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1.0 EXECUTIVE SUMMARY

Traumatic hemorrhage has been a leading cause of death in the military and civilian
environments. We have previously shown that pre-clinical treatment with Hydroxocobalamin
(HOC), a U.S. FDA-approved drug, is as effective as whole blood and Hextend in maintaining
mean arterial pressure (MAP) in a swine model of class Il hemorrhage.

With this project, our goal was to show the efficacy of more accessible treatments available to
our warfighters in the field. Based on the knowledge and results from previous studies, we
hypothesized that 1) Hydroxocobalamin will increase systolic blood pressure (SBP) in our model
of uncontrolled hemorrhagic shock with an efficacy comparable to Hextend. 2)
Hydroxocobalamin will improve SBP without generating rebleeding or affecting coagulation. 3)
Hydroxocobalamin will improve SBP and systemic vascular resistance and improve serum
lactate with efficacy comparted to cold-stored platelets combined with packed red blood cells
(PRBCs).

Towards the end of completing the study, we encountered a delay due to a national shortage of
Demerol; however, once received, the lab staff was quick to schedule and aid in the completion
of this project.

2.0 INTRODUCTION

Hemorrhagic shock is more commonly seen in critically injured civilian and military
populations. More specifically, traumatic hemorrhage remains a leading cause of death in
civilian and military environments accounting for 40% of civilian deaths and 50% of military
deaths.! Injuries to extremities may be effectively treated with hemostatic bandages and
tourniquets.**However, abdominal, thoracic, and groin hemorrhage may be lethal and not
amenable to tourniquet application. Resuscitation therapies for these injury types continue being
studied.® Hemorrhage occurring in the prehospital, tactical environment is most difficult to treat
and better therapies for early resuscitation that are easily portable and lightweight are needed. To
date, available resuscitation fluids have been used with mixed results and have not been very
feasible to carry. In the late 90’s, medics in Somalia were forced to carry 30 pounds of
crystalloid fluids to the field and soldiers carried one-liter bags with IV sets weighing 2 pounds.®
In addition to the excess weight encountered, researchers have confirmed that large volume
crystalloid resuscitation can dilute coagulation factors and worsen survival.”:8

Different resuscitation fluids used to treat hemorrhagic shock

Current Tactical Combat Casualty Care (TCCC) guidelines list the different resuscitation fluids
for hemorrhagic shock from most to least preferred depending on availability. Whole blood or
blood components are the most preferred, followed by colloids (e.g. Hextend) and crystalloids
(e.g. Lactated Ringers or Plasma-Lyte).” Hextend, a synthetic colloid is most frequently used
because of the smaller weight and volume required. However, studies have not confirmed
efficacy in hemorrhagic shock and some studies have demonstrated increased risks associated
with its use.!®!! In 2013, the FDA issued a warning related to the use of Hextend in critically-ill
adult patients after receiving reports of associated mortality and renal insufficiency.'? The
civilian Advanced Trauma Life Support (ATLS) guidelines recommend initial resuscitation of
hemorrhagic shock with 1 liter of crystalloid fluid, with the warning that infusion of more than
1.5 liters of crystalloid has been associated with increased mortality.'* A recent review of the
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prehospital fluid resuscitation protocols of 27 states reported the use of both lactated ringers and
normal saline. The report concluded that more research is needed to determine the optimal fluid
resuscitation in hypotensive trauma patients.'*

Hypertonic saline has also been studied because of the small volume and potential benefit for
head trauma. However, a large NIH-sponsored trial did not demonstrate a clear benefit.!®
Hemoglobin based oxygen carriers are attractive candidates, but the results of studies of these
carriers have been limited by clinical side effects, lack of efficacy, and increased deaths.!®
Intravenous plasma may be effective for shock; however, it is difficult to deliver and store in
prehospital, tactical settings.!”!® In addition, plasma and other blood products are expensive and

carry infection risks. Refrigerated (4° C) platelets were the standard of care for blood loss
related to acute hemorrhage until the mid-1980's and have an established safety record, including
a decreased risk for bacterial contamination. The most common use for platelets has been in
patients with hypoproliferative thrombocytopenia. Room temperature platelets survive in
circulation longer, therefore they are indicated for prophylactic infusion. The hemostatic function
of cold stored platelets is better, but room temperature platelets became the norm because they
have both hemostatic function and survive longer. Cold-stored platelets have recently been
approved by the Food and Drug Administration (FDA).!” Platelets stored in this way retain blood
clotting qualities for a longer period of time and are less likely to be contaminated by bacteria
than the current standard-of-care room temperature stored platelets.?’ Cold-stored platelets show
promise as a new resuscitation treatment. However, to be completely effective for treatment of
hemorrhagic trauma, they require infusion with PRBCs. Early resuscitation with blood products
is still under study at this time. '

A simple, durable, small-volume, portable drug that improves blood pressure and survival
may be better to treat hemorrhagic shock in the tactical environment when blood products
are not available.

