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ABSTRACT

Bleeding intraoperatively and postoperatively in oral surgery poses a great threat to the patient and can lead to serious untoward consequences if 
uncontrolled. The dentist should be familiar with the range of hemostatic agents available and their application during different types of bleeding 
episodes. Bleeding complications can occur in healthy as well as systemically compromised patients. Having a broad knowledge of the management 
approaches will allow the clinician to know when to apply a particular approach. Unfortunately, some of the most useful preventive measures and 
management techniques are not utilized because of a lack of understanding of the coagulation process and/or the approaches and materials that are 
available. The purpose of this article is to review the literature regarding the applications of various local hemostatic agents in the management of 
bleeding in oral surgery, their mechanism of action, and contraindications. Furthermore, the novel hemostatic agents such as HemCon dental dressing 
and Quikclot are also discussed. Local hemostatic agents are very useful in controlling bleeding during oral surgical procedures in patients with 
congenital and acquired bleeding disorders and also in patients who are on antithrombotic medications for their systemic conditions.
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INTRODUCTION

Bleeding during and after surgery can be troublesome for both patient 
and the surgeon and if uncontrolled can lead to serious consequences. 
It may also compromise visibility and possibly the procedure itself. 
Bleeding normally occurs when a vessel is cut or interrupted during 
surgery or due to trauma which can be managed successfully in most 
cases by applying pressure. The source of bleeding can be either from 
hard tissue (bone) or soft tissue (gums), and they can be classified as 
arterial, venous, or capillary bleeding based on the source of the vessel 
involved. Identification of the source of the bleeding requires good 
illumination, adequate retraction, and thorough suctioning.

In major oral and maxillofacial surgical procedures, electrocautery and 
suture ligatures are most commonly used to control bleeding from small 
and major vessels. However, when generalized oozing is present, and the 
use of pressure is not effective, the use of electrosurgical instruments 
could endanger teeth or nerves, topical hemostatic agents may be 
needed [1]. In bony surfaces, parenchymal tissues, inflamed or friable 
vessels, or tissues with multiple and diffuse capillaries, it is extremely 
difficult to achieve hemostasis with mechanical and thermal methods. 
In such situations, one of the more common methods of intraoperative 
hemorrhage control involves the use of a topical hemostatic agent. Local 
hemostatic agents provide control of external bleeding by enhancing 
or accelerating the natural clotting process through various physical 
reactions between the agent and blood or by mechanical means. 
A general knowledge of the coagulation process will allow the clinician 
to better understand how the hemostatic agents work and when they 
should be applied. The rationale of this article is to review the literature 
about the local hemostatic agents in the management of bleeding in oral 
surgery, their mechanism of action, uses, and contraindications.

HEMOSTASIS

It involves three major steps: (1) Vasoconstriction, (2) formation of a 
platelet plug, and (3) coagulation (secondary hemostasis). The first 
step is an immediate constriction of damaged blood vessels caused by 
vasoconstrictive paracrine released by the endothelium which results 
in a temporary decrease in blood flow within the injured vessel. The 
second step is a mechanical blockage of the defect by a plug that forms 
as platelets stick to the exposed collagen (platelet adhesion) and 

become activated, releasing cytokines (serotonin, thromboxane A2, and 
endothelin 1) into the area around the injury. Released platelet factors 
(adenosine diphosphate, fibronectin, thrombospondin, fibrinogen, 
and platelet-derived growth factor) reinforce the vasoconstriction and 
activate more platelets that stick to one another (platelet aggregation) 
to form the platelet plug. At the same time, exposed collagen and 
tissue factor initiate the third step, a series of reactions known as 
the coagulation cascade that ends in the formation of fibrin polymer. 
The fibrin protein fiber mesh reinforces and stabilizes the platelet 
plug to become a clot. The clotting cascade (secondary hemostasis) 
is traditionally broken up into two basic pathways: the intrinsic 
pathway and the extrinsic pathway. The intrinsic pathway is primarily 
activated by collagen, which is exposed and binds Factor 12 to initiate 
this cascade. The extrinsic pathway is stimulated by tissue factor, 
which is exposed by the tissue injury and through Factor 7 activation 
initiates this pathway. These two pathways then converge in a common 
pathway where thrombin converts fibrinogen to fibrin and then the 
final clot [1].

Intrinsic pathway (contact activation pathway)
It is initiated when contact is made between blood and exposed 
negatively charged surfaces. On contact activation, prekallikrein is 
converted to kallikrein, which activates Factor 12 to 12a, which in 
turn activates Factor 11 to 11a. With Ca+ present, Factor 11a activates 
Factor 9 to 9a, which cleaves Factor 10 to 10a, the beginning of the 
common pathway.

Extrinsic pathway (tissue factor pathway)
Factor 3 (tissue factor) is released from the tissue immediately after 
injury and initiates the extrinsic pathway. Factor 3 forms a complex with 
Factor 7a, which catalyzes the activation of Factor 10, which cleaves to 
become Factor 10a.

Common pathway
The intrinsic and extrinsic coagulation cascades converge at activated 
Factor 10a, resulting in the conversion of prothrombin (Factor 2) to 
thrombin (2a). Thrombin activation occurs on activated platelets. 
Thrombin then converts fibrinogen to fibrin monomers, activates Factor 
13 to 13a (transglutaminase), which then cross-link the monomers — 
with the aid of calcium — to form fibrin polymer and thus the clot.
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Coagulation cascade

LOCAL HEMOSTATIC AGENT

A hemostatic agent (antihemorrhagic) is a substance that promotes 
hemostasis (i.e., stops bleeding). The ideal hemostatic agent should 
be effective, and the agent itself, along with its metabolic breakdown 
products, should be safe to use within the body and affordable.

Local hemostatic agents can be classified into: (1) Passive agents and 
(2) active agents [2].

