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Background: REBOA is a life-saving therapy for hemorrhagic shock following pelvic/lower 

extremity injuries in military settings. However, Zone-1 aortic occlusion (AO, above the celiac 

artery), while providing brain/cardiac perfusion, may induce/worsen visceral ischemia and organ 

dysfunction. In contrast, AO Zone-3 (below the renal arteries) provides abdominal perfusion 

potentially minimizing ischemia/reperfusion injury. We hypothesized that compared to AO 

Zone-1, AO Zone-3 provides neuro/cardio-protection while minimizing visceral ischemia and 

reperfusion coagulopathy post severe traumatic hemorrhage due to pelvic/lower extremity injuries.

Methods: 50kg male Yorkshire swine underwent a blast polytrauma series of injuries followed 

by a resuscitation protocol with randomization to No-AO (No-AO, n=6) or AO with REBOA at 

Zone 1 (AO-Zone-1; n=6), or Zone 3 (AO-Zone-3; n=4). Vital signs and intracranial pressure were 

monitored for 240 minutes. Citrate native (CN) and tissue plasminogen activator (tPA) challenge 

Thrombelastography (TEG), prothrombin time (PT), creatinine, lipase, total bilirubin, troponin, 

and ELISA protein levels were measured at set intervals.

Results: Both AO groups had significant increases in mean arterial pressure during aortic 

occlusion. All three groups had significant increases in ICP, but final ICP in the No-AO group 

(26 ±5.8mmHg) was significantly elevated compared to AO-Zone-1 (17 ±5.2mmHg) and AO-

Zone-3 (16±4.2mmHg), p<0.01. Final mean troponin in the No-AO group (4.10 ±5.67ng/mL) was 

significantly higher than baseline (0.03 ± 0.02ng/mL, p<0.05), while the two AO groups had no 

significant changes (p>0.05). AO-Zone-1 was the only group associated with hyperfibrinolysis 

(p<0.05) and significantly increased PT (p<0.05). Only AO-Zone-1 group had significantly higher 

markers of organ damage.

Conclusions: Compared to AO Zone-1, AO Zone-3 provided similar neuro/cardioprotection 

but with less organ dysfunction and coagulopathy. This study suggests Zone 3 REBOA may be 

preferable over Zone 1 for treating military relevant blast polytraumas with minimal intrabdominal 

and chest trauma, but further clinical investigation is warranted.

Level of Evidence: N/A

Media Summary:

In a polytrauma swine model, compared to AO Zone-1, Zone-3 provided similar neuro/

cardioprotection but with less organ dysfunction and coagulopathy. This suggests Zone 3 REBOA 

may be preferable over Zone 1 for treating military relevant DCBIs with minimal intrabdominal 

and chest trauma.
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Introduction

In a combat environment heavily burdened by improvised explosive devices (IED), such as 

Iraq and Afghanistan, explosions account for nearly 80% of all injuries on the battlefields 

(1). The energy from IEDs, referred to as primary blast injury, is due to the blast over 

pressure wave and results in multiple amputations, pelvic fractures with extensive soft 

tissue damage, and blast traumatic brain injury (bTBI). The number one cause of death on 
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the battlefield following IED injuries is hemorrhage(2). However, IED related bTBI is the 

number one cause of morbidity in warfare, and blast casualties are commonly comorbid 

with bTBI(1). Thus, innovative solutions to treat blast injuries and IED-related hemorrhage 

should not only prioritize hemorrhage control, but also optimize cerebral perfusion in the 

setting of potential bTBI.

