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ABSTRACT

Massive hemorrhage causes instant and early deaths because of hypovolemia. However, even if the victim makes it to the hospital, hy-

pothermia, metabolic acidosis, and coagulation impairments caused by bleeding pose a great risk for survival. Many topical hemostatic

agents are developed for neck, armpit, or groin injuries that are not amenable to tourniquet application and for extremity wounds to

be used in conjunction with tourniquets. This paper focuses on those hemostatics that differ based on the action mechanism and are

suitable for pre-hospital setting and summarizes the latest recommendations regarding their usage.
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INTRODUCTION

Every bleeding eventually stops. However this fact gives no
relief to any surgeon in the operating room or medical per-
sonnel on the field dealing with hemorrhage. Bleeding causes
death not only from hypovolemia and exsanguination at the
scene but also from uncorrectable metabolic acidosis, hypo-
thermia, multiple organ failure, and coagulation disorders that
are resistant to transfusions even after the victim is hospital-
ized.

The latest data on this topic is derived from US combat sol-
diers wounded during the Iraq and Afghanistan campaigns be-
tween 2001 and 2011, which show that 24% of deaths were
seemingly potentially survivable and 90% of them were re-
lated to hemorrhage. Among the injuries that caused death,
67.3% were truncal, 19.2% were junctional (neck, axilla, and
inguinal regions), and 13.5% were located on the extremities.
"2 This data reveals the paramount importance of hemor-
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rhage control to save lives with proper scientific and tech-
nical measures. Topically applied hemostatic agents mainly
aim to help those with junctional hemorrhage because they
are not suitable for tourniquet application, such as extremity
wounds. However, they can also be used along with tourni-
quets in extremity wounds.

In a review by Sobrino et al,, it is stated that the consequenc-
es of trauma in a civilian setting are fundamentally the same.
Hemorrhage is the second leading cause of death after trau-
matic brain injury in immediate and early phases of trauma.l®!
With increasing occurrence of terrorist attacks globally, it will
not be surprising to experience a constant rise in exsanguina-
tion incidence among civilian mass casualties.

Moreover, one should always keep in mind that in the battle-
field, rural areas, and wilderness, the so called pre-hospital
setting, the first responder to hemorrhage is almost always a
non-medical personnel: a friend (so called a “buddy”) on the
battlefield, a local resident, or a companion. Thus, the first
intervention should be called an *“attempt to control bleed-
ing” rather than “hemostasis.”

Topical hemostatics are also important for trauma victims
who can make it to a medical facility. Intracorporeal topical
hemostatics are used in emergency surgery for trauma, such
as to control initial damage and stop bleeding from liver or
major vessels. Although some agents mentioned below have
also been used for intracorporeal hemostasis with great suc-
cess, the evaluation criteria of topical hemostatic agents are
different from this paper’s vantage point.
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Physiological Hemostasis

Let me provide some information on clot formation prior
to the discussion on hemostasis. One of the most dynamic
system of concurrent production (clotting) and destruction
(fibrinolysis) in vivo is the coagulation system. The basic con-
cept of coagulation has not changed after the introduction
of the “cascade” system by MacFarlane in 1964.11 Reflex va-
soconstriction occurs first under the influence of local me-
diators. Von Willebrand factor and glycoproteins lock each
other to start thrombocyte adhesion. Secretion continues
from the thrombocytes leading to further adhesion and ag-
gregation. Activated by subendothelial tissue factor, the ex-
trinsic pathway proceeds to convert factor X to its active
form. Factor Xl triggers another route, intrinsic pathway that
ends up at the same step where active factor X is formed.
The common pathway moves forward to the final destination
where a stable clot is formed. Homeostasis of hemostasis
continues with the fibrinolytic events that terminate the clot
after it is no longer needed.P!

Topical Hemostatic Agents

With this proximate knowledge about the clotting process, it

is practical to classify topical hemostatics according to their

action mechanism into three categories:

1) Coagulation factor and thrombocyte concentrators

2) Mucoadhesive agents or physical sealants

3) Coagulation cascade activators that either supply some
key proteins of the system or trigger the system

Zeolite

As an easy-to-find natural mineral, zeolite can be considered
as the prototype of concentrator agents. Its porous structure
allows rapid adsorption of water, which increases the relative
concentration of coagulation factors and thrombocytes at
the bleeding site where clotting process takes place. Adsorp-
tion is an exothermic reaction that gives off heat.

