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Evaluation of novel hemostatic agents in a coagulopathic swine
model of junctional hemorrhage
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emostatic dressings are used extensively in both military and civilian trauma to control lethal noncompressible hemorrhage. The ideal
topical hemostatic agent would provide reliable hemostasis in patients with profound acidosis, coagulopathy, and shock. This study aimed
to compare next-generation hemostatic agents against the current military standard in a translational swine model of vascular injury and
coagulopathy.
METHODS: F
emale Yorkshire swine were randomized to eight groups (total n = 63; control n = 14, per group n = 7) of hemostatic agents and included:
QuikClot Combat Gauze (Teleflex, Morrisville, NC), which served as the control; BloodSTOP IX (LifeScience Plus, Mountain View, CA);
Celox Rapid (Medtrade Product, Crewe, United Kingdom); ChitoSAM 100 (Sam Medical, Tualatin, OR); EVARREST Fibrin Sealant Patch
(Ethicon, Raritan, NJ); TACWrapping Gauze (H&HMedical, Williamsburg, VA); ChitoGauze XR Pro (Tricol Biomedical, Portland,
OR); and X-Stat 30 (RevMedX, Wilsonville, OR). Hemodilution via exchange transfusion of 6% hetastarch was performed to induce ac-
idosis and coagulopathy. An arteriotomy was created, allowing 30 seconds of free bleeding followed by application of the hemostatic agent
and compression via an external compression device. A total of three applications were allowed for continued/recurrent bleeding. All blood
loss was collected, and hemostatic agents were weighed to calculate blood volume loss. Following a 180-minute observation period, angi-
ography was completed to evaluate for technical complication and distal perfusion of the limb. Finally, the limb was ranged five times to
assess for rebleeding and clot stability.
RESULTS: A
ll swine were confirmed coagulopathic with rotational thromboelastography and acidotic (pH 7.2 ± 0.02). BloodSTOP IX allowed a sig-
nificant increase in blood loss and number of applications required to obtain hemostasis compared with all other groups. BloodSTOP IX
demonstrated a decreased survival rate (29%, p = 0.02). All mortalities were directly attributed to exsanguination as a result of device fail-
ure. In surviving animals, therewas no difference in extravasation. BloodSTOP IX had an increased rebleeding rate after ranging compared
with QuikClot Combat Gauze ( p = 0.007).
CONCLUSION: M
ost novel hemostatic agents demonstrated comparable efficacy compared with the currently military standard hemostatic dressing, CG.
(J Trauma Acute Care Surg. 2023;95: S144–S151.)
KEYWORDS: H
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T he majority of potentially preventable deaths after
combat-related injury occur in the prehospital environment

because of hemorrhage.1–3 There are numerous hemostatic agents
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and specialized tourniquets that have been created to address this
problem, particularly in the setting of junctional hemorrhage,
where standard tourniquet application is frequently not adequate.
Given the difficult challenge of managing a junctional hemor-
rhage injury pattern, there has been a rapid increase in the devel-
opment of novel hemostatic agents. The ideal agent would pro-
vide reliable hemostasis even in the setting of arterial hemorrhage
that is difficult to access in the prehospital setting and not amena-
ble to tourniquet applications. We also expect an ideal hemostatic
dressing to have sustained performance in the setting of profound
acidosis, coagulopathy, and hypothermia during transport.

The most widely used hemostatic agent in the military set-
ting has been QuikClot Combat Gauze (CG; Teleflex, Morrisville,
NC) and has been shown in swine models to effectively achieve
hemostasis, reduce blood loss, and improve survival.4–6 It is also
the recommended dressing in the Tactical Combat Casualty
Care guidelines published by the military serving as the standard
for treatment for all medical personnel in combat.7 Despite these
guidelines, there are is a paucity of data comparing some of the
novel agents currently on the market to the current military stan-
dard (i.e., CG) in a “worst case” physiologic scenario. This study
aimed to evaluate the efficacy of novel, commercially available
hemostatic agents in controlling junctional, arterial hemorrhage
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with a swine model under coagulopathic conditions compared
with the current military standard—CG.

PATIENTS AND METHODS

Overview and Study Design
This study was approved by our Institutional Animal Care

and Use Committee. All animal care and use were in strict com-
pliance with the Guide for the Care and Use of Laboratory An-
imals and the National Institutes of Health guide for the care and
use of Laboratory Animals (NIH Publications No. 8023, revised
1978) in a facility accredited by the Association for the Assess-
ment and Accreditation of Laboratory Animal Care International.
AnAnimal Research: Reporting of InVivo Experiments (ARRIVE)
guidelines 2.0 author's checklist was completed and is available
in the supplemental material (Supplemental Digital Content,
Supplementary Data 1, http://links.lww.com/TA/D64).

