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(57) ABSTRACT 

High-pressure bleeding Wounds (and other bleeding 
Wounds) may be treated by applying direct pressure directly 
in the bleeding Wound, such as by applying a back pressure 
in a con?ned space around and in the Wound. Certain 
substances and articles may be inserted into the Wound, and 
the Wound may be enclosed With that substance or article 
(such as a hemostatic substance, Which may be polymeric), 
by sWelling on contact With molecules (such as Water 
molecules in the blood) encountered in the Wound, generates 
the desired pressure to stop or at least reduce the bleeding 
Without the detrimental effects of a tourniquet Clot-inducing 
substances may be introduced into the Wound contempora 
neously With direct pressure application directly in the 
Wound. Compressible and non-compressible Wounds are 
treated. Treatment stops bleeding Without producing pres 
sure injury or ischemic damage. Medical devices using this 
technology are provided, including removable, biodegrad 
able, medic-administrable devices. 
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FIG. 2B 
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FIG. 6B _ 
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SEM OF EVA ELECTROSPUN MAT 

FIG. 7A 

ETHYLENE VINYL ACETATE - EVA 

FIG. 7B 
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TREATMENT FOR HIGH PRESSURE BLEEDING 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention is generally related to emergency 
medicine. In particular, the invention relates to bleeding and 
bleeding injuries. 
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Clauss, “Changing patterns in civilian arterial injuries,” J. 
Caridovasc Surg (Torino), 2617-11 (1985). Death from hem 
orrhagic shock remains a problem even in very healthy 
individuals. J. Valentine, S. Blocker, J. H. Chang, “Gunshot 
injuries in children,” J Trauma, 24:952-6 (1984). As can be 
appreciated from the folloWing Table 1, combat vascular 
injuries continue to result in a 12 to 30 percent amputation 
rate depending on the involved vessel. 

TABLE 1 

(Incidence of major loWer extremity vascular injuries 
in the three great Wars) 

(Source: Vascular Trauma, Rich N. M. and Spencer, F. C. 
(eds) W. B. Sunder Philadelphia 1978). 

Total Common External Common Deep Super?cial 
War Arteries Iliac Iliac femoral Femoral Femoral Popliteal 

WWI 1202 1 4 366 144 
WWII 2471 13 30 106** 23 517 502 
Korean 304 95! 79# 
Vietnam 1000 9 17* 46*“ 305@ 217# 

*three amputations and one death 
**ligation lead to 86 amputations 
!12% amputation rate 
***15% amputation rate, 3 deaths 
@37 amputations or 12.1% 
#30% amputation rate 

[0003] 2. Background Description 

[0004] The morbidity and mortality from penetrating inju 
ries (such as ballistic injuries in combat, knife Wounds, 
penetrating Wounds secondary to motor vehicle accidents, 
etc.) has decreased over the past ?fty years. HoWever, some 
undesirable results remain. Present treatments for high pres 
sure, i.e. arterial, bleeding can cause ischemia that might 
contribute to limb loss. Tourniquet use can contribute to the 
need for amputation. This is especially true if there is a 
signi?cant delay in de?nitive treatment. 

[0005] As to military trauma, tWo characteristics of death 
due to such trauma are seen. First, early death occurs. 
Soldiers Who die due to injury, die early: about 40% die 
immediately; 25% die Within 5 minutes; 15% die Within 15 
minutes; i.e., a total of 80% dead in the ?rst 15 minutes after 
trauma. A second feature of military trauma is death due to 
bleeding, With 2/3 of military deaths due to trauma being due 
to hemorrhage. 

