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Abstract
The large selection of techniques and modalities for field treatment of the bleeding wound may
appear as a potpourri of arbitrarily introduced devices. Nevertheless, if we analyze the various offered solutions systematically in an orderly approach, they can be differentiated into set categories.
It is necessary to recognize the pros and cons of each available product in order to decide when
and where each is the most applicable for any given clinical scenario. Identification, development
and evaluation of new products and technologies capable of stopping life threatening hemorrhage
is still ongoing. Despite paucity of research on this topic recently more and more information has
accumulated to assist in supporting those techniques of superior efficacy. The objective of this review is to guide the reader through the diverse products according to mechanism of action and
expose the important literature relevant to this topic. Justification is found for use of each of the
categories: tourniquets, hemostatic agents and compression dressings however close scrutiny is
needed to select the most appropriate choice in each group. Hopefully, continuing appraisal of
these devices together with the growing experience of trauma teams and combat medics can assist
to establish the superior products in each class for the benefit of all casualties and trauma victims.
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1. Introduction
“The fate of the wounded lies in the hands of the ones who apply the first dressing” was the most famous quote
of Dr. Nicholas Senn, the founder of the Association of Military Surgeons of the United States.
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Acute hemorrhage accounts for about 50% of battlefield deaths in conventional warfare, and for 30% of casualties who die from wounds [1-4]. The most basic of just any form of assistance to the trauma victim is the
application of some sort of means to curb blood loss as immediate as feasible following the threatening traumatic event. While many issues regarding the on-scene care of polytrauma patients are still under debate, it is
agreed that immediate control of acute external traumatic hemorrhage is one of the sole instances where intervention by the rescue team member plays a decisive role in determining the final outcome of the wounded victim [5]. We all remember the field bandage as a recommended device for wound care presented at the most basic of any first aid course. Exhaustive attempts will fail to discover any formal trial or scientific report validating
the advantages or disadvantages of its use. Therefore we cannot establish its limitations, or for that matter, what,
if any advantage is conferred with its use. An agreed unprecedented expectation at the outset of the 21st century
remains to strive for delivery of evidence based care in all aspects of medicine. This poses a significant challenge. In specific areas of medical care this target renders endeavors extremely difficult if not nearly impossible.
In general, trauma constitutes an arena of research difficult to tackle. It is impossible to obtain informed consent or in fact any consent whatsoever in the framework of acute traumatic injury. Hurdles in exploring trauma
issues include: the lack of uniformity of scenarios or uniformity of trauma care delivery teams. The focus on
care of the bleeding wound explicitly complicates evaluation of different modes of intervention for numerous
reasons. Namely, arrival of teams at different points in time from the instant of injury, unique mechanisms of
each injury, lack of specific standards of care of other accompanying medical threats, difficulty of judging outcomes when a multitrauma victim is jeopardized by a number of separate injuries simultaneously etc… Nevertheless we persevere to collect the greatest body of available information in order to justify our rationale of reasoning and clinical behaviour despite the necessity to compromise and lay back on less than ideal evidence.
In the past hundred years the industrial revolution led to discovery of a world of new technology. New materials were invented with practically unlimited potential of consistency, size and shape to suit our needs for all
scopes of modern life. In regard to bleeding wounds in particular, following complete dormancy over the first
two thirds of the past century when very little has happened, we are now bombarded by many new products all
available to achieve the common straightforward target of preventing blood loss from injured soft tissue. In this
paper we attempt to categorize each of the techniques as occlusion, barrier, or clotting propagation methods and
demonstrate examples of each by prototypes. The examples are by no means conclusive, however, this basic review can serve to guide the perplexed and outline the expectations and pros and cons of each option.
As mentioned, basic science and obviously clinical research is lacking in this field and we must greatly rely
on common sense, personal experience and style. To date there are sparse recommendations and no specific
product stands out as a superior means to treat bleeding wounds. Therefore humility should overcome the caregiver until we can clearly single out a preferred technique by well controlled trials supporting supremacy of any
specific choice. This state of affairs is best put by Hamilton Bailey, a renowned British surgeon who claimed
more than seventy years ago: “It is highly desirable that anyone engaged in war surgery should keep his ideas
fluid and so be ready to abandon methods which prove unsatisfactory in favour of others which, at first, may
appear revolutionary and even not free from inherent danger.”