During hemorrhagic shock and sepsis, nitric oxide is produced, 21 with high levels responsible
for hypotension-associated complications. Treatments aimed at scavenging nitric oxide to treat
hemorrhagic shock, such as hemoglobin oxygen based carriers (HBOC), have been proven
successful.?>?* However, most drugs studied in hemorrhagic shock that scavenge or reduce
nitric oxide are not currently FDA approved or are known to have serious side effects.?* One
drug that may offer an off-label solution for better treatment of hemorrhagic shock is
Hydroxocobalamin (Cyanokit), a safe, FDA-approved, effective drug used for cyanide-induced
shock and cyanide toxicity.?

Hydroxocobalamin and its use for hemorrhagic shock

Hydroxocobalamin (HOC) is a durable, lightweight powder that is mixed in 90-180 mL of saline.
It reduces cyanide toxicity by binding circulating cyanide and producing the nontoxic
cyanocobalamin, which is excreted renally.25,26 In addition to its effectiveness and portability,
HOC is considered a general stock medication in combat theater hospitals and in civilian
ambulances; thus, it makes it attractive for the tactical environment and emergency physicians,
paramedics, and pharmacists are often familiar with its administration.?” Given the small volume
needed for HOC administration, its infusion would not dilute coagulation factors compared to a
crystalloid infusion (1,000-3,000 mL). Even though HOC has few serious adverse effects, some
of the most common side effects reported following HOC injection vary from mild reactions
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(including a rash and itchy skin on the site of injection, red body fluids, headache, chest
discomfort and dizziness), to hypersensitive reactions (including anaphylaxis).?%%’

Shock in combat can be the result of several causes and it is often not due to hemorrhage alone,
but it can be manifested in combination with toxin/chemical warfare-induced hypotension. HOC
has been studied as antidote against cyanide toxicity and it provides multiple benefits during
shock 3%3% and sepsis.>>” In fact, HOC can improve cyanide induced shock and cardiac arrest
possibly by reducing nitric oxide. Given that hemorrhagic shock and sepsis are also high in nitric
oxide, and those states improve with reduction of nitric oxide, it is postulated that HOC could
provide benefit to sepsis and hemorrhagic shock by reducing nitric oxide. Moreover, HOC may
be used as an antidote against several types of chemical weapon exposures and chemical induced
shock. Thus, ongoing studies will likely show that hydroxocobalamin may be a single treatment
for several types of combat related shock.

Our study team has performed several studies using HOC and have demonstrated its
effectiveness in volume-controlled hemorrhagic shock with observations over 1 hour in a
preclinical setting.* In our study, blood pressure improved above baseline in all experimental
animals with severe hypotension. The rise in blood pressure was likely due to nitric oxide
scavenging.’® We have also demonstrated that hydroxocobalamin can improve cardiac output,
increase heart rate, reduce inflammatory markers, improve brain oxygenation, and reduce
troponin leakage and myocardial damage (WHMC protocols FWH20070150A,
FWH20080048A, FWH20100171A). We have also shown that hydroxocobalamin is as effective
as whole blood in reversing hypotension and inhibiting rises in lactic acid in a Class III volume-
controlled hemorrhagic model (WHMC protocol FWH20110148A). Manuscripts and abstracts
from these experiments have been published.

Relevance of the current study

One limitation of our previous work evaluating resuscitation fluids in a controlled-hemorrhagic
model was that the observation period was limited to one hour. Although the average military
medical evacuation time is 55 minutes, under combat conditions and certain weather conditions,
evacuation can and is delayed. Therefore, the effect of resuscitation treatments used over
extended times must be examined. Moreover, our previous work has evaluated the efficacy of
hydroxocobalamin in models in which 30% of total blood volume was lost.

With the study performed under this report, we have evaluated the use if hydroxocobalamin in a
controlled hemorrhage model where 40% of the blood volume is removed, and in an
uncontrolled hemorrhage model where systolic blood pressure decreased to 40-45 mmHg,
representing approximately 40% blood loss.

