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Continuing Education Discussion Guide

This Continuing Education Discussion Guide is 
part of an educational initiative designed to 
provide pharmacists with timely and relevant 
information to consider when evaluating local 
and systemic hemostatic agents for use in the 
hospital setting. For additional resources on this 
topic, including live webinars, regional educa-
tional offerings, and an on-demand CE activity, 
visit www.ashpadvantage.com/hemostasis.

The estimated time to complete this activity is  
60 minutes. This activity is provided free of 
charge and is available from March 15, 2013 
through May 15, 2014.

Target Audience
This activity was planned to meet the needs 
of health-system pharmacists, especially those 
providing patient care in the critical care or 
surgical intensive care setting

Learning Objectives
After participating in this knowledge-based 
activity, participants should be able to

1.  Discuss the risk for and potential clinical 
and economic consequences from  
perioperative bleeding in surgical patients.

2.  Explain the physiology of hemostasis, 
including activation of platelets and clotting 
factors, the cell-based model for coagula-
tion, and fibrin clot formation, in response  
to injury (surgery).

3.  Identify a preventive measure, surgical 
technique, and systemic intervention to 
reduce the risk for perioperative bleeding, 
the need for blood transfusion, or both.

4.  Name three characteristics of the ideal local 
hemostatic agent; compare and contrast the 
mechanism of action, efficacy, safety, ease 
of use, and cost of various local hemostatic 
products; and identify a patient-specific 
consideration in selecting a product.

5.  Describe pharmacoeconomic considerations 
in making formulary decisions about local 
hemostatic products.

System Requirements

Web Browser: Microsoft Internet Explorer, 
Mozilla Firefox, Apple Safari or Google Chrome.

Note: Please disable any “pop-up blocker” 
features.

Software: Adobe Acrobat Reader version 7  
or above to view PDF files (If you do not have  
Acrobat Reader, you can download it for free 
from get.adobe.com/reader).

Connection Speed: Cable, DSL, or better of at 
least 300 kbps.

Achieving Hemostasis in the  
Operating Room and Critical-Care Setting:  

A Discussion Guide for Health-System Pharmacists on Local Hemostatic Agents
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Executive Summary
Perioperative bleeding is a common cause of 
morbidity and mortality in surgical patients. 
A variety of strategies, including preventive 
measures, surgical techniques, and systemic 
and local interventions, may be used to 
reduce the risk for anemia and need for blood 
transfusion due to perioperative bleeding. 
Adverse effects associated with systemic 
interventions may be avoided by the use of 
local hemostatic agents, including mechanical 
agents, active agents, flowable agents, and 
fibrin sealants. The mechanism of action, ease 
of use, efficacy, safety, and cost differ among 
these local products. These differences and 
clinician preferences should be taken into 
consideration in making formulary decisions. 
Indirect costs should be considered as well as 
acquisition costs, and institutional guidelines 
should be developed to optimize the use of local 
hemostatic agents.
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Introduction
Roughly 30% of hospitalized patients undergoing 
surgery experience perioperative bleeding-related 
complications, although the incidence varies with 
the type of surgery and patient-specific risk factors 
(Table 1).1–4 Perioperative bleeding is associated with 
substantial morbidity and mortality, and it increases the 
hospital length of stay and costs.4,5 The possible clinical 
consequences of perioperative bleeding include anemia, 
tissue hypoxia, hemodynamic instability, hypovolemia, 
and coagulopathy (depletion of clotting factors).6,7

Blood transfusions may be used to manage anemia 
associated with perioperative bleeding, but serious risks 
are associated with transfusions, including acute and 
delayed transfusion reactions, transfusion-related acute 
lung injury, incorrect blood component transfused, and 
transfusion-transmitted infection.7,8 Substantial costs 
are associated with the use of transfusions and these 
adverse events.7 Bleeding complications or the need for 
transfusion in surgical patients results in prolongation of 
the hospital length of stay by 6 days on average and the 
intensive care unit length of stay by 2.8 days on average 
at a substantial incremental cost.4

Physiology of Hemostasis
Hemostasis after injury to a vessel or tissue (e.g., 
surgical incision, trauma) is the result of a complex, 
coordinated process involving vasoconstriction, platelet 
activation, formation of a soft platelet plug, and fibrin 
clot formation.9,10 Exposure to collagen in the vascular 
wall activates platelets, increasing their adherence and 
resulting in aggregation and formation of a soft platelet 
plug at the site of injury. Thrombin (clotting factor IIa) 
plays a central role in hemostasis because it catalyzes 
the conversion of fibrinogen to fibrin. Cross linking of 
fibrin creates a mesh that strengthens the platelet plug, 
resulting in formation of a fibrin clot.

A cell-based model for coagulation involving cellular 
and humoral elements has been put forth to supersede 
the traditional view of the coagulation cascade with 
independent intrinsic and extrinsic pathways and a final 
common pathway because of limitations in the tradi-
tional cascade model.6,11–13 The cell-based model is more 
complex than the traditional model, with extrinsic and 
intrinsic pathways that are linked and interdependent. 

The cell-based model involves three overlapping phases: 
initiation, priming (i.e., amplification), and propagation. 
In the initiation phase, disruption of the vascular wall 
allows extravascular tissue factor (TF)-bearing cells 
to come in contact with clotting factor VII in plasma. 
Factor VII is rapidly activated when it comes in contact 
with TF. The TF-factor VIIa complex activates factor 
X, and factor Xa (FXa) in turn activates factor V (FV) 
in the TF-bearing cell.6 Small amounts of FXa combine 
with factor Va (FVa) to cause the formation of small 
amounts of thrombin from prothrombin.6  

T a b l e  1

Risk Factors for Perioperative  
Bleeding, Blood Transfusion, or  

Both in Surgical Patients1–3

Patient-specific factors

Advanced age

Female gender

Low body mass (i.e., small body size)

Low red blood cell volume/preoperative anemia

Preoperative use of anticoagulant or antiplatelet 
therapy

Certain comorbid conditions 
n congestive heart failure 
n renal dysfunction 
n chronic obstructive pulmonary disease 
n diabetes mellitus 
n hypertension 
n peripheral vascular disease

Procedure-related factors

Urgent or emergent procedure

Prolonged procedure

Coronary artery bypass graft surgery or other  
cardiac surgery

Prolonged use of cardiopulmonary bypass

Lack of surgical experience and skill
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In the priming phase, a small amount of thrombin 
binds to platelets at the site of injury, enhances platelet 
activation, and causes the release of partially-activated 
FV followed by full activation to FVa.11 In the propaga-
tion phase, large amounts of thrombin are produced as 
a result of binding of FXa to FVa on the platelet surface, 
leading to formation of a stable fibrin clot.12

Preventive Measures
A variety of interventions may be used to reduce 
modifiable risk factors for perioperative bleeding (e.g., 
discontinuing or temporarily interrupting anticoagulant 
or antiplatelet therapy), the need for transfusions 
(e.g., preoperative autologous blood donation), or 
both. Preoperative administration of erythropoiesis-
stimulating agents (e.g., epoetin alfa, darbepoetin 
alfa) with iron may be used to increase red blood cell 
mass in selected patients with preoperative anemia 
or a high risk for postoperative anemia, patients who 
underwent preoperative autologous blood donation, and 
patients who refuse transfusion for religious reasons 
(e.g., Jehovah’s witnesses).1 Other blood conservation 
techniques, particularly the use of alternatives to 
laboratory blood sampling (e.g., oximetry instead of 
phlebotomy to measure arterial blood gases) or other 
strategies to minimize the amount of blood drawn for 
testing, may reduce the risk for anemia and the need for 
transfusions.1,14

Surgical Techniques
Various mechanical and thermal techniques have been 
used to maintain hemostasis during surgery.9 Applying 
direct pressure or using compression at the bleeding 
site, a mechanical intervention that usually is the 

preferred option, may not be feasible when bleeding 
is diffuse or associated with medications.9 Other 
mechanical interventions include sutures, staples, and 
ligating clips. These interventions are useful for bleeding 
at a specific site, but may be of limited use in patients 
without localized bleeding.