Healthy adult, nonpregnant female Yorkshire-cross swine
(Sus scrofa), obtained from Animal Biotech Industries Inc.
(Doylestown, Pennsylvania), were acclimated for a minimum of
3 days while housed at the animal vivarium. Female swine were
used to mitigate and control for the hormonal impact and influ-
ence on the physiologic response to severe hemorrhage. At the
time of experimentation, animals weighed between 65 and 90 kg.

The study design was a prospective translational swine
model. The swine were allocated to eight groups including CG
(control group) and seven novel hemostatic agents (total,
n = 63; CG control, n = 14; per group, n = 7; Fig. 1). The control
group consisted of the current military standard, which is CG
(Teleflex,Morrisville, NC). The novel hemostatic agents included
BloodSTOP IX (BL-IX; LifeScience Plus, Mountain View, CA),
Celox Rapid (CR; Medtrade Product, United Kingdom),
ChitoSAM100 (SamMedical, Tualatin, OR), EVARRESTFibrin
Sealant Patch (Ethicon, Raritan, NJ), TAC Wrapping Gauze
(TAC; H&H Medical, Williamsburg, VA), ChitoGauze XR Pro
(Tricol Biomedical, Portland, OR), and X-Stat 30 (XS; RevMedX,
Wilsonville, OR). As described hereinafter, all animals were sub-
jected to the same preparation and instrumentation, baseline eval-
uation, hemodilution, vascular injury, device implantation, and
critical care phases. Arterial laboratory samples were collected
during the preinjury baseline phase, at the completion of hemodi-
lution, end of intervention phase, and time of death. Samples in-
cluded blood gas, electrolytes, chemistry analysis, and rotational
thromboelastography (ROTEM) (ABL 800 FLEX; 201 Radiom-
eter America, Brea, CA).

Animal Preparation
Healthy adult, nonpregnant female Yorkshire-cross swine

(S. scrofa) were obtained from Animal Biotech Industries Inc.
(Doylestown, PA). They were allowed to acclimate for at least
3 days while housed with ad librium access to water while on
a 12-hour diurnal light cycle. Animals were induced with
6 mg/kg of tiletamine/zolazepam (Telazol; Fort Dodge Animal
Health, Fort Dodge, IA) intramuscularly. They were subse-
quently intubated and maintained under anesthesia with 1% to
5% isoflurane. All animals were mechanically ventilated with
tidal volumes of 7 to 10 mL/kg and a respiratory rate of 10 to
15 breaths per minute sufficient to maintain end-tidal carbon di-
oxide (CO2) at 40 ± 5 mm Hg. Bilateral peripheral intravenous
access was established on each ear. Intravenous fluids initiated
at a rate of 5 to 10 mL/kg/h. The swine were placed on a
warming blanket to maintain temperature >36.7°C to 39.2°C.
A Lidocaine infusion (20 μg/kg/h) was initiated to prevent
tachyarrhythmias.

Injury and Intervention
After anesthetic induction, all swine were prepared with

bilateral carotid artery cannulation via percutaneous or open
cutdown techniques. A 7-Fr sheath was placed in the right com-
mon carotid and 5-Fr sheath placed in the left common carotid
artery. The 7-Fr sheath allowed for placement of a Solid-State
Pressure Catheter (Transonic Systems Inc., Ithaca, NY) to mea-
sure arterial blood pressure and allow for blood draws through-
out the experiment. A limited, lower midline laparotomy was
performed for open cystostomy, and abdominal domain was re-
stored using clamps. Next, a surgical cutdown was performed to
access the femoral artery circumferentially for a length of ap-
proximately 2 to 3 cm.8 Proximal and distal control was obtained.
A temperature probe was placed into the wound at the site of the
planned arteriotomy. Baseline physiologic data were obtained
including mean arterial pressure, heart rate, and temperature.
Animals were excluded from analysis if they were unable to
maintain a mean arterial pressure greater than 50 mm Hg with-
out pharmacologic intervention before the hemorrhage phase
of the experiment.