Passive hemostatic agents provide a framework where platelets can 
aggregate so that a stable clot can form. The central mechanism of passive 
hemostatic agents is to form a physical, lattice-like matrix that adheres 
to the bleeding site; this matrix activates the extrinsic clotting pathway 
and provides a platform around which platelets can aggregate to form 
a clot. Because passive hemostats rely on fibrin production to achieve 
hemostasis, they are only appropriate for use in patients who have an intact 
coagulation cascade. Passive hemostats are generally used as first-line 
agents because they are immediately available, require no special storage 
or preparation, and are relatively inexpensive. Passive topical hemostatic 
agents do not adhere strongly to wet tissue and thus have little effect on 
actively bleeding wounds; however, they can be effective in the presence 
of heavier bleeding because of their larger absorption capacity and the 
greater mass provided by their more fibrous/dense structures [3]. Since 
they have the potential to expand many times than their mass when 
they come in contact with fluids, it is recommended to use the minimum 
amount of the agent required to achieve hemostasis and remove as much 
of the agent as possible once hemostasis has been achieved [3,4]. If not 
they can compress the surrounding structures (nerves, vessels, etc.). 
Passive topical hemostatic products include collagens, cellulose, gelatins, 
and polysaccharide spheres.

Active hemostatic agents have biologic activity and directly participate 
in the coagulation cascade to induce a clot. Active agents include 
thrombin and those products, in which thrombin is combined with 
a passive agent to provide an active product [5,6]. Thrombin is a 
useful choice for patients who are receiving antiplatelet and/or 
anticoagulation medications. Although it is costly, it is very useful in 
achieving hemostasis and is normally used with gelatin foam. In most 
of the cases, an active agent may be combined with a passive agent 
to improve the overall hemostasis. In general, most of the hemostatic 
agents are contraindicated in contaminated wounds.

Two other categories are flowable agents and sealants, which include 
fibrin sealants, polyethylene glycol (PEG) polymers, albumin and 
glutaraldehyde, and cyanoacrylate [5,6].

PASSIVE HEMOSTATIC AGENTS

Collagen-based products
Hemostatic collagen products are derived from either bovine tendon 
or bovine dermal collagen and are non-toxic and non-pyrogenic and 

may be further divided into microfibrillar and absorbable collagen 
products.

Microfibillar collagen (Avitene)
It is derived from purified bovine dermal collagen; it is a fibrous, 
water-insoluble partial hydrochloric salt. They are available in a loose 
fibrous form and also as sheets or sponges. These products are stored 
at room temperature, are immediately available for use, and should 
not be resterilized. It attracts platelets and stimulates aggregation of 
platelets into thrombi in the interstices of the fibrous mass resulting 
in the formation of a physiologic platelet plug, degranulation, and 
release of clotting factors, thus initiating the clotting cascade. Thrombin 
is ineffective with this agent due to pH factors. It is useful in the 
management of moderate to severe bleeding, i.e., capillary, venous, 
or small arterial bleeding. It must be applied dry directly to the site 
of bleeding without the addition of saline or thrombin and excess 
material to be removed. Adverse effects of this product include: Allergic 
reaction, adhesion formation, inflammation, foreign body reaction, 
and potentiation of wound infections and abscess formation [4,6,7]. It 
is Contraindicated in patients with known allergies or sensitivities to 
materials of bovine origin and must be avoided in any area where it 
may exert pressure on adjacent structures because of fluid absorption 
and expansion [4,6,7]. This form is generally less useful for oral surgical 
procedures.

Other collagen-based agents are Colla-Cote, Colla-Tape, Colla-Plug, 
Helistat, which provide a matrix for coagulation cascade. It gets 
absorbed in 10-14 d.

Absorbable collagen hemostat sponge (Helistat)
It is collagen derived from purified and lyophilized (i.e., freeze-dried) 
bovine flexor tendon and is available as soft, white, pliable, non-friable, 
coherent, sponge-like structures. The products are highly absorbent 
and able to hold many times their own weight of fluid. Their indications 
are for wound protection and for control of oozing or bleeding from 
clean oral wounds. As for application, these products should be held 
in place for approximately 2-5 minutes to achieve hemostasis and then 
may be removed, replaced, or left in situ. Because absorbable collagen 
hemostatic sponges do not disperse-like microfibrillar collagen does, 
these products are easier to handle and place. It must be handled dry, 
only the amount necessary to be used and excess must be removed. All of 
these collagen materials are completely resorbed within 14-56 days [8]. 
In addition to serving as a mechanical obstruction to bleeding, these 
materials affect the coagulation process. In contact with blood, collagen 
causes aggregation of platelets, which bind in large numbers to the 
collagen fibrils. The aggregated platelets degranulate, releasing factors 
such as thromboxane A2 [9] that assist in the formation of a clot. The 
sponge also provides a three-dimensional (3D) matrix for strengthening 
the blood clot.It is contraindicated in infected or contaminated wounds, 
in patients with known allergies or sensitivities to materials of bovine 
origin [8]. The agents may serve as a nidus for abscess formation and 
may potentiate bacterial growth. Possible adverse reactions are the 
formation of adhesions, allergic reactions, foreign body reactions, and 
subgaleal seroma formation (subgaleal seroma is an accumulation of 
blood serum beneath the scalp) [10].

Cellulose-based products
Oxidized regenerated cellulose (Surgicel) is derived from plant-based 
alpha-cellulose and is available in an absorbable white, knitted, fabric 
(single or multiple sheets) that is either high- or low-density. It is 
prepared as a sterile fabric meshwork and is expensive. It provides an 
absorbable physical matrix for clotting initiation, expands on contact 
with blood 7-10 times its own weight; however, the rate at which the body 
absorbs it depends on the amount used, the extent of blood saturation, 
and the tissue bed [4,6,7]. It achieves hemostasis by mechanical 
pressure. It has acidic properties due to a low pH, and this may cause 
inflammation and necrosis. Thrombin is ineffective with this agent 
due to pH factors. This is thought to be relatively bacteriostatic when 
compared with other hemostatic agents, due to a low pH. They are used 
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to control capillary, venous, and small arterial bleeding. It must be used 
dry without addition of saline or thrombin. Loescher and Robinson [11] 
reported that Surgicel can cause temporary sensory disturbances. 
Absorption of Surgicel will occur in approximately 4-8 weeks. It should 
not be used (1) in closed spaces because of swelling, (2) on bony defects 
(fractures) as it may interfere with bone regeneration, and (3) for 
control of hemorrhage from large arteries. Adverse reactions include: 
(1) Encapsulation of fluid and foreign body reaction, if the product 
is left in the wound, (2) stenosis of vascular structures if cellulose is 
used to wrap a vessel tightly, (3) burning sensation when placed in 
unanesthetized nasal passages. Excessive amounts of the material 
should be removed if possible to prevent delayed healing, (4) surgical 
granulomas, and (5) neurological complications.