Electrocautery, lasers, harmonic frequency devices 
(e.g., scalpel, shears), argon beam coagulation, and 
radiofrequency technology are thermal techniques that 
produce coagulation by generating heat.10,15 Some of 
these technologies are relatively expensive.15

Systemic Interventions
Systemic interventions to manage perioperative 
bleeding include transfusion of selected blood 
products and the use of systemic hemostatic agents. 
Administration of blood products (e.g., fresh frozen 
plasma, prothrombin complex concentrates, platelets) 
can be helpful for replenishment in patients with 
deficiencies of clotting factors or platelets.10 However, 
administration of blood products is accompanied by the 
infectious and non-infectious risks associated with blood 
transfusion. In trauma patients, transfusion of red blood 
cells stored for 28 days or longer is associated with an 
increased risk for deep vein thrombosis and mortality 
compared with red blood cells stored for shorter 
periods.16,17

Recombinant factor VIIa, a product approved by 
the Food and Drug Administration (FDA) for prevention 
and treatment of bleeding in patients with hemophilia 
A or B, has been used off-label to manage uncontrolled, 
life-threatening bleeding in patients without hemophilia. 
A wide range of dosages have been used, with equivocal 
efficacy results in these non-hemophilic patients.18–20 
Thromboembolic adverse events are a safety concern 
with use of the product.21

The lysine analogs epsilon aminocaproic acid and 
tranexamic acid have antifibrinolytic activity that 
reduces blood loss during surgery and the need for 
blood transfusion.22 They are administered intravenously. 
Tranexamic acid has a greater effect than epsilon 
aminocaproic acid.22 Tranexamic acid should be consid-
ered for patients with serious bleeding due to trauma 
because in a large, randomized, placebo-controlled study 
of such patients, the drug significantly reduced the 
risk of death from bleeding and all-cause mortality.23 

To what extent has the current understanding of 

the physiology of hemostasis changed since you 

first learned about it in pharmacy school? 

What do you think is the likelihood that further 

advances in knowledge about this complex 

process are forthcoming in the future?
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Unwanted clotting is a potential complication of 
antifibrinolytic agents.9 Aprotinin is an antifibrinolytic 
agent that was used to manage perioperative bleeding 
in the past, but it was removed from the market in 2007 
because an increased risk for cardiovascular complica-
tions and death was associated with its use.24

Other systemic options for managing perioperative 
bleeding in selected patients include vitamin K and 
the vasopressin analog desmopressin. Desmopressin 
is used to prevent or treat bleeding in patients with 
von Willebrand disease, a congenital bleeding disorder 
associated with von Willebrand factor deficiency.25 
The drug is not effective for minimizing the need for 
perioperative blood transfusion in patients without this 
congenital bleeding disorder.26

Local Interventions
The adverse effects associated with systemic 
interventions may be avoided through the use of local 
interventions, which allow flexibility in use of only as 
much product as is needed based on the amount of 
bleeding.9 However, local interventions are not neces-
sarily less expensive or easier to prepare, use, or store 
than systemic interventions. Local interventions include 
hemostatic agents, sealants, and adhesives. Hemostatic 
agents cause blood to clot, sealants form a barrier to 
prevent blood and other fluids from leaking from tissues, 
and adhesives hold tissues together.27 All three types of 
local interventions have hemostatic effects and can be 
used to prevent or stop perioperative bleeding.27

Hemostatic Agents
Properties of the ideal local hemostatic agent include 
rapid efficacy in controlling bleeding, acceptable adverse 
event profile, availability in multiple forms for versatility, 
ease of use (i.e., handling, preparation, application), 
stability at room temperature, and affordability.9,10 None 
of the currently available local hemostatic agents is 
ideal.28 The currently available local hemostatic agents 
may be classified as mechanical agents, active agents, 
flowable agents, or fibrin sealants.

Mechanical agents

Mechanical hemostatic agents provide a physical 
surface to block blood flow and expedite clotting.9,29 
These absorbable agents are available in various forms, 

including sponges, sheets, strips, and powders that are 
ready to use, with no special storage or preparation 
requirements.30 Products available as sheets or strips 
may be cut to size.

Mechanical hemostats are used in surgical 
procedures when conventional methods of hemostasis 
(e.g., pressure, ligature) are ineffective or impractical.31 
These agents should not be placed in or injected into 
blood vessels because of the risk for embolization.32 

Mechanical hemostatic agents are useful only for 
minimal bleeding.30 Their ease of use, low cost, and rela-
tive safety are advantages over other local hemostatic 
agents (Table 2). Swelling and expansion of mechanical 
hemostatic agents is a concern because it can lead to 
compression of surrounding tissues, including nerves.9 
Therefore, most products should not be used for 
surgeries in closed cavities or ophthalmologic or urologic 
surgeries.32 The amount of these products used should 
be minimized. Although mechanical hemostatic products 
are absorbable, most products should be removed to the 
extent possible once bleeding is controlled before wound 
closure.

Mechanical hemostats include porcine gelatin, 
bovine collagen, oxidized regenerated cellulose, and 
polysaccharide spheres. Although these agents all 
provide passive hemostasis, they differ somewhat in 
their mechanism of action, efficacy, and safety. A risk 
for allergic or immune reaction is associated with 
products of animal origin (i.e., porcine gelatin and bovine 
collagen). Products provided as sponges in theory may 
cause foreign body reactions.

Porcine gelatin foam is made from pig skin and 
processed into a sponge or powder form.15,55 Porcine 
gelatin sponges have been available since 1945.31 Porcine 
gelatin powders become a paste with the consistency 
of putty when mixed with sterile saline.32 The paste is 
useful for application to irregular surfaces.29

Bovine collagen is obtained from the skin or Achilles 
tendon of cows.32 It is available as sheets, sponges, 
pads, flour, and fibrillar or microfibrillar material 
(i.e., filaments or fiber). Some flours are provided in 
syringes or applicators. The microfibrillar form was 
introduced in the early 1970s and is characterized by 
high tensile strength.15,56 Bovine collagen promotes 
platelet aggregation, degranulation, clotting factor 

Continued on page 9
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T a b l e  2

Local Hemostatic Agents9,10,28,30–54

CLASS/TyPe oF AgenT PRoduCT nAme (FoRm) meCHAniSm oF ACTion AdvAnTAgeS diSAdvAnTAgeS

meCHAniCAL  Passive Ease of use (ready to use, Useful only for minimal  
  Serve as barrier to blood with no special storage or bleeding  
  flow and provide surface  preparation requirements) Risk of swelling of material 
  to expedite clot formation Low cost and compression of 
   Relatively safe (risk of  surrounding tissues 
   swelling of the material) 

n Porcine gelatin Gelfoam (sponge and Form matrix for clot May be more effective if Risk for allergic/immune 
  powder) formation, serve as barrier used with local thrombins reaction to porcine proteins 
  Surgifoam (sponge and to blood flow than when used alone Sponges may cause foreign 
  powder)   body reactions

n Bovine collagen Avitene (sheets, flour, and Form matrix for clot More effective than porcine Risk for allergic/immune  
  foam sponges) formation; serve as barrier gelatin and oxidized reaction to bovine proteins 
  Helistat (sponges) to blood flow; promote regenerated cellulose Sponges may cause 
  Helitene (fiber form, pads) platelet aggregation,  foreign body reactions 
  Instat, Instat MCH degranulation, clotting  
  (microfibrillar form) factor release, and clot 
   formation

n oxidized regenerated Surgicel (knitted fabric Form matrix for clot  Acid bactericidal May cause foreign body 
 cellulose strips) formation, serve as environment may reduce reactions 
  Surgicel Fibrillar (fiber barrier to blood flow, risk of infection but Not as well absorbed as  
  form) and promote hemostasis inactivates thrombin other mechanical hemostats 
  Surgicel Nu-Knit (tightly by denaturing blood  (not useful with local  
  knitted fabric strips) proteins thrombins) 
  Surgicel SNoW (structured 
  non-woven material)

n Polysaccharide Arista AH (powder in Serve as barrier to blood More effective than porcine Caution in use of large 
 spheres bellows applicator) flow, dehydrate and gelatin and oxidized amount in patients with  
  Hemostase MPH (powder concentrate blood, and regenerated cellulose diabetes due to glucose load 
  in bellows applicator) promote platelet and 
  Vitasure (powder in clotting factor function 
  bellows applicator)