2. Anatomical Considerations Dictating Solution Criteria
A general assertion essential to stress before presenting the various devices available to control bleeding from
the traumatic wound is that the anatomical region inflicted will dictate the best intervention to choose. The majority of hemorrhagic deaths on the battlefield are due to intracavitary hemorrhage, which as a rule is not readily
accessible and cannot be controlled with externally applied methods [6-8]. Since regions as torso and penetrating head injuries are not compressible therefore such wounds are not amenable to treatment by any external device. However, in reality many traumatic events result in injuries involving body parts where intervention with
external devices is very rewarding. A recent epidemiology study of 6609 combat wounds in Operation Iraqi
Freedom (OIF) and Operation Enduring Freedom (OEF) showed that extremities were the most common sites of
injury among 1566 casualties (54%), the majority of which was amendable to tourniquet application [9]. According to the Wound Data and Munitions Effectiveness Team (WDMET) database, exsanguination from extremity wounds accounts for more than half of all potentially preventable deaths in combat [10]. Also, a recent
evaluation of autopsy data from nearly 1000 casualties from OEF, OIF revealed that hemorrhage accounted for
85% of potentially survivable deaths, with 31% and 69% of these deaths representing compressible and noncompressible wounds, respectively [11]. Proximal superficial regions overlying skeletal components (such as
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certain head, neck or back areas) are not candidate for tourniquet application but may still gain much from compression dressing or hemostatic devices.

3. Vascular Occlusion Methods
3.1. Pressure Point Compression
Digital pressure applied over proximal arterial pressure points helps to control bleeding by lowering the pressure at the bleeding site. Performed correctly and, when possible, simultaneously with direct pressure over
bleeding site, can partially control significant, even brisk arterial, hemorrhage. There has never been a good method for teaching these techniques to prehospital medical personnel and so when treating hemorrhage in combat
or civilian casualties, these personnel often apply insufficient pressure for an insufficient period of time. Unfortunately, no matter how well this task is taught, the circumstances of combat or traumatic arenas make it unlikely, in many cases, that a medical caregiver or corpsman will be able to apply the requisite force long enough to
achieve hemorrhage control throughout an average or lengthy evacuation. Despite a recommendation to perform
this in many first aid manuals, there is no scientific literature that can support this technique. The subjectivity of
pressure application difficult to maintain uniformly upon a time axis and the fact that this method completely
neutralizes the caregiver from tending to any other aspect of patient care, including evacuation, puts this modality in last place.

3.2. Tourniquets
Historically, from the turn of time this technique has been an established means to affect blood supply to a distant part of a limb. Galen (129 - 200 AD), at the time the most famous surgeon in Rome, was criticized for tourniquet use, fearful it would increase blood loss from a wound. In 1517, Hans von Gersdorff, a founder of Prussian military medicine, published a trauma surgery atlas and described tourniquet use in amputation surgery [12].
In 1593, Wilhelm Fabry of Hilden (Fabricius Hildanus), often called the father of German surgery, described use
of a stick to twist a circumferentially constrictive bandage in amputation surgery. The stick, sometimes called a
Spanish windlass, acted as a means to gain mechanical advantage in tightening [13].
As a class, the advantages of direct compression dressings are:
1) The specific location of blood loss need not be located and specifically treated.
2) Application proficiency (without specific regard to the extent of compression desired) need not be beyond
that of an inexperienced novice.
The disadvantages are:
1) Feasible for treating blood from limbs only and provided the bleeding source is distal enough to leave room
for the tourniquet application proximal to this region.
2) If not applied with sufficient pressure above systolic blood pressure- bleeding loss may be enhanced by
reduction of venous return from the constriction performed. Therefore experience is needed to get the feel of the
extent of pressure needed in order to achieve the purpose of arresting all circulation to the distal limb.
3) Extended periods of tourniquet application with high necessary pressures to completely deny blood supply
to distal soft tissue will lead to ischemia and eventual infarction.
4) Tying or fastening mechanism is always necessary to maintain pressure until definitive treatment in an environment where it is possible to perform controlled wound review under illumination and suturing of damaged
vessels.
