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Clinical Problem  

• Non-Compressible Torso Hemorrhage remains a leading cause 

of preventable death in civilian and military trauma 

• Partial Resuscitative Endovascular Balloon Occlusion of the 

Aorta (pREBOA) of Zone 1 temporizes hemorrhage, maintains 

proximal perfusion, and allows some distal perfusion

• Future conflicts will likely be defined by prolonged field care 

and delayed evacuation - potentially necessitating longer use 

Zone 1

Zone 2

Zone 3



Hemorrhage Control is Only Part of the Problem 

Improving outcomes requires more than hemorrhage control…It requires understanding 

and mitigation of the down stream effects! 



What Happens After Hemorrhage Control?  

Although ischemia is unavoidable during REBOA, reperfusion injury may represent a 

modifiable phase of total organ injury!
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Why Focus on Bowel?  

• Cardiac and renal IRI have been extensively studied

• Bowel is highly susceptible to IRI 

• Critical Barrier Organ 

Ischemia – Reperfusion

Intestinal Barrier Injury

Gut Derived Inflammatory 

Response 

Systemic Inflammation and 

Multi-Organ Dysfunction

Objective: Develop a reproducible, survivable prolonged Zone 

I pREBOA model that generates clinically relevant intestinal 

ischemia-reperfusion injury and serves as a platform for 

evaluating reperfusion-directed therapies.
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Methods

6-hr pREBOA

• 40% EBV hemorrhage

• dSBP 20–30 mm Hg

• n=8

4-hr pREBOA

• 25% EBV hemorrhage

• dSBP 30–40 mm Hg

• n=6

Zone I pREBOA

(4 vs 6 hrs) Balloon Deflation
Critical Care Period

(standardized 6 hrs)

Controlled 

Hemorrhage and 

Shock Period  

(1 hr) 

 

→ Blood samples collected every hour

→ Intestinal samples collected at baseline, end of shock, and every 2 hours afterward 



Testing a Survivable Model  

6hr pREBOA /40% EBV / 20-30mm Hg dSBP

• 3/8 survived

• 2 deaths during occlusion 

• 3 deaths during critical care period/reperfusion

4hr pREBOA /25% EBV / 30-40mm Hg dSBP

• 6/6 survived 

Logrank p = 0.02 

 



Distinct Systemic Injury During Ischemia and Reperfusion 

* = Difference from Baseline 
** = Difference from End of Occlusion to End of Experiment 



Reperfusion Alters Intestinal Molecular Response 

IFNL-1 IL-10 IL-6 HIF1⍺

p=0.04 p=0.008 p=0.05 p=0.17 

Cytokines/Inflammatory Markers Hypoxia



Intestinal Barrier Disruption Progresses Following Reperfusion

SDC-1 I-FABP 

p=0.03 p=<0.01 



Structural Intestinal Injury Progresses During Reperfusion 

Villi Length Park/Chiu Scores

p=<0.01 p=<0.01



Reperfusion Defines a Potential Therapeutic Window
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Hypothesized Trajectory 

with Targeted Therapeutics

Metabolic and Hypoxic Stress

↑ Lactate 

↑ Creatinine

↑ Potassium 

↑ Cytokines

↑ HIF1⍺

Cellular Injury 

↑ LDH/CK 

↓ Cytokine Transcription

↑ SDC-1 

↑ IFABP 

  

Intestinal Injury

↓ Villi Length

↑ Park/Chiu

Controlled 

Reperfusion



Conclusion

A refined 4 hour, 25 % EBV, 30-40 mm Hg targeted dSBP provides a reproducible 

and survivable platform for pREBOA-associated IRI therapeutic testing

→ Intestinal barrier dysfunction and mucosal injury progress following reperfusion

→ This distinct pattern will enable controlled testing of reperfusion targeted therapeutics
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THANK YOU! 

Questions?
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