The advantage of a volume-controlled hemorrhage model is that the amount of blood loss is
consistent across experimental groups and findings from volume-controlled hemorrhage studies
are reproducible across species. Furthermore, Frankel's model of a rapid rate of hemorrhage
followed by a slower rate of hemorrhage, the model we employed in our study, has been
suggested to be the best model of volume-controlled hemorrhage models.** Moreover, controlled
hemorrhage studies continue to be used as valid research tools with data from the findings
reported in peer-reviewed journals. Nevertheless, controlled hemorrhage may not precisely



replicate traumatic hypotension; hence, we also compared resuscitation fluids in a model of
uncontrolled hemorrhage.

Finally, given the potential benefits of hydroxocobalamin in different types of injuries that induce shock,
including hemorrhage, sepsis or chemical terrorism, the use of hydroxocobalamin would be beneficial, thus
offering one safe drug for several types of combat induced shock in a tactical environment.

3.0 METHODS, ASSUMPTIONS AND PROCEDURES
Aims/Objectives

1) To determine if hydroxocobalamin is effective in improving volume-controlled and
uncontrolled hemorrhagic shock when administered to maintain a target systolic BP (SBP)
of 80 to 90mmHg over 6 hours

Hypothesis - We hypothesized that hydroxocobalamin would increase systolic blood pressure
(primary outcome) and systemic vascular resistance and would improve serum lactate in our
model of uncontrolled hemorrhagic shock with equal efficacy compared to Hextend®.

Rationale - A safe, small volume, durable drug is needed for early resuscitation in the field and
in the emergency department for uncontrolled hemorrhagic shock. Hydroxocobalamin is an FDA
approved drug for cyanide toxicity that has been successful in the off-label treatment of sepsis
and controlled hemorrhagic shock in a large animal model of swine (Sus scrofa). It is postulated
that hydroxocobalamin scavenges nitric oxide, which is released in shock. Hydroxocobalamin
also improves cardiac output, decreases inflammation, and improves brain oxygenation and is
less likely to worsen coagulopathy as compared to crystalloid fluids. Thus, our plan was to
evaluate this drug as an equivalent to Hextend® which is the current resuscitation fluid in the
deployed setting, in a clinically relevant validated model of uncontrolled hemorrhagic shock.

2) To determine if hydroxocobalamin has fewer negative effects compared to Hextend® in
improving volume-controlled and uncontrolled hemorrhagic shock when each are
administered to maintain a target systolic BP (SBP) of 80 to 90mmHg over 6 hours

Hypothesis - We hypothesized that hydroxocobalamin would improve systolic blood pressure in
our clinically relevant, validated swine model of uncontrolled hemorrhagic shock with equal
efficacy to Hextend® without generating rebleeding. We also hypothesized that
hydroxocobalamin would not affect coagulation and may be superior to Hextend in that regard.

Rationale — Hydroxocobalamin is a promising drug for hemorrhagic shock. It is a small volume,
safe, FDA approved drug, which in non-hemorrhagic shock models has shown to mitigate
inflammation, brain hypoxia, nitric oxide dysregulation, and acidosis. In our prior experiments
we have shown that hydroxocobalamin can improve systolic blood pressure in a Class III
controlled hemorrhagic model comparable to Hextend® with a mean systolic blood pressure
over time of 75 mmHg which is well within the TCCC guidelines for maintenance of systolic
blood pressure without creating a rebleed situation. Moreover, our experiments have shown that
hydroxocobalamin does not have an effect on platelets, PT and PTT or TEG K values when used
in a volume-controlled hemorrhagic shock model evaluated over 1 hour. However, there is some
evidence that Hextend® may decrease platelets and prolong clotting time.
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3) To determine if hydroxocobalamin is comparable to cold-stored platelets or room
temperature platelets with PRBC in improving volume-controlled and uncontrolled
hemorrhagic shock when administered to maintain a target systolic BP (SBP) of 80 to 90
mmHg over 6 hours

Hypothesis - We hypothesized that hydroxocobalamin would increase systolic blood pressure
(primary outcome) and systemic vascular resistance and would improve serum lactate in our
model of uncontrolled hemorrhagic shock with equal efficacy compared to cold-stored platelets
or room temperature platelets with PRBC.

Rationale - A safe, small volume, durable drug is needed for early resuscitation in the field
where blood products, including cold-stored platelets are not readily available for hemorrhagic
shock.

Hydroxocobalamin is an FDA approved drug and has been successful in our volume-controlled
hemorrhagic shock models when administered as a one-time bolus. There are no studies
evaluating the effects of hydroxocobalamin when repeatedly administered to maintain a target
systolic BP (SBP) of 80 to 90mmHg over 6 hours.

