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Abstract

Background: Zone 1 resuscitative endovascular balloon occlusion of the aorta has been
recommended for refractory shock after a dismounted complex blast injury for the austere
combat scenario. While resuscitative endovascular balloon occlusion of the aorta should enhance
coronary perfusion, there is a potential risk of secondary brain injury due to loss of cerebral
autoregulation. We developed a combat casualty relevant dismounted complex blast injury swine
model to evaluate the effects of resuscitative endovascular balloon occlusion of the aorta zone |
on intracranial pressure and cerebral edema. We hypothesized that zone 1 aortic occlusion with
resuscitative endovascular balloon occlusion of the aorta would increase mean arterial pressure
transmitted in excessive intracranial pressure, thereby worsening brain injury.

Methods: 50 kg male Yorkshire swine were subjected to a combination dismounted complex
blast injury model consisting of blast traumatic brain injury (50 psi, ARA Mobile Shock
Laboratory), tissue injury (bilateral femur fractures), and hemorrhagic shock (controlled bleeding
to a base deficit goal of 10 mEg/L). During the shock phase, pigs were randomized to no aortic
occlusion (7= 8) or to 30 minutes of zone 1 resuscitative endovascular balloon occlusion of

the aorta (zone 1 aortic occlusion group, /7= 6). After shock, pigs in both groups received a
modified Tactical Combat Casualty Care—based resuscitation and were monitored for an additional
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240 minutes until euthanasia/death for a total of 6 hours. Intracranial pressure was monitored
throughout, and brains were harvested for water content. Linear mixed models for repeated
measures were used to compare mean arterial pressure and intracranial pressure between zone 1
aortic occlusion and no aortic occlusion groups.

Results: After dismounted complex blast injury, the zone 1 group had a significantly higher
mean arterial pressure during hemorrhagic shock compared to the control group (41.2 mm Hg

vs 16.7 mm Hg, £=.002). During balloon occlusion, intracranial pressure was not significantly
elevated in the zone 1 aortic occlusion group vs control, but intracranial pressure was significantly
lower in the zone 1 group at the end of the observation period. In addition, the zone 1 aortic
occlusion group did not have increased brain water content (zone 1 aortic occlusion: 3.95 + 0.1g
vs no aortic occlusion: 3.95 + 0.3 g, £=.87). Troponin levels significantly increased in the no
aortic occlusion group but did not in the zone 1 aortic occlusion group.

Conclusion: Zone 1 aortic occlusion using resuscitative endovascular balloon occlusion of

the aorta in a large animal dismounted complex blast injury model improved proximal mean
arterial pressure while not significantly increasing intracranial pressure during balloon inflation.
Observation up to 240 minutes postresuscitation did not show clinical signs of worsening brain
injury or cardiac injury. These data suggest that in a dismounted complex blast injury swine
model, resuscitative endovascular balloon occlusion of the aorta in zone 1 may provide neuro- and
cardioprotection in the setting of blast traumatic brain injury. However, longer monitoring periods
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may be needed to confirm that the neuroprotection is lasting.

Introduction

Hemorrhagic shock (HS) and traumatic brain injury (TBI) are leading causes of death after
trauma in both civilian}2 and military settings.3 In the military setting, explosions caused

by improvised explosive devices (IEDs) are the most common mechanism of injury and
account for 63% of deaths in modern combat.# The resulting injury profile caused by IEDs
is termed dismounted complex blast injury (DCBI) and is characterized by an amputation of
at least 1 lower extremity, junctional (pelvic/abdominal/truncal) injury that is associated with
noncompressible hemorrhage, and lastly moderate to severe TBI.%> Uncontrolled bleeding
from the junctional (especially pelvic) injuries is the leading cause of death after DCBI.#

