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Abstract: Adequate hemostasis during surgical procedures is essential for successful patient
outcomes and reduced healthcare resource utilization. Topical hemostatic agents can act as
catalysts for the clotting cascade or as a scaffold to promote platelet activation or aggregation.
Although an ever-increasing number of topical absorbable hemostatic agents are now available for
perioperative use, health care providers are disadvantaged by the lack of comparative data on
feasibility, clinical effectiveness, advantages, and limitations of each in specific surgical settings.
This knowledge is important for appropriate product choice when patient characteristics, type of
surgical procedure, type of bleeding, and product availability may differ widely. This manuscript
provides the first comprehensive overview of Avitene™ Microfibrillar Collagen Hemostat (MCH),
a bovine collagen-based absorbable hemostat that has been widely used for over four decades in the
United States and abroad. MCH is indicated as an adjunct to hemostasis across a broad spectrum of
surgical specialties and has been shown to achieve hemostasis with positive patient outcomes and
a favorable safety profile in many applications, including hepatic, orthopedic, splenic, oral, and
otolaryngologic surgery. Although published clinical data regarding the use of MCH in cardiovas-
cular surgery is limited, evidence suggests moderate use in this specialty. The information
contained in this systematic review will help health care providers understand the clinical use
and effectiveness of the product to determine appropriate use in differing bleeding scenarios across
multiple surgical specialties. Future studies may include comparative functional and cost analyses
to explore the economic advantages of using absorbable hemostatic agents compared with each
other or with conventional techniques of hemostasis, when appropriate.
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Plain Language Summary

Control of excessive bleeding during surgery is a difficult but important task. Products called
hemostats can be placed on a bleeding site during surgery to help the body’s own processes for
clotting. Each patient is different, and each surgery is performed for a different purpose. Because so
many different hemostats are available for surgeons to use, knowing which product to use during
each surgery is difficult. This review was completed to provide information on the use of one
specific product, Avitene™ Microfibrillar Collagen Hemostat (MCH). MCH is made from col-
lagen, a protein found in skin and other connective tissues. If MCH is left in the body after surgery,
it will absorb in less than 90 days. MCH has been widely used for many decades in the United
States and other countries, and has been shown to work quickly and safely to control bleeding when
conventional methods of hemostasis are ineffective during many different types of surgery. In the
future, studies may help to compare the costs of using MCH and other absorbable hemostats with
the costs of other methods designed to control bleeding.
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Introduction

Purpose

Avitene™ MCH has been available for clinical use for
several decades. There exists a body of literature summar-
izing MCH in surgical settings that demonstrate that,
despite newer materials being introduced into the market-
place, MCH continues to serve as a standard for hemo-
static performance. This paper summarizes the literature
around MCH wuse in a variety of surgical bleeding
scenarios.

Overview of Hemostasis

Some degree of bleeding is common in all surgical proce-
dures; excessive blood loss can lead to significant morbid-
ity or mortality. Successful perioperative hemostasis can
reduce the risks of severe complications such as peripheral
circulatory failure and resultant stroke or myocardial
infarction, arterial or venous thromboembolism, sympto-
matic hematoma, and death."? Transfusion of blood pro-
ducts in the absence of successful hemostasis is reported to
be associated with an increased risk of acute lung injury,
circulatory overload, and allergic and/or anaphylactic
reactions.”* Less common risks include immune, hemoly-
tic, and non-hemolytic reactions to transfused blood pro-

ducts as well as infection.*

The economic impact of
uncontrolled bleeding can be substantial when considering
prolonged surgery time, reoperations or other postopera-
tive interventions, and prolonged intensive care unit (ICU)
or hospital length of stay. Recent estimations of the hospi-
tal costs of bleeding-related complications and transfu-
sions resulting from inpatient surgery ranged from US
$2,805 to $17,279 depending upon the type of surgery.’
Conventional techniques to control major bleeding dur-
ing surgery include application of pressure, suturing, liga-
ture, cautery, or other mechanical and energy-based
mechanical means. Especially for diffuse hemorrhage or
uncontrolled local bleeding during surgery, use of topical
hemostatic agents are useful as adjunctive therapy when
conventional methods are insufficient or impractical (eg, in
instances of coagulopathies and/or platelet dysfunction or
for use in parenchymal tissues or bony surfaces).® The
type of topical hemostatic agent used in the surgical setting
is determined by specific patient characteristics, type of
surgical procedure, type of bleeding, and product
availability.’ Biologically active hemostatic agents such
as thrombin or products containing fibrinogen act as cata-

