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Foreword

Whether by accident or intent, the body suffers from an injury that damages the integument, unless this
is @ minor abrasion, the likelihood is that bleeding will occur. Fairly minor bleeds from small injuries are
generally quickly dealt with by the body as a result of the clotting cascade that “kicks in” to coagulate
the blood at the site of the injury and “plug” the damaged tissue and stop egress of blood. However
larger injuries in which blood loss is great may overcome this coagulation mechanism and the resulting
severe bleeding can lead to exsanguination and death. Excessive or disruptive blood loss from patients
undergoing hospital procedures are at risk particularly if those patients are on anticoagulants (e.g.
heparin, warfarin, and more recently developed direct oral anticoagulants (DOACSs)). Major trauma
injuries and general surgical procedures both pose a risk of excessive bleeding events. Hemostasis and
its control is a fundamental requirement in any surgical procedure as any bleeding must be stopped

before a wound can heal.

Attaining hemostasis is of primary importance to clinicians faced with significant bleeding. With tissue
bleeding and severe blood loss being common in surgical procedures, adjunctive hemostatic agents
(including mechanical hemostats, active hemostats, flowable hemostats and fibrin sealants) have been
developed that aid in preventing blood loss. More recently, new options such as hemostatic dressings have
been developed that act quickly and efficiently in providing hemostasis. Chitosan derived hemostatic

topical agents/dressings are a promising adjunctive and proven treatment for preventing blood loss.

This Clinical and Scientific Monograph examines the evidence relating to OMNI-STATe', a chitosan
derived topical temporary external hemostat that meets the criteria for the ideal hemostat and provides
rapid and effective hemostasis. Showing great success in the battlefield providing effective hemostasis
in cases of traumatic bleeding, positive results and technological advances led to an increase in the
momentum for the use of OMNI-STAT and its adoption by a growing number of hospitals in, for example,

wound care clinics, emergency rooms, operating rooms and catheterization laboratories.

Robert J Snyder, DPM, MSc, CWS, FFPM RCPS (Glasg)

Professor and Director of Clinical Research

Director, Fellowship Program in Wound Healing and Clinical Research
Barry University SPM
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1. OMNI-STAT is the brand name of the chitosan derived hemostat marketed for hospital application by MPL. The equivalent base material and
granules is marketed for military applications under the Celox™ brand name and also marketed by MPL. For the purpose of this discussion

OMNI-STAT is used as a general term for this group of MPL hemostats containing chitosan and its derivatives.
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Executive Summary

¢ The primary objective of this document is to review the scientific and clinical evidence in support of

the chitosan derived hemostatic agent, OMNI-STAT

¢ Scientific evidence: laboratory studies provide evidence for the effectiveness of OMNI-STAT as a

hemostatic agent

¢ Scientific evidence: animal model studies provide evidence for the effectiveness of OMNI-STAT as
a topical temporary external hemostatic agent for traumatic bleeding and bleeding in presence of

some anticoagulant drugs

¢ Clinical evidence: OMNI-STAT provides effective hemostasis in patients with chronic wounds where
sharp debridement is used as part of the treatment regime to remove devitalized tissue. OMNI-STAT
offers the opportunity for rapid debridement of necrotic tissue to patients receiving antithrombotic
therapies to prevent further deterioration of necrotic wound tissue. This allows for safe and effective
debridement in an ambulatory (outpatient) setting or for inpatients at the bedside and avoiding the

operating room

¢ Clinical evidence: OMNI-STAT promotes rapid hemostasis in several examples of traumatic
hemorrhage and in patients who exhibit compromised coagulation. This could help prevent further

serious deterioration of the patient condition.

¢ OMNI-STAT as a granular chitosan derived topical temporary external hemostatic agent meets
several of the characteristics of an “ideal hemostatic agent”. It is an effective hemostat and should be

removed once hemostasis is achieved and not left inside the body

¢  OMNI-STAT is cleared under several 510Ks as a topical temporary external hemostat. Under the

supervision of a healthcare professional

o OMNI-STAT is indicated for use as a temporary topical dressing for bleeding control associated
with minor wounds, including control of minor external bleeding and exudate from sutures and/

or surgical procedure

o OMNI-STAT is indicated for temporary external treatment for controlling moderate to severe

bleeding

page 4

OMNI-STAT Monograph December 2018

1. Abstract

Wound healing progresses via a series of co-ordinated phases and hemostasis is the first step of this
healing response. Initiated at the time of injury, the role of hemostasis is to halt blood loss arising from
damage to blood vessels during injury. Tissue bleeding is a common risk during surgical procedures
(e.g. sharp wound debridement) and with any bleeding event, if uncontrolled can have significant
implications for patient outcomes leading to increased morbidity and mortality. Additionally blood loss
is a particular problem in patients where normal coagulation pathways are compromised such as those

that are undergoing anticoagulant therapy or have coagulation dis-orders.

In the first instance the use of compression with gauze is a prevalent practice for most injuries (traumatic
or surgical), however, this method of hemostasis is suitable only for the treatment of low blood flow loss
and utilizes valuable healthcare resources. If greater blood loss occurs as a result of high blood flow/
pressure then the application of compression is not suitable to enable hemostasis. In order to overcome
this problem a wide range of hemostatic agents have been developed that can prevent or reduce high
flow/volume blood loss by use of single-application materials with rapid action. These topical hemostatic
agents have been developed with varying modes of action including passive (physical blocking of
blood loss) and active (agents that contain coagulation pathway components) hemostats, flowable
(combinations of physical blockage and active components) and adhesive (synthetic) hemostats. More
recently, external topical temporary hemostats have shown great success in the hospital setting (e.g.
emergency rooms, wound clinics, operating rooms) with chitosan derived hemostats showing particular

efficacy.

OMNI-STAT is a chitosan derived topical temporary external hemostat that is fast, safe and effective for
controlling minor, moderate and severe bleeding. The mechanism of action of OMNI-STAT is independent
of the normal coagulation pathway and is effective in patients receiving anticoagulation therapy. It is
easy to use and shows many of the characteristics of an ideal hemostat, including cost-effectiveness.
This Clinical and Scientific Monograph summarizes the scientific and clinical evidence supporting the
use of OMNI-STAT as an effective and fast-acting hemostat. OMNI-STAT is effective in a variety of
clinical situations including as an adjunct for treatment during sharp wound debridement, as well as for

uncontrolled hemorrhage and bleeding in presence of some anticoagulant drugs.

Keywords: OMNI-STAT; hemorrhage; anticoagulant; emergency room; vascular closure; chitosan, heparin; wound care; wound healing; clinical

effectiveness; health economics; debridement
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2. Introduction

Section key points

* Hemostasis is a critical early step after wounding

* Bleeding is a significant risk during surgery

*  Hemostatic agents offer an effective tool to stop excessive bleeding

*  Hemostatic agents that work independent of clotting cascade may offer benefits to
patients with impaired coagulation

The injuring of the body initiates a series of events in order to repair the injured tissues. These series of
events are a complex cascade of overlapping and interconnected processes and can be grouped into

four main phases: hemostasis, inflammatory phase, proliferative phase and maturation.

Hemostasis, the first phase of the wound healing response, is initiated at the time of injury and the role of
this phase is to stop any bleeding resulting from wounding. Under normal circumstances, hemostasis is
an emergency response to injury, attempting to limit the loss of blood via the wound and to initiate the
subsequent phases of healing (Figure 1). There is an initial constriction of blood vessels (vasoconstriction)
in order to reduce the level of blood flow to the region of the wounding. Activation of the blood clotting
cascade via platelet activation leads to a number of subsequent processes such as platelet activation/
aggregation and fibrin clot formation that leads to blood coagulation and the formation of a physical
“plug” that fills the wound defect. Coagulopathies - bleeding disorders that affect the way blood clots
- affect the body’s ability to provide an effective hemostatic response. For example, patients with the
rare condition hemophilia suffer from deficiencies in the factors necessary for blood clotting and this
manifests itself as extended bleeding times after injury. However, larger injuries may result in a large loss
of blood which may overcome the normal coagulation mechanisms leading to excessive blood loss and
the possibility of death due to exsanguination. It has been estimated that injuries to the major arteries
with significant hemorrhage accounts for 50% and 31% of the total deaths in war and civilian settings,

respectively (Zhang et al, 2015).
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Figure 1: Overview of hemostasis (modified from Seyednejad et al, 2008)
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Tissue bleeding is a common risk for surgical procedures. For example, cardiac surgery has one of
the highest risks of bleeding, with upwards of 50% of patients experiencing some type of bleeding
related complication during surgical procedure (Shander, 2007). Other common surgical procedures
have bleeding rates ranging from <10% to 35% (Shander, 2007). In the emergency room setting,
exsanguination (i.e., death from uncontrolled hemorrhage) has accounted for over one-third of all deaths
(Evans et al, 2010), and is a number that has been consistently at this level of a number of years (Behrens
et al, 2014). Uncontrolled bleeding has been linked to increases in morbidity and mortality (Marietta et
al, 2006), and significantly increased costs (Stokes et al, 2011; Corral et al, 2015). Excessive blood loss
during surgical procedures is a particular problem in patients on significant antithrombotic therapies
(e.g. warfarin, DOACs) where normal coagulation pathways are compromised (Kuar et al, 2013) or those
with bleeding disorders (e.g. coagulopathies such as hemophilia). It is important for patients to continue
taking anticoagulants prescribed to them as discontinuation of their use may put them at increased risk

of thrombotic episodes (e.g. stroke, deep vein thrombosis, etc.) (Kovich and Otley, 2003).