[0006] Ballistic injury is a primary mode of trauma in 
combat. Such injuries can be associated With rapid blood 
loss due to vascular disruption. In the Vietnam con?ict, ten 
percent of Wounds to the extremity Were associated With 
major artery injury. M. E. Jabaley, H. D. Peterson, “Early 
treatment of War Wounds of the hand and forearm in Viet 
nam,” Ann Surg 1973; 177:167-73. While bleeding from 
compressible vessels may respond to direct pressure, blood 
loss from deep muscular branches (such as those from the 
profunda femoris artery, etc., e.g., see Table 1) may be 
severe. S. M. Henry, R Tornetta III, T. M. Scalea, “Damage 
control for devastating pelvic and extremity injuries,” Surg 
Clin North Am, 77:879-95 (1997). Despite increasingly 
aggressive surgical treatment, limb salvage has not 
improved. P. V. Sharma, S. C. Babu, P. M. Shah, R. H. 

[0007] Nor is the high incidence of deaths and amputa 
tions from penetrating Wounds only for combat injuries. 
Treatment of trauma also is important in the civilian arena. 
At one Level I civilian trauma center in Virginia, from 1995 
to 1999, of 66 patients With penetrating extremity vascular 
injuries, there Were ?ve deaths from hemorrhagic shock. 
Trauma is the most frequent cause of death in the United 
States in persons under the age of 34. Because trauma occurs 
most in young people, trauma is the leading cause of life 
years lost. Up to 80% of all early trauma deaths are from 
uncontrolled hemorrhage. Each year in the United States, 1 
in 100 people Will visit an emergency room; 1 in 1000 
people Will be admitted and transfused; 1 in 3000 Will die of 
trauma. About 50% of civilian deaths due to trauma are 
secondary to hemorrhage. 

[0008] Currently available modalities for treating high 
pressure bleeding include tourniquets, ?brin glue, etc. HoW 
ever, these current bleeding treatments have signi?cant 
disadvantages, such as nerve damage, limb ischemia, 
increased risk of amputation, etc. 

