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Absorbable hemostatic agents

he process of hemostasis refers

to the ability of the human body

to maintain blood flow within
the vasculature and to prompt a
thrombotic response when blood es-
capes the vascular system."” Main-
taining hemostasis involves a com-
plex interaction of the vessel wall,
platelets, and the coagulation and fi-
brinolytic systems.? After an injury,
the vessel wall reacts by constricting,
aiding in the formation of a platelet
plug, and regulating the coagulation
and fibrinolytic processes. Platelets
respond by adhesion, secretion, ag-
gregation, and promotion of proco-
agulant effects. Finally, the coag-
ulation and fibrinolytic systems
promote the formation and dissolu-
tion, respectively, of a fibrin clot,
with the subsequent restoration of
normal blood flow.

During surgical procedures, vari-
ous therapeutic agents are generally
administered that have a direct effect
on hemostasis. One device, an ab-
sorbable hemostatic agent, is often
used as adjunctive therapy when
bleeding is not controlled by ligature
or the application of pressure. The ab-
sorbable hemostatic agents Gelfoam
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Purpose. The pharmacology, clinical effica-
cy, adverse effects and toxicities, drug in-
teractions, dosage and administration, and
safety issues related to the use of absorb-
able hemostatic agents are reviewed.

Summary. Absorbable hemostatic agents
exert their pharmacologic effects at various
points within the coagulation cascade.
These agents are indicated for use during
surgical procedures as adjunctive therapy
when bleeding is not controlled by conven-
tional methods. Early clinical data on ab-
sorbable hemostatic agents revealed a
beneficial effect with regard to controlling
capillary bleeding, achieving hemostasis
during vascular surgery, and controlling
bleeding from fistula-puncture sites. Few
randomized controlled clinical trials have
directly compared available agents, but
case reports describing the efficacy of ab-
sorbable hemostatic agents in specific situ-
ations, especially unlabeled uses of throm-
bin, abound. Existing trials have compared
the efficacy of established agents with
newer agents, including fibrin sealants,
with varying results. A variety of rarely oc-

(Pfizer) and Oxycel (Becton Dickin-
son) have been commercially avail-
able since the 1940s. Since the intro-
duction of these early devices, many

curring adverse effects have been reported
with the administration of absorbable he-
mostatic agents; some of these rare effects,
such as paralysis, are quite severe. No stan-
dardized dosing regimens are available for
these agents, although surgeons may have
a preference for a particular regimen based
on their own clinical experience. No drug
interactions involving absorbable hemo-
static agents have been published; howev-
er, the use of these agents with other medi-
cations that affect hemostasis may disrupt
clot formation.

Conclusion. Absorbable hemostatic
agents are useful as adjunctive therapy
during surgical procedures when conven-
tional methods do not control bleeding.
Although rare adverse effects have oc-
curred with these agents, their careful ad-
ministration will prevent serious adverse
outcomes.
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more absorbable hemostatic agents
have been approved for use by the
Food and Drug Administration
(FDA).
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The Formulary Review section contains
monographs provided to AJHP by the Clini-
cal Knowledge Service, Drug Monograph
Group, of the University HealthSystem Con-
sortium (UHC), Oak Brook, IL. The mono-
graphs are written by drug information spe-
cialists and pharmacotherapists from UHC
member institutions and VHA institutions,
undergo peer review by UHC and VHA phar-
macists and physicians, and appear here some
months after initial distribution. They have
been edited by AJHP and contain new ab-
stracts. For more information, see the initial
installment in the December 1, 1997, issue or
call Karl A. Matuszewski, M.S., Pharm.D.,
or Mary Ellen Bonk, Pharm.D., at UHC
(630-954-1700).

This article reviews the pharma-
cology, clinical efficacy, adverse ef-
fects and toxicities, drug interac-
tions, dosage and administration,
and safety issues related to the use of
absorbable hemostatic agents. Fibrin
sealants, such as Tisseal (Baxter) and
Crosseal (Johnson & Johnson), are
not included within this classifica-
tion scheme?®; however, these agents
may be mentioned when a published
clinical trial compares an absorbable
hemostatic agent with a fibrin seal-
ant. In 1999, the University Health-
System Consortium published a
technology assessment of the fibrin
sealants, which provides more in-
depth information on these prod-
ucts. Although thrombin (Gen Trac)
is not formally classified as an ab-
sorbable hemostatic agent by FDA,
this agent was included in this review
because of its standard use as a he-
mostatic aid and the breadth of bio-
medical literature involving throm-
bin in the hemostatic arena.