Resuscitative endovascular balloon occlusion of the aorta (REBOA) remains a relatively new 

technique for trauma resuscitation and is most commonly used in civilian clinical settings 

as an adjunct to trauma resuscitation and as an alternative to resuscitative thoracotomy 

to achieve temporary aortic occlusion (AO). Furthermore, its potential as a life-saving 

intervention to control hemorrhage after blast polytrauma and other combat injuries makes 

it an important intervention for military medicine(3), particularly for use in austere combat 

environments(4, 5). Among the few military studies describing REBOA use, IEDs were 

the most common injury mechanism encountered and balloon occlusion was most often 

deployed in Zone 1 (inflated above the celiac artery)(6). While Zone 1 aortic occlusion 

(AO Zone 1), provides cerebral and cardiac perfusion, the resulting visceral ischemia may 

lead to delayed complications such as acute kidney injury, multiple organ failure, and 

coagulopathy(7). Animal models employing AO Zone 1 have shown that ischemic injury 

occurs in as little as 20 minutes(8–10). In contrast, AO Zone 3, in which the balloon 

is inflated below the renal arteries, maintains perfusion to abdominal organs minimizing 

ischemia/reperfusion injury(11–13). Zone 3 inflation is controversial for intra-abdominal 

or retroperitoneal bleeding(14); specifically, Zone 3’s ability to double the proximal 

intraarterial pressure(15) raises concern if such an increase in pressure could exacerbate 

bleeding from hepatic or splenic injuries. However, the effects of Zone 1 and Zone 3 AO on 

blast over pressure visceral organ injury have not yet been elucidated.

In a combat environments heavily burdened by IEDs resulting in blast injuries, the use 

of protective body gear can provide protection from penetrating injuries to the chest 

and abdomen, but such body armor does not prevent the energy of the blast wave from 

transmitting through the body(16). In these scenarios where major bleeding is due to 

extensive blast pelvic damage compared to thoracic and intraabdominal bleeding, AO Zone 

3 may be preferred over Zone 1. We hypothesized that for polytrauma injuries comorbid 

with bTBI, but free from penetrating thoracic and abdominal injuries, AO Zone 3 compared 

to Zone 1 provides cerebral and cardiac perfusion without the risks of visceral ischemia 

and reperfusion coagulopathy. To address this hypothesis, we used a blast polytrauma swine 

model to compare the effects of AO Zone-1 vs AO Zone-3 vs No-AO on cerebral and 

cardiac perfusion as well as on abdominal organ function and coagulopathy.

Methods

The Institutional Animal Care and Use Committee approved this animal study under 

protocol #1050. The facility where the research occurred is fully accredited by 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. The results are reported in 
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accordance with the ARRIVE guidelines (SDC 1). Healthy adolescent male Yorkshire swine 

weighing between 45–58 kg were used for all experiments.

The experimental protocol composing the blast polytauma injury series has been described 

previously in detail(17). Briefly, the injuries consisted of 1) bTBI(18), 2) bilateral, open 

femur fractures, and 3) fixed-pressure hemorrhagic shock (HS). The bTBI injury was 

induced using a whole-body blast over pressure energy wave of 55 psi (Applied Research 

Associates, Inc., Littleton, CO) targeted at the swine’s cranium. As the swine’s whole body 

is placed within the blast chamber, they wear a National Institute of Justice Level II vest 

which helps to protect their visceral organs from the blast-over pressure insult and models 

the protective combat gear worn by warfighters. Open femur fractures were induced using 

large muscle cutdown to the femur, then a captive bolt stunner (Blitz-Kerner, Turbocut 

JOBB GmbH, Germany) was fired directly onto the femur. Fracture was confirmed by 

digital and visual inspection. HS was induced by bleeding from the femoral arteries to a 

target mean arterial pressure (MAP) of 15 mmHg, end-tidal carbon dioxide (EtCO2) of 20 

mmHg, and base excess (BE) of −10mEq/l. During HS, animals were randomized to one of 

three groups: No-AO, AO Zone-1, or AO Zone-3. AO was accomplished with a 6-French 

balloon occlusion catheter (ER-REBOA, Prytime Medical, Lakewood, CO), with complete 

AO for 30 minutes during HS. Bleeding was discontinued for all animals during the last 30 

minutes of the hemorrhagic shock phase when AO was employed.