CLASS/TyPe oF AgenT PRoduCT nAme (FoRm) meCHAniSm oF ACTion AdvAnTAgeS diSAdvAnTAgeS 

ACTive  Active Effective for both localized  
  Convert fibrinogen and diffuse bleeding 
  to fibrin Relatively easy to prepare  
   and use

n Bovine thrombin Thrombin-JMI (sterile    Risk for immune-mediated 
  powder for use dry or   coagulopathy  
  constitution and use as  
  solution or spray)  

n Pooled human Evithrom (lyophilized    Theoretical risk for 
 plasma-derived powder for constitution    transmission of viruses 
 thrombin and use as solution)   and prions 
     Slightly more expensive  
     than bovine thrombin 
     Not available for use  
     as a spray

n Recombinant human Recothrom (lyophilized  Safe for patients with Risk for allergic/immune  
 thrombin powder for constitution  antibodies to bovine reaction to hamster or  
  and use as solution or  thrombin or previous snake proteins  
  spray)  exposure to recombinant Slightly more expensive  
    human thrombin than bovine thrombin
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Table 2 (Continued)

Class/Type of agenT produCT name (form) meChanism of aCTion advanTages disadvanTages 

Flowable  Passive and active Effective for localized High cost 
  Serve as barrier to bleeding  
  blood flow and convert Conform to irregular surfaces  
  fibrinogen to fibrin May be more effective than 
   porcine gelatin sponges 
   plus thrombin 
   Relatively easy to prepare 

n bovine gelatin Floseal (lyophilized thrombin   Risk for swelling and  
 particles plus pooled powder for constitution,   compression of surrounding  
 human thrombin then addition to gelatin   tissues from gelatin 
  particles to form paste-   Risk for allergic/immune 
  like mixture)   reaction to bovine proteins 
     Theoretical risk for transmis- 
     sion of viruses and prions

n Porcine gelatin Surgiflo (gelatin particles   Risk for swelling and  
 particles with pooled provided alone for use with   compression of surrounding  
 human thrombin or bovine, pooled human, or   tissues from gelatin  
 alone for use in recombinant human   Risk for allergic/immune  
 combination with thrombin from separate   reaction to porcine proteins  
 bovine, pooled source and kit with   Safety concerns associated  
 human, or recom- gelatin particles and   with thrombin component 
 binant human lyophilized pooled  
 thrombin human thrombin powder  
  for constitution and mixing  
  to form paste-like mixture)  

Class/Type of agenT produCT name (form) meChanism of aCTion advanTages disadvanTages 

Fibrin Sealant   Effective for both localized High cost  
   and diffuse bleeding 

n Pooled human Evicel (frozen solution) Active  Complex to prepare and use  
 plasma containing Tisseel (frozen solution,   Theoretical risk for  
 fibrinogen and lyophilized powder)   transmission of viruses 
 thrombin    and prions 
     Risk for anaphylactic  
     reaction to aprotinin  
     in Tisseel

n bovine collagen Vitagel (suspension) Passive and active May be more effective for Complex to prepare and use  
 and bovine thrombin   providing hemostasis than Risk for allergic/immune  
 with autologous    bovine collagen alone reaction to bovine proteins 
 human plasma   Avoids risk for transmission Risk for immune-mediated 
    of viruses and prions from coagulopathy  
    donor plasma used in other  
    fibrin sealants 

n Pooled human Tachosil (patches) Passive and active Ease of use without Theoretical risk for  
 plasma fibrinogen   preparation  transmission of viruses and 
 and thrombin    Facilitates the application prions 
 integrated into    of pressure Risk for allergic/immune 
 equine collagen    reaction to equine proteins 
 patch    Particularly high cost

n Pooled human Evarrest (patches) Passive and active Ease of use without Theoretical risk for  
 plasma fibrinogen    preparation transmission of viruses  
 and thrombin   Facilitates the application  and prions 
 integrated into   of pressure Risk for hypersensitivity  
 oxidized regenerated    reaction 
 cellulose patch
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release, and clot formation in addition to serving as a 
barrier to blood flow.31,32 Bovine collagen products may 
be the most effective among the mechanical hemostatic 
products.32,57

Oxidized regenerated cellulose is a cotton plant-
derived product that was introduced in 1960.15,56 It 
produces an acid bactericidal environment that may 
reduce the risk of infection, although this environment 
inactivates thrombin and may increase inflammation 
and delay wound healing.15,30

Polysaccharide spheres are a plant-derived 
starch. The mechanism of action of these products in 
providing surgical hemostasis involves dehydrating 
and concentrating blood and promoting platelet and 
clotting factor function.32 These products are supplied 
as a powder in a bellows applicator that is ready to 
use.42,43 Polysaccharide spheres may be more effective 
for providing surgical hemostasis than porcine gelatin 
and oxidized regenerated cellulose.30,58 Polysaccharide 
spheres should be used in limited amounts in patients 
with diabetes mellitus because of the glucose content.32

active agents

Bovine thrombin, pooled human plasma-derived 
thrombin, and recombinant human thrombin are 
considered active agents because of their effect on the 
final common pathway of coagulation. They are used as 
an aid to hemostasis when oozing of blood and minor 
bleeding from capillaries and small venules is accessible 
and control of bleeding by standard techniques (e.g., 
sutures) is ineffective or impractical.44-46 Thrombins have 
a rapid onset of action, usually providing hemostasis 
within 10 minutes.9 They are effective for managing 
both localized and diffuse bleeding.30 Thrombins may 
be used alone or in conjunction with absorbable gelatin 
sponges.44–46 Using a thrombin with porcine gelatin may 
improve the efficacy of the latter because of the active 
role of thrombin in clotting.30 Because thrombins act 
on the final common pathway of coagulation, they may 
be useful for providing hemostasis in patients receiving 
antiplatelet agents or anticoagulants or with coagu-
lopathies due to clotting factor deficiencies.9 Circulating 
fibrinogen is needed for thrombins to exert their hemo-
static effects.29 Thrombins are moderately expensive 
compared with other local hemostatic agents.30

Bovine thrombin was introduced in the late 
1970s, and its efficacy is well established.9 Pooled 
human plasma-derived thrombin and recombinant 
human thrombin were introduced in 2007 and 2008, 
respectively, and are comparable to bovine thrombin in 
efficacy for achieving surgical hemostasis.59–61

Bovine thrombin is available as a sterile powder 
that may be used as is (i.e., in dry form) or constituted 
with sterile 0.9% sodium chloride.44 The constituted 
solution is stable for 8 hours at room temperature and 
24 hours when refrigerated at 2°–8°C. The solution may 
be applied from a syringe (i.e., flooding the area with 
liquid), using an absorbable gelatin sponge immersed 
in the solution, or as a spray (the product is supplied 
in pump spray kits and syringe spray kits). Thrombins 
administered as sprays are particularly useful for 
managing diffuse oozing of blood and minor bleeding 
in large areas.9 Bovine thrombin and other thrombins 
do not need to be removed before wound closure.9 They 
should not be injected intravenously.44–46

Pooled human plasma-derived thrombin is available 
as a lyophilized powder that is stable at room tempera-
ture for 8 hours after constitution with sterile water for 
injection.45 It also is available as a frozen solution that is 
stable after thawing for 24 hours at room temperature 
and up to 30 days under refrigeration.45 The solution is 
applied using a sterile syringe to flood the area or an 
absorbable gelatin sponge immersed in the solution.  
The product is not provided with a spray device.