5) By definition, if the trauma victim is alert, the application of the tourniquet will be exquisitely painful and
this suffering will continue until complete removal.
6) Issue of nerve damage is unique to this approach.
Despite earlier dispute regarding the safety and efficacy of tourniquet use in principle, this calamity has resolved with time. Kragh et al. excellently reviewed the resurrection of tourniquet use across history and recall the
first detailed tourniquet case series that from 2003 [12]. Lakstein et al. reported their experience from 1997 to
2001of 91 casualties where tourniquets were applied prehospital. It must be stressed that the devices used were
either an improvised stick with a cloth or a simple silicone elastic strip, repeatedly stretched and wrapped around
the limb with regular knots tied at the ends [14]. Inherently, these methods suffer the inferiority of inconvenience because of slipping and cumbersome fastening technique. However, the investigators reported generally
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favorable results. No deaths occurred, but 5.5% had nerve palsy. This series was not compared to a control
group such that survival benefit cannot be derived from this. Later this same year tourniquet designs were
screened and tested for Operation Iraqi Freedom [15]. It was later recommended the Combat Application Tourniquet (CAT; North American Rescue, Greer, SC) as standard issue to deploying US servicepersons [15]. In
2004, Alec Beekley, a general surgeon, began a study at the emergency department of the coalition’s combat
support hospital in Baghdad. Beekley et al. [16] reported in 2008 that prehospital tourniquet use was associated
with better hemorrhage control rates, particularly in the more severely injured casualties: Kragh et al. [17,18]
reported a 2006 study of different casualties with mild, temporary, and infrequent morbidity with tourniquet use
in a large cohort. The work was fruitful and evidence yielded practical guidelines, such as well-designed and
tested devices performing best and improved effectiveness of tourniquet use side-by-side if one was not effective [18]. The survival rates were higher with prehospital use versus hospital use (89% vs 78%), higher with use
before shock onset versus after shock onset (96% vs 4%), and higher with tourniquet use versus without tourniquet use (87% vs 0%) [17]. This high-quality dataset indicated that, in war casualties within a comprehensive
trauma system, the survival rate was higher with tourniquet use than without.
In summary, these studies showed that the right tourniquets used at the right time in the right way for the right
casualties saved lives! By 2008 tourniquets became a prehospital intervention evidenced strongly to be
life-saving for limb injured casualties [19]. These developments stimulated recent reconsideration of a selective
role for tourniquets in civilian trauma [20].
Of a large number of versions of existing tourniquets Kragh et al. thoroughly examined the experience with
three outstanding products [21]. Not surprisingly one of the conclusions reached in their assessment was that
one-hand-application potential of the device confers no benefit in treatment stations or emergency departments.
Furthermore this added no benefit in the field regarding significant survival advantage.
The Emergency Medical Tourniquet (EMT) designed and distributed by Delfi Medical Innovations (Vancouver, BC, Canada), was invented by a team led by James A. McEwen and made by a company with extensive organizational expertise in designing tourniquets for elective use in the operating room. The company is led by a
clinical engineer, and the EMT is manufactured in a surgical tourniquet manufacturing facility with extensive
quality control measures. The EMT device is a pneumatic tourniquet that has a bladder that goes around the limb,
a clamp that limits the inflated portion while holding the bladder close to the limb, and an inflator bulb with
connector tube and twist cap. The bladder, 88 mm wide, has midpoint spot welds so that the cuff lies flat and
wide on the skin and does not become torus shaped and roll down the limb. These features make it similar to a
blood pressure cuff except for the clamp. The EMT clamp is precision-milled; has individual device serial numbers; and is designed for use in hospitals, clinics, or ambulances.
The special operation forces tactical tourniquet (SOF-TT) consists of a 3/2” tourniquet strap providing a wide
compression pattern. This broader compression pattern allows for increased patient comfort and additional arterial compression. The tourniquet handle is machined from a single piece of high strength aluminum bar stock.
The snap-lock buckle design, allows re-routing of the band around trapped limbs without rethreading. The lighter weight alloy components, provide required strength and durability. The SOF-TT’s promising characteristics
led to its inclusion with deployed US armed forces and were included in the abovementioned assessment [21].