lysts for the clotting cascade, while mechanical (passive)

hemostatic agents, form a barrier to bleeding and act as
a scaffold to promote clotting by platelet activation and
aggregation.”® Absorbable hemostats are regulated as
Class III devices and include porcine or bovine gelatin,
bovine collagen, starch, oxidized regenerated cellulose
(ORC), and other components.

Understanding the clinical effectiveness and advantages
or limitations of absorbable hemostatic products is critically
important to ensure appropriate clinical use for superior
patient outcomes, which may subsequently reduce healthcare
resource utilization. This systematic review of published
clinical data on the use of MCH, a bovine collagen-based
absorbable hemostatic agent that is widely indicated for all
types of surgical specialties, aims to summarize the clinical
impact of this product and to offer areas for future study.

Methods

A systematic language literature search was conducted using
the Cochrane Central Register of Controlled Trials,
MEDLINE/PubMed database, and Embase database with
no date limitations. Keywords used for the search included
collagen, Avitene, hemostasis, haemostasis, hemostatic
agent, surgery, and surgical. Results were limited to human
studies published in the English language. Additional reports
were manually identified by references cited in the relevant
publications. Emphasis was placed on randomized con-
trolled studies where possible. Characteristics of the
included clinical evaluations are summarized in Table 1.

Product Description

Avitene™ MCH flour was approved in 1976, with multiple
form factors coming into the market after. MCH is absorb-
able and is prepared as a sterile, porous, pliable, water-
insoluble partial hydrochloric acid salt of purified bovine
corium collagen.® Although early publications characterize
MCH as microcrystalline, the US Food and Drug
Administration prefers to describe MCH as microfibrillar.
Advantages of MCH include tight adhesion to bleeding
surfaces with limited swelling, fast induction of hemosta-
sis, and low tissue reaction.'!

Design and Formulation

MCH is commercially available in multiple forms: as
a flour-like formulation provided loose (Avitene™ MCH
Flour) or preloaded in 1 g volume into a syringe
(SyringeAvitene™); as non-woven sheets provided flat
(Avitene™ Sheets) or preloaded for endoscopic delivery
through standard trocars and cannulae (EndoAvitene™); or
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Table | Characteristics of Included Clinical Evaluations of Avitene™ Microfibrillar Collagen Hemostat

First Year | Type of Patient Characteristic, Sample Setting Conclusion

Author Study/ Size
Publication

Clinical Evaluation

Wilkinson 1973 | Clinical 10 Skin graft donor sites in 8 patients Single Avitene™ MCH reduced time to cessation of

Ts' evaluation/ center visible bleeding and mean volume of blood
feasibility absorbed with no healing disorders.

Vistnes LM'> | 1974 | Clinical 15 Skin graft donor sites from 10 Single Treatment with microcrystalline bovine
evaluation/ patients center collagen (MBC) significantly reduced blood
feasibility loss.

Hepatic Surgery

Morgenstern 1977 | Case series 36 Patients with hepatic bleeding of Single Intractable bleeding from the liver surface was

L2 diverse etiology center treated successfully with Avitene™ MCH.

Morgenstern 1982 | Editorial - - No instance of subhepatic abscess or infection

L= with use of microfibrillar collagen in the

gallbladder bed.
Orthopedic Surgery

Craig C'° 1977 | Controlled 31 lliac crest bone graft donor sites Single A significantly lower bleeding rate was
clinical from 29 patients center observed after treatment with Avitene™ MCH
evaluation/ than after manual compression with dry
feasibility sponges. No clinically significant immune

response was observed.

