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BACKGROUND



Clemens, et al. Reciprocal Risk of Acute Kidney Injury and Acute Respiratory Distress Syndrome in 
Critically Ill Burn Patients; Crit Care Med, 2016.



HMGB1

Immune activator Pyrotosis Apoptosis Necrosis Autophagy



Possibility of DAMPs research for Multi Organ failure After

traumatic injury such as Smoke inhalation

ARDS, MV, Traumatic injury

Surge DAMPs from local organ
tissue ( example of HMGB 1)

Before injury 24 hrs 48 hrs

Blood  stream



OBJECTIVE

❖ Develop a combat-relevant animal model of thoracic trauma

with superimposed hemorrhagic shock, subsequent

thoracotomy and unilateral hilar clamping.

❖ We investigated expression of HMGB1 and plasma free

hemoglobin (pfHb) in a combat-relevant polytrauma model

consisting of pulmonary contusion (PC), hemorrhage, and

resuscitation.

❖ We hypothesized that PC causes an increase in HMGB1 and

pfHb concentration after injury.



Modified captive bolt stunners.

(Model MKL, Karl Schermer, Packers 
Engineering, Omaha, NE)  

Site of pulmonary contusion. 

Modified captive bolt stunner and charges 
(mild , moderate , severe ). 

Plates’ sizes
(70mm, 100mm, 80x100mm)

• 10 female Yorkshire swine (52.6 ± 2 kg)

• Induction Isoflurane (0.5-5% in 100% O2)

• Foley catheter placement 

• Vascular access: jugular veins, carotid artery, 

femoral vein and femoral artery
• TIVA: fentanyl, ketamine, midazolam and Propofol

• Continuous vital signs monitoring (Monitor 
Dräger Infinity M450 & C700, Draeger, Inc., USA)

• Tracheostomy (cuffed tube 8 mm ID)

MATERIALS AND METHODS



Combat-Relevant Model of Thoracic Trauma, Hemorrhage and Hilum Clamp

Baseline

Chest contusion (unilateral)

~12 ml/kg blood loss over 12 
min, with target MAP < 40

Thoracotomy

Chest tube placement

Hilum clamp

Fluid resuscitation

Blood transfusion

ICU care and observation
up to 24 hrs after injury

MATERIALS AND METHODS

Baseline (BL)

Post injury (PI)

Post shock (PS)

Post transfusion (PT)

PI 3, 6,12, 18, 24h



• Systemic HMGB1 concentration was measured in blood plasma using ELISA

with standard HMGB1 kits.

• Plasma free Hb concentration was measured by 540nm wave length by

Spectra Max i3 (Molecular Device, CA, USA) and transfer to mg/dL.

• Total plasma protein concentration was measured by Pierce™ BCA Protein

Assay Kit protocol.

• Post mortem samples were fixed and analyzed for:

- Injury severity diffused alveolar damage (DAD) scoring: Interstitial fibrosis

(0-4), Alveolar space (0-4), Protein aggregate (0-4), Total tissue fibrosis

(%), cumulative DAD score

- Local expression of HMGB1/TLR4 in lung was evaluated using standard

immunohistochemistry methods with antibodies to HMGB1, TLR4

(abcam, Cambridge, United Kingdom)

• One way ANOVA test and Kruskal-Wallis test with a Dunnett adjustment were 

used for statistical validation. Data represented as means ± SEM  VS. Basline

(*). significance when p<0.05

MATERIALS AND METHODS



RESULTS

Data presented as means ± SEM, statistics by Kruskal-Wallis test with a Dunnett adjustment, p-value < 0.05(*)



Figure 1. (A) Dramatic change systemic HMGB1 in unilateral  pulmonary contusion (n=10, 

Data represented as means ± SEM  VS. Basline (*). significance when p<0.05.

Pre-publication



Pre-publication

Figure 2. (B) Dramatic change total plasma protein concentration (TPP) and (C) plasma free

hemoglobin (pfHb) in unilateral pulmonary contusion (n=10, Data represented as means ±
SEM VS. Basline (*). significance when p<0.05.



RESULTS

Microscopic examination:  
- Dilated capillaries, dilated veins
- Transudate in the alveolar lumen
- Copious amount of RBCs in alveoli in some areas
- Signs of alveolar injury

Gross pathology for pulmonary congestion and tissue edema

Macro-exam:
- Heavy wet lungs
- Congested lower lobes, hematomas
- Copious serosanguinous fluid or blood 

on sectioning

Frontal and dorsal appearance of lungs after hilum 
clamping from another 24 hour survivor.
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Localization of HMGB1 and TLR 4 in unilateral  pulmonary contusion 

RESULTS

X100 X200

HMGB1

TLR4

CC

HMGB1 – Endothelial layer of blood vessel, alveolar cells
TLR4 – Smooth muscle cells, alveolar cells. 



RESULTS

❑ Mortality was 38% at 24 hr with mean survival time of 16.5± 3.6 hr

❑ HMGB1 concentration increased above BL levels (7.7 ± 2.4 ng/mL) at

PS (14.8 ± 3.9 ng/mL, p < 0.05), 3 h PI (43.0 ± 29.4 ng/mL, p < 0.05),

and 6 h PI (9.2 ± 3.1 ng/mL, p < 0.05)

❑ TPP concentration decreased at all timepoints following BL (6.3 ± 0.3

g/dL) at PS (5.6 ± 0.3), 3 h (5.3 ± 0.4), 6 h (4.9 ± 0.2), 12 h (4.9 ± 0.2),

and 24 h (4.4 ± 0.2 mg/dL)

❑ pfHb concentration did not change.

❑ Tissue specific HMGB1 and TLR 4 was observed in the area of lung

alveolar and pulmonary blood vessels.



RESULTS

Conclusion: PC led to a transient increase in HMGB1 levels and

a sustained decrease in TPP. We conjecture that bedside

assessment of DAMPs confirms injury and may provide a useful

monitoring capability at point of care.
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