
• We screened 1742 urine proteins identified by mass spectrometry 2.5h after severe muscle injury.
• The ratio of full length to soluble ACE2 in the urine (urFACE2) differentiated injured from non-injured animals.
• urFACE2S strongly predicted progression of crush injury and the lethal complication of crush, hyperkalemia
• urFACE2S may be a practical, early biomarker for crush syndrome requiring advanced treatment.
• The critical next step is identifying human cohorts and performing real-world validation.
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Modeled Crush Syndrome• Muscle crush injury and extreme exercise cause acute kidney 
injury (AKI) through the same muscle protein-driven mechanism.

• AKI due to crush, “crush syndrome” causes hyperkalemia and 
death and is common in combat-injured warfighters and 
civilians.1

• Exertional rhabdomyolysis limits warfighter effectiveness, 
requires medical resources, and impairs return-to-duty.2

• Our group has repurposed cilastatin sodium for crush syndrome 
and rhabdomyolysis treatment.3, 4

• Clinical trial patient identification, triage, and return-to-duty  
decisions for novel therapy would be facilitated by a rapid 
biomarker which identified at-risk patients.

• Hypothesis: urine protein interrogation enables lead candidate 
identification for discrimination between low and high risk of 
severe crush syndrome and/or hyperkalemia. 
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BACKGROUND RESULTS

Experimental timeline

Linear regression against (left) progression of crush syndrome (slope of the 
plasma creatine kinase) and (right) the number of episodes of life-threatening 
hyperkalemia demonstrated strong relationships. These outcomes are clinically 
important, representing need for advanced care and lethal disease, respectively.

ACE2 displays a dual band. The upper band represents full-length 
ACE2, while the lower band indicates ACE2 cleaved at the membrane, 
”soluble ACE2”. The ratio of 120 kD/90kD bands (Urine Full ACE2 to 
Soluble, urFACE2) was different across groups.

METHODS
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• 16 female pigs under general anesthesia
• Urinary catheter & mechanical ventilation.
• 2 explosive-driven impacts to each thigh 

muscle followed by treatment or vehicle.
• Comparison with no-impact group.
• Treatment published (reference 3).
• 48h protocolized critical care.
• 2.5h after impact urine → mass spec.
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CONCLUSIONS

Revalidation Mass Spectrometry

ACE2 peptides quantifications in the urine mass spectrometry are displayed with 
their sequence position relative to the site of ACE2 cleavage. Relative ratiometric
decrease, similar to that identified on immunoblot, is evident in the 
peptide/position data, validating the immunoblot observation.

48h24h0h

Thigh impacts

Drug/Vehicle PlasmaLyte-A started = 0h
(30min post-impact); 

12h

Scheduled draws (SD) were for these assays:
iStat Chem8+: Na +, K +, Cl-, CO2,ionized Ca+ , glucose, BUN, creatinine, hematocrit, hemoglobin
iStat CG4+: pH, lactate, pCO2, pO2, total CO2 HCO3, base excess
Additional plasma assays: PT, myoglobin, CK
Urine sample: myoglobin, creatinine, porphyrins
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Hyperkalemia protocol:
If any plasma K + >5.0:
Administer (IV)
1 gm calcium gluconate
10 units regular insulin
50g dextrose
Recheck plasma K + in 1 hr and 3 hr.

Hypotension protocol:
If sustained MAP<40 mmHg x 20 min:
Administer (IV):
10 mL/kg lactated ringers over 30 min

Abbreviations

SD: scheduled draw (phlebotomy)
Prep: preparations
IV: intravenous
Na +: sodium
K+: potassium
Cl-: chloride
CO2: Carbon dioxide
Ca+: Calcium
BUN: blood urea nitrogen
pCO2: Partial pressure of carbon dioxide
pO2: Partial pressure of oxygen 
HCO3: Bicarbonate

Crush syndrome model caused elevation of creatine kinase (CK), severe kidney damage at 48h, and life-
threatening hyperkalemia (treated by protocol when plasma K>5.0 mEQ/L). From Munhall et al, ref 3.