For AO Zone-1, the balloon was inflated at 50cm with 6ml of contrast, while for AO Zone-3 

the balloon was inflated at 26cm with 5ml. Location of the balloon was confirmed by X-ray. 

Swine in the No-AO group continued did not undergo any AO. After the 30 minutes of HS 

with AO (or without), resuscitation was initiated using a protocol that emphasizes whole 

blood. Resuscitation was initiated with 500mL of 5% human albumin (Grifols Biologicals 

Inc., Los Angeles, CA), followed by one unit of shed blood, followed by one more unit 

of albumin (Figure 1). After the 2nd unit of albumin, all swine received fresh whole blood 

only until each swine received the entirety of their shed blood volume. For the AO Zone-1 

and AO Zone-3 groups, the balloon was progressively deflated over the first 15 minutes of 

resuscitation.

Swine were monitored for a total of 240 minutes after HS conclusion. Vital signs, 

intracranial pressure (ICP) and calculated cerebral perfusion pressure (CPP=MAP-ICP) 

were recorded every 5 minutes. Arterial blood was collected to assess coagulation (citrated 

native thrombelastography [TEG], tissue plasminogen activator challenge TEG [tPA-TEG]

(19), prothrombin time [PT]), base excess (BE), and organ function (lipase, creatinine, 

total bilirubin, and troponin) using iSTAT-1 whole blood analyzers with CG8+ and 

PT/INR Cartridges (Abbott Point of Care Inc., Princeton, NJ). Blood was collected at 

baseline, end of HS phase/injury, 30 minutes post injury, 60 minutes post injury, and 

then every hour until 240 minutes post injury. Citrated anticoagulated plasma from whole 

blood samples were collected on ice, centrifuged to yield platelet-free plasma, and flash 

frozen in liquid nitrogen for Enzyme-Linked Immunosorbent Assays (ELISA) analysis of 

tissue plasminogen activator levels (tPA; Innovative Research, Inc, Novi, MI, PTPAKT), 

plasminogen activator inhibitor 1 (PAI-1; Innovative Research, Inc, Novi, MI, POPAIKT), 

and PAI-1-tPA complex (Innovative Research, Inc, Novi, MI, POPAITPAKT-COM).
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Statistical analysis: All analyses were conducted with SAS vs9.4 (SAS Institute, Cary, 

NC). Baseline statistical tests are not presented as any differences in baseline values in a 

randomized study are per definition by chance. Linear mixed models for repeated measures 

were used to compare temporal trends, with contrasts between groups adjusted by false 

discovery rate. For skewed variables a Box-Cox power transformation was performed to 

approximate normality. Data are presented as mean and standard deviation or median 

(interquartile range) or number (percentage). A p-value of <0.05 was considered statistically 

significant.

Results

Six swine were randomized to the No-AO group, six to AO Zone-1, and five to AO Zone-3. 

One AO Zone-3 swine expired during instrumentation due to cardiac dysfunction and was 

excluded from analysis. Baseline values were comparable amongst the groups (Table 1). 

The length of time that animals remained in HS (50min [IQR: 45, 60], for all groups) 

and percentage of total blood volume removed (49 ± 9.4%) to achieve the target HS level 

were similar between groups (p>0.05). During HS, all groups had similar levels of mean 

arterial pressure (MAP) and EtCO2. Both AO Zone-1 and AO Zone-3 groups had significant 

increases in SBP after 15 minutes of AO (Figure 2, Panel A).