The use of compression with gauze is a prevalent practice for most injuries and for the majority of
common surgical procedures this is still the main way to achieve hemostasis, and this method has
remained relatively unchanged (Behrens et al, 2014). The control of blood loss by the application of
pressure are not suitable in non-compressible regions. Alternate solutions may be found in the use of

hemostatic dressings which act rapidly in a single application.
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The development of hemostatic dressings composed of hemostatic agents or where these agents are
combined with a supportive matrix have allowed for effective hemostasis in wounds at sites where
compression is not suitable. Recently, the number and forms of hemostatic dressings have increased
significantly as dressing and material technology has advanced (Behrens et al, 2014). The myriad of
hemostatic dressings now presents the opportunity to aid in the treatment of large traumatic wounds
where excessive blood loss interrupts normal coagulation processes and offers an alternate mechanism
for stemming blood loss in cases where normal coagulation processes are hindered by patient

coagulopathies or anticoagulant therapies.

Wound debridementis thefirst step to enabling the quick and successful closure of some wounds. However,
radical sharp or surgical debridement can increase the risk of bleeding which would require effective
hemostasis, ideally in the form of a topical medical device (e.g. dressing). “Wound bed preparation”
is a key concept for transforming problematic wounds into wounds better able to respond to wound
care interventions and debridement is key (Suzuki and Cowan, 2009). Sharp surgical debridement is
an important tool for clinicians to cleanse difficult-to-heal wounds such as chronic ulcers (e.g. leg ulcers,
pressure ulcers, diabetic foot ulcers). These chronic wounds frequently contain devitalized necrotic
tissue and slough (including biofilm) on their surface that prevents significant healing of these wounds.
As well as promoting healing, sharp debridement also reduces the risk of wound infection which, in turn,
can lead to reduced hospital stays and improvements in a patient’s quality of life. Many of these patients
are on anticoagulant therapies meaning that radical sharp debridement - which results in removal of all
devitalized tissue and tissue bleeding of viable tissue - is risky, particularly when the procedure is carried

out in an ambulatory setting (i.e., outside of the operating room).

There are a number of different hemostatic methods available to minimize blood loss. Clinicians face an
increasing challenge in choosing the most appropriate route to achieve hemostasis, a challenge that is
made more difficult because of the increased drive to limit costs (Camp, 2014). The various methods of
hemostasis can be classified into two general categories: traditional hemostatic methods and topical
hemostatic agents. Within each of these two broad groups there are several sub-groups (Camp, 2014;

Schreiber and Neveleff, 2011).
2.1 TRADITIONAL HEMOSTATIC METHODS

There are three main types of traditional hemostatic methods: mechanical, thermal and chemical
(Camp, 2014). Mechanical methods of achieving hemostasis are the most common and include the
application of direct pressure on the site of blood loss, ligature and the application of a tourniquet.

These methods may be easy to apply but may be labour intensive and the application of pressure or
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tourniquet may be difficult due to the location of the blood loss. In addition, the application of pressure
may not be effective if the patient is on anticoagulation therapy or suffers from a present coagulopathy.
Thermal-based energy methods such as electrocauterization or laser cauterisation are quick methods
of hemostasis. However, this method involves the generation of devitalized tissue (including necrosis)
which may lead to subsequent localized infection of devitalized tissue, damage to wound margins and
an overall delay in downstream wound healing. The use of chemical agents such as epinephrine, vitamin
K and protamine are a third method to halt bleeding but can have detrimental effects on normal clotting

cascade mechanisms.
2.2 TOPICAL HEMOSTATIC AGENTS

An alternative to the traditional methods of hemostasis is the use of topical hemostatic agents. A
large number of topical hemostats have been developed and are being used today. As with traditional
hemostatic methods, topical hemostatic agents can be grouped into two major classes (Table 1) with

each group having unigue properties.
2.2.1 ABSORBABLE INTERNAL HEMOSTATS

This group of hemostatic agents currently account for the majority of topical hemostatic agents and can

be subdivided depending upon their properties (Camp, 2014; Schreiber and Neveleff, 2011).

* Passive (mechanical) agents (e.g. porcine gelatin, oxidised regenerated cellulose, beeswax): these
agents block blood flow and provide a matrix at the wound site for clot formation (Spotnitz and

Burks, 2008) and activate the patient’s own clotting cascade (Davie and Kulman, 2006)

e Active agents (e.g. thrombin): active agents are based on the use of thrombin (pooled human,
bovine or recombinant) to promote the rapid production of a fibrin clot (Davie and Kulman, 2006).
These agents provide concentrated thrombin at the site of bleeding to promote rapid clot formation.
These agents can be used in patients with impaired coagulation systems (e.g. heparinization, mild
coagulopathy) (Spotnitz and Burks, 2008), although the action of thrombin can be affected by some
coagulopathies (Camp, 2014). Safety is a major consideration with thrombin products depending

upon which form of thrombin is used (Camp, 2014; Schreiber and Neveleff, 2011)

* Flowables (e.g. bovine gelatin particles with or without thrombin): flowable hemostats are composite
hemostatic agents in that they provide both a passive (mechanical) and an active hemostat
component in one application. These agents physically block the flow of blood from the site of blood

loss and promote the formation of a fibrin clot
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¢ Fibrin sealants (human plasma-derived fibrin, patient’s own plasma): fibrin sealants are absorbable
materials and result in hemostasis by providing concentrated levels of fibrinogen and thrombin and
promoting clot formation (Spotnitz and Burks, 2010). These agents can be used in patients who do

not have sufficient fibrinogen to form a clot (Schreiber and Neveleff, 2011)

¢« Adhesives (e.g. synthetic tissue sealants, glutaraldehyde, and polyethylene glycol): adhesive
hemostats is an umbrella term for a number of chemicals and materials with different mechanisms
of hemostasis that leads to cessation of blood loss or tissue sealing (Camp, 2014). For example,
cyanoacrylate adhesives are synthetic tissue adhesives used to stop bleeding and consist of a blend
of two monomer cyanoacrylates that, when brought together, the monomers polymerize to form
a flexible sealing film which is adherent to both the polymer and human tissue and is independent
of the patient’s clotting processes (Barnard and Millner, 2009). Polyethylene glycol (PEG) polymers
promote rapid crosslinking with tissue components (e.g. collagen) at the site of application and forms

a cohesive matrix that adheres strongly to the applied tissue (Barnard and Millner, 2009)

A common feature of these internal absorbable hemostats is that, once applied, they can be left in situ

at the site of application.
2.2.2 TEMPORARY EXTERNAL HEMOSTATS

A relatively recent option for hemostasis is the development of temporary external hemostats or
“hemostatic dressings” (Schreiber and Neveleff, 2011) (Table 1). These hemostats are designed to be
applied topically and to be removed once hemostasis has been achieved. Originally developed for
combat situations, they are being increasingly used in the hospital setting (Schreiber and Neveleff, 2011).
Although this group of hemostatic agents is relatively small they can be grouped according to their

composition.

¢ Chitosan-based: hemostatic dressings composed of or containing chitosan derived materials. The
hemostatic properties of these chitosan derived materials vary greatly depending upon the material’'s
chemical properties. Chitosan is a natural polysaccharide derived from shrimp shells which, when
modified, possess excellent hemostatic properties. Chitosan derived materials have been shown to
promote hemostatus independently of the natural clotting cascade (Yang et al, 2008). Proposed

modes of action are described later.

¢ Kaolin-based: kaolin is an inorganic mineral that has the property of being able to promote the body’s

own clotting cascade (Trabattoni et al, 2011; Lamb et al, 2012).
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A significant body of evidence exists on the use of topical hemostatic agents (internal absorbable and
topical temporary (external)) in numerous applications (Schreiber and Neveleff, 2011; Seyednejad et
al, 2008). However, it is noted that there is a lack of good, rigorous studies comparing these agents

(Seyednejad et al, 2008).