ActCel and Gelitacel
It is a new topical hemostatic agent made from treated and sterilized 
cellulose, available as meshwork-like Surgicel. On contact with blood, 
it expands 3-4 times its original size and gets converted into gel. It 
dissolves completely in 1-2 weeks into biodegradable end products 
glucose and water and does not affect wound healing. ActCel’s 
mechanisms of action are multiple, enhancing the coagulation process 
biochemically by enhancing platelet aggregation and physically by 3D 
clot stabilization. It is used in third molar sites and supposed to prevent 
dry sockets. Furthermore, it is used in periodontal and orthognathic 
surgeries. One study has demonstrated that ActCel adheres to calcium 
ions [12], making calcium more available for the clotting cascade, and 
ActCel has a role in the modifying intrinsic pathway. It is indicated for 
the control of bleeding from open wounds and body cavities (e.g. mouth, 
ears, nose, throat, and vagina) and does not contain chemical 
additives, thrombin, or collagen and is hypoallergenic. Another special 
characteristic of this material is its bacteriostatic properties, [13] which 
are especially important in contaminated wounds or in body cavities, in 
which it is difficult or impossible to maintain a sterile field. Gelitacel is a 
fast-working, oxidized resorbable cellulose hemostatic gauze of natural 
origin made from highest alpha-grade selected cotton. It resorbs as 
quick as 96 hrs, therefore giving it decreased risk for encapsulation. 
Gelitacel is cheaper than Surgicel.

Gelatin-based products
Gelfoam is one of the more commonly employed agents for the control of 
minor bleeding. Gelfoam is a porous, pliable, absorbable gelatin sponge 
that is prepared from purified pork skin gelatin. It is manufactured as 
films, gelatin sponges (Gelfoam), or powder that is mixed to form a 
paste. This product has properties that allow it to absorb about 40 times 
its weight in blood, and it can expand to 200% of its initial volume. It 
provides a clotting framework and effectively arrests small vessel 
bleeds, but large arterial bleeds may dislodge gelfoam. Gelfoam has very 
little tissue reaction and liquefies in the oral cavity within a week, fully 
absorbing within 4-6 weeks. It is very useful in managing post-operative 
bleeding after dental extractions and addition of thrombin improves its 
efficacy. Gelfoam can be placed dry or after moistening it with saline 
or thrombin. Gelatin conforms easily to wounds making it suitable for 
use in irregular wounds. Absorbable gelatin sponges do not need to 
be removed before wound closure; however, surgeons often remove 
them when possible to prevent compression of adjacent structures 
from the gelatin’s swelling [14]. Its use is not associated with excessive 
scar formation. Gelatine-based devices have been reported to induce 
a better quality clot than collagen-based hemostats [15]. Absorbable 
gelatin hemostatic products should not be used: for patients with 
known allergies or sensitivities to porcine products; for skin incision 
closure; in intravascular compartments because of embolization risk; 
in the presence of infection or areas of gross contamination because 
bacteria can become enmeshed in the sponge, leading to the formation 
of an abscess; or around nerves because of the risk of swelling and nerve 
compression [4,6,7]. Adverse reactions include: Abscess formation, 
foreign body reactions, encapsulation of fluid, hematoma and localized 
infection [4,6,7], giant cell granuloma, excessive fibrosis, toxic shock 
syndrome, fever, and failure of absorption.

Polysaccharide hemospheres
This is a relatively new type of topical hemostatic agent derived from 
vegetable starch and contains no human or animal components. It is 
available in powder form with a bellows applicator. Polysaccharide 
hemospheres are used to control capillary, venous, and small arterial 
bleeding by producing a hydrophilic effect, dehydrating the blood, 
and concentrating its solid components thereby increasing barrier 
formation. It should be used carefully in diabetics patients as it consists 
of sugars.

Most often a hemostatic matrix such as oxidized regenerated cellulose, 
absorbable gelatin, or collagen with suture is applied to the extraction 
socket to manage post-operative bleeding. The hemostatic properties 
of these agents are based on their ability to activate the coagulation 
cascade locally. They have no intrinsic coagulation factors or activity 
but are designed to stimulate clot formation by providing a 3D scaffold 
used for clot organization [16-18]. Initially, placing these agents in 
a heme-rich environment raised concerns regarding the potential 
for infection. However, it has been shown in vitro that the agents 
might confer protective bacterial resistance against a variety of 
bacterial pathogens, perhaps owing to the decrease in pH in the local 
environment in which the agent is placed [17]. However, it is important 
to remember that these agents are not effective in coagulopathic 
patients without a functional coagulation cascade [16-18]. The efficacy 
of passive hemostats varies among products. The research found that 
microfibrillar collagen was the most effective of the passive topical 
hemostatic agents, followed by collagen sponge, gelatin sponge, and 
then oxidized regenerated cellulose [19,20]. In a study on an animal 
model which compared various hemostatic agents, early bone healing 
was significantly impaired by the presence of microfibrillar collagen and 
impeded by the presence of oxidized regenerated cellulose. Alkylene 
oxide copolymer (ostene) did not inhibit bone healing when compared 
to untreated (control) defects and thus may be a good clinical agent in 
cases where bony fusion is critical and where immediate hemostasis is 
required [21].