Cerebral Hemodynamics

ICP remained stable throughout HS in all groups (Figure 2, Panel B). Upon initiation of 

resuscitation, ICPs increased significantly in all groups (p<0.05), however, at the end of the 

experiment (240min) the No-AO group had a significantly higher ICP compared to both 

AO Zone-1 and AO Zone-3 groups (25.8±5.8mmHg vs 17±5.2mmHg and 15.8±4.2mmHg, 

respectively, p<0.0001). There were no significant differences between the final ICP values 

in the AO Zone-1 group vs AO Zone-3 group. CPP decreased in all groups with the 

initiation of HS (Figure 2, Panel C); however, in the AO Zone-1 and AO Zone-3 groups 

the 30 minutes of AO resulted in significantly elevated CPP compared to the No-AO group 

(p<0.05). There were no significant differences in the CPPs between the AO Zone-1 and 

the AO Zone-3 group during AO; however at 60min and 120min post injury the AO Zone-3 

did have significantly higher CPPs compared to the AO Zone-1 group (p<0.05). At the 

conclusion of the model, both AO Zone-1 and AO Zone-3 groups had CPPs that returned to 

baseline levels, but the No-AO group never recovered back to baseline.

Organ Function

Troponin increased significantly compared to baseline in the No-AO group (4.1 vs 0.0 

ng/mL, p=0.03), but not in the AO Zone-1 and AO Zone-3 groups. Total bilirubin increased 

significantly in all groups, but final total bilirubin was significantly higher in the AO Zone-1 

group than AO Zone-3 and No-AO groups (0.9 vs 0.5 vs 0.6 mg/dL, p<0.05). Similarly, the 

AO Zone-1 group had significantly higher final lipase (49.4 vs 32.3 vs 27.8 U/L, p<0.05) 

and creatinine (2.5 vs 1.9 vs 2.0 mg/dL, p<0.005) at 240 minutes compared to the AO 

Zone-3 and No-AO groups.
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Coagulation

Compared to AO Zone-3 and No-AO groups, the AO Zone-1 group experienced significant 

coagulation abnormalities which were most pronounced at 60min postinjury. The AO 

Zone-1 group was the only group that experienced a significantly prolonged R-Time, 

peaking at 60min post-injury (Figure 3). Compared to the AO Zone-3 and the No-AO 

groups, at 60min postinjury the AO Zone-1 group also had significantly lower maximum 

amplitude (MA) (59.2 vs 70.1 vs 66.4 mm, p<0.05) and angle (55.2 vs 74.9 vs 70.2 degrees, 

p<0.05). The tPA-challenge TEG LY30% (Figure 3) was significantly higher in AO Zone-1 

group than the AO Zone-3 and No-AO groups. PT was significantly elevated in AO Zone-1 

compared to the AO Zone-3 and the No-AO groups (19.6 vs 13.45 vs 14.97 sec, p<0.05); 

AO Zone-1group was the only group in which PT did not return to the baseline level at the 

end of the experiment.

All groups showed significant increases in active PAI-1 levels at the completion of the model 

compared to baseline (AO Zone-1: 63.0 vs 0.4 ng/mL; AO Zone-3: 46.6 vs 1.8 ng/mL; 

No-AO: 87.0 vs 3.9 ng/mL, p<0.05). The AO Zone-1 group was the only group that had 

a significant increase in active tPA levels (Figure 4) above baseline (0.39 ng/mL), which 

peaked at 30 minutes (1.43 ng/mL, p=0.0006) and remained significantly elevated at 60 

minutes (1.30 ng/mL, p=0.001). PAI-1-tPA complex levels increased significantly compared 

to baseline in both the AO Zone-1group (at 240 minutes: 136.4 vs 10.2 ng/mL, p<0.05) and 

the AO Zone-3 group (at 60 minutes: 55.8 vs 8.8 ng/mL, p<0.05), while in the No-AO group 

the complex levels trended up but did not reach significance.

Discussion

The results of this animal study indicated that AO Zone-1 and AO Zone-3 provide 

similar adequate cerebral and cardiac perfusion; however, AO Zone-1 was associated with 

greater elevations in abdominal organ ischemia/reperfusion injury and greater reperfusion 

coagulopathy compared to AO Zone-3.