Harris WH? | 1978 | Comparative 45 Total hip replacements Single Avitene™ MCH was effective in reducing
study surgeon bleeding from cancellous bone and did not

ata single | interfere with bone healing. No cutaneous
center sensitivity to Avitene™ MCH was observed.

Ritter MA2® 1978 | Controlled 160 Total-condylar total-knee Single MCH reduces blood loss and decreases the
clinical replacements performed in 160 patients | center need for blood replacement with no increase in
evaluation wound complication or infection rates.

Lee BY® 1982 | Controlled 20 Rotation flaps or primary closures Unknown | MCH use reduced total hemovac drainage
clinical performed for the repair of pressure immediately postoperative (versus no agent).
evaluation/ sores in 18 male spinal cord-injured
feasibility patients

Splenic Surgery

Giuliano AE? | 1981 | Retrospective | Splenic salvage performed in 33 patients | Single Use of Avitene™ MCH alone or in
case series center combination with other agents successfully

achieved hemostasis in 25 of 33 patients.

Morgenstern 1974 | Case report latrogenic splenic injury in one patient | Single Complete hemostasis to avert splenectomy

L center was achieved with Avitene™ MCH.

Morgenstern 1977 | Case series latrogenic splenic injury in |5 patients Single Hemostasis was achieved in 13 of |5 patients

L3 center to successfully avert splenectomy.

Pachter HL3? | 1981 | Case series Treatment of splenic injuries in 27 Single Splenorrhaphy was successfully accomplished in

consecutive patients center 24 of the 27 patients by primary suture repair
often in conjunction with Avitene™ MCH.

(Continued)
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Table | (Continued).

First Year | Type of Patient Characteristic, Sample Setting Conclusion
Author Study/ Size
Publication
Oral and Otolaryngologic Surgery
Luetje CM3® 1977 | Case report Control of bleeding from iatrogenic Single Use of Avitene™ MCH controlled hemostasis
injury in postauricular tympanoplasty in | center and allowed completion of the tympanoplasty
one patient in an otherwise routine fashion.
Morgan PR¥ | 1978 | Case report Control of hemorrhage following Single Use of Avitene™ MCH resulted in rapid
removal of a glomus tympanicum tumor | center hemostasis with minimal clot bulk.
in one patient
Wirthlin 1980 | Case series Control of bleeding at the donor site of | Unknown | Rapid cessation of bleeding occurred at all 8
MR free gingival graft procedures as well as sites following application of Avitene™ MCH.
2 other bleeding sites in 6 patients
Saroff SA*! 1982 | Controlled Control of bleeding from palatal donor | Unknown | Avitene™ MCH treatment achieved rapid
clinical site of free soft tissue autografts in 20 hemostasis with no effect on the rate or quality
evaluation/ patients of healing.
feasibility
Taylor MT'? 1980 | Case series 61 Consecutive patients with anterior Single Avitene™ MCH was successful in controlling
epistaxis center anterior epistaxis in 44 of 6| patients (72%).
Associated morbidity was minimal.

Abbreviation: MCH, microfibrillar collagen hemostat.

as a soft, pliable sponge (Avitene™ Ultrafoam™ Collagen
Sponge). MCH is applied directly to the bleeding surface
and when possible, should be compressed with dry
sponges immediately after the application of the dry pro-
duct. Because the product is highly adherent to any phy-
siological surface, care must be taken to ensure accurate
application with dry instruments or forceps.

Indications for Use and Mechanism of
Action

MCH is used in surgical procedures as an adjunct to
hemostasis when control of bleeding by ligature or con-
ventional procedures is ineffective or impractical. MCH is
indicated across surgical specialties, including neurosur-
gery and urology.*” MCH is not administered according to
a standardized dosing regimen; product labeling recom-
mends use of the minimal amount of product needed to
achieve hemostasis. Application of pressure over the pro-
duct with a dry sponge is recommended for a period of
time that varies with the force and severity of bleeding.
After 5-10 minutes, the excess MCH may be removed by
teasing and irrigation, and any breakthrough bleeding can
be treated with additional product.*” When placed in

contact with a bleeding surface, MCH enhances platelet
adherence to the collagen fibrils, promoting platelet aggre-
gation and the release of clotting proteins, such as platelet
factor 3 and ADP, and activating Hageman factor to form
fibrin and to promote hemostasis.'* The effect on platelet
adhesion and aggregation is not inhibited by heparin
in vitro. In addition, MCH was found effective in hepar-
inized dogs and in eight of nine fully heparinized human
subjects.*’