ACTIVE HEMOSTATIC AGENTS

Thrombin
Topical thrombin products are derived from either bovine or human 
plasma, or they are manufactured using recombinant DNA techniques 
(i.e., recombinant thrombin). Thrombin may be used topically as a 
dry powder, as a solution for use with gelatin sponges, mixed with a 
gelatin matrix, or as a spray. It has a rapid onset of action (e.g., within 
10 minutes). It converts fibrinogen to fibrin. It is commonly used with 
gelfoam to treat moderate to severe bleeding. Thrombin should never 
be injected into the bloodstream or allowed to enter the bloodstream 
through large, open blood vessels because it can cause extensive 
intravascular clotting which can be fatal.

FloSeal (flowable hemostatic agent)
FloSeal matrix hemostatic sealant is a proprietary combination of two 
independent agents and consists of bovine-derived gelatin granules 
coated in human-derived thrombin that works in combination to 
form a stable clot at the bleeding site. When applied to a bleeding 
site, the gelatin granules swell by about 10-20% as it contacts blood, 
causing a seal at the bleeding site. The thrombin portion of the product 
activates the common pathway of the coagulation cascade and converts 
fibrinogen to a fibrin polymer, forming a clot around the stable matrix. 
It is resorbed by the body within 6-8 weeks, consistent with the time 
frame of normal wound healing. Because of the products flowability, it 
can adapt to irregular wounds. It has been used as first-line hemostatic 
agent in major oral surgical cases and can be used in all surgical 
procedures (other than ophthalmic) as an adjunct to hemostasis when 
conventional procedures are ineffective. It is effective on both hard 
and soft tissues. It has a risk of transmitting infectious agents (viruses) 
and is contraindicated in patients who are allergic to materials of 
bovine origin. Adverse reactions to flowable hemostatic agents include 
anemia, arrhythmia, arterial thrombosis, atelectasis, atrial fibrillation, 
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confusion, edema, fever, hemorrhage, hypotension, infection, pleural 
effusion, respiratory distress, and right heart failure [6,14,22].

Sealants
Sealants work by forming a barrier that is impervious to the flow of 
most liquids [22]. Four types of sealants to manage surgical hemostasis 
are: Fibrin sealants, PEG polymers, albumin with glutaraldehyde, and 
the new cyanoacrylate sealant [22,23].

Fibrin sealant (tisseel)
Fibrin sealant is a natural or synthetic combination hemostatic agent and 
also tissue adhesive which has an impact on angiogenesis and wound 
healing. Fibrin sealants are usually comprised fibrinogen (Factor 1a), 
fibrin-stabilizing factor, thrombin (Factor 2a), and aprotinin 2 and 
when applied to the surgical site forms a fibrin clot. These products 
can be applied using a syringe-like applicator or sprayed over a larger 
area using a gas-driven device [23,24]. It can be used in bone grafting 
procedures particularly sinus lift surgery. Fibrin sealants can be used in 
patients with coagulopathies who have insufficient fibrinogen to form a 
clot and can also be used on patients who are receiving heparin. Fibrin 
sealants control local as well as diffuse bleeding; however, they do not 
control vigorous bleeding. Davis and Sándor [25] conducted a study 
that included 71 patients who underwent various oral and maxillofacial 
procedures (dentoalveolar, cosmetic, and reconstructive) in which 
Fibrin gel was used. 70 patients had successful outcomes 6 months 
postoperatively with 1 recurrent oroantral fistula. It is contraindicated 
in patients who are sensitive to bovine proteins. An excessively thick 
sealant layer may prevent revascularization at the surgical site, causing 
tissue necrosis.

Albumin-derived hemostats (bioglue)
Tissue adhesives have been used widely for decades, for both their 
hemostatic and sealant properties. The main disadvantage of bioglue is 
that it can leak through suture tracks.

NEWER HEMOSTATIC AGENTS

Chitosan-based products
Polymers containing N-acetyl glucosamine include hyaluronic acid, 
chitin, and chitosan. Chitosan has been recognized as the most 
effective of these for local hemostasis. Chitosan is a naturally occurring, 
biocompatible, electropositively charged polysaccharide that is derived 
from shrimp shell chitin. This charge attracts the negatively charged red 
blood cells forming an extremely viscous clot, which seals the wound 
and causes hemostasis. Chitosan enhances hemostasis by interacting 
with cellular components forming a cellular lattice that entraps cells to 
form an artificial clot. The formation of a clot occurs independently of 
the intrinsic or extrinsic clotting pathways and is effective for patients 
on anticoagulant medications. It is a new generation hemostatic agent 
which achieves early hemostasis as well as improves post-operative 
healing. They do not cause any adverse reactions in shell-fish sensitive 
patients [1].

HemCon dental dressing is an N-acetyl glucosamine polysaccharide, a 
chitosan-based product which comes in a sponge form is both hemostatic 
and bacteriostatic and adapts well into oral surgical wounds. A recent 
study showed that hemostasis was achieved in <1 minute in patients 
where HemCon dental dressing (HemCon Medical Technologies, 
Incorporated) was used, which was significantly faster than the control 
average hemostasis time, 9.5 minutes. Approximately 32% of HemCon 
dental dressing-treated sites had significantly better healing compared 
with the control sites [26]. Another study found unique bacteriostatic 
properties in the chitosan-based agent against Pseudomonas aeruginosa, 
Staphylococcus aureus, and Proteus mirabilis [27]. Dailey et al. [28] 
compared the hemostatic efficacy of a chitosan-based bandage with 
that of collagen-based bandage after dacryocystorhinostomy. They 
reported that the chitosan bandage outperformed the collagen, with 
12 of 14 post-operative bleeding episodes associated with the latter 
product [28,29].