The challenge associated with providing effective hemostasis in patients with impaired coagulation,
including patients receiving anticoagulant therapy, is particularly acute in patients with necrotic chronic
wounds requiring significant wound debridement (Snyder and Sigal, 2013). There are few high-quality
randomized controlled trials (RCTs) in this area and no definitive guidelines for chronic wound patients
on anticoagulant therapy (Douketis, 2011). In the absence of a significant body of RCTs being available,
considerations such as suitability of a specific hemostat for the presenting wound or situation, ease of
use, a clean safety profile and cost effectiveness will all play a role in deciding the most appropriate
hemostat (Table 2). Chitosan derived hemostatic agents provides a safe and effective method in
controlling bleeding in a number of different situations and exhibits many of the properties required of

an ideal hemostatic agent.
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3. Chitosan derived hemostatic
dressings

Section key points

e Chitin and its derivative, chitosan, is a natural polysaccharide with a good safety profile

*  Chitosan derivatives are novel hemostatic agents

»  Chitosan derivatives initiates hemostasis independent of platelets and coagulation factors
»  Chitosan derivatives are effective hemostats in coagulation-compromised patients

e Chitosan derived hemostatic dressings can be used in a number of different areas

Section 3 of the monograph details a broad range of references and data describing Chitin, Chitosan
and Chitosan derivatives and their proposed modes of action. The information within this section
is to give a general overview of data readily available and does not relate directly to OMNI-STAT.
Information relating to OMNI-STAT is specifically described in section 4 with supporting evidence

detailed in section 5.

Chitosan is a novel hemostatic agent (Recinos et al, 2008). Chitosan derived hemostats have been used
for a range of clinical situations in hospital settings (Seyednejad et al, 2008) and have a very good
safety profile (Baldrick, 2010; Waibel et al, 2011). Chitosan derived material’s ability to bind red blood cells
(RBCs) promotes the immobilisation of RBCs and the formation of an adherent gel clot (Bennett et al,
2014). This property suggests chitosan derived materials as potential materials as hemostats and leading

to their use in bandages and other hemostatic devices (Kozen et al, 2008; Millner et al, 2009).
3.1 WHAT IS CHITIN/CHITOSAN?

Chitin is a natural polysaccharide (Singla and Chawla, 2001), a homo-polymer composed of the glucose
derivative N-acetylglucosamine (GIcNAC). It is the structural element in the exoskeleton of crustaceans
(e.g. crabs, shrimp) and the cell walls of fungi. Partial deacetylation of chitin result in the production
of chitosan (Figure 2), a polysaccharide comprising copolymers of the amino sugar glucosamine and
N-acetylglucosamine. Chitosan is an ‘umbrella term’ used to describe a number of chitosan polymers
with different molecular weights (ranging from 50 to 2000 kDa), different levels of viscosity and degrees
of deacetylation (i.e., the ratio of GIcNAc to glucosamine). The degree of deacetylation in commercial
chitosans ranges from 60-100%. Chitosan is a natural molecule and is biocompatible, biodegradable and
non-toxic (Stepniewski et al, 2017). Chitosan is naturally broken down by the body into glucosamine and
N-acetylglucosamine (Aiba, 1992), and these breakdown products are further metabolized and then
undergo rapid clearance via the kidney and liver and are finally excreted in the urine (Levin et al, 1961).
Residual chitosan in the plug is broken down and digested in the body by the enzymatic action of
lysozyme, an enzyme commonly found in human body tissues and fluids including serum and wound
fluid (Frohm et al, 1996). OMNI-STAT is a topical temporary external hemostat and should not be left
inside the body
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Chitosan is a water-insoluble polymeric material at alkaline and neutral pH values (Cheung et al, 2015).
This low solubility hinders the applicability of chitosan but it can form water-soluble salts by treatment
with certain acids (Suzuki et al, 2000) and this allows for these chitosan derived salts to be soluble in
blood. The chemical structure of chitosan (Figure 2) provides the opportunity for chemical modification
- both covalent and ionic - that allows for there to be many changes of the mechanical and biological

properties of the chitosan molecule (Mercy et al, 2012).

It is important to note that not all of chitosan’s potential biological activities are to be found in one kind of
chitosan, and each chitosan’s profile of chemical and biological activities has been designed by specific

chemical modification and enzyme hydrolysis processes (Xia, 2003).

The biological properties of chitosan derived materials have meant that these materials have been used in
numerous biomedical and industrial applications including hemostasis, antimicrobial applications, wound
healing, tissue engineering and a myriad of biotechnology, agricultural and environmental protection

applications (Gerente et al, 2007; Bernkop-Schnurch and Dunnhaupt, 2012; Dragostin et al, 2016).

The response of tissues to chitosan can vary due to a number of factors. These may include the degree
of (de)acetylation (Howling et al, 2001), the molecular weight and structure of the polymer (Howling et
al, 2007; lyer et al, 2012), the various combinations with other materials than may be found in composite

forms (e.g. dressings) (Kratz et al, 1997).

With such a range of possible forms of chitosan derivatives, each type of which is likely to have different
chemical and biological activities, the use of the term “chitosan” can be confusing and misleading and the

scientific and medical literature inaccurately uses the terms “chitosan”, “chitosan derived” and “modified

chitosan” interchangeably.

Figure 2: Deacetylation of chitin to chitosan
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3.2 CHITOSAN AS A HEMOSTATIC AGENT

Materials derived from chitosan are effective as hemostatic agents (Mercy et al, 2012). However, studies
have indicated that chitosan is hemostatically inactive, i.e., chitosan do not exhibit hemostatic activity
(Lootsik et al, 2015). The hemostatic properties of chitosan are enhanced by chemical modifications and
the resulting chemical properties of the modified chitosan (e.g. molecular weight, extent of ionization
and degree of deacetylation) (Malette et al, 1983; Whang et al, 2005). Studies have shown that chitosan
forms with no previous hemostatic activity, when chemically modified by acid treatment, become active
hemostats (Lootsik et al, 2015). Studied have also shown that, in addition to chemical modification
leading to hemostatic activity, the molecular weight of chitosan derived molecules can affect hemostatic
activity: high molecular weight chitosan derived molecules are more effective as hemostatic agents

compared with low molecular weight types (Lootsik et al, Lee, 1974).

The mechanism of action of chitosan derivatives as a hemostat is not clearly understood (Hu et al, 2018)

but a number of proposed mechanisms for the mode of action of chitosan specifically as a hemostat.

Chitosan has been shown not to swell in water, nor is it water soluble (Lootsik et al, 2015). However, these
studies showed that chitosan derivatives do exhibit both water swelling and solubility. Pogorielov and
Sikora (2015) note that chitosan (presumably chitosan derived materials) can absorb from 50-300%
liquid and absorbs a significant amount of fluid when it comes into contact with blood. As a result,
these chitosan derivatives swell, gel and forms a gel-like clot. In addition, gel formation leads also to a

concentration of red blood cells and platelets as they are trapped within the chitosan derived gel.

Chitosan derived material has been shown to initiate hemostasis independent of platelets and coagulation
factors (Yang et al, 2008), and alters red blood cell morphology and increases the affinity between red
blood cells (Klokkevold et al, 1999). This interaction with red blood cells may promote their agglutination
further promoting the formation of a hemostatic plug (Chung et al, 2016). Chitosan has also been shown

to increase platelet aggregation (Chou et al, 2003).

Pogorielov and Sikora have proposed that the absorption of blood plasma by chitosan (chitosan
derivatives) may also lead to concentration of blood cells and promoting hemostasis via the formation
of a hemostatic plug, red blood cell coagulation and platelet aggregation/activation (Pogorielov and

Sikora, 2015).

Recently, chitosan-coated gauze dressings have been shown to promote red blood cell binding to the
dressing surface (Pogorielov et al, 2015). Chitosan has also been shown to encourage platelet adhesion

and activation via protein adsorption and orientation (Chou et al, 2003; Lord et al, 2011). This dual
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mechanism forms a cross-linked ‘pseudo-thrombus’ that adheres to the surrounding tissue and plugs

the bleeding site (Rao and Sharma, 1997).

It has also been proposed that the direct electrostatic interaction between positively-charged chitosan
polymers and negatively-charged cell membranes of the red blood cells may account for the hemostatic
activity of chitosan (Mirzadehl et al, 2002; Millner et al, 2010). This may be particularly true for chitosan
derivatives where further modifications of native chitosan may increase the ionic nature of the polymer
molecule and increasing the electrostatic interactions between these forms of chitosan and red blood
cells. This particular mode of action is not one claimed for OMNI-STAT. The mode of action for OMNI-

STAT is covered in section 4.