Resuscitative endovascular balloon occlusion of the aorta (REBOA) is a promising
endovascular technique to provide temporary hemorrhage control until definitive
management can be performed. Advanced endovascular technologies have allowed REBOA
to be deployed in austere combat environments to treat HS on the battlefield, which is
identified as the leading cause of preventable deaths.® Currently, the majority of prehospital
REBOA cases in austere combat environments are for DCBI casualties.” However, despite
the promising results of REBOA to provide life-saving hemorrhage control, its effect on
concurrent TBI is unclear. DCBI is also the most common cause of TBI in warfighters,?
and thus the recommendation to employ REBOA for this type of injury mechanism should
consider the implications on primary and secondary brain injury. TBI progression and
ultimately death following REBOA use has been reported.® HS swine models have already
shown that REBOA can cause supraphysiologic intracranial pressures (ICP),10 and it can
increase systolic blood pressures (SBP) to the 200s and increase carotid blood flow 300%.11
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Clinically, TBI outcomes have a U-shaped relationship between SBP and mortality, with
worse outcomes associated not only with hypotension but also elevated pressures.12.13
Preclinical studies focusing on evaluating the effect of REBOA in animal models with

TBI and HS have employed cortical impact devices to create TBI; however, this injury

is not representative of blast TBI (bTBI). Using our large animal DCBI model,1* we
hypothesized that zone 1 aortic occlusion (aortic oclusion [AO]) with REBOA would
increase mean arterial pressure (MAP) transmitted in excessive intracranial pressure (ICP),
thereby worsening brain injury.

Methods

Animal setting

The University of Colorado Institutional Animal Care and Use Committee approved this
animal study under protocol #1050. The facility where the research occurred is fully
accredited with the Association for Assessment and Accreditation of Laboratory Animal
Care International (AAALAC). Research was conducted in compliance with the Animal
Welfare Act, implementing Animal Welfare Regulations, and the principles of the Guide
for the Care and Use of Laboratory Animals, National Research Council, and results are
reported in accordance with the ARRIVE guidelines. Healthy adolescent Yorkshire swine
weighing between 45 and 56 kg were acclimated in the facilities for a minimum of 3 days
before the experimental protocol. All swine underwent a protocol consisting of general
anesthesia, instrumentation, and a series of injuries to replicate a DCBI.14

Animal setup

Briefly, anesthesia is induced using ketamine (20.0 mg/kg), xylazine (2.0 mg/kg), and
acepromazine (0.2 mg/kg) followed by intubation under direct laryngoscopy. Continuous
infusion anesthesia employs propofol (3 mg/kg/h) and fentanyl (3 mcg/kg/h) throughout

the model. An intracranial pressure (ICP) monitor (Integra LifeSciences, Plainsboro, NJ) is
placed into the left frontal lobe 1 cm from midline and 1 cm above the brow line. Invasive
pressure monitoring occurs through an arterial line established in the axillary artery using
surgical cutdown (5 Fr catheter). All blood samples for processing are taken from this line.
Percutaneous access to both femoral arteries and a single femoral vein is performed. The
femoral arteries (one 12 Fr catheter and one 7 Fr sheath compatible with REBOA) are used
for blood removal for the fixed-pressure HS phase. Fluid resuscitation occurs through a large
sheath (10 Fr) inserted into the femoral vein. Swine are euthanized using pentobarbital (86.6
mg/kg) at the conclusion of the experiment.

DCBI model

The model is summarized in Figure 1. Briefly, the DCBI is composed of a blast traumatic
brain injury (bTBI), tissue injury consisting of bilateral open femur fractures, and a fixed-
pressure targeted HS phase. After anesthesia and instrumentation, swine are transported

to the Mobile Shock Tube Laboratory (Applied Research Associates, Inc., Littleton, CO),
where they undergo a 55 psi targeted Friedlander type blast wave using compressed helium.
During the blast overpressure injury, swine wear a National Institute of Justice (NIJ) level
Il vest, ear plugs, and goggles to protect the abdomen, torso, eyes, and ears from the
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blast. This allows for a primary bTBI while minimizing damage to the other organs. After
the bTBI, the tissue injury and noncompressible hemorrhage component associated with
DCBI pelvic trauma is created by femoral artery bleeding combined with severe, open
complex comminuted fractures of the femurs. A captive bolt stunner (Blitz-Kerner, Turbocut
JOBB GmbH, Germany) is fired directly onto surgically exposed femurs, inducing complex
fractures that are confirmed by digital palpation and visual inspection. Fixed-pressure HS