Primary Outcome Variable
The major outcome parameters were survival and the slope of the blood pressure-time curve
from beginning of drug treatment to the end of observation, 6 hours later.

Secondary Outcome Variable

Secondary outcome parameters were heart rate, near Infrared spectrometry of brain and kidney,
cardiac output, and death of animals prior to euthanasia. We also measured serum and brain
(cerebral spinal fluid) laboratory values indicative of inflammation, hemorrhagic insult (hypoxia)
and cellular stress. Clinical researchers have used microdialysis technology in brain injury to
measure ischemia and cellular damage in hypotension and in brain trauma.

Methods

Seventy-two (n=72) Yorkshire swine (Sus scrofa), males and females, weighing between 70-90
kg were procured from a local United States Department of Agriculture registered vendor Swine
weighing between 65-85kg were fasted overnight except for water ad lib. Anesthesia was
induced with Telazol-Ketamine. Animals were intubated and anesthesia maintained with a
mixture of oxygen and isoflurane. A foley was placed in all females and a suprapubic catheter in
males, arterial PCO; maintained between 35 - 40 mmHg and FiO; kept at 0.40 during line
placement. Animal temperature was maintained between 37.5 and 40 °C throughout the
experiment (i.e. warming bed, warming fluids, warming blankets). Isoflurane was maintained
between 2.5% and 3% during line placement. Prior to hemorrhage, the isoflurane was titrated
down to 1%, FiO; titrated down to 0.21-0.26 and animals were given the first dose of Demerol
(50mg/hr) and Midazolam (20mg/hr). After a 10-minute stabilization period, animals underwent
either a 40% controlled hemorrhage (CH, n=36) utilizing a modified Frankel and White method
(2mL/kg/min for 7 minutes and 1.2mL/kg/min for 17 minutes), or an uncontrolled hemorrhage
(UH, n=36) by transecting both the femoral artery and vein and allowed to freely bleed until an
SBP of 30 mmHg was reached. Following hemorrhage, animals were randomized to receive
treatment with 500 mL of either whole blood (WB), LR, Hextend, PRBC with cold stored
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platelets, PRBC with room temperature platelets or HOC (150mg/kg). Supplemental Ca** was
given to the WB group only (1g/10 mL of CaClz). Animals were monitored for six hours after
treatment. Hemodynamic parameters, blood gases and chemistries were collected throughout the
duration of the experiment. Measurement of invasive parameters including blood pressure, heart
rate, cardiac output (CO), SpO, core temperature, pulmonary artery pressure (PA), central
venous pressure (CVP) and systemic vascular resistance (SVR) were recorded every minute from
the start of the hemorrhage until 6 hours post- treatment.

Serum and cerebral spinal fluid were collected at the indicated time points and frozen at —80°C.
At the completion of the experiment, cytokines were analyzed in duplicate via a Multiplex bead-
based assay (Milliplex) according to manufacturer’s instructions. Interleukin (IL)-1b, IL-6, IL-10
and Tumor necrosis factor (TNF)-a were analyzed. Heat shock protein 70 (HSP70) was
analyzed by ELISA (R&D systems) following manufacturer’s instructions.

Immediately after the animal was euthanized, the brain was retrieved by the veterinary
pathologist from 4 study animals in each treatment group. Animals designated for brain histology
were assigned at the beginning of the study via randomization using www.random.org. Sections
from cerebral cortex, hippocampus, putamen, cerebellum and brainstem from both hemispheres
were evaluated microscopically by a board-certified veterinary pathologist to determine if there
was microscopic evidence of acidophilic neuronal necrosis (shrunken neuron with deeply
acidophilic cytoplasm and pyknotic nucleus). For histology analysis, tissue sections were fixed in
10% neutral buffered formalin, processed into Spm hematoxylin and eosin (H&E) stained tissue
sections, and evaluated microscopically for evidence of acidophilic neuronal necrosis (shrunken
neuron with deeply acidophilic cytoplasm and pyknotic nucleus). A histologic scoring scale was
utilized to score the number of necrotic neurons present in the examined sections with 0 = none,

1 = 1 necrotic neuron/hpf, 2 = 2-3 necrotic neurons/hpf and 3 = >3 necrotic neurons/hpf. Any
other microscopic lesions were scored in a severity scale of 0-5 (none, minimal, mild, moderate,
marked, severe).

Statistical Analysis
Data is reported as mean + SEM, statistical analysis was performed by repeated measures mixed
models ANOVA to evaluate the differences between groups with a p<0.05.