As previously mentioned, the hemostatic mechanism of chitosan-based materials is independent
of natural clotting mechanisms (Yang et al, 2008). As a result of this independence, chitosan derived

hemostats can act in the presence of anticoagulants (Croisier and Jéréme, 2013; Klokkevold et al, 1999).
3.3 CHITOSAN DERIVATIVES AND COAGULOPATHIC BLEEDING

Hemostasis and the clotting cascade is a complex process that results in blood clotting after injury
(Figure 3). Any deficiencies in this process leads to impaired clotting (coagulopathy) and that may lead
to dangerous excessive bleeding. Impaired blood clotting can arise as a result of a number of causes.
Patients with bleeding disorders have impaired clotting because their clotting factors or blood platelets
do not function properly, or there is a deficiency in sufficient levels of these factors to provide an optimal
clotting function. Examples of bleeding disorders (the majority being inherited) include hemophilia,
blood factor deficiencies and Von Willebrand’s disease. Significant physical trauma can also lead to
coagulopathy. Significant blood loss as a result of severe trauma induces the so-called “trauma triad”
of hypothermia, acidosis and coagulopathy in patients (Mitra et al, 2012) and a number of hypotheses
have been presented to account for the effects of trauma on blood coagulation (Martini, 2016). The
coagulation component of the triad makes it harder to stop bleeding and to prevent re-bleeding and
trauma-associated coagulopathy is associated with a higher risk of death (Mitra et al, 2012). Coagulopathy
is vital to consider in treating severe traumatic bleeding, and could also impair the healing process (Jin

and Gopinath, 2016).

Individuals receiving anticoagulant therapies are a significant population where impaired blood clotting
is found. Heparin is used as a blood thinner to treat and prevent blood clotting (deep vein thrombosis,
pulmonary embolism and arterial thromboembolism), and is used in the treatment of heart attacks and
unstable angina. It is also used before surgical procedures to reduce the risk of blood clot formation.

Heparin is given by injection and the mechanism of action appears to be by the prevention of certain
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clotting cofactors from working correctly (Figure 3) (Mulloy et al, 2016). Warfarin, a vitamin K antagonist,
is an oral anticoagulant that has been used for many years in reducing the risk of stroke in patients and
treating and preventing venous thromboembolism. As with heparin, a serious side effect of warfarin is
the risk of severe bleeding. Recently, direct oral anticoagulants (DOACs) have been developed as an
alternative to warfarin (https://natfonline.org/2018/01/anticoagulant-comparison-chart-2018/). These
DOACs target and inhibit a number of the blood clotting factors (Joppa et al, 2018). However, despite
being shown as being more effective than warfarin, safety issues for these newer DOACs have been

highlighted (Monaco et al, 2017; Burn and Pirmohamed, 2018).

Even a minor wound could present significant challenges for patients who use anticoagulants. As
discussed earlier, chitosan derived materials acts as a hemostat independently of the clotting cascade
(Yang et al, 2008) and have been shown to be an effective hemostat in patients with coagulopathy

(Misgav et al, 2017) and in a number of animal models (Klokkevold et al, 1999).

Previous pre-clinical studies have shown that chitosans are effective to clot heparinised blood: chitosan
is able to be effective at stopping lingual bleeding in heparinised rabbits (Klokkevold et al, 1999), and is
able to stop bleeding after carotid punctures in both heparinised and non-heparinised sheep (Mirzadehl

et al, 2002).

Figure 3: Hemostasis and the clotting cascade - influence of common anticoag-ulants
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Anticoagulant agents heparin and warfarin affect blood clotting via influencing the clotting cascade. The primary anticoagulant effect of
heparin results in the inactivation of several clotting factors crucial for normal blood clotting (Lee and Arepally, 2012). Warfarin interferes in a

pathway vital for the formation of a number of clotting factors (Ageno et al, 2012).

Bochicchio et al, using a porcine liver injury model in which coagulopathy was induced via hypothermia,
found that post-treatment blood loss was significantly less and resuscitation mean arterial pressure were
significantly greater in the chitosan dressing group compared with the control group (Bochicchio et

al, 2009). Hemostasis was achieved approximately 5 minutes after chitosan application whereas the
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standard packing showed no hemostasis. By one hour post-treatment, all animals in the chitosan-based
dressing group survived compared with only 50% of controls. The authors concluded that chitosan-

based dressings may provide a simple, rapid treatment of life-threatening liver injuries.

Excessive bleeding is also a complication in wounds that do not involve major blood vessels. Routine
wound debridement in patients receiving anticoagulation treatment is also a problem. Sharp debridement
removes necrotic tissue down to the level of well-vascularised tissue (Fife et al, 2012) and there is a
high probability that many chronic wound patients presenting for sharp debridement may be taking
anticoagulants and discontinuation of anticoagulation therapy is often required for debridement of large
or multiple wounds (Snyder and Sigal, 2013). It has been suggested that anticoagulation therapy may
not need to be halted for debridement of smaller wounds (Douketis, 2011). However, it is likely that sharp
debridement in these clotting-compromised patients could lead to excessive blood loss since even a
small bleeding wound would result in significant blood loss over time without adequate hemostasis. The
use of chitosan based wound dressings to promote hemostasis in excisional wounds has been reported.
Stricker-Krongrad et al documents the hemostatic efficacy of a chitosan based wound dressing in
heparinised rats with excisional wounds (Stricker-Krongrad et al, 2018). This study found that chitosan
based dressings application to wounds resulted in quick and effective hemostasis in an animal model

utilising heparin anticoagulation.
3.4 CHITOSAN AND WOUND HEALING

Chitosan and its derivatives have the potential to be beneficial at several points in the wound healing
response (Dai et al, 2011). Studies have shown that the this group of materials is able to promote healing
(Li et al, 1992; Khor and Lim, 2003; Foda et al, 2007; Lee et al, 2009) with minimal scarring (McCarty,
1996). Chitosan promotes the immune response (Lee et al, 2009), may help control the inflammatory
mediators required for healing (Stepniewski et al, 2017) and chitosan fibres and hydrogels have been
shown to promote inflammatory cell migration to the site of a wound (Ueno et al, 1999; Boucard et
al, 2007). Degradation products of both chitin and chitosan have been shown to promote fibroblast

proliferation (Mohandas et al, 2018) and promotion of revascularisation (Ashkani-Esfahani et al, 2012).

Chitosan and its derivatives can also be easily formed into films, hydrogels and scaffolds without the
use of toxic chemicals during the manufacturing process (Stepniewski et al, 2017), and this material
shows a number of biological and physical properties that make it a potential wound dressing material.
The material has been shown to have antimicrobial properties due to its positive charge binding to the
cytoplasmic membrane of bacteria (Felt et al, 2000; Liu et al, 2001; Tashiro, 2001, Ong et al, 2008).
Chitosan and its derivatives have have antifungal properties (Seyfarth et al, 2008). It is non-toxic to

the wound bed (Khor and Lim, 2003; Foda et al, 2007; Jayakumar et al, 2011), is biocompatible and
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biodegradable (Li et al, 1992; Khor and Lim, 2003; Niekraszewicz, 2005; Foda et al, 2007; Jayakumar et
al, 2011) and has been shown to manage exudate (Li et al, 1992; Khor and Lim, 2003; Foda et al, 2007).

Recently an absorbent gelling fibre wound dressing composed of chitosan has been developed (Stephen-
Haynes et al, 2014). Designed for moderately-to-heavily exuding chronic and acute wounds, this dressing
has been suggested to aid autolytic debridement and can be used to control minor bleeding in superficial
wounds. A recent report describes positive results in two patients (Stephen-Haynes et al, 2014). Topical
chitosan mats have been used for hemostasis (Charernsriwilaiwat et al, 2012; Wang et al, 2012) and for

stimulating wound healing, particularly in the treatment of burn wounds (Dai et al, 2011; Alsarra, 2009).

Chitosan has also been blended with other materials (e.g. collagen, hyaluronan, fibrin) and loaded with
bioactive molecules (e.g. growth factors) in order to improve a number of material properties, including
cell-material interaction between tissue cells and chitosan fibres and increasing the efficacy of tissue

regeneration activities of chitosan (Yang, 2011).

Recently, the hemostatic properties of chitosan derivatives have shown benefit in the treatment of
difficult-to-heal wounds where wound debridement - the physical removal of devitalized tissue from the
wound bed - is required and where excessive bleeding should be avoided (Snyder and Sigal, 2013; Schierle
and Krol, 2009). Hemostasis had been achieved after sharp wound debridement and the hemostatic
properties of chitosan had allowed wound debridement in these patients who might otherwise not been

suitable for sharp debridement (patients had received anticoagulants (Snyder and Sigal, 2013)).