Following baseline measurements, a 50% to 60% ex-
change transfusion with 6% hetastarch in lactated electrolyte so-
lution was performed to induce acidosis and coagulopathy. Tar-
get hematocrit was 15%, and ROTEM was obtained to assess
and ensure adequate coagulopathy. Repeat laboratory values
were obtained following the exchange transfusion. A 4.5-mm
arteriotomy was created using an aortic punch with 30 seconds
of free bleeding to simulate a large arterial injury in a prehospital
setting that would require immediate intervention when surgical
capabilities are not immediately available. The hemostatic agent
was then applied, and compression was maintained via an exter-
nal compression device (Femostop; St. JudeMedical, Plymouth,
MN) to a pressure of 25 mm Hg for a total of 5 minutes to stan-
dardize extrinsic pressure applied across all experiments. Com-
plete occlusion of the vessel and distal perfusion were not eval-
uated or confirmed at the time of compression. Failure of gauze
was defined as pooling of blood around the gauze and compres-
sion device following application. A total of three applications
of the hemostatic agent were allowed for continued or recurrent
bleeding within this 5 minutes after which no further external
compression was permitted. The number of applications was
limited to simulate replicate prehospital, military casualty sce-
narios where resources are limited. All blood loss was collected
during the intervention and critical care phase. In addition, the
hemostatic agents were weighed at the completion of the exper-
iment to calculate total blood volume lost.

Critical Care Phase
After hemostasis was achieved (or all three applications

were completed), the animals were resuscitated with a 500 mL
6% hetastarch bolus and monitored for 180 minutes. During
the critical care phase, maintenance intravenous fluids were con-
tinued at 5 to 10 mL/kg; however, no further fluid boluses or
S145
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Figure 1. Characteristics of each hemostatic agent including dimension, packaging characteristics, and images.
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vasopressors were administered. All blood loss during this phase
was collected for measurement of total blood loss.

Evaluation and Assessment
Following the 180-minute critical care phase, angio-

graphic assessment was performed via the carotid sheath to eval-
uate for technical complication including extravasation, arterial
thrombosis, and distal perfusion of the limb. Any distal perfu-
sion was counted even if there appeared to be stenosis or spasm
of the artery. Complete occlusion was noted if there was no ev-
idence of contrast runoff into the distal extremity. There was
no evaluation in size of clot or quantification of distal perfusion
performed. Next, a full range of motion (full extension to full
flexion) of the affected limb was performed up to five times to
assess for rebleeding and clot stability. Any bleeding from the
wound observed during this cycle was counted as a failure. At
the completion of the experiment, the animals were humanely
S146
euthanized using an overdose of pentobarbital-based euthanasia
solution (100 mg/kg) consistent with the 2020 American Veter-
inary Medical Association Guidelines for the Euthanasia of An-
imals6. Immediately following euthanasia, the exposed section
of the femoral artery and surrounding hind limb was harvested
and sent for pathologic evaluation. The hind limb muscle was
analyzed with hematoxylin and eosin, and Masson trichrome
stains. A board-certified histopathologist evaluated muscle sam-
ples for myocyte degeneration and necrosis in a blinded fashion.
Arterial samples were analyzed with hematoxylin and eosin, and
Movat's pentachrome stain (which identifies fibrin deposition as
purplish/red) by a board certified veterinary pathologist, who
evaluated tissues for fibrosis in a blinded fashion.

Data Collection and Statistical Analysis
Hemodynamic and physiologic parameters were continu-

ously measured using the Solid-State Pressure Catheter and



TABLE 1. Baseline Characteristic Data per Group With Hematocrit, pH, Clot Formation Time, and Maximum Clot Firmness Following
Hemodilution, Before Intervention Compared With Control Agent, CG

Hemostatic Agent CG (Control) BL-IX TAC CS CR EP XR XS

Weight, kg 41.4 ± 4.7 36.5 ± 3.6 41.3 ± 4.8 38.5 ± 5.4 39.0 ± 3.3 42 ± 5.3 41.6 ± 5.2 40.6 ± 6.3

Hematocrit, % 12.1 ± 1.8 12.6 ± 1.1 11 ± 2.1 12.5 ± 1.8 12.6 ± 1.4 12.2 ± 1.4 12.1 ± 1.4 11.6 ± 0.9

pH 7.20 ± 0.1 7.19 ± 0.1 7.22 ± 0.1 7.19 ± 0.1 7.26 ± 0.1 7.16 ± 0.1 7.23 ± 0.1 7.22 ± 0.0

Clot formation time, s 115 ± 37.3 110 ± 21.7 133.6 ± 33.8 120.3 ± 42.1 99.7 ± 17.8 176.9 ± 206 125.0 ± 29.2 116.1 ± 30.5