Recombinant human thrombin is available as a 
lyophilized powder that is stable for 24 hours at room 
temperature after constitution with sterile 0.9% sodium 
chloride. It is applied directly as a solution, an absorb-
able gelatin sponge soaked in solution, or a spray (the 
product is supplied in spray applicator kits with a spray 
pump, bottle, and syringe spray tip).

In a phase 3, randomized, double-blind study of 401 
surgical patients, recombinant human thrombin was 
comparable in efficacy to bovine thrombin.60 Hemostasis 
was achieved within 10 minutes in 95% of patients in 
each treatment group.

The amino acid sequence of bovine thrombin differs 
from that in human thrombin. Exposure to bovine 
thrombin is associated with a risk for immune-mediated 
coagulopathy because of the presence of small 
amounts of bovine clotting factors and the formation 
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of antibodies that cross react with and neutralize 
human clotting factors, especially clotting factor V and 
thrombin.62 The product labeling for bovine thrombin 
includes a black box warning about abnormalities in 
hemostasis ranging from asymptomatic alterations 
in laboratory test results to rare but potentially fatal 
severe bleeding or thrombosis due to immune-mediated 
coagulopathy.44 According to the product labeling for 
bovine thrombin, patients with antibodies to bovine 
thrombin should not be reexposed to the drug, although 
a laboratory test is not widely available to screen for 
these antibodies.44,63

The development of antibodies to human clotting 
factors can occur in patients treated with pooled human 
thrombin or recombinant human thrombin, but the 
incidence of seroconversion is lower than that associ-
ated with bovine thrombin.59,60 Black box warnings 
about immune-mediated coagulopathy are not included 
in the product labeling for human thrombins. Whether 
differences in the development of antibodies translate 
into differences in the incidence of adverse events 
has been questioned.64,65 Improvements in the purity 
of the current formulation of bovine thrombin may 
reduce the risk for antibody formation compared with 
earlier formulations, although persistence of antibodies 
to bovine thrombin has been observed for up to 3 
years after exposure.9,64,66 Adverse events from bovine 
thrombin reported to the FDA have decreased over the 
past two decades.67 Nevertheless, cases of immune-
mediated coagulopathy continue to be reported, and 
cases may go unrecognized and unreported because of a 
lack of clinician awareness of the risk.62,66,68,69

Pooled human thrombin is obtained from plasma 
donated at plasmapheresis centers.62 Donors are 
screened for prior exposure to certain viruses. Donated 
plasma is tested for the presence of certain viral 
infections (e.g., hepatitis B and C, human immunodefi-
ciency virus, and parvovirus), and certain viruses are 
inactivated or removed during processing of donated 
plasma.45,62 No cases of transmission of infection in 
pooled human thrombin have been documented.62 
Nevertheless, the product labeling for pooled human 
thrombin carries a warning about the theoretical risk of 
transmitting infectious agents, particularly viruses and 
prions.45 Creutzfeldt-Jakob disease, a rapidly progres-
sive, fatal neurodegenerative disorder, is associated  

with a prion. In theory, bovine thrombin also may be 
associated with a risk for transmission of viruses and 
prions, but the manufacturing process appears to reduce 
this risk.62 The product labeling for bovine thrombin 
does not include a warning about a risk of transmitting 
infectious agents.44

Recombinant human thrombin is produced through 
recombinant DNA technology using a Chinese hamster 
ovary cell line.46 Ecarin derived from snake venom is 
used in manufacturing of the product. Allergic reactions 
to hamster or snake proteins in the recombinant product 
are possible. The amino acid sequence of recombinant 
human thrombin is identical to that in human thrombin 
obtained from pooled plasma.66 A low rate of antibody 
formation to recombinant human thrombin has been 
observed.70 The safety of recombinant human thrombin 
in patients with antibodies to bovine thrombin and 
patients with previous exposure to recombinant human 
thrombin has been demonstrated.71,72

Flowable agents

Flowable agents are paste-like mixtures of absorbable 
porcine or bovine gelatin particles in combination 
with thrombin for delivery to localized areas using 
a syringe-like applicator.29,32 The mixture conforms 
to irregular surfaces.10 The flowable agents promote 
hemostasis through passive and active mechanisms 
associated with gelatin and thrombin, respectively. 
They are used when conventional hemostatic measures 
are ineffective or impractical.32 Flowable agents are 
most effective for managing localized bleeding.30 The 
products may be more effective for managing bleeding 
than use of porcine gelatin sponges in combination with 
thrombin.33,34

Flowable agents are relatively easy to prepare, 
requiring several minutes to form a paste by combining 
the gelatin particles with sterile saline or thrombin. 
Bovine gelatin particles are available with pooled 
human thrombin (Floseal). Porcine gelatin particles 
are available alone (Surgiflo hemostatic matrix) or in a 
kit that includes lyophilized human thrombin (Surgiflo 
hemostatic matrix kit).48,49 The former may be used 
in combination with bovine thrombin, pooled human 
thrombin, or recombinant human thrombin.30 The flow-
able products should be stored at room temperature and 
used promptly after preparation.47–49
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Safety concerns and precautions associated with 
flowable products include those associated with the 
components (e.g., risk for swelling and compression 
of surrounding tissues from gelatin, risk for allergic or 
immune reaction to materials from porcine or bovine 
sources, theoretical risk for transmission of viral or 
prion infection from pooled human thrombin). Flowable 
products tend to be costly compared with mechanical 
and active local hemostatic agents.30

Fibrin sealants

Fibrin sealants are two-component products for 
providing surgical hemostasis and occlusion when 
conventional surgical techniques are ineffective or 
impractical. These products provide fibrinogen and 
thrombin at the site of bleeding in larger concentrations 
than those ordinarily found in blood, which expedites 
conversion of fibrinogen to fibrin and clot formation.30 
Fibrin sealants are effective for managing both local-
ized and diffuse bleeding, but they tend to be costly 
compared with other local hemostatic agents.30 They 
were first used in the United States in the late 1990s.

Several fibrin sealant products with pooled human 
plasma containing fibrinogen and thrombin (Evicel and 
Tisseel) are available. The two components of Evicel 
are supplied in vials of frozen solution that are stable 
frozen for up to 2 years, 30 days under refrigeration, 
and 24 hours at room temperature.50 Thawing requires 
10 minutes at 37°C (a higher temperature and longer 
duration at 37°C should be avoided), 1 hour at room 
temperature, and 1 day under refrigeration. The solution 
is sprayed or dripped in a thin layer on the bleeding site.

Tisseel contains the fibrinolysis inhibitor aprotinin 
as well as fibrinogen and thrombin from pooled human 
plasma.51 Aprotinin is added to offset the fibrinolytic 
activity of plasminogen in Tisseel. A fibrinolysis inhibitor 
is not required in Evicel because of the manufacturing 
process, which removes plasminogen.32 Tisseel is 
supplied frozen in prefilled syringes and freeze dried in 
vials. The freeze-dried product requires constitution. 
The frozen product in syringes is premixed and ready 
to use after thawing, although it must be maintained 
at 33–37°C. The time required for thawing and stability 
depend on the package size and method used for 
thawing. Thawing can take as little as 5 minutes in a 
warm water bath, and the product must be used within 
4 hours. By contrast, thawing can take an hour or 

longer at room temperature, and the product is stable 
for up to 48 hours. As with Evicel, Tisseel is applied as 
a thin layer by dripping or spraying the solution on the 
bleeding site. Safety concerns associated with these 
two products include the theoretical risk of transmis-
sion of infectious agents in pooled human thrombin.32 
Anaphylactic reactions to aprotinin in Tisseel could 
occur.