Currently REBOAs are most often placed in Zone 1 in the military setting are for the 

treatment of IED related hemorrhage (43%)(4, 6). A retrospective analysis of United 

Kingdom military warfighters who were severely injured in combat identified that of the 

patients with injury patterns amendable to REBOA, 40% met the indications for Zone 

3 inflation(20). Additionally, for blast injuries and IED-related trauma, pelvic vascular 

injury has been identified as the greatest risk factor for mortality(21). However, the most 

recent review of REBOA use for treatment of combat casualties reports that only 12.8% of 

REBOAs were inflated in Zone 3 and all others utilized Zone 1(6). This suggests that Zone 

3 use may be underutilized, and the preference for Zone 1 inflation could be introducing 

unnecessary visceral ischemia. Based on our animal findings, for polytrauma injuries or 

blast casualties with comorbid bTBI, and without secondary penetrating injuries to the 

abdomen or chest, AO Zone-3 REBOA for non-compressible hemorrhage from the pelvis 

may be an efficacious and safe alternative that deserves further investigation.

Our study results conflict with experiments in swine by Markov et al (22), which indicated 

that 30 minutes of Zone 1 occlusion did not result in discernable visceral injury, and 
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with Reva et al(9), although the latter work was in an ovine model. While military 

combat shows the clinical diagnosis of blast injury to the lungs or visceral organs is 

infrequent (incidence of blast lung ranging from 7–11% in UK casualties(23), and in US 

casualties incidence of blast lung is <5% and incidence of intestinal blast is <1% (24)), 

even minimal, microscopic damage caused by blast over pressure waves could potentially 

enhance ischemic complications provoked by AO Zone-1 REBOA. This could explain the 

increase in organ function labs seen in our swine model employing 30 minutes of Zone 1 

REBOA compared to previous animal models(22, 25). While the 55psi blast over pressure 

injury is primarily used to induce a bTBI in our model, we are unable to completely 

eliminate the effects to the remainder of the animal’s body. The protective gear worn 

by warfighters is mimicked by the military vest worn by our swine; however, such gear 

provides only some protection for the lungs and visceral organs against the blast(16). Other 

animal model investigators have found adverse effects associated with 30 minutes of AO 

Zone-1. Li et al6 reported significantly increased lactate, renal IL-6, intestinal TNA-α, 

and hepatic IL-6 in pigs undergoing REBOA for HS, while Sadeghi et al (10) detected 

prolonged elevations in lactate, potassium, creatinine, aspartate aminotransferase, and lipase 

in normovolemic pigs with REBOA.

Clinical studies have also shown that AO Zone-1 may increase susceptibility to organ 

dysfunction and failure. In the prospective observational trial the Emergent Truncal 

Hemorrhage Control study, the rate of multiple organ failure (MOF) in surviving Zone 1 

patients was 29% compared to 4% in Zone 3 survivors(26). In a retrospective review of Zone 

1 REBOA use in severely injured patients in Japan, the MOF rate in the surviving patients 

64%(27). Additionally, the Emergent Truncal Hemorrhage Control Study investigators 

evaluated a commonly accepted REBOA algorithm to determine adherence to optimal zone 

placement(28), and the investigators found that of the 36 AO Zone-1 REBOAs placed, 

4 (11.1%) should have been AO Zone-3 and of those patients 3 ultimately died due to 

MOF(29).

To our knowledge, our swine experiment is the first to comprehensively characterize the 

significant coagulopathic disparities between Zone 1 and Zone 3 occlusion. Compared 

to AO Zone-3, AO Zone-1 was associated with significant TEG-measured coagulation 

abnormalities, including prolonged time to clot formation, poor clot strength, and increased 

occult fibrinolysis. Only AO Zone-1 was associated with significant increases in tPA. 