is performed by bilateral bleeding from both femoral arteries into citrated 450 mL blood
transfusion bags (Jorgensen Laboratories, Inc., Loveland, CO). The target mean arterial
pressure (MAP) is 20 mm Hg within 5 minutes; once this MAP is achieved, further blood
removal is titrated to maintain a MAP of 15 mm Hg with a corresponding end-tidal carbon
dioxide (EtCO,) goal of 20 mm Hg. Base excess (BE, measured by iSTAT-1 point of care
analyzers, Abbott Point of Care, Inc., Princeton, NJ) is used to monitor for adequate depth of
shock, 15 with the final BE target of —10 mEq/L.

Randomization

Intervention

Randomization to groups (zone 1 AO or no AQ) is performed during experimental setup

by a single investigator using Microsoft Excel RAND function. The results are sealed until
presented to the principal investigator and surgical research staff during the HS phase before
the deployment of the ER-REBOA catheter for AO.

Zone 1 AO is performed using the ER-REBOA Catheter (Prytime Medical Devices, Inc.,
Boerne, TX). The catheter is inserted into the 7 Fr sheath placed in the femoral artery and is
advanced to 50 cm and inflated using 6 mL of normal saline. Zone 1 AO is maintained for
the final 30 minutes of the HS phase.

Resuscitation

At the end of HS, resuscitation is initiated following a modified combat casualty care
protocol. For the zone 1 AO group, the REBOA catheter balloon is slowly deflated during
the first 15 minutes of resuscitation. Fluid replacement is initiated with 500 mL of 5%
human albumin (Grifols Biologicals, Inc., Los Angeles, CA), followed by 1 unit of shed
blood. A bolus of 1 g 10% calcium chloride (International Medication Systems Ltd, South
El Monte, CA) is given with the first unit of blood. After the first unit of shed blood,
another 500 mL of 5% human albumin is infused, followed by the remaining shed blood.
The animals are observed for 240 minutes after the conclusion of HS.

Data collection

Vital signs and intracranial pressure (ICP) are monitored continuously and recorded every

5 minutes. Blood samples are collected at baseline and then postinjury 60 minutes and
postinjury 240 minutes for measuring troponin levels to monitor cardiac perfusion. Brain
water content is calculated using a validated wet-to-dry protocol. At necropsy, whole

brains are immediately removed and weighed (Adventurer Pro Precision Electronic Balance,
Ohaus, Pine Brook, NJ). Each sample is dried at 100°C for 48 hours and reweighed for the
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dry weight. The brain water content is calculated using the formula: water content = (wet
weight — dry weight)/(dry weight).16:17

Statistical analysis

Results

Data were analyzed using SAS Studio 2021 and SAS v. 9.4 (SAS Institute, Cary, NC). A
power analysis for detecting changes in ICP was performed. Based on reported values,18 we
assumed a baseline mean ICP of 11.5 mm Hg with standard deviation of 2.9 mm Hg; thus a
total sample size of 14 would allow the detection of a minimum difference in ICP of 4.7 mm
Hg with a power of 80% and alpha level of .05. Linear mixed models for repeated measures
were used to compare the temporal trends of the groups, with contrasts between groups
adjusted by using the false discovery rate method. For variables not normally distributed,

a Box-Cox power transformation was performed to approximate normality. Numerical data
are presented as mean + standard deviation or median (interquartile range) unless otherwise
noted.

Eight swine were randomly assigned to the DCBI model without AO (no AO) and 6 to the
model with zone 1 REBOA for aortic occlusion (zone 1 AO). At baseline, the groups had
similar vital signs and electrolyte panels (Table I).