Polysaccharide-based hemostats
Poly-N-acetyl glucosamine-based materials
It is a more fully acetylated chitosan derived from microalgae that have 
shown great efficacy as a local hemostatic agent. It concentrates red blood 
cells, clotting factors, and platelets at the site of bleeding and stimulates 
release of vasoconstrictors such as thromboxane an endothelin [30-32]. 
It has shown to be hemostatic agents in genetically acquired, medically 
induced, and environmentally induced coagulopathy conditions. They 
have outperformed other local hemostatic agents in various animal 
studies [33-37]. They are not yet approved for dental use but seems to 
be very promising in the future.

QuikClot (inorganic hemostat)
Zeolites are porous aluminosilicate minerals commonly used as 
adsorbents are the main ingredients in QuikClot. The structural porosity 
of zeolites allows them to accommodate a large quantity of cations, 
such as calcium, a cofactor in the coagulation cascade. The mechanism 
of hemostasis involves adsorbing water from blood, concentrating 
clotting factors, activating platelets, and subsequently, promoting steps 
in the coagulation cascade [38,39]. This exothermic reaction produces 
significant heat that may create secondary injury. Its granular form 
makes it difficult to apply and hold in place. Rhee et al. [38] produced 
a survey including first-hand interviews of 103 individual uses of 
QuikClot. Of these incidents, 69 were related to US military personnel in 
Iraq, 20 to civilian trauma surgeons, and 14 to civilian first responders. 
In total, the survey documented 83 applications to external wounds 
and 20 intracorporeal uses. The investigators reported the overall 
efficacy of hemostasis as 92% but with 3 burns that occurred with the 
intracorporeal use of the product [38]. QuikClot effectively controls 
external hemorrhage by pouring it into a wound followed by a pressure 
dressing to achieve hemostasis. At present, there is no known use in 
oral surgery.

Hemostatic solutions
Styptics
Styptics, e.g., aluminum solutions when applied locally cause hemostasis 
by contracting tissue to seal injured blood vessels.

Tannic acid
Tannic acid is a commercial compound that is similar to the plant 
polyphenol tannin, which stops bleeding from mucous membrane via 
vasoconstriction.

Lysine analogs
Tranexamic acid, epsilon-aminocaproic acid

Tranexamic acid
Tranexamic acid 4.8% oral rinse is an antifibrinolytic agent that 
stabilizes clots and facilitates clot formation by competitively inhibiting 
plasminogen, the enzyme responsible for activating plasmin. The main 
role of plasmin in the body is clot degradation or fibrinolysis; hence, 
tranexamic acid non-competitively inhibits plasmin and stabilizes clot 
formation. Oral tranexamic acid has been shown to be beneficial in the 
management of patients with both inherited and acquired bleeding 
diatheses undergoing minor oral surgeries [40-42]. It can also be useful 
as a prophylactic mouthwash in patients who are on anticoagulant 
medications which require oral surgery. It can be used preoperatively, 
intraoperatively, or postoperatively to manage bleeding. It is very 
popular as a post-operative hemostatic mouthwash. Ramström et al. [43] 
demonstrated a significant reduction in post-operative bleeding in 
the anticoagulated patient when a 4.8% solution of tranexamic acid 
mouthwash was used postoperatively, 10 ml 4 times daily, for 7 days. 
Studies have not shown any significant decrease in hemorrhage control 
when tranexamic acid is used intraoperatively (irrigation, soaked 
gauze). An intraoperative tranexamic acid injection can also be used as a 
hemostatic measure. Choi et al. [44] showed that total blood loss during 
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maxillary surgery was significantly reduced when a bolus of tranexamic 
acid was given preoperatively. It is more potent than aminocaproic acid, 
with fewer side effects and less dose is sufficient to achieve hemostasis. 
Sindet-Pedersen et al. [45] studied the hemostatic effect of tranexamic 
acid mouthwash after minor oral surgery in 39 patients who continued 
their anticoagulant agents perioperatively. Before suturing the wounds, 
19 patients received 10 ml of a 4.8% solution of tranexamic acid and the 
remaining 20 received a placebo solution. Mouth rinses were continued 
4 times daily for 7 days postoperatively. The investigators reported 
that 8 patients in the placebo group experienced 10 post-operative 
bleeding episodes, but only 1 patient in the tranexamic acid group 
experienced a bleeding episode [45]. Carter and Goss [40] compared 
a 4.8% solution of tranexamic acid mouthwash used for 2 days versus 
5 days in anticoagulated patients and found that 82 of the 85 patients 
experienced no post-operative bleeding.

Epsilon aminocaproic acid
It is an antifibrinolytic agent less potent than tranexamic acid but can be 
used as an alternate to it.

Hemocoagulase (botroclot)
Hemocoagulase is based on the coagulative and antihemorrhagic 
properties of those fractions isolated from the venom of 
“Bothrops jararaca” or “Bothrops atrox 2, 3.” Hemocoagulase reduces 
the bleeding time and promotes wound healing by promoting the 
growth of capillaries in wound space. Hemocoagulase has two 
different enzymatic activities, which promote blood coagulation. 
One of these accelerates the conversion of prothrombin to thrombin 
(thromboplastin-like enzyme) while the other one causes a direct 
transformation of fibrinogen to fibrin monomer, which can be converted 
by thrombin into fibrin clot (thrombin-like enzyme). Contraindications: 
Venous and arterial thrombosis, disease with tendency to intravascular 
coagulation. In a study conducted by Majumder et al. [46], it was 
found that hemocoagulase topical solution when used after minor oral 
surgery not only provides faster hemostasis but also enhances healing.

Bone hemostats
Bone wax
Bone wax is a sterile mixture of water-insoluble beeswax, paraffin, and 
isopropyl palmitate (a softening agent) that is packaged in individual foil 
envelopes and is useful when bleeding is from a visualized local vascular 
channel within bone, commonly referred to as a “bone bleeder,” at the 
surgical site. This occurs commonly during the extraction of mandibular 
third molars, and if not adequately addressed during surgery can be a 
reason for post-operative bleeding. The wax is pliable enough to be placed 
within a vascular channel and burnished, immediately tamponading 
the vascular source and achieves bone hemostasis. It is insoluble and 
therefore non-resorbable, and it interferes with bone healing at the site 
of application and causes infection by decreasing bacterial clearance in 
cancellous bone. Caution should be used where regeneration of bone is 
expected (e.g., a future implant site). In a study evaluating the infection 
rates following spinal surgery, surgical site infections occurred in 6 
of 42 cases (14%) when bone wax was used and 1 of 72 cases (1.4%) 
when it was not used [47]. Bone wax has also been shown to increase 
inflammation [48], causing a foreign body giant cell reaction at the site 
of application due to its water insolubility and longevity.