The information provided above in section 3 was a general overview and proposed modes of actions of
chitin, chitosan and chitosan derived hemostatic dressings. OMNI-STAT a chitosan derived hemostatic

agent is discussed specially in sections 4 & 5 below.
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4. OMNI-STAT Hemostatic Agents

Section key points
¢ OMNI-STAT is a chitosan derived hemostat
e OMNI-STAT is safe and effective and is cleared under several 510Ks

*«  OMNI-STAT granules are very high surface area flakes. When they come in contact with
blood, OMNI-STAT swells, gels, and sticks together to make a gel like clot. It works
independently of the body’s normal clotting mechanism, works in hypothermic conditions
and clots blood containing the blood-thinning drug heparin

¢ OMNI-STAT is a topical temporary external hemostat

OMNI-STAT is an ideal and effective topical temporary external hemostatic agent and is a fast, safe
and effective method for controlling minor, moderate and severe bleeding. It is made of a proprietary
composition which contains chitosan in the form of macroscopic high surface area granular flakes
designed for maximum effectiveness in controlling bleeding. OMNI-STAT hemostats are available in
a number of forms (Table 3). OMNI-STAT is non-toxic and there have been no known or suspected
allergic reactions as a result of using OMNI-STAT. The mechanism of action for OMNI-STAT is through the
absorption of fluid in the blood, swelling and gelling and sticking together. Gelling of the OMNI-STAT and
trapping of red blood cells creates a robust mechanical gel-like clot (Figure 4) that plugs the bleeding
source and seals the wound (Figure 5) (Millner et al, 2011). This mechanism works independently of
classical coagulation pathways (i.e., does not initiate a thrombogenic response) (Millner et al, 2010). In
laboratory tests looking at the wetting of chitosan and chitosan derived materials in water, it was shown
that chitosan forms that showed a lack of swelling (and solubility) exhibited no hemostatic activity
(Lootsik et al, 2015). This was in contrast to OMNI-STAT which showed good hemostatic activity and

active swelling.

Figure 4: schematic interaction between chitosan derived materials and red blood cells to

form hemostatic plug (modified from Chan et al, 2016)
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OMNI-STAT is easily removed from wounds after bleeding has stopped. Any residual material can be
irrigated away with water or saline. Kheirabadi et al found OMNI-STAT granules to be easy to remove
when tested in an extreme arterial hemorrhage porcine model (Kheirabadi et al, 2009) and Kozen et al
found that OMNI-STAT was easily removed when used in a complex groin injury model and that residual
material was easily washed from the wound with simple saline lavage (Kozen et al, 2008). OMNI-STAT
is a topical temporary external hemostat not intended for internal use and should not be used in the

eyes or mouth.

Figure 5: Hemostatic plug at wound site formed by OMNI-STAT and red blood cells
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5. Scientific and Clinical Evidence

Section key points
e Significant level of evidence supporting OMNI-STAT as an effective hemostat

e Laboratory studies show rapid clot formation in normal and coagulation-deficient blood,
and in hypothermic blood

¢ OMNI-STAT is an effective hemostat in a number of pre-clinical models of uncontrolled
bleeding and bleeding in presence of some anticoagulant drugs

e Clinically, OMNI-STAT has been shown to be an effective hemostat in wound debridement,
traumatic and bleeding in presence of some anticoagulant drugs

¢ OMNI-STAT could provide cost-saving benefits

5.1 LITERATURE SEARCH METHODOLOGY

Search of internet reference databases (e.g. MEDLINE) were undertaken to identify published articles
related to the scientific and clinical evidence for the use of OMNI-STAT as a hemostatic dressing. The
search included articles published between January 1970 and June 2018. In addition, manual searches
of peer-reviewed journals and conference proceedings of relevance to wound management and not

catalogued in reference databases were also performed.
5.2 PRE-CLINICAL STUDIES (INCLUDING IN VITRO DATA)
5.2.1IN VITRO STUDIES

Figure 6: Blood clots after 20 minutes (Johnson et al, 2008)

OMNI-STAT Control
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Standardized laboratory studies have been used to show the effectiveness of OMNI-STAT as a hemostatic
dressing. The blood clotting time was tested with freshly drawn rabbit blood (Figure 6). Twenty minutes
after the addition of OMNI-STAT to the rabbit blood a good clot had formed. When the time at which the
blood had clotted was assessed, OMNI-STAT significantly reduced the clotting time compared with the
control tests (30.5 seconds vs. 816.5 seconds, respectively) (Table 4) (Johnson et al, 2008).

Studies examining the hemostatic effect of the chitosan derived dressing on coagulation of anticoagulant
treated blood showed that hemostasis is largely unaffected by the presence of anticoagulants (Figure 7).
Whereas anticoagulant treated blood showed significant delays in coagulation in the standard laboratory
tests, the presence of chitosan derived material led to coagulation times similar to those seen in the non

anticoagulant treated blood (Johnson et al, 2008).

Figure 7: Anticoagulant treated blood clotting times (Johnson et al, 2008)
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OMNI-STAT was able to clot freshly drawn rabbit heparinized blood that has been cooled to a temperature
of 56°F (Figure 8). The mean clotting time for the OMNI-STAT treated blood was 20 seconds, whereas

control blood failed to clot within the 10 minute test period (data on file).

Figure 8: Performance of OMNI-STAT in hypothermic blood
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5.2.2 UNCONTROLLED HEMORRHAGE

A number of pre-clinical animal model studies show the effectiveness of OMNI-STAT at controlling
significant bleeding. In a study comparing a number of hemostatic gauzes using a porcine model of
groin arterial hemorrhage, OMNI-STAT Gauze achieved 90% survival compared with 50-70% in other
dressings (Rall et al, 2013). By the conclusion of the study, OMNI-STAT Gauze had achieved the lowest
level of blood loss and the highest percentage of instances of intact hemostasis. OMNI-STAT Gauze was
also found to achieve hemostasis in a significant number of cases (6/8) of uncontrolled hemorrhage in
pigs that has received a femoral artery injury where no compression was applied (Watters et al, 2011).
Although there was no difference in performance between the hemostatic gauze dressing and plain
gauze (probably due to the user experience with plain gauze), Total blood loss and time to clot after 30
minutes parameters were better in pigs treated with OMNI-STAT Gauze compared to other hemostatic
dressings (Combat gauze) and plain gauze. No inflammation, necrosis or deposition of dressing particles

in vessel walls was observed.

The effectiveness of OMNI-STAT as a hemostatic agent was assessed in a comparison study of 10
hemostatic dressings in a porcine femoral transection model. OMNI-STAT was found to be one of a
group of products with the highest animal survival (p<0.01) (Arnaud et al, 2009a). The OMNI-STAT
group (Including Woundstat, Xsponge and ACS+) were also found to be superior for limiting blood loss
(p<0.05) and instances of re-bleeding (p<0.005). In an accompanying article from the same group that
examined the effect on hemostatic agents in a porcine groin puncture model (Arnaud et al, 2009b),
OMNI-STAT was in the group of dressings (Including Woundstat, Xsponge and ACS+) that again
significantly outperformed (p<0.01). The group containing OMNI-STAT were superior for post-treatment
blood loss (p<0.001). The conclusions were that hemostats in the OMNI-STAT group were superior in
improving survival, hemostasis and maintenance of mean arterial pressure in an actively bleeding wound.
In an additional study in a porcine model where the femoral artery and vein were transected and OMNI-
STAT was applied as a hemostat, the systolic blood pressure (SBP) and mean arterial pressure (MAP)
at which re-bleeding occurs was assessed on clots formed by the applied hemostatic agent (Burgert
et al, 2010). OMNI-STAT stopped bleeding and maintained control as blood pressure increased to >160
mmHg systolic, and this dressing was superior compared to standard dressing application in preventing

re-bleeding (p=0.008 for mean arterial pressure).

Gegel et al conducted a study to compare the effectiveness of OMNI-STAT and a biopolymeric,
microporous particle hemostatic agent in a porcine model of hemorrhage (Gegel et al, 2010). After

transection of the femoral artery and vein followed by one minute of free bleeding, the dressings were
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poured into the wound followed by standard wound packaging. The main outcome measure for this
study was blood loss after 35 minutes. Results found a significant reduction in blood loss (p<0.01)
compared with a standard pressure dressing. Although there was no significant difference between
OMNI-STAT and the biopolymeric dressing in terms of blood loss, the authors concluded that OMNI-

STAT was “clinically superior”.

Hemostatic dressings (including OMNI-STAT) were applied to wounds applied to the femoral artery in
a porcine model to assess the efficacy of the dressings (Conley et al, 2015). After the femoral artery
injury had been given the wound was allowed to bleed freely for 40 seconds. A stack of 5 pieces of
plain gauze was applied to the wound and pressure was applied. The plain gauze was then removed and
replaced with a previously randomized hemostatic gauze. The hemostatic gauze was held in place for 3
minutes using manual pressure. After this time the dressing was removed and the wounds observed for
hemostasis and rebleeding over the following 150 minutes. All products were similar in initial hemostasis,

levels of blood loss and rebleeding and required only minimal training.

In a porcine model of peripheral vascular injury, hemostatic dressings (including OMNI-STAT) were
found to reduce the tourniquet times (MaclIntyre et al, 2011). A tourniquet was placed proximally in 50
forelimb-injured pigs after 30 seconds of induced hemorrhage with cessation of bleeding in all cases.
Hemostatic dressings were placed over the wounds for 3 minutes and then the tourniquet was removed
to assess blood loss. Successful hemostatic action by the dressings was assessed as no blood loss after
removal of the tourniquet. Standard gauze resulted in 100% failure with active bleeding. OMNI-STAT
was successful in maintaining hemostasis in 60% (6/10) of subjects. The authors suggested that the use
of hemostatic dressings in conjunction with a tourniquet may allow for reduced tourniquet times with

improved outcomes in peripheral vascular injury.