The Combat Application Tourniquet CAT was invented by military medics in an Afghanistan cave, the company that distributes it is run by former military medics, and the CAT is assembled in a sewing and assembly
shop dedicated solely to this device. It was developed by Composite Resources, Inc. and is used by the US and
Coalition military to provide soldiers a small, effective tourniquet in field combat situations, and is also in use
by NHS ambulance services, and some UK fire and rescue services. The CAT utilizes a durable windlass system
with a free-moving internal band with a Velcro fastening system providing circumferential pressure to the extremity. Once adequately tightened a hook and loop windlass retention strap is then applied, securing the windlass to maintain pressure during casualty evacuation. The CAT’s dual securing system avoids the use of screws
and clips which can become difficult to operate under survival stress or where fine motor skills are compromised.
The CAT’s effectiveness rate was the highest of the field tourniquets at 79% in stopping compressible bleeding on the battlefield [18] and therefore this is the device of choice in this class.

4. Hemostatic Dressings
As opposed to the others, this is a completely novel group of agents which has emerged fairly recently and has
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been thoroughly subject to research of the past 15- 20 years. The reason for this is probably the backing of industry because of the financial interest in this promising technology. A full account of almost all members of
this category are reviewed because these new products are less known. Agents intended for the treatment of external bleeding can be categorized into dressings or granular/powder products.
As a class, the advantages of hemostatic dressings are:
1) Broad spectrum of body regions where it is applicable, since the mechanism is clotting propagation bleeding control this can be achieved provided a confined compartment exists.
2) Pressure is needed inasmuch as to control blood flow upon contact with wound but treatment success is not
dependent on extent of manual pressure.
3) Application proficiency need not be beyond that of an inexperienced novice.
The disadvantages are:
1) The precise locus of the bleeding wound must be accurately located and covered.
2) All of these agents lack a means of application and adherence to the wound surface and therefore require
neutralization of the caregiver to press the hemostatic agent against the wound until hemostasis takes effect. This
may not be feasible in combat situations. (A rare instance where the wound has created a deep cavity may enable packing with gauze impregnated haemostatic agent).
3) Particular attention needed for surveillance of wound since movement or friction may dislodge clot and result in bleeding recurrence even after full bleeding control.
4) The relatively high cost of most of these products may limit their acceptance.
Dubik and Keirabadi have not only summarized these hemostatic agents in a comprehensive review but they
have also thoroughly tested the various products themselves. As shown not all efforts were rewarded by success.
Firstly, Stasilon (Entegrion Co, Chapel Hill, North Carolina) a non chitosan material made of a dual-fiber dressing consisting of type E continuous filament glass and a specialty rayon material woven together as a special
textile material. Laboratory work did not find the dressing successful in stopping arterial hemorrhage and therefore this may seem more suitable for burn wound coverage.
Chitosan, deacetylated chitin derived from the shells of shrimp or other shellfish is a nontoxic and biodegradable substance with strong muco-adhesive properties suitable for hemostatic treatment. Thus, HemCon dressing,
the newer Chitoflex dressing and Celox, appears to act primarily by tissue adherence and coverage of wounds.
TraumaStat, which was a dressing of nonwoven porous polyethylene fibers (high surface area) filled with
precipitated silica. These filled fibers were impregnated with a chitosan derivative. Although was reported to be
more effective than HC dressing in stopping bleeding in a swine femoral artery transaction model [22], this
product never reached the commercial market.
HemCon bandage laboratory testing originally demonstrated efficacy in a swine grade V liver injury [23].
However in studies with the final product it produced hemostasis only briefly in 71% of swine subjected to an
aortotomy injury [24], and it failed consistently to stop bleeding in a femoral artery injury model in swine [25].
Rapid Deployed Hemostatic (RDH) dressing is a chitin-based product composed of poly-N-acetyl-glucosamine (p-GlcNAc) which is fully acetylated and lyophilized, but it is algae-derived. Red blood cell and platelet
aggregation, activation of the clotting cascade, and local vasoconstriction have been suggested as the mechanism
behind its action. In large animals, in both aortotomy and Grade V liver injury studies, the original RDH dressing was found ineffective in controlling [26,27]. However, a modified version of RDH (mRDH) was reported to
be effective in similar models by another group [28-30], but it did not stop bleeding in a mixed bleeding groin
injury [31].