4.0 MAJOR EVENTS/MILESTONES/SUCCESS
+ Kick Off Meeting — April 2017
» JACUC Approval — February 2016
* All experimental procedures completed — August 31, 2020
» Data Analysis — completed — October 2022
* Manuscript Published to JTACS — May 2023

MHSRS 2020: PAO 20255, approved 11 March 2020, “Comparison of Different Resuscitation
Fluids Over Time in Volume-Controlled and uncontrolled Hemorrhage Models in Swine (Sus
scrofa)”

MHSRS 2020: PAO 20290, approved 06 April 2020, “Comparison of Cold-Stored Platelets
Combined with Packed Red Blood Cells vs. Room Temperature Platelets Combined with Packed


http://www.random.org/

Red Blood Cells Over Time in Volume Controlled and Uncontrolled Hemorrhage Models in
Swine (Sus scrofa)”

SHOCK Society Annual 2020 Conference: PAO 20130, approved 24 January 2020,
“Comparison of Different Resuscitation Fluids Over Time in Volume-Controlled and
uncontrolled Hemorrhage Models in Swine (Sus scrofa)”

These abstracts were cleared by 59 CIRS and Public Affairs but never presented in person due to
COVID- 19 pandemic.

*  Manuscript submitted to — the 2023 Military Supplement for The Journal of Trauma and
Acute Care Surgery, January 2023.
» Dissemination of Results — (in progress: manuscript listed above and current final report).

5.0 RISK ASSESSMENT

5.1 Risk Analysis:

Medium Risk was experienced during the execution of the project that delayed its
completion, which included:

1) Towards the end of completing the study we encountered a delay due to a national
shortage of Demerol.

2) Due to the amount of training and research protocols that are conducted at the CIRS
laboratory each year, we sometimes encountered delays in scheduling, however CIRS staff
was always willing to schedule our team months in advance.

3) Even though the use of homologous blood and blood products is known to produce
adverse immune reactions, we only encountered very few animals with possible allogenic
responses during procedures.

5.2 Technical Challenges
In addition to the risks mentioned above, no other technical challenges were found during
procedures.

6.0 TRANSITION PLAN

6.1 Military Relevance

During military conflicts, troops often suffer from hemorrhagic shock. Despite our advances
in military medicine, acute hemorrhage is still the leading cause of battlefield deaths.
Crystalloid and colloid fluids are heavy to carry around and are not clearly effective. This
creates a need for easily stored and transportable treatments for blood volume replacement
in both military and civilian environments. Blood products are ideal, however, research on
their usage is ongoing and despite their biological properties, many of them can be
expensive, have a short shelf life, and carry an infection risk. Hydroxocobalamin (HOC) is
a small volume, small weight, safe, FDA approved drug that improves systolic blood
pressure, reduces inflammation, and is neuroprotective. HOC is given as a one-time bolus
and 1s familiar to pharmacists, paramedics, and emergency physicians. It has worked very
well in other forms of shock (controlled hemorrhage, sepsis and cyanide). Therefore, HOC
could be a useful adjunct to hemorrhagic shock in prehospital, tactical situations. If this
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project is successful, HOC could serve as a bridge for patient stabilization during evacuation
to level III facilities during the resuscitation phase. This would address the gap of lack of
blood products available for resuscitation at the point of injury.

6.2 Transition Strategy

The results from this research suggest that HOC can be used to stabilize casualties
undergoing hemorrhagic shock. HOC administration resulted in improved hemodynamic
parameters and Ca?" levels compared to LR and were equivalent to WB in both controlled
and uncontrolled hemorrhage. HOC may be a viable alternative when WB is not available.
This would allow our warfighters more options for resuscitative measures both in the field
and En route; therefore, improving medical operations and potentially saving lives. The
results here could guide future studies to ultimately change the Joint trauma system (JTS)
clinical practice guidelines (CPGs) for the use of HOC in cases of hemorrhagic shock when
whole blood is not available. This study started with a KRL 3 and ended with a KLR 6.

7.0 RESULTS

7.1 Survival

In terms of survival, a comparison between HOC and each of the treatment groups was
performed for the CH cohort and the UH cohort. The Kaplan-Meier survival curves indicate
that for the CH no significant differences were found between HOC and any of the groups
within that cohort (log-rank p = 0.1694) (Figure 2). However, survival curves suggests that
the HOC group was comparable to the other treatment groups in the controlled hemorrhage.
For the UH cohort, log-rank analysis found overall significant differences between cohorts
(log-rank p = 0.0299). However, no significant differences were found between HOC and
the other groups. The survival graph suggests that the HOC group was comparable to whole
blood (WB), with a trend for a slight improvement compared to the other treatment groups;
however, no significant differences were found under our test conditions (Figure 2).