Adverse effects have been reported following use of
absorbable hemostatic agents in bony or neural spaces
when the agent exerts pressure on sensitive structures
after absorption of blood. Although no drug interactions
have been described with the use of absorbable hemostatic
agents, drug-induced alterations in hemostasis that affect
the clotting process have been reported with use of absorb-
able hemostatic agents.’

Clinical Evaluation of Avitene™ MCH

In 1973, Wilkinson et al were the first to report
a reproducible, objective model to clinically evaluate
hemostatic capability of MCH using skin graft donor
sites of uniform size, thickness, and capillary supply.'*
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Immediately after skin graft excision, MCH flour (experi-
mental product) and furacin gauze pad (control product)
were applied to each donor site under standardized and
controlled conditions. Additional filter paper discs applied
over the MCH and furacin gauze at regular intervals were
air-dried for elution and spectrophotometric evaluation of
hemoglobin content. Quantitation of blood absorbed by
each disc was normalized to each patient’s hemoglobin
level. Other endpoints included time elapsed to cessation
of visible bleeding, foreign body reactions, disordered
healing, residual extraneous collagen, and sensitivity to
bovine antigens. Under these conditions, application of
MCH reduced both time to cessation of visible bleeding
(experimental: 1 min; control: 15.7 min) and mean volume
of blood absorbed (experimental: 0.058 mL per unit area;
control: 0.286 mL per unit area; p < 0.025). No significant
effect was observed on the quality or speed of healing
versus control, and sensitivity tests confirmed only weak
antigenicity of collagen in this setting and patient popula-
tion. This model for comparative evaluation of hemostatic
effectiveness has been used with'® or without modification
to evaluate multiple hemostatic agents in the decades
since.

Use in Hepatic Surgery

Despite many technical refinements to help improve the
safety of hepatic surgery, perioperative bleeding and trans-
fusion requirements remain major factors in increased
morbidity and mortality rates as well as prolonged hospital
length of stay.’”** The extreme vascularity of the liver
predisposes this organ to diffuse bleeding following trau-
matic damage or operative procedures.*** Underlying
pathologic conditions or coagulopathies may also compli-
cate successful hemostasis.>> Morgenstern et al*® reported
a case series of 36 patients with hepatic bleeding of
diverse etiology (gallbladder bed following cholecystect-
omy, superficial lacerations, liver biopsy sites, capsular
denudation, hemangioma, hepatic resections, and other
cases). In these patients, the degree of bleeding ranged
from a constant, uncontrollable ooze to a brisk, potentially
lethal hemorrhage. In all but one patient, for which the
hepatic laceration could be only partially packed, MCH
was effective in securing hemostasis. In at least six
use of MCH was
Although no instances of subhepatic abscess or infection

patients, considered lifesaving.
were reported, the authors suggest minimal use of the
product to both ensure adequate hemostasis and minimize

risk of infection.

This report was the first to describe the effectiveness of
MCH in a variety of clinical applications when used
adjunctively or as a primary means of topical hemostasis.
The authors claim superiority of MCH over other topical
hemostats [Surgicel” (Ethicon) or Gelfoam® (Pfizer)] in
terms of mechanism of action, surface adherence, and

tolerability even in the presence of severe infection.?®?’