As other products Celox (CX), was developed as a powder form of different types of chitosan. It relies on
binding to negatively charged surfaces such as red blood cells and adhering to tissue at the site of injury. Besides
the dry powder, Celox is also packaged in small packets that dissolve upon contact with blood, releasing the
Celox powder.
The original Quick Clot (QC) hemostatic agent was composed of zeolite granules which is an aluminosilicate.
When poured into a bleeding wound, it absorbs water, concentrating erythrocytes, platelets, and clotting factors
in the wound, thereby promoting coagulation. During experimentation a major safety concern recognized was
the exothermic reaction produced which resulted in significant thermal tissue damage in the wound in both animal experiments and combat casualties [32,33]. Consequently, the original QC granules were no longer produced by the manufacturer (Z-Medica, Wallingford, Connecticut). The product was replaced by a safer QC
product (QuikClot ACS+) without heat production upon mixture with blood composed of synthetic zeolite beads
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that are packaged in small porous cotton bags for easy application and removal from the wound [34].
In a swine groin injury model with complete transection of the femoral artery and vein, CX was shown to be
as effective as QC and HC in preventing rebleeding, and significantly better than standard gauze treatment [35].
Another pig study comparing granular agents, CX supported the survival of 60% of animals by stopping arterial
hemorrhage while HC and QC (ACS+) were only effective in 10% of the cases [36].
Attending surgeons reported either stopped or greatly decreased bleeding in 95% of 40 surviving patients
treated with the HemCon bandage applied to extremity wounds [37]. While the original QC was found to be effective against severe venous (Grade V Liver injury) and low pressure mixed hemorrhage from the groin, reducing both blood loss and mortality rates in swine [31,38,39]. This was not the case with high arterial pressure
bleeding where it failed to show significant benefit [25]. Still noteworthy is that new formulations of QC with no
heat generation (ACS+) have not been found effective against arterial bleeding.
A rolled, non-woven medical gauze (50% polyester and 50% rayon) impregnated with a contact (intrinsic)
pathway activating clotting agent, kaolin is the Combat Gauze, produced by Z-Medica, Wallingford, CT. The
X-Sponge, one of such products proved efficacious in bleeding pig models [40]. Similarly, Combat Gauze faired
equally well in similar swine testing resulting in an 80% survival rate [41]. Efficacy and safety profiles are established in femoral and carotid artery, as well as jugular vein injury models [42,43], but clinical experience is
not available as of yet.
WoundStat (WS) is an example of aluminum phyllosilicate products that received FDA clearance for treating
external bleeding. It is composed of smectite granules, that swell by granule water absorbance and form a clay
material with high plasticity that adheres to tissue and can seal bleeding sites. In addition to concentrating clotting factors and blood cells, the granules have a negative electrostatic charge that activates the intrinsic pathway
and accelerates the blood clotting process. WS was shown to have procoagulant activity in a human blood clotting assay [44]. This agent was 100% successful in stopping arterial hemorrhage and preventing exsanguination
where other products failed [36,45].
The Fibrin Sealant Dressing is composed of fibrinogen and thrombin derived from human plasma. As the
dressing comes in contact with blood, the protein layer dissolves and fibrinogen polymerization occurs forming
an adhesive fibrin layer that conforms and attaches tightly to the wound, thereby stopping bleeding. Packing for
treating a grade V liver injury in coagulopathic swine, the Fibrin Patch dressing was demonstrated as both efficacious and safe [46]. Similar results were observed with this dressing in a number of large animal hemorrhage
studies involving various sorts of operations [47-55]. A newer version of the FSD was found to be more efficacious than Combat Gauze or WoundStat in a coagulopathic swine groin arterial hemorrhage experiment [56]. To
date, the fibrinogen-based dressings have been the most efficacious with an excellent long-term safety profile,
therefore this agent stands out as the product of choice from the class of hemostatic agents.

5. Direct Compression Dressings
As a class this technique has suffered ignorance and received least attention for unknown reasons. The concept
of applying external force to overcome underlying vascular hydrostatic pressures and thus arrest blood loss is
the most straightforward logical approach. Nevertheless this option has been subject of least research or investigation of any sort. Reviews covering the whole issue of bleeding control often omit this option completely
[57,58] Perhaps the low technology leading to potentially small profit margins or general pessimism regarding
success with this approach deems this procedure unattractive. However advance has been made in this field and
this topic seems more than worthy of discussion. In any chosen configuration of this group the surface area of
the wound must be directly covered by the dressing.