A fibrin sealant (Vitagel) is available with a 
suspension of bovine collagen and bovine thrombin 
in syringes for mixing with autologous plasma.52 The 
patient’s plasma serves as a source of fibrinogen, which 
is converted to fibrin by bovine thrombin. The bovine 
collagen combines with fibrin to form a matrix and 
promotes platelet aggregation, degranulation, clotting 
factor release, and clot formation.32,52 The product may 
be more effective for providing hemostasis than bovine 
collagen alone.35 Preparation of Vitagel is complex and 
involves use of a cell packer and centrifuge. The syringes 
require refrigeration. The product is applied in a uniform 
coat using a cannula or spray. Safety concerns associ-
ated with this product relate to the use of thrombin and 
collagen from bovine sources (i.e., immune-mediated 
coagulopathy, allergic and immune reactions to bovine 
proteins).32 Because autologous human plasma is used 
as the source for fibrinogen instead of pooled human 
plasma from donors, the risk for transmission of viruses 
and prions may be reduced with use of this product 
instead of Evicel or Tisseel.

Pooled human plasma fibrinogen and thrombin 
integrated into absorbable patches are the two newest 
fibrin sealants—Tachosil equine collagen patches and 
Evarrest composite patches introduced in 2010 and 
2012, respectively.28,53,55 The active side of the patches 
(yellow color for Tachosil, and powdery white-to-yellow 
color for Evarrest) contains fibrinogen and thrombin 
obtained from donated human plasma. The thrombin 
activates the fibrinogen at the site of application of 
the active side of the patch. Tachosil is approved by 
FDA for use in cardiovascular surgery when control of 
bleeding by standard surgical techniques (e.g., suture, 
ligature, cautery) is ineffective or impractical.53 Evarrest 
is approved by FDA for use with manual compression 
for soft tissue bleeding during retroperitoneal, intra-
abdominal, pelvic, and non-cardiac thoracic surgery 
when standard surgical methods of hemostasis are 
ineffective or impractical.54 Both patches are designed 
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to be left in place, which facilitates the application of 
pressure to achieve hemostasis and is an advantage of 
the patches over liquid fibrin sealants.28 More than one 
patch may be used simultaneously, and the patches may 
be trimmed to fit the wound. Safety concerns with the 
use of these products include transmission of viral or 
prion diseases, although screening of plasma donors for 
risk factors for viral diseases and testing and treatment 
of the product to detect and reduce viral contaminants 
minimizes this risk.28 Allergy to equine proteins is a 
concern associated with Tachosil.53 Hypersensitivity 
reactions to Evarrest can occur.54 Neither patch requires 
special storage conditions (e.g., refrigeration), and both 
are ready to use. Tachosil patches are particularly costly. 
The cost of Evarrest patches remains to be determined.

other local sealants and adhesives

Synthetic polyethylene glycol (PEG) polymers (e.g., 
Coseal) are sealants that form a barrier to the flow of 
liquids, including blood.30 They are supplied as powders 
that are stored at room temperature and applied as 
liquids after constitution.73 The liquid quickly forms a 
hydrogel and provides hemostasis.32 Excessive swelling 
of PEG polymers can be problematic.32 The PEG polymer 
is absorbed and cleared by the kidneys, so the presence 
of renal impairment also is a concern.

A PEG polymer with human serum albumin (Progel) 
recently was introduced.28,74 Allergy to human albumin 
and renal insufficiency are concerns associated with its 
use. The PEG polymer component of Progel is supplied 
as a powder stored under refrigeration and constituted 
with saline no more than 20 minutes before applica-
tion.28,74 This and other PEG polymer sealant products 
are costly.30

Bovine serum albumin plus glutaraldehyde (Bioglue) 
is a strong sealant with adhesive properties that 
promotes hemostasis in large blood vessels.30,32 It is 
supplied in a double-chambered syringe with various 
syringe tips.75 Cross linking of the aldehyde group of 
glutaraldehyde and lysine of albumin occurs within 
several minutes after assembly and priming of the 
syringe, so the product must be used promptly to avoid 
clogging of the syringe tip.32 Hypersensitivity, tissue 
necrosis, and adhesive embolism are among the safety 
concerns associated with this product.30 Bovine serum 
albumin plus glutaraldehyde is less costly than PEG 
polymer sealants.28

Cyanoacrylates have sealant and adhesive proper-
ties.28 Most of these products are used as adjuncts 
to surgical closure of skin incisions, not internally.32 A 
recently introduced product, octyl and butyl lactoyl 
cyanoacrylate (Omnex), is absorbable and used inter-
nally to seal blood vessels and provide hemostasis.28,76 It 
is provided as a liquid that is stored at room tempera-
ture and applied in a thin film using an applicator 
with a cannula tip.76 The sealant sets quickly, within 
approximately 5 minutes, so caution should be used to 
avoid contact with unintended tissues.76 Cyanoacrylates 
tend to be less costly than other local sealants and 
adhesives.28,30

Formulary Decisions
Considerations in selecting a strategy for managing 
perioperative bleeding include the type of surgical 
procedure; type and severity of bleeding; wound size, 
configuration, and accessibility; and patient charac-
teristics (e.g., coagulation status).10,29 Small, discrete 
bleeding is managed differently from venous oozing 
from a large area.15 The local hemostatic product char-
acteristics described in Table 2 (i.e., form, mechanism 
of action, and advantages and disadvantages in ease 
of preparation, method of application, efficacy, safety, 
and cost) influence the choice among available products 
for a specific patient.31 Formulary decisions about local 
hemostatic agents should take into consideration these 
differences in product characteristics. Duplication 
(i.e., inclusion of agents with the same mechanism of 
action and form) should be avoided or minimized. Input 
from surgeons as well as pharmacists who practice in 
critical care and surgical intensive care areas should 
be obtained when making formulary decisions because 

After reading this discussion guide, how would 

you rate your knowledge of: 1) blood products, 

2) systemic hemostatic agents, and 3) local 

hemostatic agents?

 Greatly improved

 Somewhat improved

 Still inadequate
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surgeon experience with and preferences for specific 
products vary.15,31 Current sources of information should 
be consulted.77,78 The Appendix lists resources with 
information on achieving hemostasis in the operating 
room and critical-care setting.

Direct and indirect costs associated with the use of 
local hemostatic agents should be taken into consider-
ation in making formulary decisions.63,79 Indirect costs 
include the cost of storing, preparing, and administering 
the product and reflect shelf-life and waste of products 
with limited stability. The costs for treating adverse 
events from local hemostatic agents and failure to 
provide prompt hemostasis (e.g., the costs for blood 
transfusion, extended hospital stays, rescue surgery for 
patients with recalcitrant bleeding, transfusion-related 
adverse events) as well as the acquisition cost should 
be considered.80 The potential impact of cost-reduction 
strategies, including bundling of multiple products from 
the same manufacturer as well as negotiation of favor-
able contract prices based on volume purchased, should 
be evaluated.28

Local hemostatic agents can be costly for health 
systems. Surgeons should be encouraged to use less 
expensive mechanical agents for minor bleeding and 
reserve more costly local hemostatic agents for severe 
bleeding.28 Institutional guidelines for use of local 
hemostatic agents should be developed to reflect this 
strategy for containing costs without compromising 
patient care.

Conclusion
A wide variety of local hemostatic agents are available 
for use in providing surgical hemostasis. Differences 
among these agents in mechanism of action, ease of use, 
efficacy, safety, and cost should be taken into consider-
ation in making formulary decisions that optimize use of 
these agents and patient outcomes.