Post-injury tPA release has been linked to the development of hyperfibrinolysis in trauma 

patients(30) and the increase in active tPA seen in the AO Zone-1 group could explain 

the significant increases in fibrinolysis in this group. Coagulopathy was also observed 

in conventional coagulation assays as well, with persistently abnormal PT in the AO 

Zone-1 animals contrasting with the recovery experienced by AO Zone-3 animals. The 

Cowley Shock Trauma group was one of the first to explore coagulation abnormalities 

associated with REBOA in their model of intermittent AO Zone-1 occlusion; they identified 

that one of eight swine developed severe coagulopathy requiring re-intervention(31). The 

literature on coagulation effects of AO in clinical practice is scarce, with only one case 

report highlighting an intracranial hemorrhage expansion following Zone 1 REBOA and the 

authors also noting that the patient became coagulopathic during resuscitation(32).
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This single case report has raised concerns regarding the safety profile of REBOA for 

treating concomitant HS and TBI. Several animal models have begun exploring the effects 

of AO on brain physiology. To our knowledge this is the only model that includes bTBI, 

while others rely on cortical impact devices which create a unilateral, focal injury site. 

Additionally, this is the only swine model that has evaluated both Zone 1 and Zone 3 AO 

on ICPs and CPPs. Previous work has shown that partial and complete AO in Zone 1 is not 

associated with increases in cerebral edema(33, 34) or TBI lesion progression(35) within 

6 hours after injury; however, results should be interpreted according to the magnitude of 

HS and targeted blood pressure resuscitation ranges. In our model, final ICPs for the AO 

Zone-1 and AO Zone-3 groups were similar, while the No-AO group reached a significantly 

higher ICP of 26 mmHg. Notably, the Brain Trauma Foundation advocates for treatment 

of ICPs above 22 mmHg, as this cutoff is associated with increased mortality(36). Thus, 

it is important to note that both the Zone 1 and Zone 3 AO groups had final ICP values 

below this threshold. This suggests that for treatment of polytrauma or blast injuries with 

severe Class IV HS and comorbid with bTBI both Zone 1 and Zone 3 may be capable of 

providing a comparable neuroprotective benefit, and this benefit extends beyond the AO 

phase leading to lower ICPs and subsequently higher cerebral perfusion hours after injury. 

However, it should be noted that our model involved a severe blood volume loss of 50% and 

thus supraphysiologic proximal pressures were not encountered.

Limitations

Our swine model used complete REBOA occlusion, and we have not yet tested alternative 

Zone 1 REBOA strategies that may produce less organ ischemia but similar hemodynamic 

support. These include intermittent or partial REBOA, which include either intermittently 

or partially deflating the balloon to allow some distal flow while still supporting proximal 

perfusion partial. There is also a new semi-compliant balloon device, recently approved 

by the FDA that allows more precise control of aortic blood pressure distal to a partial 

occlusion(37–39). Second, the 240-minute monitoring time may be insufficient to evaluate 

the long-term effects of either AO zone, however, longer observation periods are costly 

and resource intensive. For this blast injury focused model, we were primarily interested 

in understanding the effects of the primary blast injury only (and not secondary or tertiary 

blast injury), thus the only injury to the visceral organs was the blast wave and this model is 

not representative of clinical polytrauma or blast injuries that are comorbid with penetrating 

or blunt abdominal/thoracic injury. Additionally, histology findings are not included in our 

results, and this is a significant limitation in grading and understanding the total morbidity 

that the blast wave and polytrauma injuries created on the brain and visceral organs. 

While our resuscitation protocol emphasizes whole blood, the addition of albumin does 

not replicate current Tactical Combat Casualty Care guidelines that would be used to treat 

combat casualties. Additionally, the neuroprotective effects of REBOA should be interpreted 

within the context of HS severity, blast induced TBI, the specified resuscitation protocol, 

and the short observation time. Specifically in this model, AO occurred prior to volume 

resuscitation and the protocol did not produce supraphysiologic pressures. Other models 

have shown that REBOA can potentially induce such pressures(40), especially when using 

different HS thresholds and resuscitation methods.
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Conclusions

In summary, our swine model which compares AO Zone-1 and AO Zone-3 for use 

in treating military relevant blast polytrauma injuries suggests Zone 3 REBOA may be 

preferable in treating certain blast casualties without abdominal or thoracic injury. Further 

clinical investigation should focus on prehospital abilities to rule out abdominal and thoracic 

hemorrhage, prior to deploying Zone 3 AO.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Graphical representation of experiment. Following instrumentation and anesthesia swine 

underwent an injury series comprised of bTBI, TI (bilateral, open femur fractures), and 

HS. AO Zone 1, AO Zone 3, or No-AO was employed during the last 30 minutes of HS. 