[0009] Tourniquets Were described more than tWo millenia 
(2000 years) ago as an adjuvant to surgical amputation L. 
Zimmerman, I. Veith, Great Ideas in the History of Surgery, 
San Francisco, Calif.: Norman Publishing (1993), 31. Since 
then, tourniquets have become a primary a primary initial 
treatment for injuries associated With high pressure bleed 
ing. Unfortunately, tourniquet use is associated With a vari 
ety of complications and dif?culties including nerve dam 
age, post-tourniquet syndrome, limb ischemia (distal 
ischemia), compartment syndromes, pulmonary embolus, 
increased risk of amputation, and limb Wastage. A. K. 
Palmer, “Complications from tourniquet use,” Hand Clinics, 
2:301-5 (1986); A. S. Estrera, R. P. King, M. R. Platt, 
“Massive pulmonary embolism: a complication of the tech 
nique of tourniquet ischemia,” J Trauma, 22:60-2 (1982). To 
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decrease these risks, tourniquets must be intermittently 
loosened. This typically restarts the bleeding and is dif?cult 
for treating personnel to accomplish. Despite the potential 
complications and drawbacks, recent combat (such as the 
1991-92 Croatian con?ict) has veri?ed the ability of tour 
niquets to delay shock in loWer extremity arterial injuries. Z 
Lovric, V Lehner, B Wertheimer, L Kosic-Lovric, “Tourni 
quet occlusion technique for loWer extremity artery recon 
struction in War Wound,” J Cardiovasc Surg (Torino), 
38:153-5 (1997). 
[0010] While ?brin products (such as ?brin glue, ?brin 
sealant and dry ?brin dressing) have been developed and 
shoWn to be effective in stopping venous bleeding, such 
?brin products do have draWbacks. Fibrin products have had 
a tendency to be Washed from the Wound during high 
pressure bleeding, relative high cost. Some ?brin products 
put the patient at risk of viral exposure. Virally inactivated 
?brin sealant has been developed, and is being used as an 
adjuvant to multiple types of surgery. C J Dunn, K L Goa, 
“Fibrin sealant: a revieW of its use in surgery and endos 
copy,” Drugs, 58:863-86 (1999); M R Jackson, B M Alving, 
“Fibrin sealant in preclinical and clinical studies,” Curr Opin 
Hematol, 6:415-9 (1999). Fibrin glue has been shoWn to be 
effective in speeding hemostasis along vascular graft suture 
lines. AA Milne, W G Murphy, S J Reading, C V Ruckley, 
“A randomised trial of ?brin sealant in peripheral vascular 
surgery,” Vox Sang, 70:210-2 (1996). Fibrin glue has been 
tested as an adjuvant to surgery in the treatment of complex 
hepatic injury. S M Cohn, J H Cross, M E Ivy, AJ Feinstein, 
M A SamotoWka, “Fibrin glue terminates massive bleeding 
after complex hepatic injury,” J Trauma, 45:666-72 (1998). 
Formulations of ?brinogen and thrombin containing dress 
ings, and dry ?brin sealant dressings have been proposed 
and studied in pig models of vascular injury and grade V 
liver injury. M J Larson, J C BoWersox, R C Lim, Jr., J R 
Hess, “Ef?cacy of a ?brin hemostatic bandage in controlling 
hemorrhage from experimental arterial injuries,” Arch Surg, 
130:420-2 (1995); J B Holcomb, A E Pusateri, R A Harris, 
N C Charles, R R GomeZ, J P Cole, L D Beall, V Bayer, M 
J MacPhee, J R Hess, “Effect of dry ?brin sealant dressings 
versus gauZe packing on blood loss in grade V liver injuries 
in resuscitated sWine,” J Trauma, 46:49-57 (1999); J B 
Holcomb, A E Pusater, R A Harris, T J Reid, L D Beall, J R 
Hess, M J MacPhee, “Dry ?brin sealant dressing reduce 
blood loss, resuscitation volume, and improve survival in 
hypothermic coagulopathic swim with grade V liver inju 
ries, “J Trauma, 47:233-40 (1999). Dry ?brin sealant dress 
ing Was recently shoWn to be more effective than standard 
gauZe in decreasing bleeding and maintaining blood pres 
sure in ballistic injury. J Holcomb, M MacPhee, S HetZ, R 
Harris, A Pusateri “Ef?cacy of a dry ?brin sealant dressing 
for hemorrhage control after ballistic injury,” Arch Surg, 
133:32-5 (1998). 
[0011] While the development of “dry” products has 
increased their potential as alternatives to tourniquets for 
battle?eld treatment, several potential problems remain. 
First, these products are relatively expensive because they 
are made from human blood (requiring a large amount of 
starting materials and multiple puri?cation processes). Sec 
ond, although virally inactivated, the ?brinogen contained in 
the products comes from multiple human donors and cannot 
be considered totally safe in terms of viral transmission. 
Third, these products must be held in place until bleeding 
stops or the material may simply Wash out of the Wound. The 
Wash-out problem is especially seen When the bleeding is 
brisk as With arterial involvement. 
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[0012] Thrombin-mediated polymeriZation of ?brinogen 
has been the staple of hemostat technology for decades. 
“Hemostatic” means anything With the ability to enhance, 
speed or support blood clotting. Indeed, a recent patent 
dealing With hemostat systems still focuses on this process. 
J J Prior, D G Wallace, D H Sierra, F A DeLustro, “Com 
positions containing thrombin and micro?brillar nanometer 
collagen, and methods for preparation and use thereof,” US. 
Pat. No. 6,096,309 (2000). 

[0013] Also, treatment of bleeding external Wounds also 
has not progressed much, With conventional treatments not 
offering much beyond simply covering the Wound. Most 
conventional dressings do little or nothing to promote hemo 
statis, prevent infection or relieve pain. Current bandages do 
little more than cover the Wound and absorb ?uids. There are 
emerging products that aid in hemostasis (?brin glue, ?brin 
sealant, dry ?brin, kitosan, etc.) but most are quite expensive 
and some carry a risk of viral infection. 

[0014] Another dif?culty of conventional treatments for 
bleeding is that the patient loses much of his or her oWn 
blood, and transfusion is needed. Blood transfusion suffers 
from availability problems, purity concerns, etc., and is 
expensive. Costs of civilian blood transfusion for trauma 
Were about $1/2 billion in 1997. 