Maximum clot firmness, mm 52.0 ± 7.6 51.1 ± 5.6 41.3 ± 17.1 50.0 ± 6.9 53.7 ± 6.0 49.4 ± 12.8 48.8 ± 5.9 51.9 ± 4.3

CS, ChitoSAM 100; EP, EVARREST Fibrin Sealant Patch; TAC, TAC Wrapping Gauze; XR, ChitoGauze XR Pro.
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recorded using PowerLab data acquisition system (AD Instru-
ments, Colorado Springs, CO) at a sampling rate of 1 kilo sam-
ples per second. The data were analyzed using LabChart soft-
ware (V8.0; AD Instruments) as 1-minute averages taken at
1-minute interval across the whole recording period. The pri-
mary outcomes of the study were mortality and total blood loss
during and after the hemostatic agents were applied. Secondary
outcomes included number of applications required to achieve
hemostasis, incidence of rebleeding during the range of motion
exercise, and pathologic changes to the injured artery and hind
limb. Continuous data are reported as means and SD. The sam-
ple sizewas determined by power analysis (power, 0.0;α = 0.05)
using G*Power 3 (Dusseldorf, Germany) based on the means and
SDs of published data in the study by Littlejohn et al.,9 which had
a similar study design as the current protocol. Posttreatment blood
loss was considered as the primary outcome, and the estimated
sample size was n = 8 per group. Final experimental groups were
limited to seven animals given several animals were excluded dur-
ing the baseline monitoring phase for inability to maintain mean
arterial pressures greater than 50 mmHg. Other studies analyzing
hemostatic dressings in swine models generally range from 7 to
12 per experimental group.9–13 Histological analyses were ana-
lyzed with Kruskal-Wallis nonparametric analyses, with Dunn's
multiple comparisons test performed for comparison of individ-
ual gauzes. Group comparisons were completed with two-way
analysis of variance and Dunnett's post hoc testing with survival
data analyzed using Mantel-Cox testing. p < 0.05 was considered
statistically significant.

RESULTS

A total of 63 animals were used with 14 animals in the
control group (CG) and 7 animals for each of the novel hemo-
static agents. The baseline characteristics following hemodilu-
TABLE 2. Average Total Blood Loss (mL), AverageNumber of Gauze A
Observation Period, and Positive Angiographic Perfusion Demonstrate

Hemostatic Agent CG (Control) BL-IX TAC

Average blood loss, mL 260 ± 319 913 ± 515 135 ± 127 11

No. gauze applications 1.6 2.6 1.4

Overall survival, % 86 29 71

Angiographic perfusion, % 62 50 20

CS, ChitoSAM 100; EP, EVARREST Fibrin Sealant Patch; TAC, TAC Wrapping Gauze; XR
tion are shown in Table 1. There was no significant difference
in baseline characteristics between animals. All of the swine
were found to be coagulopathic based on posthemodilution
ROTEM data with a maximal clot firmness of 49.7 ± 3.64 mm
and a clot formation time of 124.6 ± 23.4 seconds, which were
outside of the accepted reference ranges.14 While there was a
wide range of mean clot formation time for unclear reasons,
all values were well outside the accepted mean ensuring coagu-
lopathy as indicated in our methodology. In addition, the swine
were noted to have a hematocrit of less that 15% and acidotic be-
fore intervention with an average pH of 7.2 ± 0.02.

The outcomes for each novel hemostatic agent including
average total blood loss, number of device applications, overall
survival, device failure rate, and rebleeding rate are shown in
Table 1. The BL-IX was associated with significantly increased
blood loss compared with CG. There was no difference in blood
loss compared with the other agents In addition, all devices
showed similar survival or device failure rates except for
BL-IX (Table 1). In the animals that survived to the end of the
180-minute observation period, there was no difference in ex-
travasation, thrombosis, or embolization seen on angiographic
assessment (Table 2).