One swine in each group died before the conclusion of the experiment (mortality 12% for
no AO vs 16.7% zone 1 AO, £=1.00). The no AO group required an average blood loss of
46.3 + 0.1% of total blood volume, while the zone 1 AO required 47.9 + 0.1% of total blood
volume removal to reach the targeted MAP pressure for shock (£ =.80).

Hemorrhagic shock phase

The average time to achieve adequate shock based on BE levels for the no AO group was
56.3 + 27.4 minutes vs 50 * 7.4 minutes for the zone 1 AO (P = .65). During the first 15
minutes of the preAO HS phase, both groups achieved a similar MAP (no AO MAP 18.4 +
1.5 mm Hg vs zone 1 AO MAP 18.8 £ 1.6 mm Hg, £=.70) and EtCO,, level (no AO EtCO,
21.3 £ 5.0 mm Hg vs zone 1 AO EtCO, 19.4 + 6.6 mm Hg, A= .59). Once REBOA was
inflated during the last 30 minutes of HS, the SBP and MAP increase significantly during
balloon inflation, £< .05 (Figure 2). After balloon deflation, the MAP and SBP were similar
between the 2 groups until model conclusion at 240 minutes.

Intracranial pressure

Both groups had increasing ICP after the HS phase and at the start of resuscitation using
volume replacement (Figure 3). For both groups, the ICP reached significantly elevated
levels above baseline as early as 60 minutes postinjury, with the no AO group exhibiting
a mean ICP of 15.2 + 4.1 mm Hg compared to its baseline of 11.1 mg Hg (P =.04) and
the zone 1 AO group showing an ICP of 12.3 £ 6.0 mm Hg compared to the baseline

of 7.7 mm Hg (P=.03). For the zone 1 AO, ICPs continued to trend upward until the
completion of the model, but beyond postinjury 60 minutes the increases did not reach
statistical significance. For the no AO group, the ICP continued to increase significantly
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until 180 minutes postinjury (P=.002). The increasing ICPs in the no AO model resulted in
significantly elevated ICPs in the no AO group compared to the zone 1 AO at timepoints 180
minutes postinjury (22.0 £ 5.0 mm Hg vs 15.0 + 3.9 mm Hg, respectively, = .04) and 240
minutes postinjury (23.5 £7.7 mm Hg vs 17.0 £ 5.2 mm Hg, respectively, 7= .04).

Cerebral perfusion and edema

Cerebral perfusion pressures (Figure 4) were significantly higher in the zone 1 AO group
during the 30 minutes of balloon occlusion only (P< .05). During the last 60 minutes of the
model (180 and 240 minutes postinjury), the zone 1 AO group achieved a cerebral perfusion
pressure similar to the baseline value (P=.25). For the no AO group, once the HS phase was
initiated, the cerebral perfusion pressures remained significantly below the starting level and
did not return to the baseline perfusion (P < .01). Brain water content showed no significant
differences between the 2 groups (no AO: 3.95 + 0.30 g vs zone 1 AO: 3.95+0.09 g, P=
.87).

Cardiac injury

At baseline, both groups had similar troponin values (= 1.00). At the conclusion of the
model, the no AO group had a significant increase in troponin (baseline: 0.03 £ 0.02 ng/mL
to end: 3.5 = 5.4 ng/mL, P=.008), while in the zone 1 AO group troponin did increase
significantly (baseline: 0.03 + 0.01 ng/mL to end: 1.7 £ 1.8 ng/mL, P=.24).

Discussion

This study examined the consequences of zone 1 REBOA in a clinically relevant animal
model of DCBI with bTBI. In this study, zone 1 AO during HS provided significant
elevations in the proximal blood pressure during HS. The lower troponin levels in the zone
1 AO group suggest that this strategy provides cardioprotection. Zone 1 AO via REBOA did
not result in increased ICPs but provided cerebral perfusion during HS. Lastly, zone 1 AO
via REBOA was not associated with increased cerebral edema after bTBI.