Several swine died in the treatment groups for both CH and UH. To note, there was a slight
increase in the number of animals that died throughout the procedures in the CH cohort
compared to the UH cohort. However, in terms of mortality, no statistical differences were
found between HOC and any of the other treatment groups (Table 2a and 2b).

7.2 Blood Pressure Slope Over Time

From the time of treatment to the end of the study (6 hours observation), we found that for
the CH cohort, there was a significant difference between the sBP slope for HOC compared
to that of LR-treated animals (p=0.0002), with an sBP mean of 71.4 = 7.7 mmHg for HOC
vs 58.2 £ 9.8 mmHg for LR. No differences were found between the slope of HOC
compared to any of the other groups (Supplementary Table 2). The sBP slope for LR was
different compared to PRBC + RT PT (p<0.0001), PRBC + cold PT (p=0.0002) and Hex
(p=0.0075) with mean sBPs (in mmHg) of 60.3 + 3.8, 64.3 =4 and 58.1 + 3.5 respectively.
For the UH cohort, a significant difference in the sBP slope was found between HOC, LR
and WB compared to PRBC + cold PT (p<0.0001) with a sBP (in mmHg) mean of 69.7 +
6.6 for HOC, 72.4 + 5.4 for WB, 56.2 = 7.3 for LR.



7.3 Hemodynamic Parameters and Arterial Blood Gas (ABG) analysis.
7.3.1 Overall hemodynamic parameters and ABG’s for whole blood (WB), Lactated
Ringers (LR) and Hydroxocobalamin (HOC).

Swine experienced a blood loss of 41%+0.02 for Controlled Hemorrhage (CH) vs.
33%=+0.07 for Uncontrolled Hemorrhage (UH). During both UH and CH, HOC
administration maintained a higher systolic blood pressure (SBP), cardiac output (CO),
SPO>, and vascular resistance (SVR) that was comparable to WB and above LR levels
(Table 1). Blood gas analysis revealed that during CH, lactate, potassium (K*), Oz and
CO:s levels were comparable to WB treatment. For UH, CO? and K™ levels were also
comparable to WB; however, CO; and lactate followed a similar trend to LR. During
CH and following HOC administration, Ca*>* levels were elevated at several time points
compared to WB and LR treatment; comparable levels were observed during UH
between the three cohorts (see table 1).

7.3.2 Overall hemodynamic parameters and ABG’s for packed red blood cells (PRBCs)
with Cold Stored Platelets (PRBC + CSP) and PRBCs with Room Temperature
Platelets

Hemodynamic variables including heart rate (HR) and cardiac output (CO) obtained
throughout the experiment that included either controlled hemorrhage (CH) or
uncontrolled hemorrhage (UH). Treatment groups comparing between PRBCs with
Cold Stored Platelets (PRBC + CSP) and PRBCs with Room Temperature Platelets
were performed.

Values shown correspond to the mean + standard error for heart rate (HR) and Cardiac
output (CO). Statistical analysis was performed by a Two-way ANOVA analysis with
multiple comparisons. This analysis revealed no statistical significant differences
between groups under the conditions of our experiments.

7.4 Serum and CSF cytokine analysis:

Analyte quantification analysis was performed for IL-1b, IL-6, IL-10, TNFa and HSP-70,
but results were inconclusive as levels of analytes were found to be below the assay’s limit
of detection for multiple samples.

7.5 Pathology:

After performing brain histology analysis, no significant lesions were found in brain
sections of experimental animals. In very rare cases were there were minor findings, those
seemed to be artefactual and likely clinically insignificant to the objectives and outcomes of
the study.

8.0 CONCLUSION/DISCUSSION
HOC administration resulted in improved hemodynamic parameters and Ca*" levels compared to
LR and were equivalent to WB in both controlled and uncontrolled hemorrhage. HOC may be a
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viable alternative when WB is not available. This allows our warfighters more options in the
field and En route.