Ostene
It is a bone wax-like preparation of water-soluble alkylene oxide 
copolymers. It is a synthetic bone hemostatic material first used in 
cranial and spinal surgeries. It is inert and eliminated from the body 
unchanged within 48 hrs [49]. It avoids the negative effects of bone wax, 
as it does not cause infection, inflammatory reactions, or interference in 
the osseous union. Wellisz et al. [50] showed that ostene-treated rabbit 
tibial cortical defects had a significantly lower rate of osteomyelitis and 
positive bone cultures compared with the bone wax-treated defects. 
It is applied in a similar fashion-like bone wax and to a thickness of 
1-2 mm. It is expensive than bone wax.

Literature recommending local hemostatic agents for achieving 
hemostasis
Many studies including Bornert et al. [51] and Peisker et al. [52] 
have documented that local hemostatic agents are very useful in the 
management of post-operative bleeding in oral surgery patients with 
congenital hematologic disorders.

Many other studies have recommended that dental extractions can 
be carried out safely without discontinuation of antiplatelet and 
anticoagulant therapy, and the post-operative bleeding can be safely 
managed by local hemostatic agents alone [53-65].

SUMMARY

Hemostasis is an integral and very important aspect of surgical practice. 
The first step in bleeding control is direct pressure, and hemostatic 
agents should always be considered secondarily. A thorough knowledge 
about these agents is necessary to make a right choice of them when 
required. Factors affecting the selection of an appropriate topical 
hemostat include the type of procedure, cost, severity of bleeding, 
site of bleeding, systemic condition of the patient and the personal 
experience and preference of the surgeon.

CONCLUSION

Local hemostatic agents are very useful in controlling bleeding 
during oral surgical procedures in patients with congenital and 
acquired bleeding disorders [26,66] and also in patients who are on 
antithrombotic medications for their systemic conditions [67].

REFERENCES

1. Ogle OE, Swantek J, Kamoh A. Hemostatic agents. Dent Clin North 
Am 2011;55:433-9.

2. Kamoh A, Swantek J. Hemostasis in oral surgery. Dent Clin North Am 
2012;56(1):17-23.

3. Brodbelt AR, Miles JB, Foy PM, Broome JC. Intraspinal oxidised 
cellulose (surgical) causing delayed paraplegia after thoracotomy: A 
report of three cases. Ann R Coll Surg Engl 2002;84(2):97-9.

4. McCarthy JR. Methods for assuring surgical hemostasis. In: 
Rothrock JC, Seifert PC, editors. Assisting in Surgery: Patient-Centered 
Care. Denver, CO: CCI; 2009. p. 137-94.

5. Samudrala S. Topical hemostatic agents in surgery: A surgeon’s 
perspective. AORN J 2008;88(3):S2-11.

6. Schreiber MA, Neveleff DJ. Achieving hemostasis with topical 
hemostats: Making clinically and economically appropriate decisions 
in the surgical and trauma settings. AORN J 2011;94(5):S1-20.

7. Hoogerwerf BJ. Provide hemostasis. In: Phippen ML, Ulmer BC, 
Wells MP, editors. Competency for Safe Patient Care during Operative 
and Invasive Procedures. Denver, CO: CCI; 2009. p. 599-32.

8. Ogle OE. Perioperative hemorrhage. In: Dym H, Ogle OE, editors. 
Atlas of Minor Oral Surgery. Philadelphia, PA: W.B. Saunders; 2000. 
p. 62-3.

9. Andreoli TE, Bennett JC, Carpenter CC, Plum F. Platelets and primary 
hemostasis. In: Andreoli TE, Bennett JC, Carpenter CC, Plum F, editors. 
Cecil Essentials of Medicine. 4th ed. Philadelphia, PA: WB Saunders; 
1997. p. 403.

10. CollaPlug [package insert]. Plainsboro, NJ: Integra Life Sciences 
Corp.; 2001.

11. Loescher AR, Robinson PP. The effect of surgical medicaments on 
peripheral nerve function. Br J Oral Maxillofac Surg 1998;36(5):327-32.

12. Qin-Shang Z, Qing-Zhong. Application of S-99 soluble styptic 
gauze to wounds. Beijing Xuan Wu Hospital, Departments of 
Pathology and Stomatology. Beijing, China Personal Communication; 
December 31, 1982.

13. Data on file. Salt Lake City, Utah: Nelson Laboratories, Inc.; 2012.
14. Spotnitz WD, Burks S. Hemostats, sealants, and adhesives: Components 

of the surgical toolbox. Transfusion 2008;48(7):1502-16.
15. Szpalski M, Gunzburg R, Sztern B. An overview of blood-sparing 

techniques used in spine surgery during the perioperative period. Eur 
Spine J 2004;13 Suppl 1:S18-27.

16. Ward BB, Smith MH. Dentoalveolar procedures for the anticoagulated 
patient: Literature recommendations versus current practice. J Oral 
Maxillofac Surg 2007;65(8):1454-60.

17. Spangler D, Rothenburger S, Nguyen K, Jampani H, Weiss S, Bhende S. 



Asian J Pharm Clin Res, Vol 9, Issue 3, 2016, 35-41
 Kumar 

40

In vitro antimicrobial activity of oxidized regenerated cellulose 
against antibiotic-resistant microorganisms. Surg Infect (Larchmt) 
2003;4(3):255-62.

18. Pototski M, Amenábar JM. Dental management of patients receiving 
anticoagulation or antiplatelet treatment. J Oral Sci 2007;49(4):253-8.