Product description

Originally, absorbable hemostatic
agents were regulated as drugs and
required a new drug application for
marketing approval. In 1976, with
the Medical Device Amendments to
the Federal Food, Drug, and Cosmetic
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Act, anumber of products regulated as
drugs, including absorbable hemostat-
ic agents, were transferred to device
regulations because these regulations
were more appropriate. The absorb-
able hemostatic agents approved via
the regulatory process to date contain
porcine or bovine gelatin, bovine col-
lagen, or regenerated oxidized cellu-
lose. The two most recently approved
absorbable hemostatic agents, FloSeal
(Baxter) and CoStasis (Cohesion
Technologies), contain bovine
thrombin and are therefore combi-
nation products.® A list of the ab-
sorbable hemostatic agents available
is provided in Table 1.

Pharmacology

Absorbable hemostatic agents ex-
ert their pharmacologic effects at
various points within the coagula-
tion cascade. It has been theorized
that the cellulose-based product,
Surgicel (Johnson & Johnson), and
gelatin-based products, such as
Gelfoam and Surgifoam (Johnson &
Johnson), initiate clotting through
contact activation; however, the ex-
act mechanism is not completely
understood.*” Collagen-based prod-
ucts, such as Avitene (Davol), Instat
(Johnson & Johnson), Helistat (Inte-

Table 1.

REVIEW Hemostatic agents

gra LifeSciences), and Helitene
(Integra LifeSciences), provide he-
mostasis through a dual mechanism:
contact activation and the promo-
tion of platelet aggregation, which
occur as a direct effect of contact be-
tween blood and the collagen in the
products.® Once platelet aggregation
is under way, degranulation and re-
lease of coagulation factors occur.
Coagulation factors, in conjunction
with plasma factors, result in the for-
mation of fibrin and, subsequently, a
clot. FloSeal contains both a gelatin
matrix and thrombin. These two
components work synergistically to
produce a stable clot at the bleeding
site by restricting blood flow, provid-
ing a matrix around which a clot can
form, and delivering thrombin to the
surface of the tissue. Thrombin acti-
vates various coagulation factors and
platelets within the coagulation cas-
cade and converts fibrinogen into fi-
brin monomers* that combine to
form polymers. The result is a fibrin
clot. CoStasis, a variant on fibrin
sealants, is used in conjunction with
a patient’s plasma.*’ The thrombin
component of CoStasis converts
plasma fibrinogen to fibrin. Subse-
quently, fibrin comes into contact
with the collagen in CoStasis, thereby

Absorbable Hemostatic Agents and Their Approval Dates?

Topical Hemostatic

Composition

Approval Date

Surgicel (Johnson &
Johnson)
Gelfoam (Pfizer)

cellulose

Surgifoam (Johnson &
Johnson)
Avitene (Davol)

Instat (Johnson & Johnson)
Helistat (Integra
LifeSciences)
Helitene (Integra
LifeSciences)
CoStasis (Cohesion
Technologies)
platelets
FloSeal (Baxter)

Regenerated oxidized
Porcine gelatin molded
into a sponge
Porcine gelatin sponge
Bovine collagen

Bovine collagen
Bovine collagen

Bovine collagen

Flowable bovine
collagen and bovine

Flowable bovine gelatin

October 14, 1960

Available 1945; approved
July 8, 1983

September 30, 1999

August 26, 1976 (as a drug);
October 24, 1980 (as a device)

October 10, 1985

November 8, 1985

November 8, 1985

June 13,2000

December 8, 1999

matrix and bovine

thrombin

2Adapted from reference 3.
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resulting in a collagen—fibrin gel ma-
trix that potentiates the formation of
a clot.

Indications

Absorbable hemostatic agents are
indicated for use during surgical pro-
cedures as adjunctive therapy when
bleeding is not controlled by conven-
tional methods, such as ligature or
application of pressure.>!* Even
though the product labeling explicitly
states that thrombin is for absorbable
use only, it has been administered via
a variety of routes for unlabeled in-
dications, including oral administra-
tion for the control of upper gas-
trointestinal bleeding' and direct
injection for the treatment of pseudoa-
neurysms.'*'® Table 2 summarizes the
labeled indications for the available
absorbable hemostatic agents.

