
Development of a Rat Model of Microvascular Blood Flow Derangement After Polytrauma 

 

Alexander E. St. John MD1, Xu Wang MD1, Kristyn Ringgold PhD1, Nathan J. White MD1, Jonathan R. 
Lindner MD2, Susan A. Stern MD1, José A. López MD3 

 

1Department of Emergency Medicine, University of Washington School of Medicine, Seattle, WA 

2Division of Cardiovascular Medicine, Department of Medicine, Oregon Health & Science University, 
Portland, OR 

3Bloodworks Research Institute, Seattle, WA 

 

Background. Severe trauma leads to deranged microvascular blood flow (MBF) in uninjured organs that 
is associated with organ dysfunction, coagulopathy, and death. This derangement is only partially 
corrected with resuscitation to normal hemodynamics, a phenomenon called “no reflow”. The 
mechanisms underlying this are not understood, but preliminary data suggest microvascular thrombosis. 
A small-animal model of this disease state would facilitate further study. Contrast-enhanced ultrasound 
(CEU) is a noninvasive, repeatable method of measuring MBF that has not yet been applied to trauma 
models. We hypothesized that by modulating aspects of a polytrauma protocol and CEU measurement, 
we could create a model of traumatic MBF derangement and associated coagulopathy that 
demonstrates the “no reflow” phenomenon. 

Methods. Twenty-four male Sprague-Dawley rats were anesthetized and ventilated via tracheostomy. 
The right carotid artery and internal jugular vein were cannulated for blood sampling, blood pressure 
measurement, and fluid delivery. Uninjured quadriceps muscle CEU measurements were taken at 
prespecified timepoints by continuous intravenous infusion of Definityä ultrasound contrast and 
destruction-replenishment quantification. Rats were subjected to a standardized injury of liver, small 
bowel, femur, and quadriceps muscle, followed by pressure-targeted catheter hemorrhage. Contrast 
dilution and infusion rate and shock severity and duration were modulated with a goal of causing and 
detecting decreases of 50% in MBF and 10% in ex vivo viscoelastic blood clot strength from baseline. 
Statistical comparisons were performed by Wilcoxon signed-rank test with significance at p<0.05. 

Results. Infusing a 1:10 dilution of contrast at 40 mL/min and hemorrhaging to a mean arterial pressure 
of 30-40 mmHg for 60 min in five rats led to a decrease in median MBF (from 10.8 to 2.0 AU, p=0.043) 
and viscoelastic clot strength (from 72 to 65, p=0.042). Resuscitation with shed blood and saline to near-
normal blood pressure only modestly improved MBF to 3.5 AU. 

Conclusion. We present a rat model of microvascular derangement after polytrauma that produces 
decreased MBF and coagulopathy and demonstrates “no reflow”, consistent with clinical observations. 
Future experiments should further define the model and test potential modulators of MBF after trauma. 


