actively promote hemostasis. These prod-
ucts are also referred to as “flowable” sealants or 
hemostatic agents. Of the biologic adhesives, 
fibrin sealants have had the most applicability to 
dentistry.

There are three basic categories of fibrin adhe-
sives: autologous, allogeneic (homologous), and 
commercial [46]. Autologous fibrin sealants are 
prepared from blood drawn from the patient 
immediately prior to treatment. Various prepara-
tion methods have been described, including the 
incorporation of platelet concentrations [66].

Allogeneic fibrin sealants are derived from 
cryoprecipitate. Cryoprecipitate is prepared from 
plasma drawn from either a single donor or 
pooled donors. Cryoprecipitate contains fibrino-
gen, factor VIII, v WF, and fibronectin. Each bag 
of cryoprecipitate is approximately 15–20  ml. 
Adding bovine thrombin to cryoprecipitate yields 
approximately 10 ml of fibrin sealant [46].

Commercial forms of fibrin sealants repre-
sent the third category of fibrin sealants. They 
are also referred to as synthetic sealants; how-
ever, this is a misnomer as these products are 
not synthesized but rather are produced primar-
ily from human donor plasma. The principal 
ingredients are pooled human fibrinogen and 
thrombin. Calcium chloride and trace levels of 
human albumin are also present [46, 67]. Four 
commercial fibrin sealants have FDA approval 
in the USA: TISSEEL® (Baxter), RAPLIXA® 
(The Medicines Company), ARTISS® (Baxter), 
and Evicel® (OMRIX Biopharmaceuticals). 
TISSEEL, RAPLIXA, and Evicel are approved 
to aid in local hemostasis [68].

ARTISS is approved for use in enhancing tis-
sue adhesion in autologous skin grafting in burn 
patients and in flap adhesion in facial 
rhytidectomy. It is not approved as an aid in local 
hemostasis [69].

Non-fibrin-containing tissue adhesives are 
divided into albumin-based compounds, hydro-
gels (polyethylene glycol polymers), and gelatin-
thrombin products. These have been used in 
various hospital-based surgical procedures. At 
this time, their use in dentistry is limited.
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15.6	 �Energy-Based Treatments

Energy-based treatments refer to the use of elec-
trocautery, radiofrequency, or laser energy to 
assist in obtaining hemostasis. Each of these 
modalities imparts energy to the tissue causing 
physical changes to seal vessels. Care needs to be 
taken to prevent damage to adjacent tissues.
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