Clinical efficacy

Clinical trials and case reports for
this review were identified by per-
forming a MEDLINE search and
evaluating bibliographies of perti-
nent articles. Although case reports
are the weakest form of biomedical
literature, reports were included if

Hemostatic agents

they were the only source describing
a particular use.

Early clinical data on absorbable
hemostatic agents, particularly older
agents (e.g., microcrystalline col-
lagen [Avitene] and thrombin), re-
vealed a beneficial effect with regard
to controlling capillary bleeding,"
achieving hemostasis during vascular
surgery,” and controlling bleeding
from fistula-puncture sites in pa-
tients receiving hemodialysis.?"*> Few
randomized, controlled clinical trials
have directly compared available
agents, but case reports describing
the efficacy of absorbable hemostatic
agents in specific situations, especial-
ly unlabeled uses of thrombin,
abound.!”'®#*24 Existing trials have
compared the efficacy of established
agents, such as Gelfoam, with newer
agents, including FloSeal and fibrin
sealants (Crosseal or Tisseal), with
varying results. A summary of clini-
cal trials and case reports of absorb-
able hemostatic agents is presented
in Table 3.

Adverse effects and toxicities

Various adverse effects have been
associated with absorbable hemo-

static agents (Table 4). Many of these
reported effects are observed when
absorbable hemostatic agents are
used during specific surgical proce-
dures such as laminectomy, craniot-
omy, lobectomy, and nasal surgery.

Adverse effects involving throm-
bin have been reported in the bio-
medical literature. These reports
generally entail either allergic reac-
tions to thrombin or the develop-
ment of inhibitory antibodies that
interfere with the hemostatic proc-
ess.”” Because thrombin preparations
are of bovine origin, patients may de-
velop antibodies to bovine coagula-
tion factors that may cross-react with
endogenous human clotting pro-
teins.”® Although thrombin is widely
used in health care institutions, some
case reports describing adverse
events (i.e., bleeding complications,
coagulopathies, rashes) associated
with thrombin administration have
been reported.**

Drug interactions

There are no published drug in-
teractions involving absorbable he-
mostatic agents; however, the use of
these agents with other medications

Table 2.
Labeled Indications for Absorbable Hemostatic Agents® 14
Hemostatic
Agent Labeled Indication(s)
Surgicel For use in surgical procedures when conventional methods of hemostasis, such as pressure and ligature, are
ineffective or impractical; for endoscopic procedures, may be used by cutting to size.
Gelfoam For use in surgical procedures, including those that may result in cancellous bone bleeding, when conventional
methods of hemostasis are ineffective or impractical; may be used with or without thrombin.
Surgifoam For use in surgical procedures, except urologic and ophthalmic procedures, when conventional methods of
hemostasis are ineffective or impractical.
Avitene For use in surgical procedures when conventional methods of hemostasis are ineffective or impractical.
Instat For use in surgical procedures, except ophthalmic procedures, when conventional methods of hemostasis are
ineffective or impractical; for endoscopic procedures, may be used by cutting to size.
Helistat For use in surgical procedures, except urologic and ophthalmic procedures, when conventional methods of
hemostasis are ineffective or impractical.
Helitene For use in surgical procedures, except urologic and ophthalmic procedures, when conventional methods of
hemostasis are ineffective or impractical.
CoStasis For use in surgical procedures, except neurosurgical, ophthalmic, and urologic procedures, when conventional
methods of hemostasis are ineffective or impractical.
FloSeal For use in surgical procedures, except ophthalmic procedures, when conventional methods of hemostasis are
ineffective or impractical.
Thrombin For use as an aid to hemostasis whenever oozing blood and minor bleeding from capillaries and small venules

are accessible; may be used in combination with absorbable gelatin sponge for hemostasis; may be used in
conjunction with any other device that has been approved by FDA? with a specified dosage of topical
thrombin.

2FDA = Food and Drug Administration.
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Hemostatic agents

W

REVIE

FORMULARY

In general, the minimal

amount of product needed to achieve
hemostasis should be applied.>*

Typically, absorbable hemostatic
Many of the product inserts recom-

that affect hemostasis may result in
alterations in the clotting process.
Dosage and administration

agents are not administered accord-
ing to a standardized dosing regi-
mend removal of excess hemostatic
before wound closure. Surgeons may
have a preference for a particular dos-
ing regimen based on their own clini-
cal experience with these agents. The
directions for administering the newer

men.

topical hemostatic agents, FloSeal and
CoStasis, are much more complex
than they are for the older agents.