9.0 DELIVERABLES

9.1 Publications:

Journal of Trauma and Acute Care Surgery 2023 95(2S):p S120-S128, August

2023. | DOI: 10.1097/TA.0000000000004049: “Comparison of Hydroxocobalamin with other
resuscitative fluids in volume-controlled and uncontrolled hemorrhage models in swine (Sus
scrofa)” Paredes, R. Madelaine PhD; Castaneda, Maria MS; Mireles, Allyson A. PhD;
Rodriguez, Dylan MS; Maddry, Joseph MD. PAO 23054, approved 2/10/2023

9.2 Presentations:

MHSRS 2020: PAO 20255, approved 11 March 2020, “Comparison of Different
Resuscitation Fluids Over Time in Volume-Controlled and uncontrolled Hemorrhage Models
in Swine (Sus scrofa)”

MHSRS 2020: PAO 20290, approved 06 April 2020, “Comparison of Cold-Stored Platelets
Combined with Packed Red Blood Cells vs. Room Temperature Platelets Combined with
Packed Red Blood Cells Over Time in Volume Controlled and Uncontrolled Hemorrhage
Models in Swine (Sus scrofa)”

SHOCK Society Annual 2020 Conference: PAO 20130, approved 24 January 2020,
“Comparison of Different Resuscitation Fluids Over Time in Volume-Controlled and
uncontrolled Hemorrhage Models in Swine (Sus scrofa)”

These abstracts have been cleared by 59 CIRS and Public Affairs but were never presented in
person due to COVID- 19 pandemic.

10.0 COST

This proposal (AC16EMO01) was funded by the Air Force Medical Support Agency (AFMSA)
under the Emergency Preservation and Resuscitation Program (EPR) in the amount of
$1,096,000. $546K was received in June 2016 and $526K was received in February 2017. All
funds were expended.
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Table 1a. Controlled hemorrhage cohort, swine characteristics by treatment group

Variable

Male gender

Weight, kg
Height, in

BSA

Total vol of blood out
by mL

Total vol of blood out
by weight

Percent blood by mL

Percent blood by
weight

Total pig blood volume

Mortality

HOC

3 (50%)
73.00
(6.84)
63.00
(1.10)
1.76
(0.09)
2098
(482.6)

2052
(481.3)

0.43
(0.08)
0.42
(0.08)
4818
(451.5)
3 (50%)

Lactated Whole
ringers blood
5 (83%) 2 (33%)

75.00 76.17
(7.04) (6.59)
65.17 63.33
(3.06) (1.97)
1.82 1.80
(0.12) (0.09)
2299 1963
(513.9) (314.7)
2251 1924
(520.6) (293.8)
0.45 0.40
(0.06) (0.09)
0.44 0.39
(0.06) (0.08)
5062 5027
(637.2) (434.6)
5 (83%) 3 (50%)

Values are count (percentage) or mean (standard deviation).

Table 1b. Uncontrolled hemorrhage cohort, swine characteristics by treatment group

Variable

Male gender
Weight, kg

Height, in

BSA

Total vol of blood
out by mL
Percent blood by
mL

Total pig blood
volume

Mortality

HOC
2 (33%)
71.00 (8.97)

61.67 (2.34)

1.72 (0.13)

1602
(649.1)

0.34 (0.10)

4615
(582.8)

1(17%)

Lactated Whole
ringers blood
5 (83%) 4 (67%)

70.67 70.50
(4.76) (3.51)
60.33 60.50
(7.42) (7.18)
1.66 1.75
(0.14) (0.04)
1381 1484
(349.0) (299.7)
0.30 0.32
(0.07) (0.05)
4640 4642
(314.0) (239.0)
3 (50%) 0 (0%)

Values are counts (percentage) or mean (standard deviation).
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PRBC +
Hextend cold plts
2 (33%) 4 (67%)
71.83 75.00
(5.64) (6.29)
63.50 65.00
(3.51) (3.22)
1.76 1.83
(0.12) (0.13)
2073 1908
(96.06) (568.1)
1983 1836
(107.3) (541.0)
0.44 0.39
(0.03) (0.13)
0.42 0.38
(0.04) (0.12)
4741 4950
(372.0) (415.3)
1(17%) 2 (33%)

PRBC +
Hextend cold plts
1(17%) 4 (67%)
67.83 72.83
(3.87) (5.81)
61.00 63.50
(1.41) (2.26)
1.67 1.77
(0.06) (0.07)
1426 1792
(128.0) (391.3)
0.32 0.38
(0.04) (0.06)
4409 4748
(251.5) (401.2)
0 (0%) 4 (67%)

PRBC +
RT- plts
3 (50%)
73.17
(6.43)
62.67
(0.82)
1.75
(0.08)
1883
(423.8)

1862
(382.6)

0.39
(0.10)
0.39
(0.10)
4829
(424.5)
2 (33%)