19. Tomizawa Y. Clinical benefits and risk analysis of topical hemostats: A 
review. J Artif Organs 2005;8(3):137-42.

20. Wagner WR, Pachence JM, Ristich J, Johnson PC. Comparative in vitro 
analysis of topical hemostatic agents. J Surg Res 1996;66(2):100-8.

21. Armstrong JK, Han B, Kuwahara K, Yang Z, Magyar CE, Dry SM, 
et al. The effect of three hemostatic agents on early bone healing in an 
animal model. BMC Surg 2010;10:37.

22. Spotnitz WD, Burks S. State-of-the-art review: Hemostats, sealants, and 
adhesives II: Update as well as how and when to use the components of 
the surgical toolbox. Clin Appl Thromb Hemost 2010;16(5):497-514.

23. Spotnitz WD, Burks S. Hemostats, sealants, and adhesives III: A new 
update as well as cost and regulatory considerations for components of 
the surgical toolbox. Transfusion 2012;52(10):2243-55.

24. Achneck HE, Sileshi B, Jamiolkowski RM, Albala DM, Shapiro ML, 
Lawson JH. A comprehensive review of topical hemostatic agents: 
Efficacy and recommendations for use. Ann Surg 2010;251(2):217-28.

25. Davis BR, Sándor GK. Use of fibrin glue in maxillofacial surgery. 
J Otolaryngol 1998;27(2):107-12.

26. Malmquist JP, Clemens SC, Oien HJ, Wilson SL. Hemostasis of oral 
surgery wounds with the HemCon Dental Dressing. J Oral Maxillofac 
Surg 2008;66(6):1177-83.

27. Burkatovskaya M, Tegos GP, Swietlik E, Demidova TN, P Castano 
A, Hamblin MR. Use of chitosan bandage to prevent fatal infections 
developing from highly contaminated wounds in mice. Biomaterials 
2006;27(22):4157-64.

28. Dailey RA, Chavez MR, Choi D. Use of a chitosan-based hemostatic 
dressing in dacryocystorhinostomy. Ophthal Plast Reconstr Surg 
2009;25(5):350-3.

29. Wedmore I, McManus JG, Pusateri AE, Holcomb JB. A special report 
on the chitosan-based hemostatic dressing: Experience in current 
combat operations. J Trauma 2006;60(3):655-8.

30. Aldridge E, Cunningham LL Jr. Current thoughts on treatment of 
patients receiving anticoagulation therapy. J Oral Maxillofac Surg 
2010;68(11):2879-87.

31. Thatte HS, Zagarins S, Khuri SF, Fischer TH. Mechanisms of 
poly-N-acetyl glucosamine polymer-mediated hemostasis: Platelet 
interactions. J Trauma 2004;57 Suppl 1: S13-21.

32. Thatte HS, Zagarins SE, Amiji M, Khuri SF. Poly-N-acetyl glucosamine-
mediated red blood cell interactions. J Trauma 2004;57 Suppl 1: S7-12.

33. Schwaitzberg SD, Chan MW, Cole DJ, Read M, Nichols T, Bellinger D, 
et al. Comparison of poly-N-acetyl glucosamine with commercially 
available topical hemostats for achieving hemostasis in coagulopathic 
models of splenic hemorrhage. J Trauma 2004;57 Suppl 1: S29-32.

34. Jensen DM, Machicado GA, Hirabayashi K. Randomized double-blind 
studies of polysaccharide gel compared with glue and other agents for 
hemostasis of large veins and bleeding canine esophageal or gastric 
varices. J Trauma 2004;57 Suppl 1: S33-7.

35. Najjar SF, Healey NA, Healey CM, McGarry T, Khan B, Thatte HS, 
et al. Evaluation of poly-N-acetyl glucosamine as a hemostatic 
agent in patients undergoing cardiac catheterization: A double-blind, 
randomized study. J Trauma 2004;57 Suppl 1: S38-41.

36. Connolly RJ. Application of the poly-N-acetyl glucosamine-derived 
rapid deployment hemostat trauma dressing in severe/lethal Swine 
hemorrhage trauma models. J Trauma 2004;57 Suppl 1: S26-8.

37. Klokkevold PR, Fukayama H, Sung EC, Bertolami CN. The effect 
of chitosan (poly-N-acetyl glucosamine) on lingual hemostasis in 
heparinized rabbits. J Oral Maxillofac Surg 1999;57(1):49-52.

38. Rhee P, Brown C, Martin M, Salim A, Plurad D, Green D, et al. 
QuikClot use in trauma for hemorrhage control: Case series of 103 
documented uses. J Trauma 2008;64(4):1093-9.

39. Alam HB, Chen Z, Jaskille A, Querol RI, Koustova E, Inocencio R, 
et al. Application of a zeolite hemostatic agent achieves 100% 
survival in a lethal model of complex groin injury in Swine. J Trauma 
2004;56(5):974-83.

40. Carter G, Goss A. Tranexamic acid mouthwash: A prospective 
randomized study of a 2-day regimen vs. 5-day regimen to prevent 
postoperative bleeding in anticoagulated patients requiring dental 
extractions. Int J Oral Maxillofac Surg 2003;32(5):504-7.

41. Carter G, Goss A, Lloyd J, Tocchetti R. Tranexamic acid mouthwash 
versus autologous fibrin glue in patients taking warfarin undergoing 
dental extraction: A randomized prospective clinical study. J Oral 
Maxillofac Surg 2003;62(12):1432-5.

42. Kaewpradub P, Apipan B, Rummasak D. Does tranexamic acid in an 
irrigating fluid reduce intraoperative blood loss in orthognathic surgery: 
A double blind randomized clinical trial. J Oral Maxillofac Surg 
2011;69(6):186-9.

43. Ramström G, Sindet-Pedersen S, Hall G, Blombäck M, Alander U. 
Prevention of postsurgical bleeding in oral surgery using tranexamic 
acid without dose modification of oral anticoagulants. J Oral Maxillofac 
Surg 1993;51(11):1211-6.