5.1. Manual Pressure
Partial Hemorrhage control may be achieved by the application of direct pressure on the bleeding site. When
possible, this may be combined with elevation of the bleeding site above the level of the heart, which lowers the
pressure at the point of bleeding. Performing this manually as previously advocated in the past (ATLS manual)
by pressing 4X4 guaze pads will prove less effective as the extent of force will alter over time. Manual external
compression is cumbersome, unreliable and difficult to maintain over an extended period of time [59]. This will
also neutralize the caregiver completely. Nevertheless, as a temporary solution, it may partly curb immediate
blood loss until an alternative approach is chosen.
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As a class, the advantages of direct compression dressings are:
1) Relevant to diverse body regions even torso (wounds overlying pelvic or scapular bones) if occlusive methods allow firm pressure exertion.
2) Application proficiency (without specific regard to the extent of compression desired) need not be beyond
that of an inexperienced novice.
3) May prove to be even faster than tourniquet application in certain instances.
4) Will not deteriorate victim’s condition if inexperienced personnel place too softly.
5) If produced with transparent material can lead superiority in wound surveillance throughout evacuation.
6) The specific location of blood loss need not be located providing a genuine closed compartment can be
created surrounding the wound area and lead to environmental tamponade.
7) When produced with cohesive materials slipping is prevented and no tying mechanism is necessary.
8) As a rule, all members of this category are relatively inexpensive since raw materials and assembly remain
simple and not costly.
The disadvantages are:
1) Futile for regions that are non compressible.
2) If not applied with sufficient pressure the dressing will not be effective.
3) Extended periods of application can cause tissue maceration.
4) Some body region dressing may be time consuming.
5) If circumferential pressure is applied maximally the tourniquet effect may be reached even where not necessarily needed.

5.2. Field Bandage
The “Army Field Bandage” (as it is called) was the mainstay to control external bleeding before and
throughout the world wars until currently in most armies. It is composed of a thick layer of absorbent cotton that
is wrapped in layers of gauze and attached to two long straps for wrapping around the wound. It absorbs large
volumes of blood and provides a matrix that promotes platelet aggregation and blood coagulation while exerting
pressure on the wound. It seems astounding that for a procedure lasting a century long as far as can be accessed
no single study was ever dedicated solely to investigate the merits of this device. In one single publication, this
device was used in the control arm and found to be fairly useless as exerted pressures over almost all body parts
hardly reached near to prevailing diastolic blood pressure [60]. Placing a solid, rigid object underneath the pad
added nothing to the negligible pressures. The fact that the contact component is produced in a manner to absorb
blood is a further disadvantage since the amount of blood loss or ongoing hemorrhaging is impossible to assess
in this manner.
Many dressings have appeared on the market, but few even claim to apply pressure over the bleeding wound
surface. Three different configurations were chosen to represent this group.

5.3. Emergency Bandage
This product is also termed in lay literature: “The Israeli Bandage” and manufactured by Firstcare inc. The
ingenuity of its invention was reached by a military medic sent to combat with a 1942 designed field bandage
who felt ridiculous carrying primitive equipment. The emergency bandage is an elasticized bandage with a nonadhesive bandage pad sewn in. The pad absorbs up to 500 cc of blood. The bandage has a built-in pressure bar,
which allows those handling it to twist the bandage around the wound once, and then change the direction of the
bandage, wrapping it around the limb or body part, to create pressure on the wound. The pressure bar is also assumed to increase localized pressure. A closure clip at the end of the bandage is intended to retain stretched
flaps in place and prevent slipping and recoiling of the dressing. The bandages come in three different sizes: 4, 6,
and 8 inches wide. They are similar to domestic elastic (“ACE”) bandages that are used to treat sprain injuries,
but they have three features that are unique to them: 1) A sterile non-adhering dressing that is designed to allow
removing the bandage without reopening the wound. 2) A pressure applicator or pressure bar that is placed directly over the wound to stop the bleeding by applying pressure. It allows to rap the bandage around a wound in
different directions. This is a useful feature for stopping bleeding in groin and head injuries. A closure bar that is
used to secure the bandage and to apply additional pressure to a wound.