[0015] None of the current technologies adequately 
address the problem of treating high pressure arterial bleed 
ing. A tourniquet alternative that is effective, inexpensive, 
lacks viral risk, and can be easily administered (such as by 
an army medic) Would be a medical advance. A solution is 
still sought to the problem of assuring hemostatis and 
homeostasis for a penetrating injury (such as high-pressure 
bleeding combat Wound) until the patient (such as a soldier) 
can reach a hospital facility for de?nitive care. Additionally, 
better treatment of bleeding external Wounds is timely. 
Overall, better treatment of hemorrhage by the ?rst 
responder Would save lives, money and limbs, in military 
and civilian situations. 

SUMMARY OF THE INVENTION 

[0016] Leakage (such as bleeding) may be stopped or 
reduced relatively quickly by pressure equaliZation compris 
ing enclosing a region around the leak and applying direct 
pressure in or around the leak. Notably, bleeding (especially 
high-pressure bleeding from penetrating injuries such as 
combat Wounds) may be treated by applying direct pressure 
Within the Wound, especially by enclosing an area around the 
Wound and applying direct pressure in that enclosed area. 
Such direct-pressure application advantageously may be by 
a simple medical device (such as a device administrable by 
a medic). An inventive medical device may be placed 
directly in the Wound, Where it stops high pressure bleeding. 
The acute dressing is both removable for a de?nitive treat 
ment, and biodegradable if not removed (such as because 
removal is not Warranted). The inventive device is simple, 
easy to apply, much less expensive than other biological 
products, and does not expose the patient to viral contami 
nants. The invention directly addresses the problem of high 
pressure by simulating the time honored treatment of direct 
pressure, particularly, pressure directly Within the Wound. 

[0017] The invention is particularly practical, in that four 
topics (topics 1a, 1c, 1f, 1g) of the nine research topics 
proposed in the hemorrhage control section of the Research 
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on Combat Casualty Care program are addressed. The 
inventive medical devices and methods may be used in 
compressible (topic If) and non-compressible (topic 1a) 
bleeding. Medical devices and methods according to the 
invention are suitable for replacing the tourniquet as the 
primary ?eld hemostat used by the medic (topic 1c). 
Because medical devices and treatment methods according 
to the invention are designed to avoid the ischemia associ 
ated With tourniquet use, they have no time limit on emer 
gent use (topic 1g). Advantageously, the invention provides 
acute dressings and other medical devices that may be 
removed for de?nitive treatment While also being biode 
gradable if not removed. 

[0018] Advantageously, the present invention moves aWay 
from the conventional treatment paradigm for penetrating 
high-pressure bleeding injuries of “?rst save the patient, 
then spare the limb” to a neW paradigm of “save the patient 
and spare the limb.” 

[0019] In order to accomplish these and other objects of 
the invention, in a ?rst preferred embodiment, the invention 
provides a method of treating a ?uid leak (such as a bleeding 
Wound), comprising inserting into the ?uid leak a material 
sWellable on contact With the leaking ?uid. 

[0020] In a second preferred embodiment, the invention 
provides a method of treating a bleeding Wound, comprising 
applying direct pressure directly in the bleeding Wound. 
Particularly preferred is to place directly in the Wound a 
substance that sWells at a rate of 100 to 300% volume 
increase per minute. Most preferably, direct pressure appli 
cation continues until bleeding stops. 

[0021] In a third preferred embodiment, the invention 
provides a medical device comprising a hemostatic sub 
stance placeable directly in a bleeding Wound, Wherein the 
Wound is a compressible Wound or a non-compressible 
Wound. Advantageously, the invention provides devices that 
may be removable and/or biodegradable; devices that When 
placed in a bleeding Wound sWells at a rate of about 100 to 
300% volume increase per minute; devices that produce 
pressure of greater than about 60 mm Hg in a con?ned 
space; devices administrable by a medic, etc. 

[0022] Some aspects and features of the invention are noW 
mentioned, Without the invention being limited thereto. 