In a goat arterial injuries model, 126 injuries were made in 45 animals and several chitosan derived
dressings (including OMNI-STAT) were tested for hemostasis (Satterly et al, 2013). All chitosan-
containing hemorrhagic dressings performed equally well in promoting hemostasis at 2 and 4 minutes
and, although many of the study variables (e.g. location and degree of wounding) were uncontrolled, the
findings of this study added to the evidence for chitosan derived gauze dressings as effective hemostatic

agents (Bennett et al, 2014).
5.2.3 COAGULOPATHIC BLEEDING

Millner et al examined the effectiveness of two chitosan derived hemostatic agents (OMNI-STAT granules
and OMNI-STAT Gauze) in a porcine model of major hepatic injury in the presence of impaired clotting

(Millner et al, 2010). OMNI-STAT Gauze and OMNI-STAT granules achieved hemostasis in 100% cases
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(n=18 and n=6, respectively), supporting the hypothesis that chitosan derived products act independently
of classical clotting pathways. OMNI-STAT was assessed on normal and warfarinized blood in a femoral
artery bleeding rat model and compared to gauze and compression (Kdksal et al, 2011). OMNI-STAT
achieved hemostasis in 100% (8/8) cases, 75% on first compression and the remaining on second
compression. The control treatment was successful in only 25% (2/8) and only on the third attempt at

compressing the injury.

The effectiveness of OMNI-STAT as a hemostatic agent in situations of clotting dysfunction was
assessed in a porcine femoral artery model where the animals had been previously been given heparin
to disrupt the normal blood clotting mechanism (Millner et al, 2011). After a 6mm vascular punch wound
to the femoral artery was applied and 45 seconds of uncontrolled hemorrhage followed, OMNI-STAT
was applied directly to the wound and manual pressure was applied for 5 minutes. Hemostasis was
successfully achieved in all subjects (12/12) compared with no hemostasis on the control group and
there was no incidence of re-bleeding in 92% (11/12) of test subjects. The authors concluded that OMNI-
STAT was effective at initiating hemostasis in subjects with clotting dysfunction and that the hemostatic

dressing should be effective in patients with disturbed blood clotting function.

Laboratory tests have been used to help assess the quality of clots formed during blood clotting. For
example, rotational thromboelastometry (ROTEM) has been used to assess speed of clot formation and
clot firmness, both important for the quality of formed clots. Lechner et al (2016) found that OMNI-
STAT-initiated clots were firmer and better stabilized compared with normal blood clots. A small (n=8)
evaluation by Bar et al (2017) investigated the blood coagulation in patients presenting to the emergency
department who were receiving the anticoagulant rivaroxaban. ROTEM studies showed OMNI-STAT
improved the coagulation of anticoagulated blood. Of blood samples treated with OMNI-STAT, six
(75%) showed reductions in clotting time, three (37.5%) showed reductions in clot formation time and
five (62.5%) showed increases in maximum clot firmness. The authors concluded that chitosan derived
hemostatic agents may be effective at improving coagulation in patients receiving anticoagulants. Other
studies using ROTEM have also suggested that the hemostatic function of OMNI-STAT is mediated

predominantly via tissue adhesiveness (Kheirabadi, 2011; Kheirabadi et al, 2010).
5.3 CLINICAL EVALUATIONS

Effective hemostasis is required for excessive and disruptive bleeding and is a significant risk in surgical
procedures. Individuals with genetic coagulopathies and the use of anticoagulants as a prophylactic
agents in patients contributes to the risk of excessive bleeding. Trauma resulting in significant blood loss
can also lead to blood coagulation problems. Significant bleeding from surgical wounds in vulnerable

patients with and without associated anticoagulant therapies and traumatic wounds must be controlled
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in order for wounds to heal, patient recovery and for limiting overall treatment costs.
5.3.1 WOUND DEBRIDEMENT

The presence of devitalized tissue in wounds may impair the healing process and removal of this tissue
promotes wound healing (Saap and Falanga, 2002). The removal of devitalized tissue can be achieved by
debridement and sharp debridement removes this necrotic tissue down to the level of well-vascularized
tissue (Fife et al, 2012). Sharp debridement can increase the risk of bleeding and this risk is exacerbated
by the use of anticoagulants in the aging population where chronic wounds are particularly prevalent.
Clinical evaluations have been reported demonstrating positive outcomes of using OMNI-STAT in
providing effective hemostasis after sharp debridement, including patients receiving anticoagulants

(Appendix, Table 5).

Open-label, controlled evaluation (n=40) evaluating chronic wound’s of varying etiology with or without

concomitant use of anticoagulants

Figure 9: Debridement of ulcer by chitosan derived dressing (Snyder and Sigal, 2013)

Y

Left: leg ulcer post debridement; middle: leg ulcer with chitosan-based gauze applied; right: ulcer 7 days

post-treatment

Snyder and Sigal (2013) reported on the results of an open-label, controlled clinical investigation
designed to evaluate the hemostatic properties of the chitosan-impregnated gauze, OMNI-STAT, in
patients with open wounds of various aetiologies (including diabetic foot ulcer and venous leg ulcer)
post-debridement. Forty patients were recruited into the study (n=20, OMNI-STAT; n=20, standard of
care). Both groups included a large proportion of patients on anticoagulant therapy (15/20 OMNI-STAT,
16/20 control). After debridement, excess blood was wiped away and the wound was then treated with
the OMNI-STAT or the control gauze followed by pressure for 2 minutes. The dressings were left in place
for 7 days and then removed at a follow-up visit after being saturated with saline for five minutes (Figure
9). The primary endpoint in the study was the time required to achieve hemostasis with secondary
endpoints being an assessment of the patient’s pain levels at the start and end of the treatment and an

assessment of the wound bed. The mean time hemostasis in the OMNI-STAT-treated group was 1 minute
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19 seconds compared with 5 minutes and 19 seconds for the control group (p<0.0001) (Figure 10). The
quality of the granulation tissue of the wound after 1 week was significantly improved in the OMNI-STAT-
treated group (OMNI-STAT group: 18/20 improved, none deteriorated; control group: none improved,
4/20 deteriorated; p<0.05) (Figure 11). Pain scores in the OMNI-STAT group were consistently lower
compared with the control group upon application, during application and on dressing removal after
one week. The authors conclude that, as well as promoting hemostasis leading to reduced treatment
time, the OMNI-STAT provided a moist wound environment and improved the quality of the wound
granulation tissue. The establishment of a moist environment may be due to the absorbent nature of the
chitosan granules component of OMNI-STAT. The authors suggest that the use of chitosan-impregnated
hemostatic dressings may lead to an alteration in clinical practice, allowing for the rapid control of bleeding

after wound debridement in patients with chronic wounds despite the prevalence of anticoagulants.

Figure 10: Time to hemostasis (minutes) (Snyder and Sigal, 2013)
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Figure 11: Tissue quality after 1 week (Snyder and Sigal, 2013)
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5.3.2 TRAUMATIC BLEEDING

Traumatic wounds can result in significant tissue damage accompanied by serious vascular damage.
The associated disruptive bleeding is a particularly difficult challenge for hemostatic agents. A number
of clinical evaluations have been reported to evaluate the use of OMNI-STAT in the treatment of wounds

with disruptive bleeding (Appendix, Tables 6 and 7).
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Clinical evaluation in patients with penetrating trauma

In a randomized clinical evaluation set in an urban emergency department, 160 patients with penetrating
(stab) limb trauma and where bleeding was a concern were treated with OMNI-STAT gauze. Time to
achieve hemostasis and the volume of blood lost through the wound after application of the dressing
were the main outcome measures (Hatamabadi et al, 2015). Control wounds were treated with a gauze
pressure bandage. Hemostasis was achieved within five minutes in 51.3% of OMNI-STAT-treated wounds
compared with 32.5% of the control group. Using the OMNI-STAT gauze significantly reduced the time
to hemostasis (p=0.01) and blood loss was also lower compared to the control group (p<0.05). It was
concluded that hemostasis can be achieved sooner and with less blood loss using the OMNI-STAT gauze
compared with the control treatment suggesting that fewer wounds would require more advanced and
invasive intervention to achieve hemostasis and physicians would be able to focus on other possible life-

threatening conditions sooner.
Case report: hemostasis in @ major head/neck hemorrhage

OMNI-STAT granules have been used in control of hemorrhage in a 48-year old patient known to have
a malignant peripheral nerve sheath sarcoma originating from the left parapharyngeal space and who
presented at hospital with a life-threatening head and neck bleed (Crunkhorn et al, 2013). Bleeding was

successfully controlled with the application of OMNI-STAT granules.
Clinical evaluation in 21 patients with gunshot wounds