In a study with zeolite’s early commercial form, QuikClot®
bleeding was controlled in 92% of patients. However, the heat
generated during the application caused pain in one-fourth of
the patients and three burns were encountered (Table 1).[¢
Aiming to reduce the heat effect of zeolite, QuikClot ACS®
was introduced in the market. In their animal model study,
Eryilmaz et al. concluded that QuikClot ACS® decreased
the amount of bleeding but could not completely stop it in
any of the test subject. Furthermore, they observed cellular
changes caused by heat generation reaching up to 80°C.I"!
The successor of these two products was QuikClot ACS+€.
Hydrated zeolites were packed in porous meshes to minimize
heat problem. This was accomplished at a cost of decreased
hemostatic efficacy, discrediting the product for combat sce-
narios.[%]

Clinoptilolite, a type of zeolite mineral, was tested for the
first time by Bayir et al. and was found to be as effective as
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kaolin, which will be discussed below, without inducing any
temperature rise.l'” New research on other zeolite minerals
should be encouraged as zeolite-based topical hemostatics
are easy to produce with low cost.

Starch Derivatives

Belonging to this group, TraumaDex® contains microporous
polysaccharide hemospheres and BleedArrest® contains amy-
lopectin. Both are derived from potato starch and are found
to be successful concentrators but are not applicable on
battlefields.[']

Chitosan

Chitin is the main polysaccharide found in the exoskeleton of
invertebrates and shells of crustaceans (such as crab, shrimp,
lobster, etc.). Chitosan is produced by the deacetylation of
chitin and is the center of attraction for a series of biomedi-
cal investigations on obesity, fungal infestations, and bacterial
infections, as well as hemorrhage.l'?!®] Chitosan’s positively
charged surface successfully attracts erythrocytes and me-
chanically seals the bleeding site, and its chemical structure
causes vasoconstriction, which enhances its hemostatic ef-
fect.l'*'*] HemCon Bandage®, Celox®, and ChitoGauze® are
the best known commercial products containing chitosan as
an active ingredient. Preclinical studies are the mainstay of us-
ing chitosan-based materials on the battlefield.l'¥] It achieves
hemostasis without requiring the integrity of the clotting sys-
tem and without any heat problems in the tissue.®'*! Wed-
more’s study on 64 wounded soldiers reported that Hem-
Con® was successful in stopping or reducing the bleeding
(Table 1).I'7 Additional case reports and animal studies with
Celox® and ChitoGauze® supported the former outcomes,
and all the abovementioned products took their places in
the guideline of the Committee on Tactical Combat Casualty
Care (CoTCCC).l'®

A novel chitosan-based hemostatic product was introduced
in 2014 and acquired U.S. Food and Drug Administration
(FDA) approval. XStat® became the prototype of a new class
of topical hemostatic agent/device: a non-absorbable, ex-
pandable, hemostatic sponge for internal use.l'”! The syringe-
like device consists of chitosan-coated mini-sponges that ex-
pand in contact with blood. It concentrates clotting factors
and seals the bleeding site at the same time. Although not yet
cleared for use above the clavicle line, in the thorax, and in
the abdomen, this device is designed to help bleeding control
in wounds with a narrow opening in junctional body parts and
extremities. Its application is also restricted to patients who
are expected to reach proper surgical care facility in no more
than 4 hours.?%

Kaolin

Kaolin is a clay rock that is rich in kaolinite. It has a polar
surface with a slight negative charge that plays a key role in
triggering the intrinsic pathway of the coagulation cascade,
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Table I. Three human studies on three commonly used topical hemostatic agents
Study Topical Number Wound localization Results
hemostatic of patients
agent (n)
Rhee et al.l” Quikclot 103 Head, scalp, and neck (n=12) Overall efficacy rate, 92%
(zeolite) Extremities (n=61) Efficacy in blast trauma, 21/22
Chest and upper back (n=16) Efficacy in gunshot wounds, 65/68
Abdomen, lower back, and groin (n=18)  Efficacy in stab wounds, 3/5
Intracorporeal (n=20) Mild-to-severe discomfort due to
heat produced by the material.
Three burn cases, one requiring
skin grafting
One foreign body reaction and scar
formation (in intracorporeal use)
Wedmore et al.l'”] HemCon 64 Extremities (n=35) Success rate, 97%
(chitosan) Head and neck (n=4) No complications or adverse
Others (n=25) events reported
Ran et al.?2 Quikclot Combat 14 Extremities (n=4) Overall success rate, 79%

Gauze (kaolin)

Others (head, neck, axilla, abdomen,
etc.) (n=10)

No complications or adverse

events reported

making it a member of the procoagulant class topical hemo-
statics. It is likely that kaolin acts by augmenting activation
of factors Xl and Xl, as well as prekallikrein and high-molec-
ular-weight kininogen.®2' Recommended by CoTCCC since
2008, QuikClot Combat Gauze® was approved by FDA in
2013 for external use. Although the only study conducted
on the field with soldiers by Ran et al. showed an efficacy
of 79%, after some animal studies, CoTCCC was confident
that this product should be used in the first line of bleeding
control attempt (Table 1).224 The late onset of hemostatic
effect and the need for an intact coagulation system without
any factor deficiencies are the pitfalls of kaolin-based hemo-
statics.[®