The doubling back within the rigid polymer “bar” makes bandaging somewhat clumsy, the absorption and
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opacity disallows assessment of blood loss or success at bleeding control. Nevertheless, this product is far advanced than previous tied dressings and has penetrated a number of medical systems and combat units with
growing popularity. In laboratory conditions the device exhibited satisfactory compression pressures over a
number of body sites [61] with added benefit of the “so-called” pressure bar. However this data contradicts
previous exploration of this phenomenon conceptually [3]. Further studies are needed to elucidate this point one
way or the other. There are no reports of clinical experience with this device.

5.4. The Cinchtight Dressing
A display of medical devices and bandages are manufactured by “H & H medical inc.”
This device termed a compression dressing appears in standard to very large 12” × 16” pad areas capable of
covering the largest wound areas. The acclaimed purpose of this is not only to protect underlying vital organs
but also to exert pressure to stem blood loss. It secures to the abdominal (or other) wound with over 5 feet of
strengthened elastic wrap sewn onto the large pad. In one configuration, a metal hook on the pad back affords
the possibility to double back and wrap the bandage in a countered clockwise direction and exert pressure while
preventing slipping at the same time. The materials comprising the pad attached to the surface of the wound
stretch with vigorous pressure exertion and therefore an extent of dislodgement is feared in the course of dressing the wound. In addition, high pressures are difficult to attain since the fastening method precludes continuation of the tightening process, therefore anywhere but a cylindrical distal limb can we expect satisfactory control.
There is no literature on laboratory or field testing of this device.

5.5. Elastic Adhesive Dressing (ELAD)
This device arose to control bleeding from both military and civilian victims in a region heavily stricken by
terror activity. After previous experimentation with elastic bandages with a glue interface [62] or materials such
as Coban, the teams, perfecting infusion drip fixation tubing techniques, applied their successes to wounds with
a tailored transparent polyethylene strip [63]. The ELAD constitutes of an elastic bandage with cohesive properties that enhances pressure, avoids wrapped layer slipping and is immediately affixed in position with obviation
of a fastening mechanism when full compression is achieved. This dressing consists of a non absorbent indicator
pad component, produced such that if inappropriately dressed it will absorb only a minimal amount of blood
before becoming saturated and this will be visualized through the transparent bandaged layers. The strip component incorporated in the device consists of resilient material durable enough such that it won’t tear upon traction, though elastic to the extent of allowing easy stretching across the body surface. Laboratory testing results
include both satisfactory exertion of pressures across body areas and demonstrated convenient to use by diverse
medical teams [60]. This product has not reached the market to date but it was distributed to a number of medical systems for experimentation. A published series of 62 cases with 87% full control of bleeding [64] included
an outstanding case of a combat soldier presenting with a complex facial injury [65]. The dressing sealed the
whole bleeding area leading to eventual survival. Especially if combined with a hemostatic pad this may confer
it applicable to most all body surfaces and turn into a leading product in the future.
From this class, elastic adhesive dressings appear most tempting since they are quickest to apply and are especially effective in awkward proximal compressible regions, however proprietary products such as CobanR and
CoflexR are not even marketed for use in trauma and have torn in the process of tight compression bandaging.
Therefore the product of choice in this group would be the Emergency Bandage.

6. Conclusion
Trauma patients have been bleeding to death for thousands of years. The methods used to control hemorrhage
(tourniquets, pressure, bandages, and ligatures) have not changed but progress in technology has brought about
interesting insights. A logical set approach is needed to match available products to the presenting injury. A
suggested guideline would be to dress the wound in a compressible body area with a direct compression dressing
since for such regions there is no evidence that hemostatic agents hold any advantage (although even animal side
by side trials have not been conducted yet). The hemostatic agents should be applied over the awkward non cylindrical zones still amenable to external access providing there is ample time for their application. Owing to the
possible tissue damage and severe discomfort caused by tourniquets, these should be used as last resort only and
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these should be removed as early as possible. Events where tourniquets are especially advocated would be
wounded distal limbs when the precise bleeding site is not identified (as a mangled limb or amputation).

Disclosure of Conflicts of Interest
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