The use of OMNI-STAT in the control of massive traumatic bleeding was assessed in 21 patients with
gunshot wounds in a number of locations (e.g. lower limb, shoulder). Eighteen patients achieved
successful hemostasis within one minute upon the first application of OMNI-STAT, with the 3 remaining
patients achieving hemostasis after further applications (Pozza and Millner, 2011). Tourniquets had been
used in 15/17 limb wounds but had not stopped the bleeding and in 15/21 cases bleeding was assessed
to have been life-threatening. There was no reported pain and there were no changes to the tissue

surrounding the injuries.
Case series (n=7) evaluating OMNI-STAT Gauze in hemostasis

Tan and Bleeker reported their experience in seven cases of traumatic bleeding, examining the
effectiveness of chitosan derived hemostatic agents as a hemostat. Injury sites included the lower limb/
groin area, pelvic girdle and the neck. Use of OMNI-STAT Gauze successfully stopped bleeding where
pressure dressings failed. No re-bleeding was noted and there was no leakage or complications reported

over the course of the subsequent observation period (up to 5 days) (Tan and Bleeker, 2011). For example,
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a 25-year old patient received a gunshot to the buttock which resulted in significant blood loss from
muscle. This persistent bleeding was not controlled by plain gauze with pressure. Upon packing with
OMNI-STAT gauze the bleeding was stopped and when removed after 24 hours there was no further
bleeding. In a second case, a 20-year old female cyclist received a high energy trauma to the side of the
neck as a result of a collision with a motor vehicle. Significant venous bleeding from the neck was not
stopped by the application of a pressure dressing did not provide hemostasis. However, the application
of OMNI-STAT gauze stopped the bleeding allowing the patient to be transported to hospital without

further leakage.
5.3.3 COAGULOPATHIC BLEEDING

Acute coagulopathy has been found in a significant number of individuals both in severely injured military

casualties and civilian trauma patients (38% and 25%, respectively) (Niles et al, 2008; Brohi et al, 2003).
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6. Cost-effectiveness of Chitosan
derived Hemostatic Dressings

Uncontrolled bleeding in the surgical and trauma settings results in a significant clinical and economic

impact and achieving hemostasis is a crucial focus for clinicians (Schreiber and Neveleff, 2011).
6.1 THE COST OF BLEEDING FOLLOWING SURGICAL PROCEDURES

Bleeding is a common complication in surgical procedures and ranges in extent from mild/moderate
to severe/traumatic/disruptive and may occur intra- or post-operatively (Ghadimi et al, 2016).
Bleeding complications in surgical patients represent a significant proportion of the total number of
surgical procedures and a recent large retrospective analysis identified almost 30% of bleeding-related
complications (Stokes et al, 2011). Other data suggests bleeding rates ranging from <10% to 35%
(Marietta et al, 2006). Cardiac procedures have some of the highest risks of bleeding, with almost 50%
of patients experiencing some bleeding-related complication (Shander, 2007). Uncontrolled bleeding is
associated with increased risk of death blood transfusions, and increased costs due to increased health

care resource utilization (Stokes et al, 2011).

The management of complications arising from disruptive bleeding may require a number of additional

clinical procedures:

1. Extending the duration of the original surgical procedure

2. The requirement for transfusion with whole blood, plasma and/or plasma substitutes
3. The use of hemostats

4. Re-operative surgery

5. The need for an extension to hospital stay

As well as the health consequences associated with bleeding (e.g. increased morbidity and mortality)
there will also be increase in costs as a result of the additional use of hospital resources highlighted
above (Zimmerman, 2007; Boucher and Traub, 2009). A recent US retrospective study of the Premier
Perspectives Database? demonstrates this. In this study, discharges from 2012 were used to identify
patients treated with hemostats during eight surgery types. Patients were stratified by procedure and
presence or absence of major bleeding (uncontrolled) despite hemostat use. Outcomes were as follows:
(a) all cause hospitalization costs; (b) hemostat costs; (c) length of stay; (d) reoperation and surgery-
related complications (e.g. mortality). The results showed that among 25,048 procedures, major bleeding

events occurred in 14,251 cases and major bleeding occurred in 32%-68% of cases. All cause costs were

2. The Premier Perspectives Database includes monthly feeds from hospitals across the United States, ranging from major health systems
to community hospitals. Overall, the database includes information from more than 535 million encounters, which represent more than 25%
of all hospital discharges in the United States. The Premier data includes the complete “charge master” for each admission, which reflects a
comprehensive list of items and services billed to an individual patient or insurer, and in addition to detailed information about prescription
drugs, also includes information regarding disease codes, supplies used, laboratory tests ordered and results, complications, devices used,
procedures and CPT codes, length of stay, charged costs and reimbursed costs, complications, payor and outcomes including readmissions
and mortality.
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significantly higher in patients with uncontrolled bleeding use versus controlled bleeding (US$24,203-
$61,323 [uncontrolled], US$14,420-$45,593 [controlled], P=0.001). The overall conclusion from this
study was that uncontrolled intraoperative bleeding is prevalent and associated with significantly higher
hospital costs and worse clinical outcomes across several surgical procedures compared to controlled
bleeding (Corral et al, 2015). A recent study found that severely bleeding major trauma patients are
a high cost subgroup of all major trauma patients (Campbell et al, 2015). Data from this study also
estimated that over 40% of major trauma patients presenting with severe bleeding are likely to be aged
65 and over. With this age category projected to increase by almost 22% from 2014 to 2030, the authors

concluded that significant additional costs are likely in the future.

A retrospective analysis of over 1.5 million surgical procedures by Stokes and co-workers (2011) found that
major bleeding was associated with an increase in length of hospital stay of up to 9 days and increased
costs of up to more than $17,000. Cost analysis studies have shown that the use of adjunct hemostats
such as oxidized regenerated celluloses (ORCs) can lead to a reduction in costs and the use of healthcare
resources when used to assist with the control of intraoperative bleeding (Martyn et al, 2015a). However,
a retrospective analysis of the use of hemostats in a variety of surgical procedures found that, despite the
use of hemostats, major bleeding occurred in 32%-68% of all cases (Corral et al, 2015). Suggesting that
current hemostats were lacking in their hemostatic benefit, the authors identified a number of limitations
with these hemostatic agents (e.g. insufficient adhesion strength, inability to withstand the forces of a
significantly major bleed, etc.) and suggest that better selection process for choosing the appropriate
hemostat for any given situation together with the development of new hemostats. Newer topical
hemostats have been developed that exhibit improved hemostatic properties over previous forms that
have shown better hemostatic properties in patients undergoing a variety of procedures which translates

to reductions in length of hospital stay and reduced costs (Martyn et al, 2015b).

Specific detailed cost effectiveness studies have at this stage not been conducted for OMNI-STAT.
OMNI-STAT is a topical temporary external hemostat not intended for internal use and should not be

used in the eyes or mouth.
6.2 HEMOSTATS IN SURGICAL WOUND DEBRIDEMENT - COST IMPLICATIONS

There is an increased risk of bleeding associated with surgical (sharp) debridement and this risk is
exacerbated by the use of anticoagulants in the aging population where chronic wounds are particularly
prevalent (Snyder and Sigal, 2013). If during surgical debridement, the application of pressure fails to
control bleeding there are a number of alternate procedures open to the surgeon in the operating room

(Madhok et al, 2013):

1. Ligation of the bleeding vessel(s)
2. Cauterize wound with silver nitrate
3. Electrocautery

4. Topical application of hemostatic agents (e.g. thrombin, oxidized regenerated cellulose (ORC)
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As discussed above, the use of hemostats in surgical procedures is prevalent, particularly in their use
in preventing blood loss during or after surgical debridement (Schierle and Krol, 2009; Snyder and
Sigal, 2013). These authors state that the use of chitosan derived hemostatic bandages (dressings) are

beneficial for a number of reasons including healing outcomes and cost effectiveness.
6.3 ANTICOAGULATED PATIENTS - RISK AND ASSOCIATED COSTS

With significant bleeding being a common complication in surgical procedures (Ghadimi et al, 2016),
patients receiving anticoagulant therapy (e.g. heparin, warfarin) further complicates and increases
the risk associated with the surgical procedure because of the increased likelihood of excessive or
uncontrolled bleeding resultant from the anticoagulant treatment. Because of the known risks, clinicians

with anticoagulant patients undergoing surgery have several options to minimize risk of complications:

1. If the surgical procedure is of low risk, then anticoagulant therapy can be continued. However, a major
bleeding episode has a case-fatality rate of 8-10% (Linkins et al, 2003; Douketis et al, 2007; Carrier et
al, 2010)

2. Temporarily halting anticoagulant therapy. However, this increases the risk of thromboembolic
episodes (thrombosis is fatal in 15% of patients, embolic stroke results in death or major disability in
70% of patients, while vascular thromboembolism has a case-fatality rate of approximately 5%-9%)

(Spyropoulos and Douketis, 2012)

3. Bridging anticoagulation therapy. This involves the administration of a short-acting anticoagulant
(e.g. intravenous heparin) during the interruption of a longer-acting anticoagulant. This method can
be costly and time-consuming due to peri-procedural hospitalization for anticoagulant administration

and laboratory monitoring is essential (Won et al, 2014)

4. Use alternative direct oral anticoagulants (DOACSs) such as dabigatran, rivaroxaban, and apixaban.
Their relatively short half-life, rapid onset of action, and predictable pharmacokinetics should simplify

peri-procedural use (Stacy and Richter, 2017)

All these clinical options have a significant clinical and economic perspective to them. Any hemostat that
works independent of the coagulation system, and is thus effective in patients with ongoing anticoagulant
therapy would be a significant benefit from both a clinical and economic standpoint since none of options

2-4 would be required, and there would be no potentially serious adverse event consequences.
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7. Conclusion

OMNI-STAT provides a safe, rapid and effective solution to hemorrhage and evidence indicates that
it provides hemostasis in a range of conditions where significant bleeding occurs, including chronic
wounds where sharp debridement is required, emergency room traumatic wounds and vascular access/

closure sites.