Use in Orthopedic Surgery
Hemostasis is especially important in orthopedic surgical
procedures, during which exposed bone surfaces are prone
to diffuse bleeding and may be difficult to access. In
preclinical studies, adverse effects of various topical
hemostatic agents were reported, such as impeded bone
healing with bone wax*® or oxidized cellulose'® as well as
increased incidence of wound infection with
Gelfoam®™ ?*>° Because MCH adheres tightly to bleeding
surfaces and promotes fast induction of hemostasis, this
material is considered ideal for orthopedic applications.
Craig and Asher'' evaluated the control of bleeding
from 31 iliac crest bone graft donor sites in 29 patients by
MCH (n =
thrombin packs (Pfizer) (n = 10 grafts) and sponge com-

14 grafts) compared with Gelfoam®™ with

pression only (n = 7 grafts). As measured by baseline
sampling, no statistically significant differences were
observed among the groups in pre- or post-operative
hemoglobin concentration and initial blood loss rates.
Samples were also taken at 2-minute, 3-minute, and
S-minute intervals following treatment with hemostatic
agent or compression only. At each post-treatment interval
as well as for the cumulative total of the post-treatment
period, administration of MCH and Gelfoam® with throm-
bin resulted in significantly less bleeding than sponge
compression only. However, no significant differences
were observed between the hemostatic effects of MCH
and Gelfoam®™ with thrombin. This study also investigated
the possibility of an immune response to bovine antigens
in the implanted MCH. Evaluation of mean pre- and post-
operative Complement C3 levels and hemagglutinin anti-
body titers showed no clinically significant difference in
immune response among the groups. Lack of immune
response in 7 of 11 patients confirmed the low-level anti-
genicity of MCH; detectable IgE antibody levels in the
remaining 4 patients were not clinically significant. Citing
supporting results from laboratory studies, the authors
claim that MCH does not inhibit bone healing when used
in orthopedic surgical procedures."’

Medical Devices: Evidence and Research 2021:14

159

Dove:


https://www.dovepress.com
https://www.dovepress.com

Cziperle

Dove

Harris et al®' reported similar results following
a single-center parallel assessment of bleeding cancellous
bone surfaces and the hemostatic effect of gelatin paste (13
total hip replacements), MCH (13 hips), and thrombin-
soaked gelatin sponge (11 hips) compared with control
(no agent; 8 hips). Again, baseline blood loss rates did
not differ between the groups, and at a 3-minute post-
treatment interval, all three topical hemostatic agents
were effective in reducing bleeding from the cancellous
bone compared with control. Though tests of the relative
effectiveness of the hemostatic agents in this study were
inconclusive due to study design issues, the authors pre-
dicted similar percent reductions in bleeding by the gela-
tin-based hemostatic agents and MCH, with a significantly
greater effect of all experimental agents compared with
control (p < 0.01). In these patients, no cutaneous sensi-
tivity to MCH was observed preoperatively and up to 10
days postoperatively, as assessed by intradermal skin tests,
and the hemostatic agents did not appear to interfere with
bone healing.

A larger controlled trial*? assessed hemovac drainage
over 48 hours postoperative, number of units of blood
replaced, wound complications, and wound infections up
to 1 year postoperative in 160 subjects undergoing total-
condylar total-knee replacements with (n = 74) or without
the use of MCH (n = 86). No infections occurred in the
MCH group; only one postoperative infection occurred in
the control group. Only one wound bleed occurred in the
MCH group, which was attributed to the subject’s low
prothrombin activity. Significantly less hemovac drainage
was recorded in the MCH group (402 cc vs 672 cc in the
control group; p < 0.01), and significantly fewer blood
units were replaced in the MCH group (0.25 vs 1 in the
control group, p < 0.001) compared with control. The
author concluded that MCH can statistically reduce blood
loss, which decreases the need for blood replacement and
the associated risk factors, while not increasing the risk for
increased complications or infections.

Lee et al'® assessed the hemostatic effect of MCH
compared with standard intraoperative procedures to
secure hemostasis of actively hemorrhaging bone surface
after ostectomy. This study was conducted in male spinal-
cord injured patients undergoing rotation flap procedures
or primary closure for the repair of pressure sores at the
ischial, sacral, or trochanteric regions. Two groups of 10
procedures each included seven conventional rotation
flaps, two myocutaneous rotation flaps, and one primary
closure. In one group of 10 procedures, MCH was applied,

while the other group served as matched controls. For each
patient, hemovac drain output was measured each day;
after 7 days of postoperative follow-up, average total
hemovac drainage from the MCH group was 11% less
than that of the control group (110 mL over 7 days for
MCH; 157 mL for control). Together with data from pre-
clinical studies, these results led the authors to conclude
that use of MCH to achieve hemostasis in this application
is safe and effective in producing clinically significant
reductions in blood loss.?!