Smectite

Woundstat®, a commercial product containing smectite
group clay, which has the ability to stop bleeding by simulta-
neously concentrating the clotting factors, initiating the in-
trinsic pathway, and sealing the wound, was cleared by FDA
in 2007.8%1 When compared with others, it has proved its
superiority as being the fastest and most effective product in
animal studies.?*?) However, it induces transmural damage
to the bleeding vessel, making it impossible to perform repair,
and causes occluding thrombosis to the distal of the injury
that compromises safety.?® In general, removal of a topical
hemostatic during a definitive surgical intervention of hem-
orrhage, especially when it is in the granular form, has para-
mount importance. However, as an inert material, VWound-
stat® was reported to adhere so tightly to the applied tissue
that several attempts were needed for a complete removal.*”]
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Because of these safety issues, it was permanently suspended
by FDA in 2009. Woundstat® is a good example for “too good
to be true” situation after all.

Herbal Complex

Urtica dioica, Vitis vinifera, Glycrrhiza glabra, Alpinia offici-
narum, and Thymus vulgaris are the ingredients of Ankaferd
Bloodstopper®. Its action mechanism is described in its in-
formation brochure. It acts independently from the clotting
system via erythrocyte aggregation in a protein network envi-
ronment. Pubmed search revealed few review studies mainly
commenting on its efficacy during endoscopic interventions.
[2311 Recent studies on this product focus on growth inhibi-
tory properties, germicidal effects against hydatid cyst, and
acceleration of muscle healing in open fractures rather than
its hemostatic activity.?234

Dry Fibrin Sealant Dressing

This includes a subgroup of procoagulants as a supplier of
clotting factors. It contains purified fibrinogen, thrombin, and
factor XIll, as well as factor IV (calcium). Although it was
found to be successful in its initial use on the battlefield, its
cost and efficacy of cheaper products blocked its path.['*?]

Topical hemostatics are always a focus of interest for re-
search and development staff and scientists. New materials,
such as polyurethane foam and hydrophobically modified al-
ginate lyophilized sponge, as well as modification of the ex-
isting ones, such as two-layer gelatin, are under continuous
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investigations that will surely contribute to the war against
war injuries.-3

DISCUSSION

An ideal topical hemostatic agent to be used on a battlefield
should be non-toxic, be able to control both arterial and ve-
nous hemorrhage, be ready to be used instantly, be easily ap-
plicable by the sufferer or a buddy, have a long shelf-life with
copper-bottomed protection, be small in size and weight but
durable in all extreme conditions in a haversack, be inexpen-
sive and cost-effective, and perhaps be practical under night
vision.340]

It is equally important to develop topical hemostatics and
quantify the comparison between them. A recent study
proposes a novel methodology, which is in line with FDA’s
clinician-reported scale. If used, this validated bleeding sever-
ity scale will assure that all clinicians conducting studies on
topical hemostatics are speaking the same language when it
comes to comparing outcomes.!

Zeolite-based agents are most effective in their purest miner-
al form, but heat production is a major problem to limit their
use. Hydration of the material reduces this side effect but it
also compromised its efficacy.*®?] Although very successful
in achieving bleeding control, smectite is outdated because
of its potential for tissue damage and inability to wipe it off
the tissue.l'>?] Chitosan seems relatively safe; the only con-
cern regarding its use may be shellfish allergy of the individual.
4151 Kaolin is also safe but needs more time for achieving
hemostasis and an intact coagulation system in the individual.
B Dry fibrin sealants are expensive and fragile for battlefield
environment.!'¥

At this juncture, the latest revision of coTCCC Guidelines for
Medical Personnel (April 16, 2017) advocates a kaolin-based
agent in the first line and chitosan-based agents afterward to
be used in conjunction with appropriate tourniquets.!*?
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Kanama sadece yol actigi voliim defisitine bagli olarak &liime neden olan bir sorun degildir. Neden oldugu diizeltilemeyen hipotermi, metabolik asi-
doz ve koagiilasyon bozukluklariyla da hastaneye yetistirebilmis olsa bile yaralinin kaybina neden olabilir. Travmaya bagli olarak boyun, koltuk alti ve
kasik bolgeleri gibi turnikeye uygun olmayan lokalizasyonlarda ve ekstremitelerde goriilen disa kanamalarin saha sartlarinda etkin bir sekilde kontrol
altina alinmasi amaciyla gelistirilen birgok topikal hemostatik ajan mevcuttur. Bu yazida, farkli etki mekanizmalari ve etkinlikleri olan bu ajanlarin saha

kullanimina uygun olanlari ve konu tizerindeki son &neriler irdelenmistir.

Anahtar sozclikler: Hastane éncesi; kanama; topikal hemostatik.
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