At your health system who are the primary 

stakeholders engaged in formulary decisions 

regarding the use of local hemostatic agents?
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Assessment Test
This assessment test is provided here as a study  
aid only. Follow the instructions above to complete  
this assessment test and the evaluation online to  
obtain CE credit for this activity.

1. Which of the following is a risk factor for  
perioperative bleeding, blood transfusion,  
or both in surgical patients?

 a. Male gender

 b. Large body mass

 c. Autologous blood donation

 d. Advanced age

2. In the cell-based model for coagulation, which 
of the following phases is associated with 
the production of large amounts of thrombin, 
contributing to hemostasis?

 a. Initiation

 b. Amplification

 c. Priming

 d. Propagation

3. Which of the following is a systemic  
hemostatic agent that is potentially useful  
for reducing perioperative bleeding?

 a. Tranexamic acid

 b. Desmopressin

 c. Recombinant human thrombin

 d. Epoetin alfa

4. Which of the following is an advantage of 
most local hemostatic agents over systemic 
hemostatic agents?

 a. Lower cost

 b. Avoidance of systemic adverse effects

 c. Greater ease of administration

 d. Longer shelf-life

5. Which of the following local hemostatic  
agents provides an acid bactericidal environ-
ment that may reduce the risk of infection?

 a. Bovine collagen

 b. Porcine gelatin

 c. Oxidized regenerated cellulose

 d. Polysaccharide spheres

6. Recombinant human thrombin differs from 
bovine thrombin in its:

 a. Greater ease of preparation

 b. Greater ease in application as a spray to  
 large areas of bleeding

 c. Lower risk for development of antibodies to  
 human thrombin and clotting factor V

 d. Greater efficacy in controlling bleeding

7. Which of the following is a potential advan-
tage of flowable agents over most other local 
hemostatic agents?

 a. Greater usefulness for irregular bleeding  
 surfaces

 b. Lower cost

 c. Lower risk for swelling and compression of  
 surrounding tissues

 d. Lower risk for allergic/immune reaction to  
 foreign proteins

8. Which of the following is an advantage of 
patches containing pooled human plasma 
fibrinogen and thrombin over other fibrin 
sealants?

 a. Greater ease of use without preparation

 b. Lower cost

 c. Lower risk for transmission of viruses and  
 prions

 d. Lower risk for allergic/immune or  
 hypersensitivity reaction
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9. Which of the following local hemostatic 
agents is the most complex to prepare  
and use?

 a. Polysaccharide spheres in a bellows  
 applicator

 b. Oxidized regenerated cellulose sheets

 c. Bovine thrombin sterile powder

 d. A fibrin sealant containing bovine collagen  
 and bovine thrombin with autologous  
 human plasma

10. Which of the following types of local  
hemostatic agents generally is least costly?

 a. Mechanical

 b. Active

 c. Flowable

 d. Fibrin sealant

11. Which of the following reflects bundling of 
local hemostatic agents as a cost-reduction 
strategy by health systems?

 a. Purchase of a large quantity of a single   
 product

 b. Purchase of multiple products from the   
 same manufacturer

 c. Purchase of combination products instead  
 of separate ingredients

 d. Negotiation of rebates as well as discounted  
 prices

American	Society	of	Health-System	Pharmacists 
www.ashpadvantage.com/hemostasis

	 n Multifaceted educational initiative for health-
system pharmacists on achieving hemostasis in 
the operating room and critical care setting

	 n Regional presentations and webinars on what 
the pharmacist needs to know

The	Joint	Commission 
www.jointcommission.org

	 n Implementation guide for the Joint Commis-
sion patient blood management performance 
measures 2011. June 27, 2011. (available 
at: www.jointcommission.org/assets/1/6/
PBM_Implementation_Guide_20110624.pdf)

The	Society	of	Thoracic	Surgeons 
www.sts.org

	 n Blood conservation clinical practice guidelines 
(available at www.sts.org/sites/default/files/
documents/pdf/guidelines/BloodConservation-
Update0311.pdf)

	 n Online calculator to predict the risk of opera-
tive mortality and morbidity after adult cardiac 
surgery on the basis of patient demographic 
and clinical variables (available at www.sts.
org/quality-research-patient-safety/quality/
risk-calculator-and-models)

Appendix. Resources on Achieving Hemostasis in the Operating Room  
and Critical-Care Setting



Downloaded from www.ashpadvantage.com/hemostasis	 17

Achieving hemostAsis in the operAting room And criticAl-cAre setting

1.  Ferraris VA, Brown JR, Despotis GJ et al. 2011 update 
to the Society of Thoracic Surgeons and the Society of 
Cardiovascular Anesthesiologists blood conservation clini-
cal practice guidelines. Ann Thorac Surg. 2011; 91:944-82. 
Available at: www.sts.org/sites/default/files/documents/
pdf/guidelines/BloodConservationUpdate0311.pdf (ac-
cessed 2013 Jan 18).

2.  Ferraris VA, Ferraris SP, Saha SP et al. Perioperative blood 
transfusion and blood conservation in cardiac surgery: the 
Society of Thoracic Surgeons and The Society of Cardio-
vascular Anesthesiologists clinical practice guideline. Ann 
Thorac Surg. 2007; 83(5 suppl):S27-86.

3.  Spiess BD. Strategies for preventing and treating uncon-
trolled perioperative bleeding. www.medscape.org/view-
article/571999 (accessed 2013 Jan 18).

4.  Stokes ME, Ye X, Shah M et al. Impact of bleeding-related 
complications and/or blood product transfusions on hos-
pital costs in inpatient surgical patients. BMC Health Serv 
Res. 2011; 11:135. Available at: www.ncbi.nlm.nih.gov/pmc/
articles/PMC3126703/pdf/1472-6963-11-135.pdf.

5.  Carson JL, Noveck H, Berlin JA et al. Mortality and mor-
bidity in patients with very low postoperative Hb levels 
who decline blood transfusion. Transfusion. 2002;  
42:812-8.

6.  Zimmerman LH. Causes and consequences of critical 
bleeding and mechanisms of blood coagulation. Pharmaco-
therapy. 2007; 27(9 Pt 2):45S-56S.

7.  Shander A. Financial and clinical outcomes associated 
with surgical bleeding complications. Surgery. 2007; 142(4 
suppl):S20-5.

8.  Serious Hazards of Transfusion. Annual SHOT report 
2011. June 22, 2012. www.shotuk.org/wp-content/up-
loads/2012/07/SHOT-ANNUAL-REPORT_FinalWebVersion-
Bookmarked_2012_06_22.pdf (accessed 2013 Jan 18).

9.  Samudrala S. Topical hemostatic agents in surgery: a 
surgeon’s perspective. AORN J. 2008; 88:S2-11.

10.  Boucher BA, Traub O. Achieving hemostasis in the surgical 
field. Pharmacotherapy. 2009; 29(7 pt 2):2S-7S.

11.  Monroe DM, Hoffman M, Roberts HR. Platelets and 
thrombin generation. Arterioscler Thromb Vasc Biol. 2002; 
22:1381-9.

12.  Hoffman M, Monroe DM. Coagulation 2006: a modern 
view of hemostasis. Hematol Oncol Clin North Am. 2007; 
21:1-11.

13.  Adams GL, Manson RJ, Turner I et al. The balance of 
thrombosis and hemorrhage in surgery. Hematol Oncol Clin 
North Am. 2007; 21:13-24.

14.  Pell LJ, Martin BS, Shirk MB. Epoetin alfa protocol and 
multidisciplinary blood-conservation program for critically 
ill patients. Am J Health Syst Pharm. 2005; 62:400-5.

15.  Sileshi B, Achneck H, Ma L et al. Application of energy-
based technologies and topical hemostatic agents in the 
management of surgical hemostasis. Vascular. 2010; 
18:197-204.