Use in Splenic Surgery

MCH has been used successfully for hemostasis in emer-
gent surgical procedures, such as organ salvage after
trauma or for repair of iatrogenic organ injury during
abdominal surgery. Giuliano and Lim®® described the use
of MCH alone or in combination with electrocautery,
Gelfoam® plus thrombin, and/or gentle pressure in 25
patients undergoing splenorrhaphy (splenic salvage) fol-
lowing traumatic injury. Of these 25 patients, and 7 more
who underwent suture repair of bleeding lacerations or
hemisplenectomy, hemostasis was successfully achieved
in all, and none required reoperation for control of bleed-
ing or subsequent splenectomy for any reason.

In an early report including a canine experimental
study and one human case, Morgenstern®® describes
MCH as an effective and reliable hemostatic agent that is
superior to all other agents previously used for superficial
splenic injuries. Subsequently, Morgenstern reports the
successful use of MCH in 13 of 15 patients to avert
splenectomy following iatrogenic injury;>” in all instances,
capsular avulsion occurred during a concurrent operative
procedure and bleeding was not resolved with measures
such as pressure, electrocoagulation, or other hemostatic
substances in general use. In one of the two remaining
patients, MCH was ineffective due to complications in
product application; the other remaining patient had severe
coagulopathy, which ultimately resulted in death. Among
the 13 patients in which successful hemostasis was
achieved, no reoperation was necessary. Similarly,
Pachter et al*® describe successful splenorrhaphy by pri-
mary suture repair, often in conjunction with MCH, in 24
of 27 patients with splenic injury. In these 24 patients, no
reoperations were necessary for bleeding, and no post-
operative infections occurred. Extensive injury precluded
successful splenorrhaphy in the remaining three patients.

These data helped to support the safety of splenorrha-
phy with administration of hemostatic agents including
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MCH in selected patients to avoid the complications of

37,38

splenectomy, such as increased susceptibility to life-

threatening infection®® or venous and arterial vascular

0

complications,*® and have supported the ongoing efforts

to preserve the spleen in victims of trauma and iatrogenic
injury.

Use in Oral and Otolaryngologic Surgery
MCH has been used extensively in difficult to reach ana-
tomic sites such as nasal or oropharyngeal cavities.*!
A case report published by Luetje** describes the success-
ful use of MCH for control of bleeding caused by inad-
bulb
tympanoplasty, while Morgan®® successfully achieved

vertent  jugular entry during postauricular
hemostasis with MCH following the removal of a glomus
tumor in the middle-ear cleft. Wirthlin et al** described the
application of MCH to the palatal donor site of tissue
autografts in six patients undergoing periodontal surgical
procedures. The authors conclude that, while only limited
data exist for these indications due to the nature of case
reports, MCH is an excellent topical hemostatic agent in
this surgical setting, requires no special preparation or
application techniques, averts the need for additional meth-
ods to control bleeding, and frees the surgeon to focus on
the recipient site and successful graft placement.**

Subsequently, Saroff et al*®

reported the successful cessa-
tion of postoperative hemorrhage by MCH from the palatal
mucosal donor site of free tissue autografts to repair muco-
gingival defects. Of 20 patients in this study, 10 received
MCH as a dressing to cover the palatal donor site (experi-
mental group) and 10 received a conventional periodontal
dressing (control group). In the experimental group, visible
bleeding ceased after 1 minute on average compared with
nearly 20 minutes on average in the control group. After 10
minutes of treatment application, a significant 51% reduc-
tion (p <0.01) was observed in the blood flow rate between
the experimental and control groups. Additionally, no dif-
ferences between the groups was observed in the rate or
quality of healing nor in degree of pain perceived among
the patients, and no postoperative complications
occurred.*

Taylor'” reported in 1980 the successful use of MCH to
control anterior epistaxis in 44 of 61 patients; following
initial control of bleeding by MCH in these 44 patients,
rebleeding occurred within 72 hours in only 5 patients.
Septal mucosal healing occurred within 4-8 days in the 44
MCH-controlled patients, while healing was slower (>13

days) in the patients not achieving successful hemostasis.