Military deployment of REBOA in austere environments for en route treatment protocols is
occurring®® and is most often used for the treatment of HS after DCBI casualties compared
to other mechanisms of injuries.” DCBI not only results in severe hemorrhage but is the
primary cause of TBIs for active military warfighters.2%-21 A United Kingdom study reported
that 1 of 5 combat casualties from 2002 to 2012 may have benefited from an intervention
such as REBOA for treating noncompressible hemorrhage; of those patients who died during
prolonged evacuation, 30% were due to TBI, and 30% later succumbed to TBI-related
deaths after arrival at a military treatment facility.3 Thus, REBOA needs to be evaluated in
the setting of TBI.

Cerebral perfusion pressure (CPP) is clinically recognized as the standard surrogate for
measuring cerebral blood flow and brain perfusion in TBI patients by the critical care
and neurosurgical guidelines.22:23 Current TBI treatment guidelines recommend that CPP
should be maintained at a minimum of 60 mmHg,2* but CPP >70 mm Hg has not been
shown to improve outcomes.25:28 In this study, while the CPP in the zone 1 AO grouped
was significantly elevated during HS, the group with zone 1 AQO did not achieve the
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recommended clinical threshold during HS with AO given the near 50% blood loss in this
model. Another combined TBI and HS swine model with only 25% blood loss was able to
achieve CPP above >60 mm Hg during the HS phase with complete AO.10

In regard to the SBP ranges, the National Brain Trauma Foundation Guidelines suggest

a systolic blood pressure range of 100 to 140 mm Hg as optimal targets for CPP in
treating TBI.27 Multicenter clinical studies have shown that elevated blood pressure, not just
hypotension, is also associated with increased mortalityl2-28 and other worse outcomes’3
in TBI patients. While our model incorporating 50% blood loss and the use of REBOA in
isolation without concurrent transfusions was unable to achieve this specific critical blood
pressure range (which was established for humans and may not be representative for pigs,
in which critical thresholds are not known), this animal model did result in significant
elevations in SBP and MAP. The elevations in blood pressure achieved by REBOA zone
1 AO do represent clinically meaningful increases, as evidenced by lower troponin levels
representing significant cardiac perfusion. Other animal models of REBOA have actually
exceeded this upper limit of 140 mm Hg SBP with supraphysiologic blood flow and
MAPs.11.27.29 Thjs is concerning because TBI causes impairment of the autoregulation
mechanisms that maintain cerebral blood flow,30-31 and supraphysiologic pressures can
further exacerbate intracranial hemorrhage or cerebral edema.32 Johnson et al have shown
that the largest jumps in ICPs during REBOA animal models occur only during systemic
supraphysiologic pressures.10

Additionally, the Brain Trauma Foundation advocates for treatment of ICPs above 22 mm
Hg, as values above this threshold are associated with increased mortality.2> Our study
indicated that REBOA zone 1 AO during HS was associated with a final lower ICP
compared to the no AO model. In fact, the group without AO had a final ICP of 23.5

mm Hg, which is above the critical cutoff associated with increased mortality.

Unlike this study, previous TBI models with REBOA have not reached this critical ICP
level and have not shown significant differences in final ICP values among REBOA versus
non-REBOA groups.10-33 However, these previous models employed controlled cortical
impact devices, which cause unilateral instead of global brain damage. Much less is known
about the effects of blast injury on the brain, as this is a relatively new phenomenon after
the rise of IEDs in military combat. Retrospective studies have identified that mild bTBI
may go undiagnosed until much later because the blast overpressure (BOP) injury can
cause invisible damage to the systemic vasculature and the central nervous system.20:21
Neurosurgical evaluation of US soldiers in Irag have identified cerebral edema, intracranial
hemorrhage, and prolonged vasospasms as common signs after blast exposure.343% The
associated intracranial hypertension along with diffuse brain edema is an early hallmark of
bTBI,36 and it is a significant risk factor when employing an intervention such as REBOA
that has already shown to have the potential to worsen intracranial pressures.10