In April 2004, FDA issued a public

directions for use, but no published
health notification on the possible

consensus papers or guidelines on
agents have been published. Table 5
provides a general overview of the
dosage and administration of ab-
development of paralysis following
the use of absorbable hemostatic
agents.*® Since 1996, FDA has re-
ceived more than 110 reports of ad-

hemostatic agents contains specific
proper dosing or selection of these
sorbable hemostatic agents.

The product labeling for absorbable

Safety issues

these reports included paralysis or
other neural deficits. The last of the
adverse neurologic events associated
with the use of absorbable hemostat-
ic agents was reported to FDA in
October 2003.

verse events related to the use of ab-
sorbable hemostatic agents; 11 of

In all of the 11 reported events, an
absorbable hemostatic agent was ad-
ministered on or near a “bony or
neural space” and left inside the pa-
tient.* In most cases, the adverse
events occurred once the hemostatic
agent was wet and began to swell.
This swelling resulted in pressure
against the spinal cord or other neu-
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Table 4.

FORMULARY

Reported Adverse Reactions with Absorbable Hemostatic

Agent55-1 2,14,34-37

Arachnoiditis

Bladder and bowel dysfunction
Blindness

Brain and spinal cord compression
Burning and stinging sensations
Difficulty passing urine

Edema

Excessive fibrosis

Fever

Fluid encapsulation

Foreign body/allergic reactions
Granuloma at the implant site
Headaches

Hearing loss
Hematomas
Impotence

Infections and abscesses
Laryngospasm
Meningitis

Pain

Paralysis

Paresthesias

Sneezing

Subgaleal seroma
Toxic shock syndrome
Wound dehiscence

ral structures, and pain, numbness,
or paralysis ensued. In some instanc-
es, a hematoma formed and exerted
pressure on neural tissues when
blood pooled behind the absorbable
hemostatic agent.

To prevent the occurrence of
these potentially serious adverse
events, FDA recommends that clini-
cians who use an absorbable hemo-
static agent on or near bony or neural
spaces should apply the minimal
amount of hemostatic needed to
control bleeding and should remove
as much of the agent as possible once
hemostasis has been achieved.*

Misadministration of topical
thrombin is another important safety
concern.” Since 1987, FDA, through
the MedWatch program, has re-
ceived a total of four reports that il-
lustrate the serious consequences of
misadministration of topical throm-
bin. In three of these cases, a fatality
ensued. The remaining patient devel-
oped severe hypotension, bradycar-
dia, and respiratory failure but even-
tually recovered. Two of the four
patients were administered topical
thrombin intravenously via a dialysis
access site, one patient received a di-
rect injection of thrombin into the
splenic tissue, and the final patient
was given the drug through a naso-
gastric tube.*

Because of these reports, the man-
ufacturer of topical thrombin added
the following wording to its carton

and container labeling: “For topical
use only—do not inject.” In addi-
tion, FDA informed medical provid-
ers about this safety issue through a
Dear Doctor letter and other appro-
priate communications.

Economicissues

There are no published pharma-
coeconomic analyses that evaluate
the cost-effectiveness of absorbable
hemostatic agents. Issues that may
influence formulary inclusion and
product selection are contract avail-
ability and pricing for similar devic-
es, such as fibrin sealants. Generally,
the average wholesale prices of ab-
sorbable hemostatic agents are not
available. Prices may be obtained by
consulting with the purchasing agent
at your institution. Table 6 illustrates
the relative expense of absorbable he-
mostatic agents. Surgicel, Gelfoam,
and Surgifoam may be used with
thrombin in some circumstances,
and therefore the total cost of pro-
viding hemostasis would increase
significantly.

Therapeutic interchange

There are no formal published
studies discussing the potential for
therapeutic interchange among the
absorbable hemostatic agents. Since
clinician preference can be the driv-
ing force behind formulary inclusion
of a particular absorbable hemostatic
agent, a therapeutic interchange

REVIEW

Hemostatic agents

program involving these agents may
not be feasible. Health care institu-
tions may try to minimize the num-
ber of absorbable hemostatic agents
on the formulary by avoiding dupli-
cate products and, in the case of
thrombin, building a consensus
among providers regarding the ap-
propriate strengths (i.e., 5,000,
10,000, or 20,000 units) for formu-
lary inclusion.