Evaluation of the postmortem hind limb muscle and arte-
rial samples were evaluated histologically. Most of the hind limb
tissue section demonstrated moderate myocyte degeneration,
which was characterized by sarcoplasmic vacuolation and seg-
mental loss of myocytes (Fig. 2). There was a significant effect
of gauze used upon statistical analysis (p = 0.0346), with post
hoc Dunn's multiple comparison test showing a significantly el-
evated level of hind limb necrosis of TAC compared with CG
(p = 0.0098) (Fig. 3). In addition, therewere instances of inflam-
mation and myocyte loss seen in the arterial samples (Fig. 4);
however, there was no effect on gauze in the pathologist scoring
levels (p = 0.5731 and p = 0.8585 for inflammation andmyocyte
pplications, Overall Survival Completed Through the 180-Minute
d for Each Hemostatic Agent ComparedWith Control Agent, CG

CS CR EP XR XS p

2 ± 115 545 ± 734 297 ± 662 554 ± 613 778 ± 660 0.02

1.6 2 2.1 1.9 2.4 0.03

100 86 71 71 100 0.02

43 60 100 100 43 0.09

, ChitoGauze XR Pro.
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Figure 2. Histopathologic samples of each gauze demonstrating some degree of myocyte degeneration. QuikClot Combat Gauze (A),
BL-IX (B), TAC (C), ChitoSAM 100 (D), CR (E), EVARREST Fibrin Sealant Patch (F), ChitoGauze XR Pro (G), XS (H). Scale bars on low
magnification images are 1 mm, while one scale bar of 500 μm is used for all higher magnification images.
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loss, respectively, data not shown). Moreover, despite the acute
timeframe of this study, fibrin deposition can be seen in the de-
fect area of some samples.

DISCUSSION

The aim of this study was to evaluate the efficacy of seven
commercially available novel hemostatic agents compared with
the current military standard (CG) in a clinically relevant swine
Figure 3. Foci of myocyte degeneration seen on postmortem hind li
demonstrating statistically significant increase in myocyte degenerati

S148
model of hemorrhage, acidosis, and coagulopathy. Before injury,
there were no significant differences among the groups with re-
gard to baseline characteristics (Table 1). In addition, the groups'
physiologic and laboratory parameters were consistent with the
“lethal triad” commonly seen in trauma patients as demonstrated
by the acidosis and ROTEM results. Two critical observations
were identified as the result of this experiment. During rigorous
testing, the majority of these topical agents (CR, ChitoSAM
100, EVARREST Fibrin Sealant Patch, TAC, ChitoGauze XR
mb muscle samples taken from each of the hemostatic agents
on only in the TAC group.



Figure 4. Histopathologic samples of each gauze demonstrating some degree of myocyte degeneration (black asterisk) and fibrin
deposition (black arrows). QuikClot Combat Gauze (A), BL-IX (B), TAC (C), ChitoSAM100 (D), CR (E), EVARREST Fibrin Sealant Patch (F),
ChitoGauze XR Pro (G), XS (H). Scale bars on low magnification images are 0.5 mm.
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Pro, XS) demonstrated no difference in efficiency in all param-
eters other than BL-IX, which allowed for higher blood loss and
decreased survival. Second, only TAC demonstrated higher ne-
crosis in the hind limb muscle samples. All other agents did
not show a significant difference in inflammation, fibrosis, and
myocyte degeneration of the hind limb muscle and arterial sam-
ple (Fig. 3).

Massive bleeding resulting from combat trauma is the
leading cause of preventable death on the battlefield. Effective
treatment options for injuries that are not amenable to tourniquet
application (i.e., noncompressible or junctional injuries) are
lacking. As such, the need for additional adjuncts in treating
traumatic hemorrhage is obvious. Particularly in the military
prehospital environment, reliable, easy-to-use hemostatic agents
are of the utmost importance.15 Prior studies have compared he-
mostatic agents similar to those included in the experiment;
however, most did not test under the same conditions or target
the acidotic and coagulopathic condition as seen in our swine.
QuikClot Combat Gauze is currently the mostly widely used
in the military setting. There have been several studies demon-
strating the efficacy of CG in achieving hemostasis, although its
superiority compared with newer agents is inconclusive.13,16–18