Animal models of bTBI show that even low levels of laboratory-controlled blast exposure
results in neuroinflammatory responses.3’~40 Rodent and swine models have shown
evidence of immediate disruption of the blood-brain barrier permeability,3” acute cerebral
vasospasm,*142 and even enlargement of cerebral blood vessels.43 The high prevalence
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of microvascular pathology across animal models suggests cerebral vasculature may be
particularly susceptible to blast injury,38 and thus reinforcing that bTBI and worsening brain
damage may be a significant risk with REBOA.. Our wet-to-dry ratio analysis evaluating
brain edema found no differences in the amount of water content between REBOA and
non-REBOA groups. Our previous work on this model shows that DCBI with bTBI does
result in a slight increase in brain water content at 4 hours after injury (an average increase
of 0.14 g of water for every gram of dry parenchyma tissue).14 This suggests that in the
setting of DCBI with severe hemorrhage, REBOA zone 1 AO can be safely used to improve
proximal blood pressures (and remain below supraphysiologic pressures), without causing
early increases in cerebral edema. Similar findings were reported by Williams et al, who
also found no differences in the amount of cerebral swelling in their TBI+HS model treated
with or without partial REBOA.23 While these findings were promising, reasons for why
both studies did not detect differences in cerebral edema following REBOA interventions are
likely multifold. First, neither study reported supraphysiologic proximal pressures resulting
in cerebral perfusion above the recommended treatment thresholds in the REBOA models.
Second, both studies focused on the immediate postinjury intervention and resuscitation
phase, with this study monitoring for 4 hours after HS and Williams et al monitoring for 6
hours post HS. Cerebral edema continues to manifest well beyond the initial first few hours
after brain injury,** and thus animal models evaluating cerebral edema beyond the acute
phase are needed to fully understand the clinical consequences of REBOA on secondary
brain injury.

There are several limitations to address for this study. First, the cost of performing such
labor-intensive swine models requiring prolonged pain control makes longer monitoring
timelines beyond the acute injury period challenging. Second, this study does not
incorporate clinical imaging or histologic findings to further quantify the degree of brain
injury progression and instead relies on measuring cerebral edema using water content.
Although this is a validated method for determining cerebral edema, the clinical relevance
of brain water content at 4 hours after injury is not completely understood, and findings
cannot be extrapolated to survival outcomes. Third, this model analyzed complete AO
instead of partial AO. As advanced catheters permitting partial AO are now available,

these newer catheters need to be evaluated in future studies. Fourth, swine are imperfect
surrogates for human anatomy, especially for TBI models where cranial thickness and shape
differ remarkably from the humans. However, swine have gyroencephalic brains similar

to humans, and Yorkshire swine of this size have vasculature similar to human anatomy,
making them ideal candidates for HS and REBOA models. Yet physiologic baselines
differences between species minimize the applicability of evaluating clinical guidelines and
thresholds in translation models, but instead provide a general understanding of the cause
and effects after treatment interventions. Lastly, the model is an imperfect adaptation of
DCBI and prehospital combat casualty resuscitation. DCBI casualties can range in severity
and tissue injury location regarding extremity and junctional damage, and this model
imitates pelvic trauma with lower extremity damage and noncompressible hemorrhage. The
proximal, open femur fractures combined with femoral bleeding are an imperfect surrogate
for pelvic damage but do allow for a consistent, replicable injury across all animals. This
model uses AO during the HS phase only and not during active fluid resuscitation. In clinical
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scenarios, fluid replacement occurs ideally before and during the use of REBOA. In order
to achieve a highly lethal level of HS focusing on the effects of REBOA on brain injury,
fluid resuscitation was performed after REBOA to remove confounders such as resuscitation
speed and volume affecting proximal blood pressures and cerebral perfusion. Additionally,
immediate resuscitation of a swine’s own fresh whole blood limits real-world applicability,
so instead albumin is used to provide pressure support to minimize animal mortality while
delaying the transfusion of fresh whole blood to mimic a resource-poor environment.