Summary

Absorbable hemostatic agents
have been available since the 1940s.
These agents are indicated for use as
adjunctive therapy during surgical
procedures when conventional
methods, such as ligature and appli-
cation of pressure, do not control
bleeding. Their procoagulant effects
are exerted at various points within
the coagulation cascade.

Good clinical data evaluating the
efficacy of absorbable hemostatic
agents are lacking. There are few ran-
domized, controlled clinical trials di-
rectly comparing available agents.
Most of the published comparative
trials evaluate the efficacy of older
products, such as Gelfoam, against
newer agents, including FloSeal and
fibrin sealants. The results of these
trials vary, with some revealing a sta-
tistically significant advantage to us-
ing fibrin sealants*® or FloSeal,>*
and others concluding that no ad-
vantage exists.”® Whether a statisti-
cally significant reduction in bleed-
ing time is clinically significant in the
surgical arena is also debatable.

A variety of rarely occurring ad-
verse effects have been reported with
the administration of absorbable he-
mostatics; some of these rare effects,
such as paralysis, are quite severe.
No standardized dosing regimens
are available for the absorbable he-
mostatic agents, although surgeons
may have a preference for a particu-
lar regimen based on their own clini-
cal experience.

The cost-effectiveness of the older
absorbable hemostatic agents versus
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disorders. In: DiPiro JT, Talbert RL, Yee
GC etal., eds. Pharmacotherapy: a patho-
physiologic approach. 5th ed. New York:

McGraw-Hill; 2002:1747-68.
3. Krause D. Proposal to reclassify the ab-

memorandum. www.fda.gov/ohrms/

dockets/ac/02/briefing/3876bl
hemostatic sealant. | Card Surg. 2003; 18:

486-93.
5. Surgicel, Surgicel fibrillar, and Surgicel

Somerville, NJ: Johnson & Johnson;

2002.
6. Surgifoam absorbable gelatin sponge,

age insert. Kalamazoo, MI: Pharmacia &

Upjohn; 2003.
8. Helitene absorbable collagen hemostatic

Plainsboro, NJ: Integra LifeSciences

Corp.; 2005.
9. CoStasis surgical hemostat package in-

sert. www.fda.gov/cdrh/pdf/P990030c.

pdf (accessed 2005 Jan 3).
10. Avitene microfibrillar collagen hemostat

USP, package insert. Somerville, NJ:
agent fibrillar form package insert.

Johnson & Johnson; 2002.
7. Gelfoam absorbable gelatin powder pack-

sorbable hemostatic agent device. FDA
06-Absorbable%20Hemostatic%20
Agent%20Reclass%20Memo.pdf (access-
FloSeal matrix: new generation topical
Nu-Knit absorbable hemostats (oxidized
regenerated cellulose) package insert.

DeLoughery TG. Hemostasis and throm-
bosis. 2nd ed. Georgetown, TX: Landes

Bioscience; 2004:1-16.
2. Bickert B, Kwiatkowski JL. Coagulation

ed 2005 Oct 21).
4. Oz MC, Rondinone JF, Shargill NS.

Overall, no consensus recommen-
dations favor the use of one particu-

1.

the newer agents and fibrin sealants
is another area of debate because no
other, nor do available data strongly
favor the use of a particular agent.
However, limited comparative infor-
mation on FloSeal versus the older
sponse with FloSeal, although the

clinical significance of this response

shown an improved hemostatic re-
remains questionable.

pharmacoeconomic analyses have
been performed.

lar absorbable hemostatic over an-
absorbable hemostatic agents has

References

package insert. Woburn, MA: CR Bard;

1997.
11. Helistat absorbable collagen hemostatic

Thrombin-JMI package insert. Middle-

mostat package insert. Somerville, NJ:
ton, WI: GenTrac, Inc.; 2004.

sponge package insert. Plainsboro, NJ:
Johnson & Johnson; 2002.
13. Thrombin, topical USP (bovine origin)/

Integra LifeSciences Corp.; 2005.
12. Instat MCH microfibrillar collagen he-
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Table 6.
Relative Expense of the Topical Hemostatics

FORMULARY REVIEW

Topical Hemostatic

Relative Expense®

Surgicel, Gelfoam, Surgifoam®
Avitene, Instat, Helistat, Helitene
CoStasis, FloSeal

Thrombin

$
$$
$$5
$$

2$ = least expense, $$ = moderate expense , $$$ = most expense. Expense may vary based on the formulation

of the hemostatic agent. Data obtained from the University HealthSystem Consortium’s Clinical Data Base—
Pharmacy.
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