Rall et al.17 showed nonsuperiority of the hemostatic dressings
they tested, including CR (tested in this study) compared with
CG with a similar overall mortality to our study. As such, several
new agents have been brought to market including the ones in the
Rall et al. study; however, there have been few head-to-head com-
parisons of each agent under the same methods of physiologic
stress. QuikClot Combat Gauze is a nonwoven gauze coated in
kaolin and is currently the recommended hemostatic agent. The
novel agents testing in our study have different mechanisms for
the hemostatic properties. ChitoSAM 100 is a nonwoven gauze
made directly from chitosan precipitating red-blood cell cross-
linking, platelet activation, and aggregation. Comparatively, CG
and CR are nonwoven gauzes coated with chitosan. EVARREST
Fibrin Sealant Patch consists of human fibrinogen and thrombin
in a flexible patch, which prompt hemostasis when applied.
BloodSTOP IX is composed of water soluble cellulose that forms
and adhesive gel when coming into contact with blood. X-Stat 30
is also composed of cellulose, but it is consisted of small sponges
directly injected into junctional wounds and expected to be re-
moved during surgical exploration. Finally, TAC a nonwoven
gauze consisted of several fibers and proprietary cotton prod-
uct. This study provided a rigorous environment for testing of
the hemostatic dressings, as early coagulopathy worsens out-
comes in combat casualties.19 This study focused on arterial in-
juries that were not amenable to tourniquet application in an
environment without readily available surgical capabilities.
This was intended to provide an extreme testing environment
for each of the novel agents.
S149
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The majority of the hemostatic agents that were tested
demonstrated similar overall blood loss and survival. Notably,
BL-IX had a higher overall blood loss and increased number
of applications required to achieve hemostasis, which correlated
to the decreased overall survival. Interestingly, XS trended to-
ward a higher number of applications required to achieve hemo-
stasis, but this was not statistically significant. Despite this trend,
there was 100% survival in the swine tested in this group. This
XS application device is the most novel from a user standpoint
with its injector-like applicator. The novel applicator may be
the source of increasing applications required to ultimately
achieve hemostasis but, unlike the BL-IX, did not have an effect
on overall survival. However, ease of use was not specifically
tested in this model and can only be inferred. This study evalu-
ated several commercially available products and ultimately
demonstrated that there was no significant difference in primary
outcomes (survival and blood loss) compared with CG except
for BL-IX.We evaluated these agents in a head-to-head compar-
ison under the same physiologic stress and coagulopathic condi-
tions that may be encountered in the traumatically injured pa-
tient. This study was performed after generating the lethal triad
in the swine. This rigorous testing environment is most similar
to real-world combat scenarios. Future studies would need to in-
clude ease of use from novice and experienced users, storage re-
quirements, and cost related to number of applications.

In addition, this study demonstrated that the histologic
changes to both the site of injury and the surrounding muscle
were similar among each of the agents, suggesting that there is
no benefit of any single agent that would affect long-term
healing on a histologic standpoint. Only TAC wrapping gauze
demonstrated an increase in myocyte degeneration. This was
only seen in the hind-limb muscles samples, however, and the
degree of myocyte loss is of uncertain significance. Ultimately,
if TAC is able to prevent blood loss and promote survival, it
should still be considered for use even in the face of some distal
loss of skeletal muscle myocytes. Similarly, while there were
some instances of inflammation and myocyte loss in arterial
samples, there were no differences because of gauze used, and
the clinical significance of this is not established. This would re-
quire further investigation from a functional standpoint.

This study was not without limitations. Our initial power
analysis was performed using similar methodology with an ex-
pected n = 8; however, given unexpected preinjury mortality in
several swine, our total swine per group was limited.9 In addi-
tion, our blood loss was significantly less compared with the
aforementioned study, which is unsurprising given that they per-
formed transection of both the femoral artery and vein. We only
used a positive control in this study—CG, the current military
standard. A negative control, application of gauze alone, was
considered to be unnecessary given that prior studies have shown
similar efficacy compared with CG and would have been redun-
dant.9,20 While this study attempted to simulate the physiologic
stress seen in profoundly injured trauma patients, by nature of
the experimental design, the standardization of arterial injury
and external pressure does not translate to real-world scenarios
where complex difficult-to-access injuries are the norm. Some
degree of variation in use is expected based on the experience
of the user and associated injuries, which may change the true
effectiveness of each hemostatic agent. Future studies should in-
S150
volve testing regarding ease of use given the wide range of med-
ical knowledge and capabilities under which these dressings are
applied in combat scenarios. In addition, this study did not com-
pare storage requirements for each individual hemostatic agent,
which would be necessary particularly in the austere environ-
ment where additional supplies are not readily available. Despite
the limitations of this study, it suggests that CG may not be the
only hemostatic dressing available to effectively address hemor-
rhage in the trauma patient. For now, with the exception of
BL-IX, the ideal hemostatic agent to use in life-threatening hem-
orrhage is the one that is readily available.

CONCLUSION

This study demonstrated the comparable outcomes seen in
seven novel hemostatic agents compared with the standard mil-
itary dressing—CG. Except for BL-IX, all of the agents demon-
strated similar results in terms of overall survival, blood loss, and
rebleeding rates. The similar efficacy rates in most of the agents
suggest that further work in ease-of-use and cost analysis would
be necessary to delineate the ideal hemostatic agent for control
of arterial hemorrhage in the prehospital combat setting.
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