PRBC +
RT- plts
5 (83%)
73.67
(4.41)
63.67
(1.97)
1.78
(0.08)
1743
(369.8)
0.36
(0.08)
4801
(296.3)

2 (33%)

0.4706
0.8632

0.4046

0.7110

0.5749

0.5554

0.7289

0.7365

0.8052
0.2781

0.1334
0.5474

0.6736

0.1412

0.3795

0.4027

0.5485

0.0630



Figure 1: Survival

Controlled Hemorrhage- HOC vs. all Uncontrolled Hemorrhage- HOC vs. all
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o + Censored 10 T T !
Logrank p=0.1694
I | ‘ B

— +

Survival Probability
Survival Probability

+ Censored
00 0.0 Logrank p=0.0299

0 100 200 300 0 100 200 300
MinToDeathPTX MinToDeathPTX

Treatment Treatment

HEX HOC LR PRC PRR WE HEX HOC LR FRC FRR WE

Figure 1: Survival time for Controlled Hemorrhage treatment groups (left) and uncontrolled
hemorrhage treatment groups (right) - HOC vs all treatment groups: Survival time between
groups was analyzed using Kaplan-Meier survival curves and log-rank p values. For CH
treatment groups (left), no significant differences were found between treatment groups (log-
rank p = 0.1694). For UH treatment groups (right), log-rank analysis found significant
differences between groups (log-rank p =0.0299). However, no significant differences were found

between HOC and the other groups.
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Figure 2. Hemodynamic parameter comparison for all controlled hemorrhage treatment
groups (left) and uncontrolled hemorrhage treatment groups (right). Data are shown as the
mean =+ standard error. Significant differences (p<0.05 after adjusting for multiple comparisons)
are represented using green stars (*) for HOC vs. LRs, blue stars (*) for HOC vs. whole blood,
gray stars (*) for HOC vs. Hextend, orange stars (*) for HOC vs. cold PRBC, purple stars (*) for

HOC vs. room temperature PRBC, and black crosses () for LRs vs. whole blood.
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Table 2a. Percent Mortality for each group within CH and UH cohorts.

PRBC PRBC of',::’a'"
Varigble HEX HOC LR +cold +RT- ws Ve
plt plt
square
Controlled . 1 3 5 2 2 3
Hemorrhage (CH) Mortality 1700y (50%) (83%) (33%) (33%) (50%) O-2781
Uncontrolled Mortality 0 1 3 4 2 0 0.0630

Hemorrhage (UH) 0%)  (17%)  (50%) (67%) (33%)  (0%)

Table 2b. Mortality comparison between groups for each cohort.

Controlled Uncontrolled
Hemorrhage (CH) Hemorrhage (UH)
Groups compared p for chi square p for chi square
HOC vs. HEX 0.5455 0.9999
HOC vs. LR 0.5455 0.5455
HOC vs. PRBC + cold plt 0.9999 0.2424
HOC vs. PRBC + room temp plt 0.9999 0.9999
HOC vs. WB 0.9999 0.9999
WB vs. LR 0.5455 0.1818
PRBC + cold plt vs. PRBC + room 0.9999 0.5671
temp plt
PRBC + cold plt vs. Hex 0.9999 0.0606
PRBC + cold plt vs. LR 0.2424 0.9999
PRBC + cold plt vs. WB 0.9999 0.0606
PRBC + room temp plt vs. Hex 0.9999 0.4545
PRBC + room temp plt vs. LR 0.2424 0.9999
PRBC + room temp plt vs. WB 0.9999 0.4545
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12.0 LIST OF SYMBOLS, ABBREVIATIONS AND ACRONYMS
Advanced Trauma Life Support (ATLS)
Arterial blood gas (ABGs)

Cardiac output (CO)

Clinical Investigations & Research Support (CIRS)
Controlled Hemorrhage (CH)

Cold Stored Platelets (CSP)

Food and Drug Administration (FDA)
Hemoglobin oxygen-based carriers (HBOC)
Hydroxocobalamin (HOC)

Improvised explosive device (IED)

Joint Trauma System (JTS)

Knowledge Readiness Level (KRL)
Lactated Ringers (LR)

Mean arterial pressure (MAP)

National Institutes of Health (NIH)

Packed Red Blood Cells (PRBC)

Platelets (PT)

Potassium (K*)

Room Temp (RT)

Pulse oximetry (SPO>)

Systolic blood pressure (SBP)

Tactical Combat Casualty Care (TCCC)
Uncontrolled Hemorrhage (UH)

Vascular resistance (SVR)

Whole blood (WB)
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