Resuscitation was initiated following HS utilizing 500mL of 5% albumin, followed by 1 

unit of fresh whole blood, 500mL of 5% albumin, and then the remainder of each swine’s 

volume of shed fresh whole blood. Swine were euthanized 240 minutes after the conclusion 

of HS.
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Figure 2. 
Physiology temporal trends. Panel a) Mean Systolic Blood Pressure: * indicates p<0.05 in 

the comparison No-AO vs AO Zone-1; + indicates p<0.05 in the comparison of No-AO 

vs AO Zone-3; Panel b) Mean Intracranial Pressure: * indicates p<0.05 in the comparison 

of No AO vs both AO Zone-1 and AO Zone-3; c) Mean Cerebral Perfusion Pressure: 

* indicates p<0.05 in the comparison No-AO vs AO Zone-1; + indicates p<0.05 in the 

comparison of No-AO vs AO Zone-3.
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Figure 3. 
Coagulation changes in TEG R time and LY30% throughout the experiment. Left image, 

Thrombelastogram (TEG) R-time (min): AO Zone-1 had a significant increase in R-time 

above baseline at 60min postinjury (indicted by *), and significantly higher than No-AO’s 

and AO Zone-3’s (indicted by X). Right image, tPA Challenge TEG LY30: Only AO Zone-1 

showed a significant change from baseline at 30 and 60min postinjury (indicted by *). At 

60min postinjury, the AO Zone-1 tPA Challenge LY30 was significantly higher than AO 

Zone-3’s and No-AO groups (indicted by X).

Cralley et al. Page 14

J Trauma Acute Care Surg. Author manuscript; available in PMC 2024 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Changes in levels of active tPA. At 30 and 60min postinjury, AO Zone-1 active tPA levels 

were significantly elevated above the group’s mean baseline (indicted by *).
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Table 1.

Swine blast polytrauma randomized experiment: Baseline variables. Data are presented as mean (standard 

deviation) or N (%) unless otherwise indicated.

No-AO AO Zone-1 AO Zone-3

Heart rate (bpm) 68 (17.8) 84 (17.2) 96 (29.0)

End tidal CO2 (mmHg) 36.0 (4.6) 37.0 (5.6) 34.8 (1.7)

Hemoglobin (g/dl) 9.8 (0.6) 9.8 (0.8) 9.7 (0.7)

Base Excess (mEq/l) 10.0 (1.7) 9.8 (2.5) 10.8 (3.1)

Platelet count (× 109/l) 368.3 (60.0) 311.3 (99.1) 254.0 (49.5)

Sodium (mEq/l) 142.0 (3.9) 141.8 (2.1) 140.8 (0.5)

Potassium (mEq/l) 4.2 (0.2) 4.2 (0.1) 4.2 (0.4)

Ionized Calcium (mg/dl) 1.3 (0.1) 1.2 (0.3) 1.4 (0.2)

Troponin (ng/l) 0.0 (0) 0.0 (0) 0.0 (0)

Creatinine (mg/dl) 1.7 (0.2) 1.6 (0.2) 1.5 (0.2)

Total Bilirubin (mg/dl) 0.12 (0.04) 0.30 (0.49) 0.23 (0.25)

Lipase (U/L) 32.83 (1.94) 32.17 (2.32) 32.50 (4.51)

TEG Angle (degrees) 68.68 (2.85) 72.72 (6.40) 63.33 (16.89)

TEG Maximum Amplitude (mm) 76.58 (1.74) 78.00 (4.79) 75.13 (5.25)

Prothrombin Time (sec) 12.53 (0.73) 12.51 (0.71) 12.45 (1.19)
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