In this study, MCH achieved adequate hemostasis in only
two of seven patients with thrombocytopenia, and the
remaining five required packing. No complications
occurred following the use of MCH, and patient discom-
fort was limited to nasal stuffiness. The authors concluded
that MCH is a simple and effective form of treatment for
anterior epistaxis that could be easily utilized in emer-
gency rooms and clinics as an alternative to cautery or
nasal packing.'® Similarly, Walike*® described MCH as
a valuable tool for emergency room physicians in manage-
ment of epistaxis and post-tonsillectomy bleeding.

Use in Cardiovascular Surgery

Cardiovascular surgical procedures are highly associated
with blood loss and the need for transfusions. Prophylactic
use of pharmacologic agents such as tranexamic acid and
g-aminocaproic acid appears to be safe, efficacious, and
cost-effective, and has gained popularity to control bleed-
ing and reduce the risk of transfusion in cardiac surgery
procedures.*” Despite moderate clinical use of established
topical hemostatic agents such as MCH in this setting, the
safety and efficacy of many of these agents have not been
fully assessed by robust clinical trials. Fibrin sealants,
adhesives, or flowable gelatin or collagen (with or without
thrombin) may be preferred in cardiovascular surgery
applications. Two newer MCH agents have been compared
against oxidized cellulose for cardiovascular surgical pro-
cedures in recent years; however, the established nature of
MCH
a comparative investigation.

in clinical practice has not required such

Future Developments

Opportunities for future study include better understanding
of mechanisms and identification of robust hemostatic
markers that may indicate bleeding risk during surgery.
In a prospective observational study, Kimura et al® ana-
lyzed the association between perioperative bleeding and
the measurement of several hemostatic markers, including
platelet, coagulation, fibrinolysis, and vascular functions to
elucidate the mechanisms of hemostasis during spinal sur-
gery. Results of the study demonstrate the importance of
plasminogen activator inhibitor (PAI)-1, which regulates
fibrinolysis, for perioperative hemostasis. In addition, obe-
sity was identified as an important predictor for excess
bleeding during surgery, perhaps due in part to platelet
dysfunction. Association of perioperative risk and clinical
outcomes may help to predict patients with increased risk
for excessive bleeding during surgery and may greatly
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inform the appropriate or targeted perioperative use of
hemostatic agents.

The lack of evidence-based guidelines for absorbable
hemostatic use presents a problem for product selection
and an opportunity for future study. Ideally, functional
evaluation of the available absorbable hemostatic agents
would provide evidence for appropriate usage. For exam-
ple, comparative evaluation in a swine spleen laceration
model demonstrated both that the hemostatic effectiveness
of Avitene™ Ultrafoam is comparable to that of Gelfoam
with thrombin (Pfizer) and that the effectiveness of
Ultrafoam is not improved with the addition of thrombin,
which carries additional product costs and risks of immu-
nogenicity. Additional cost-comparative studies may help
to elucidate the health resource utilization outcomes of
topical hemostats such as MCH versus standard of care
or other agents when used in various surgical settings and
in various patient populations.

Discussion

A myriad of topical absorbable hemostatic agents are avail-
able for clinical use; however, scarce clinical evidence
exists comparing characteristics such as method of applica-
tion, ease of use, timing and storage requirements, and
clinical effectiveness of these agents. Critical evaluation
of published literature can help to determine use and effec-
tiveness of these agents in various surgical settings. Since
becoming commercially available in 1973, MCH has shown
to produce rapid hemostasis with positive patient outcomes
and few reported complications in a wide variety of surgical
specialties, including hepatic, orthopedic, splenic, oral, and
otolaryngologic surgery. Successful clinical use of MCH in
cardiovascular surgery is supported anecdotally, though
relevant published literature in this specialty is scarce. In
the future, functional evaluation and cost-comparative stu-
dies may help to elucidate the economic advantages of
topical hemostats such as MCH used to control bleeding
in the operating room.
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