16.  Spinella PC, Carroll CL, Staff I et al. Duration of red blood 
cell storage is associated with increased incidence of deep 
vein thrombosis and in hospital mortality in patients with 
traumatic injuries. Crit Care. 2009; 13(5):R151.

17.  Weinberg JA, McGwin Jr, Vandromme MJ et al. Duration 
of red cell storage influences mortality after trauma.  
J Trauma. 2010; 69:1427-31.

18.  von Heymann C, Jonas S, Spies C et al. Recombinant 
activated factor VIIa for the treatment of bleeding in 
major abdominal surgery including vascular and urological 
surgery: a review and meta-analysis of published data. Crit 
Care. 2008; 12:R14.

19.  Hauser CJ, Boffard K, Dutton R et al. Results of the CON-
TROL trial: efficacy and safety of recombinant activated 
Factor VII in the management of refractory traumatic 
hemorrhage. J Trauma. 2010; 69:489-500.

20. Simpson E, Lin Y, Stanworth S et al. Recombinant factor 
VIIa for the prevention and treatment of bleeding in pa-
tients without haemophilia. Cochrane Database Syst Rev. 
2012; 3:CD005011.

21.  O’Connell KA, Wood JJ, Wise RP et al. Thromboembolic 
adverse events after use of recombinant human coagula-
tion factor VIIa. JAMA. 2006; 295:293-8.

22. Henry DA, Carless PA, Moxey AJ et al. Anti-fibrinolytic use 
for minimising perioperative allogeneic blood transfusion. 
Cochrane Database Syst Rev. 2011; (1):CD001886.

23.  CRASH-2 trial collaborators, Shakur H, Roberts I et al. 
Effects of tranexamic acid on death, vascular occlusive 
events, and blood transfusion in trauma patients with sig-
nificant haemorrhage (CRASH-2): a randomised, placebo-
controlled trial. Lancet. 2010; 376:23-32.

24. Fergusson DA, Hebert PC, Mazer CD et al. A comparison of 
aprotinin and lysine analogues in high-risk cardiac surgery. 
N Engl J Med. 2008; 358:2319-31.

25. Sniecinski RM, Karkouti K, Levy JH et al. Managing clot-
ting: a North American perspective. Curr Opin Anaesthe-
siol. 2012; 25:74-9.

26. Carless PA, Henry DA, Moxey AJ et al. Desmopressin for 
minimising perioperative allogeneic blood transfusion. 
Cochrane Database Syst Rev. 2004; (1):CD001884.

References



Downloaded from www.ashpadvantage.com/hemostasis	 18

Achieving hemostAsis in the operAting room And criticAl-cAre setting

27.  Spotnitz WD. Getting to hemostasis: general and thoracic 
surgical challenges. Tex Heart Inst J. 2012; 39:868-70.

28. Spotnitz WD, Burks S. Hemostats, sealants, and adhesives 
III: a new update as well as cost and regulatory consider-
ations for components of the surgical toolbox. Transfusion. 
2012; 52:2243-55.

29. 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:S1-20.

30. 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; 16:497-514.

31.  Gabay M. Absorbable hemostatic agents. Am J Health 
Syst Pharm. 2006; 63:1244-53.

32. Spotnitz WD, Burks S. Hemostats, sealants, and adhesives: 
components of the surgical toolbox. Transfusion. 2008; 
48:1502-16.

33.  Oz MC, Cosgrove DM 3rd, Badduke BR et al. Controlled 
clinical trial of a novel hemostatic agent in cardiac surgery. 
The Fusion Matrix Study Group. Ann Thorac Surg. 2000; 
69:1376-82.

34. Weaver FA, Hood DB, Zatina M et al. Gelatin-thrombin-
based hemostatic sealant for intraoperative bleeding in 
vascular surgery. Ann Vasc Surg. 2002; 16:286-93.

35.  Chapman WC, Clavien PA, Fung J et al. Effective control 
of hepatic bleeding with a novel collagen-based composite 
combined with autologous plasma: results of a randomized 
controlled trial. Arch Surg. 2000; 135:1200-4.

36. Gelfoam package insert. New York, NY: Pfizer; 2012 May. 
Available at: http://labeling.pfizer.com/ShowLabeling.
aspx?id=574 (accessed 2013 Jan 18).

37.  Surgifoam package insert. Somerville, NJ: Ethicon, Inc; 
2010 Mar. Available at: http://hostedvl106.quosavl.com/
cgi-isapi/server.dll?8000?IFUs?rkumar12@its.jnj.com?G
etOneDocPureFullTxt?c9kdum7fdgl4v3bnfdtoukqr8c?3 
(accessed 2013 Jan 18).

38. Helistat package insert. Plainsboro, NJ: Integra Life-
sciences Corporation. Available at: www.integralife.com/
products/pdfs/helistat2011_647.pdf (accessed 2012 Oct 
24).

39.  Helitene package insert. Plainsboro, NJ: Integra NeuroSci-
ences. Available at: www.integralife.com/products/pdfs/
helitene2011_646.pdf (accessed 2012 Oct 24).

40. Instat MCH package insert. Somerville, NJ: Ethicon, Inc; 
2010. Available at: http://hostedvl106.quosavl.com/cgi-
isapi/server.dll?8000?IFUs?rkumar12@its.jnj.com?Get
OneDocPureFullTxt?p0jn7rmnj0143cu41mv81ap27k?3 
(accessed 2012 Oct 24).

41.  Surgicel package insert. Somerville, NJ: Ethicon, Inc; 
2010. Available at: http://hostedvl106.quosavl.com/cgi-
isapi/server.dll?8000?IFUs?rkumar12@its.jnj.com?GetOn
eDocPureFullTxt?rgg1hlbrlh4k3c1r0ks6fumfk8?3 (ac-
cessed 2012 Oct 31).

42. Arista AH package insert. Minneapolis, MN: Medafor; 
2008 Oct. Available at: www.medafor.com/documents/
products/AristaAH.pdf (accessed 2013 Jan 18).

43.  Vitasure package insert. Malvern, PA: Orthovita, Inc; 
2008 Sep. Available at: www.orthovita.com/vitasure/pdf/
productIFU.pdf (accessed 2013 Jan 18).

44. Thrombin-JMI package insert. Bristol, TN: King Pharma-
ceuticals Inc; 2011 Jun. Available at: www.drugs.com/pro/
thrombin-jmi.html (accessed 2013 Jan 18).

45. Evithrom package insert. Somerville, NJ: Ethicon, 
Inc; 2011 May. Available at: www.ethicon360.com/
sites/default/files/products/EVITHROM_e360_2011_
Evithrom%20Lyophilized%20Thrombin%20USA%20
D2%20leaflet_frozen.pdf (accessed 2013 Jan 18).

46. Recothrom package insert. Seattle, WA: ZymoGenetics; 
2009 Dec. Available at http://packageinserts.bms.com/pi/
pi_recothrom.pdf (accessed 2013 Jan 18).

47.  Floseal instructions for use. Zurich, Switzerland: Baxter 
Healthcare SA. Available at: www.floseal.com/int/pdf/BF-
17_0707556-0_VHSD_EU.pdf (accessed 2012 Oct 23).

48. Surgiflo hemostatic matrix package insert. Somerville, 
NJ: Ethicon, Inc; 2012. Available at: http://hostedvl106.
quosavl.com/cgi-isapi/server.dll?8000?IFUs?rkumar12@
its.jnj.com?GetOneDocPureFullTxt?u85eb2lnr1lkb0rmu2hr
nb25ls?3 (accessed 2012 Oct 23).