In conclusion, this large animal model representing a clinically relevant DCBI composed of
HS and bTBI provides supporting evidence for REBOA zone 1 AO to increase proximal
blood pressure while protecting cardiac and cerebral perfusion. Use of zone 1 AO was
associated with lower troponin levels and resulted in improved cerebral perfusion during HS
with significantly decreased ICP up to 4 hours after HS. The increased cerebral perfusion
secondary to AO was not associated with increased cerebral edema.
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A Dismounted complex blast injury (DCBI) followed by 30 minutes resuscitative
endovascular balloon occlusion of the aorta (REBOA) in zone 1 or 30 minutes of no aortic
occlusion.
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Figure 2.

Mean arterial pressure (MAP) and systolic blood pressure (SBP) both increased significantly
following zone 1 aortic occlusion (AO) during shock. The zone 1 AO group had a mean
MAP of 40.8 + 13.3 mm Hg at 30 minutes into HS (compared to ho AO mean of 16.0 £ 7.9
mm Hg, £=.002) and a mean of 41.2 + 10.6 mm Hg at completion of shock (compared to
16.7 £ 12.2 mm Hg, £=.002). The zone 1 AO group had a mean SBP of 55.3 + 22.2 mm
Hg at 30 minutes into HS shock (compared to 23.4 £ 11.8 mm Hg, A= .01) and a mean 60.2
+ 18.5 mm Hg at completion of shock (compared to 18.0 + 15.5 mm Hg, £=.001).

Surgery. Author manuscript; available in PMC 2023 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Cralley et al.

ICP. mmHg (Mean and SD)

Page 14

Intracranial Pressure

* *
30
//__
20 - .
1047 T /" ]
i _/
1 / N
0 HS Phase Resuscitation
T T T T T T T T T T
I 2;15min  3;30min  4;Post 5;15min 6;Post 7;Post 8;Post 9;Post 10;Post
Baseline into into Injury after Injury Injury Injury Injury Injury
Shock Shock End Shock 30min 60min 120min  180min  240min
Shock
TIMEPOINT
No AO ———— Zone 1 AO

Figure 3.
Intracranial pressure (ICP) changes throughout the experimental model. At 180 minutes

postinjury and 240 minutes postinjury, the ICPs in the no aortic occlusion (AO) model were
significantly elevated compared to the zone 1 AO: 22.0 £ 5.0 mm Hg vs 15.0 £ 3.9 mm Hg
(P=.04) and 23.5 £7.7 mm Hg vs 17.0 £ 5.2 mm Hg (P = .04), respectively.
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Figure 4.
Cerebral perfusion pressure (CPP) changes throughout the model. CPP was similar at

baseline. Aortic occlusion (AO) in zone 1 resulted in significantly elevated CPPimmediately
after AO and throughout the duration of AO (P < .05).
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Physiologic variables and laboratory values of each model at baseline; variables are represented as means with

standard deviations (SD)

No AO ZonelAO
MAP, mm Hg 77 (13.7) 66.5 (17.9)
EtCO,, mm Hg 36.6(4.1)  37.0(5.6)
HR, bpm 735(182) 845(17.2)
ICP, mm Hg 11.1 (5.6) 7.8(2.7)
BE, mmol/L 10.3 (2.2) 9.8 (2.5)
lonized calcium, mmol/L 1.3 (0.1) 1.2 (0.3)
Na, mmol/L 142+ 3.4 141.8+23
K, mmol/L 41+0.2 42+0.1
Hct, %pev 289 (1.8)  28.8(25)
Hgb, g/dL 9.8 (0.6) 9.8 (0.8)
Glucose, mg/dL 121.4(20.0) 136.2 (26.9)

The groups were clinically similar at baseline.

EtCOp, end-tidal carbon dioxide; /CP, intracranial pressure; MAP, mean arterial pressure.
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