44. Choi WS, Irwin MG, Samman N. The effect of tranexamic acid on 
blood loss during orthognathic surgery: A randomized controlled trial. 
J Oral Maxillofac Surg 2009;67(1):125-33.

45. Sindet-Pedersen S, Ramström G, Bernvil S, Blombäck M. Hemostatic 
effect of tranexamic acid mouthwash in anticoagulant-treated patients 
undergoing oral surgery. N Engl J Med 1989;320(13):840-3.

46. Majumder K, Shalender S, Rao JK, Gehlot N, Arya V, Siwach V. 
Efficacy of haemocoagulase as a topical haemostatic agent after 
minor oral surgical procedures: A prospective study. Int J Clin Med 
2014;5:875-83.

47. Gibbs L, Kakis A, Weinstein P, Conte JE Jr. Bone wax as a risk factor 
for surgical-site infection following neurospinal surgery. Infect Control 
Hosp Epidemiol 2004;25(4):346-8.

48. Allison RT. Foreign body reactions and an associated histological 
artefact due to bone wax. Br J Biomed Sci 1994;51(1):14-7.

49. Doonquah L, Mitchell AD. Oral surgery for patients on anticoagulant 
therapy: Current thoughts on patient management. Dent Clin North Am 
2012;56(1):25-41.

50. Wellisz T, An YH, Wen X, Kang Q, Hill CM, Armstrong JK. Infection 
rates and healing using bone wax and a soluble polymer material. Clin 
Orthop Relat Res 2008;466(2):481-6.

51. Bornert F, Gros CI, Schmittbuhl M, Manière MC. Hemostatic 
management in pediatric patients with type I von Willebrand disease 
undergoing oral surgery: Case report and literature review. J Oral 
Maxillofac Surg 2011;69(8):2086-91.

52. Peisker A, Raschke GF, Schultze-Mosgau S. Management of dental 
extraction in patients with haemophilia A and B: A report of 58 
extractions. Med Oral Patol Oral Cir Bucal 2014;19(1):e55-60.

53. Bajkin BV, Urosevic IM, Stankov KM, Petrovic BB, Bajkin IA. Dental 
extractions and risk of bleeding in patients taking single and dual 
antiplatelet treatment. Br J Oral Maxillofac Surg 2015;53(1):39-43.

54. Verma G, Tiwari AK, Chopra S. Aspirin and exodontia: A comparative 
study of bleeding complications with aspirin therapy. Int J Dent Sci Res 
2013;1:50-3.

55. Olmos-Carrasco O, Pastor-Ramos V, Espinilla-Blanco R, Ortiz-Zárate A, 
García-Avila I, Rodríguez-Alonso E, et al. Hemorrhagic complications 
of dental extractions in 181 patients undergoing double antiplatelet 
therapy. J Oral Maxillofac Surg 2015;73(2):203-10.

56. Girotra C, Padhye M, Mandlik G, Dabir A, Gite M, Dhonnar R, et al. 
Assessment of the risk of haemorrhage and its control following 
minor oral surgical procedures in patients on anti-platelet therapy: A 
prospective study. Int J Oral Maxillofac Surg 2014;43(1):99-106.

57. Hanken H, Tieck F, Kluwe L, Smeets R, Heiland M, Precht C, et al. 
Lack of evidence for increased postoperative bleeding risk for dental 
osteotomy with continued aspirin therapy. Oral Surg Oral Med Oral 
Pathol Oral Radiol 2015;119(1):17-9.

58. Nooh N. The effect of aspirin on bleeding after extraction of teeth. 
Saudi Dent J 2009;21(2):57-61.

59. van Diermen DE, van der Waal I, Hoogstraten J. Management 
recommendations for invasive dental treatment in patients using oral 
antithrombotic medication, including novel oral anticoagulants. Oral 
Surg Oral Med Oral Pathol Oral Radiol 2013;116(6):709-16.

60. Broekema FI, van Minnen B, Jansma J, Bos RR. Risk of bleeding after 
dentoalveolar surgery in patients taking anticoagulants. Br J Oral and 
Maxillofac Surg 2014;52(3):e15-9.

61. Bajkin BV, Bajkin IA, Petrovic BB. The effects of combined oral 
anticoagulant-aspirin therapy in patients undergoing tooth extractions: 
A prospective study. J Am Dent Assoc 2012;143(7):771-6.

62. Morimoto Y, Niwa H, Minematsu K. Risk factors affecting 
postoperative hemorrhage after tooth extraction in patients receiving 
oral antithrombotic therapy. J Oral Maxillofac Surg 2011;69(6):1550-6.

63. Zhao B, Wang P, Dong Y, Zhu Y, Zhao H. Should aspirin be stopped 
before tooth extraction? A meta-analysis. Oral Surg Oral Med Oral 
Pathol Oral Radiol 2015;119(5):522-30.

64. Napenas JJ, Hong CH, Brennan MT, Furney SL, Fox PC, Lockhart PB. 
The frequency of bleeding complications after invasive dental treatment 
in patients receiving single and dual antiplatelet therapy. J Am Dent 
Assoc 2009;140(6):690-5.

65. Lillis T, Ziakas A, Koskinas K, Tsirlis A, Giannoglou G. Safety of dental 



Asian J Pharm Clin Res, Vol 9, Issue 3, 2016, 35-41
 Kumar 

41

extractions during uninterrupted single or dual antiplatelet treatment. 
Am J Cardiol 2011;108(7):964-7.

66. Malmquist JP. Complications in oral and maxillofacial surgery: 
Management of hemostasis and bleeding disorders in surgical 

procedures. Oral Maxillofac Surg Clin North Am 2011;23(3):387-94.
67. Morimoto Y, Niwa H, Minematsu K. Hemostatic management of tooth 

extractions in patients on oral antithrombotic therapy. J Oral Maxillofac 
Surg 2008;66(1):51-7.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