49. Surgiflo hemostatic matrix kit package insert. Somerville, 
NJ: Ethicon, Inc; 2011 May. Available at: http://host-
edvl106.quosavl.com/cgi-isapi/server.dll?8000?IFUs?.
cmt1bWFyMTJAaXRzLmpuai5jb20=?GetOneDocPureFull
Txt?kn4die5s279kf63gqbdr5ee6t0?3 (accessed 2013 Jan 
18).

50. Evicel package insert. Somerville, NJ: Ethicon, Inc; 2009 
Nov. Available at: http://hostedvl106.quosavl.com/cgi-isa-
pi/server.dll?8000?IFUs?rkumar12@its.jnj.com?GetOneD
ocPureFullTxt?24vnohukg3l4tbqe1t9fo4ahno?3 (accessed 
2013 Jan 18).

51.  Tisseel package insert. Westlake Village, CA: Baxter 
Healthcare Corporation; 2012 Jan. Available at: www.bax-
ter.com/downloads/healthcare_professionals/products/
Tisseel_PI.pdf (accessed 2013 Jan 18).

52. Vitagel instructions for use. Orthovita, Inc. Available at: 
www.orthovita.com/vitagel/files/Vitagel_Hemostat_In-
structionsForUse.pdf (accessed 2012 Oct 25).



Downloaded from www.ashpadvantage.com/hemostasis	 19

Achieving hemostAsis in the operAting room And criticAl-cAre setting

53.  Tachosil package insert. Westlake Village, CA: Baxter 
Healthcare Corporation; 2010. Available at: www.fda.gov/
downloads/BiologicsBloodVaccines/BloodBloodProducts/
ApprovedProducts/LicensedProductsBLAs/Fractionated-
PlasmaProducts/UCM207483.pdf (accessed 2012 Oct 25).

54. Evarrest package insert. Somerville, NJ: Ethicon, Inc; 
2012. Available at: www.fda.gov/downloads/Biologics-
BloodVaccines/BloodBloodProducts/ApprovedProducts/
LicensedProductsBLAs/FractionatedPlasmaProducts/
UCM331131.pdf (accessed 2013 Jan 18).

55. Sileshi B, Achneck HE, Lawson JH. Management of surgi-
cal hemostasis: topical agents. Vascular. 2008; 16(suppl 
1):S22-8.

56. Sundaram CP, Keenan AC. Evolution of hemostatic agents 
in surgical practice. Indian J Urol. 2010; 26: 374-8.

57.  Wagner WR, Pachence JM, Ristich J et al. Comparative 
in vitro analysis of topical hemostatic agents. J Surg Res. 
1996; 66:100-8.

58. Murat FJ, Ereth MH, Dong Y et al. Evaluation of micro-
porous polysaccharide hemospheres as a novel hemostatic 
agent in open partial nephrectomy: favorable experimental 
results in the porcine model. J Urol. 2004; 172:1119-22.

59.  Doria C, Fischer CP, Wood CG et al. Phase 3, randomized, 
double-blind study of plasma-derived human thrombin 
versus bovine thrombin in achieving hemostasis in patients 
undergoing surgery. Curr Med Res Opin. 2008; 24:785-94.

60. Chapman WC, Singla N, Genyk Y et al. A phase 3, random-
ized, double-blind comparative study of the efficacy and 
safety of topical recombinant human thrombin and bovine 
thrombin in surgical hemostasis. J Am Coll Surg. 2007; 
205:256-65.

61.  Weaver FA, Lew W, Granke K et al. A comparison of 
recombinant thrombin to bovine thrombin as a hemostatic 
ancillary in patients undergoing peripheral arterial bypass 
and arteriovenous graft procedures. J Vasc Surg. 2008; 
47:1266-73.

62. Lomax C, Traub O. Topical thrombins: benefits and risks. 
Pharmacotherapy. 2009; 29(7 pt 2):8S-12S.

63.  Voils SA. Thrombin products: economic impact of immune-
mediated coagulopathies and practical formulary consider-
ations. Pharmacotherapy. 2009; 29(7 pt 2):18S-22S.

64. Bhandari M, Ofosu FA, Mackman N et al. Safety and ef-
ficacy of thrombin-JMI: a multidisciplinary expert group 
consensus. Clin Appl Thromb Hemost. 2011; 17:39-45.

65. Ofosu FA, Crean S, Reynolds MW. A safety review of topi-
cal bovine thrombin-induced generation of antibodies to 
bovine proteins. Clin Ther. 2009; 31:679-91.

66. Lomax C. Safety of topical thrombins: the ongoing debate. 
Patient Saf Surg. 2009; 3:21.

67.  Clark JA, Humphries JE, Crean S et al. Topical bovine 
thrombin: a 21-year review of topical bovine thrombin 
spontaneous case safety reports submitted to FDA’s 
Adverse Event Reporting System. Pharmacoepidemiol Saf. 
2010; 19:107-14.

68. Naoum JJ. Immune-mediated coagulopathy: a case report. 
Pharmacotherapy. 2009; 29(7 pt 2):13S-7S.

69. Rodgers GM, Kraiss LW. Severe postoperative immune-
mediated coagulopathy associated with bovine thrombin 
exposure. Pharmacotherapy. 2010; 30(8):319e-24e. 
Available at: www.pharmacotherapy.org/Case_Reports/
Pharm3008e_Rodgers-CR.pdf (accessed 2013 Feb 1).

70.  Ballard JL, Weaver FA, Singla NK et al. Safety and im-
munogenicity observations pooled from eight clinical trials 
of recombinant human thrombin. J Am Coll Surg. 2010; 
210:199-204.

71.  Singla NK, Ballard JL, Moneta G et al. A phase 3b, open-
label, single-group immunogenicity and safety study of 
topical recombinant thrombin in surgical hemostasis. J Am 
Coll Surg. 2009; 209:68-74.

72.  Singla NK, Gasparis AP, Ballard JL et al. Immunogenicity 
and safety of re-exposure to recombinant human thrombin 
in surgical hemostasis. J Am Coll Surg. 2011; 213:722-7.

73.  Coseal package insert. Hayward, CA: Baxter Healthcare 
2009 Mar. Available at: www.baxter.com/downloads/
healthcare_professionals/products/CoSeal_PI.pdf (ac-
cessed 2013 Jan 18).

74.  Progel instructions for use. Irvine, CA: Neomend. 
2011. Available at: www.neomend.com/wp-content/
uploads/2012/03/M-00055-Rev-F-Progel-PALS-Instructions- 
For-Use-5-X-7-2012-01-04.pdf (accessed 2012 Oct 25).

75.  Bioglue instructions for use. Kennesaw, GA: CryoLife. 2010 
Jun. Available at: www.cryolife.com/images/stories/as-
sets/docs/BG_Surgical_Adhesive_Syringe_IFU_dom.pdf 
(accessed 2013 Jan 18).

76.  Omnex information for use. Somerville, NJ: Ethicon, Inc; 
2010. Available at: http://hostedvl106.quosavl.com/cgi-
isapi/server.dll?8000?IFUs?rkumar12@its.jnj.com?Get
OneDocPureFullTxt?e2hap855pdekf172ja0ko78968?3 
(accessed 2012 Oct 26).

77.  Gabay M, Boucher BA. Topical hemostats, surgical seal-
ants, and adhesives for the hospital pharmacist. Pharma-
cotherapy. In press.

78. Spotnitz WD. Hemostats, sealants, and adhesives: a practi-
cal guide for the surgeon. Am Surg. 2012; 78:1305-21.

79.  Bowman LJ, Anderson CD, Chapman WC. Topical recom-
binant human thrombin in surgical hemostasis.Semin 
Thromb Hemost. 2010; 36:477-84.

80. Achneck HE, Sileshi B, Jamiolkowski RM et al. A compre-
hensive review of topical hemostatic agents: efficacy and 
recommendations for use. Ann Surg. 2010; 251:217-28.

© 2013 American Society of Health-System Pharmacists® HPAdv413