Furthermore, OMNI-STAT acts independently of classical clotting pathways and is effective in patients
with clotting dysfunction, e.g. patients receiving anticoagulant therapy (Warfarin and Heperin). As well
as offering effective treatment in cases of disruptive bleeding (e.g. traumatic wounds), OMNI-STAT
provides hemostasis in patients where bleeding may be moderate (e.g. sharp debridement of difficult-

to-heal wounds) but where significant bleeding is a risk due to concomitant anticoagulant therapy.

This document summaries the current pre-clinical and clinical evidence for OMNI-STAT as an effective

topical temporary hemostatic agent.
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10. Appendix

Table 1: Topical hemostatic agents (modified from Camp, 2014; Schreiber and Neveleff, 2011)

Type Comments

* Application of material to form physical barrier to blood loss
» Provides surface for blood clotting

Passive Commercially available hemostats include porcine gelatin (GELFOAM®,
SURGIFOAM®), bovine collagen (Avitene™, INSTAT®), oxidized regenerated
cellulose (SURGICEL®), polysaccharide spheres , beeswax
« Utilizes thrombin
* Concentrated localization of thrombin to enhance fibrin clot formation
Active
Commercially-available hemostats include pooled human thrombin
(EVITHROM®), recombinant thrombin (Recothrom®)
« Composed of both passive (e.g. gelatin) and active components (e.g.
ﬂ thrombin) _ ;
gz(n HlowalslEs * Block blood loss and promote fibrin clot formation
mé Commercially-available hemostats include active (thrombin) and passive
%E (gelatin matrix) components (FLOSEAL®, SURGIFLO®)
gZ * Generally contain both fibrinogen and thrombin
< * Concentrated delivery of fibrinogen and thrombin promotes formation of
fibrin clot
Fibrin ¢ Increased rates of blood clotting
sealants
Commercially-available hemostats include pooled human plasma (EVICEL®,
TISSEEL™), patient’s own plasma with bovine collagen/thrombin (Vitagel™) or
patient’s own plasma to create fibrinogen/thrombin (CryoSeal®, RAPLIXA®)
» Diverse synthetic sealants
« Common mechanism of sealing tissue
Adhesives Commercially-available hemostats include cyanoacrylates (DERMABOND®),
synthetic skin (SurgiSeal®, LiquiBand®) and tissue (OMNEX®) sealants,
glutaraldehydes (BioGlue®), polyethylene glycol polymers (CoSeal™,
DuraSeal™, Progel®)
> * Promotes effective hemostasis
- ¢ A number of mechanisms promoting hemostasis, some independent of
<(<Z( natural clotting cascade (e.g. chitosan derived materials)
%m » Designed for external use
Q_E * Temporary application
> % Commercially-available hemostats include chitosan (HemCon®, OMNI-STAT),
i kaolin (QuikClot®)

* Designed for external use only

Table 2: Properties of an Ideal Hemostatic Agent (Peng, 2010; Snyder and Sigal, 2013)

* The agent should stop bleeding reliably and consistently across a variety of wound types and
surfaces

Effective * The agent should work independently of host coagulation function in order to stop bleeding
in patients with clotting dysfunction or those patients being treated with anticoagulants
* The agent (and its metabolites) should be non-toxic and pose no risk of metabolic, infectious,
immunologic or oncologic complications.
Safe * The agent should not interfere with any metabolic pathways that would produce significant

biologic dysfunction
» The agent should be easily removable and/or biodegradable/absorbable to prevent any
interference with subsequent biologic processes once agent has been removed

* The agent should be easily stored, ideally at room temperature
* The agent should have a long shelf-life to maintain effectiveness for extended periods
Easy to use * The agent should be useable without the requirement for premixing of components in order
for rapid application
* The agent should require minimal training to use

Cost effective * The agent should be relatively inexpensive and affordable
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Table 3: OMNI-STAT Hemostatic Hospital Products

OMNI-STAT * Pouch containing 0.1 oz (3 g) of hemostatic granules. Formal offers quick application (just
Hemostatic Granules pour onto the bleeding site) and the ability to easily fit a range of wound types and shapes.
OMNI-STAT * Pouch containing folded 4” x 4” (10 x 10 cm) woven fabric dressing coated on both sides with
Hemostatic Gauze OMNI-STAT hemostatic granules.

Table 4: Clotting times (seconds)

OMNI-STAT® Control
Test #1 26 1020
Test #2 28 840
Test #3 32 806
Test #4 36 600
Average 30.5 816.5
Standard deviation 4.4 1491

Table 5: Clinical studies of OMNI-STAT on wound debridement

Reference Design & methods Main outcomes

Snyder & Sigal (2013) « Open-label, controlled
observational study hemostasis

» Time required to achieve * Time to hemostasis reduced
by 4 minutes with OMNI-

* Open wounds of various ¢ Secondary outcome: patient STAT (p<0.00017)
aetiologies (n=40) including assessment of pain * Improvement in granulation
venous leg ulcers, diabetic * Secondary outcome: tissue in chitosan-
foot ulcers and mixed ulcers appearance of wound bed impregnated dressing

* Sharp debridement applied (improvement of granulation compared with control

and then treated with « Pain score during
chitosan-impregnated gauze hemostasis decreased for
(OMNI-STAT) OMNI-STAT compared with
gauze controls
« Pain score on dressing
removal after 7 days
decreased for OMNI-STAT
group compared with gauze
controls

tissue) after 7 days
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Table 6: Clinical evaluations of OMNI-STAT on traumatic hemorrhage

Reference

Pozza & Millner (2011)

Tan & Bleeker (2011)

Crunkhorn et al (2013)

Methodology

Case series (n=21)
Gunshot wounds:
* Treated with OMNI-STAT

Case series (n=7)
Gunshot wounds to arm, leg and
buttocks

* Hemostasis achieved at first application
in 18 cases

* Hemostasis achieved in 3 cases after
further applications

« Bleeding stopped quickly after use of
OMNI-STAT Gauze
« Removed after 24 hours with no further

* Persistent bleeding from buttock wound

» Packed with OMNI-STAT Gauze

Multiple injuries from IED blast
» Tear wounds and arterial bleed from

groin

*« Emergency bandage applied but leaked

bleeding

« Bleeding stopped quickly after
application of OMNI-STAT Gauze

* Transfer to operating room with no

* Treated with OMNI-STAT Gauze

Trauma from road traffic accident
* High energy trauma resulting in venous

bleeding from neck

bleeding

« Bleeding stopped quickly after
application of OMNI-STAT Gauze

* Transfer to hospital with no bleeding

* Bleeding not stopped with application
of normal pressure bandage

Case report (n=1)

Life-threatening head and neck bleed

» Patient known to have malignant
peripheral nerve sheath sarcoma

originating from parapharyngeal space
¢ Treated with OMNI-STAT granules

Table 7: Clinical studies of OMNI-STAT on traumatic hemorrhage

Reference

Hatamabadi et al
(2015)

Design & methods

» Prospective, randomised
controlled open-label study

* Penetrating trauma wounds
(including stab wounds with
knives, glass, motor vehicle
accidents) (n=160)

* Wound where bleeding was
a concern included

* Treatment was with either
standard pressure gauze
(n=80) or OMNI-STAT-
coated gauze (n=80)

Main outcomes

* Time to achieve hemostasis
* Volume of blood loss after
beginning of treatment
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* Bleeding successfully controlled

* Hemostasis achieved within
5 minutes: 32.5% of control
group and 51.3% of OMNI-
STAT group

* Using OMNI-STAT-coated
gauze significantly reduced
time to hemostasis (p=0.01)

* Blood loss significantly
lower in OMNI-STAT group
(p<0.05)
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