[0023] The inventive methods and devices in an especially 
preferred embodiment may include applying a back pressure 
in a con?ned space around and in the Wound. In another 
especially preferred embodiment, the invention may include 
inserting a direct-pressure-applying substance or article into 
the Wound and enclosing the Wound With the direct-pres 
sure-applying substance or article therein. In a further espe 
cially preferred embodiment, the invention may include 
inserting a hemostatic substance or article into the Wound 
and enclosing the Wound (such as by placing a dressing over 
the Wound) With the hemostatic substance or article therein. 

[0024] Where the invention uses a hemostatic substance or 
article, in a particularly preferred embodiment, the hemo 
static substance or article includes polymer ?bers of diam 
eter about 1 micron or less. In another particularly preferred 
inventive embodiment in Which a hemostatic substance or 
article is used, the hemostatic substance or article sWells 
upon contact With Water molecules (such as Water molecules 
contained in blood leaving the Wound). Where a hemostatic 
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substance or article is used, the hemostatic substance or 
article may be lightly crosslinked. Where a hemostatic 
substance is used, in a particularly preferred embodiment of 
the invention, the hemostatic substance sWells from an 
initial volume to a 10-fold volume in one minute in a liquid; 
and/or the hemostatic substance generates at least 60 mm Hg 
pressure Within three minutes of being placed in a bleeding 
Wound. 

[0025] In a particularly preferred embodiment of the 
invention, a membrane or shell encloses the sWellable mate 
rial, hemostatic substance or article, or the like. Most 
preferably, the membrane or shell stiffens as the interior 
hemostatic substance or article or sWellable material sWells. 

[0026] The invention in a particularly preferred embodi 
ment provides for using (such as placing in a Wound or 
disposing in a device) a polymeric substance, such as a 
polymeric substance that is a microporous, hydrogel-form 
ing polymer With rapid sWelling kinetics. Preferably, the 
polymeric substance may be poly(acrylamide), hydroXypro 
pyl cellulose, or a hydrophilic material. 

[0027] The invention in a particularly preferred embodi 
ment provides for placing a clot-inducing substance (such as 
thrombin, batroXobin, reptilase, a ?brinogen activating 
enZyme, etc.) in a Wound to be treated. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1A is a schematic of an apparatus for elec 
trospraying or electrospinning production. FIG. 1B shoWs 
the apparatus of FIG. 1A in the process of electrospinning 
production. 

[0029] FIGS. 2A-2B are microphotographs shoWing 
PEVA deposited from a solution in chloroform that is 9 Wt 
% solution in chloroform (FIG. 2A) and 15 Wt % solution 
in chloroform (FIG. 2B). 

[0030] FIG. 3 is a screening apparatus for substances for 
pressure development during sWelling in a con?ned space. 

[0031] FIGS. 4A-4B are perspective vieWs of a medical 
device according to the invention, With FIG. 4A shoWing a 
Wound treatment device before use and FIG. 4B shoWing a 
Wound treatment device expanded after eXposure to blood, 
Water or another liquid. 

[0032] FIGS. 5A-5B are representational vieWs of a 
molecular scale depiction of behavior of a device according 
to the invention. 

[0033] FIGS. 6A-C are representational draWings of the 
invention at a molecular-level, in use treating a bleeding 
Wound, including FIG. 6A Where a fresh inventive device 
has been placed at a Wound to be treated; FIG. 6B Where the 
device has been in contact With the bleeding Wound for a 
time; and FIG. 6C Where the device has been in contact With 
the bleeding Wound for a suf?cient time to equaliZe pressure. 

[0034] FIG. 7A is a scanning electron microphotograph of 
an ethylene vinyl acetate (EVA) electrospun mat; FIG. 7B is 
a scanning electron microphotograph of EVA 

[0035] FIGS. 8A-8B are a graph of sWelling properties of 
sWellable materials according to the invention electrospun 
ethylene-vinyl acetate (EVA) copolymer bags, With time 
(minutes) plotted against grams Water/grams polymer, for 
















