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INTRODUCTION

Mitigation strategies should be developed to treat hyperkalemia in combat casualties

• Hyperkalemia independently 

associated with acute kidney injury 

and mortality

• 131 trauma patients; 29% had hyperkalemia at 12 

hours after admission

• Prolonged torniquet use leads to toxic shock syndrome upon release of the torniquet 

• Also known as ischemic reperfusion injury



INTRODUCTION

• High lactate levels and duration of hyperlactemia are correlated with organ failure

• Average lactate 4.1 mmol/L [0.7–12.7] in subjects with organ failure

• Importance of initial resuscitation to prevent organ failure

• Fluid resuscitation requires lots of time, attention, materials

Current battlefield situation in Ukraine renders resuscitation unfeasible or severely delayed



BACKGROUND: Prototype Description

• CytoSorbents Corporation Damage Control Renal 

Replacement Therapy

• K+ontrol

• Resin adsorbing material that removes ions from fluidInvestigational 
device, not for 

human use

Investigational 
device, not for 

human use



• Development of Circulation Platform 

• Circuit consists of:

• Blood storage container (A)

• Tubing 

• Peristaltic pump (B) to create a 
primary blood circulation loop 

• Hemodialysis membrane (C)

• Flow Meters (F1-F3)

Created with Biorender.comHarea GT, Thrailkill M, Garcia I, et al. K(+)ontrol rapidly and efficiently reduces potassium in donor blood 

during ex vivo circulation. Perfusion. 2024;39(1):134-141.



• Development of Circulation Platform 

• Circuit consists of:

• Blood storage container (A)

• Tubing 

• Peristaltic pump (B) to create a 
primary blood circulation loop 

• Hemodialysis membrane (C)

• Flow Meters (F1-F3)

Created with Biorender.comHarea GT, Thrailkill M, Garcia I, et al. K(+)ontrol rapidly and efficiently reduces potassium in donor blood 

during ex vivo circulation. Perfusion. 2024;39(1):134-141.



• Development of Circulation Platform 

• Circuit consists of:

• Blood storage container (A)

• Tubing 

• Peristaltic pump (B) to create a 
primary blood circulation loop 

• Hemodialysis membrane (C)

• Flow Meters (F1-F3)

Created with Biorender.comHarea GT, Thrailkill M, Garcia I, et al. K(+)ontrol rapidly and efficiently reduces potassium in donor blood 

during ex vivo circulation. Perfusion. 2024;39(1):134-141.



RESULTS

• Control Group: K+ remained 

constant (~9 mmol/L)

• Treat group, observed K+ decrease 

to 4 mmol/L at 1 hour

• 50% decrease in K+ concentration

Harea GT, Thrailkill M, Garcia I, et al. K(+)ontrol rapidly and efficiently reduces potassium in donor blood 

during ex vivo circulation. Perfusion. 2024;39(1):134-141.

*  denotes a statistical difference between BL and the hourly 

timepoint for the Control group, 
** denotes a statistical difference between BL and the hourly 

timepoint for the Treatment group

†  denotes a statistical difference between groups at the 
timepoint.            SAS 9.3 p < 0.05 



• Heparin administered to 

prevent clotting 

• ACT maintained at 999 

seconds

Group
BL 1hr 2hr 3hr 4hr 5hr 6hr

Activated 
Clotting Time 

(secs)

Treat 968.3 ± 30.7  999 ± 0  940.8 ± 58.2  911 ± 80.8  999 ± 0  999 ± 0  904.5 ± 94.5  

Ctrl 999 ± 0  999 ± 0  999 ± 0  999 ± 0  973.8 ± 25.2  999 ± 0  999 ± 0  

pH

Treat 7.31 ± 0.09 7.17 ± 0.07 * 7.11 ± 0.07 * 7.09 ± 0.08 * 7.06 ± 0.07 * 7.05 ± 0.07 * 7.02 ± 0.07 *

Ctrl 7.31 ± 0.09  7.27 ± 0.08 ** 7.24 ± 0.07 ** 7.2 ± 0.07 ** 7.17 ± 0.06 ** 7.15 ± 0.06 ** 7.13 ± 0.06 **

pCO2 (mmHg)

Treat 44 ± 18.4  45.2 ± 17  48.5 ± 17.4 * 49.3 ± 17.1  50.8 ± 16.8 * 52.3 ± 16.5 * 55 ± 16.3 *

Ctrl 28.7 ± 4.8  30.9 ± 5.3  33.2 ± 5.7  36.2 ± 6.7  37.8 ± 6.4  40.5 ± 7.3  42.2 ± 7.7  

pO2 (mmHg)

Treat 132.5 ± 27.8  105.8 ± 19.9 * 90.2 ± 15.4 * 76.7 ± 11.6 * 67.8 ± 8.5 * 61 ± 6.5 * 57.7 ± 6.3 *

Ctrl 114.7 ± 29.8  92.8 ± 22 ** 77.2 ± 16.2 ** 67.7 ± 13.3 ** 61.8 ± 11.4 ** 56.5 ± 10.5 ** 53.5 ± 9.9 **

Potassium 
(mmol/L)

Treat 9.2 ± 0.7  4.3 ± 0.6 * 5.5 ± 0.6 * 4.1 ± 0.7 * 4.4 ± 0.6 * 4.6 ± 0.4 * 4.6 ± 0.4 *

Ctrl 9.3 ± 0.5  9.2 ± 0.5 † 9 ± 0.4 † 9.1 ± 0.3 † 9.2 ± 0.4 † 9.1 ± 0.4 † 9.1 ± 0.4 †

Plasma Free 
Hemoglobin 

(mg/dL)

Treat 80 ± 20.7  74 ± 21.8  73.3 ± 17.8  90 ± 15.1  95 ± 12.3 ** 100 ± 12.1 ** 110 ± 11.8 **

Ctrl 90 ± 40.2  74 ± 14  92.5 ± 29.5  110 ± 33.9 * 127.5 ± 37.7 * 145 ± 49.1 * 157.5 ± 57.9 *

*  denotes a statistical difference between BL 

and the hourly timepoint for the Treat group, 
** denotes a statistical difference between BL 

and the hourly timepoint for the Ctrl group

†  denotes a statistical difference between 
groups at the timepoint.            SAS 9.3 p < 0.05 



• pH decreased in both 

groups starting at hour 1

No gas exchange = 

Increase in pCO2 =

Increased acidity

*  denotes a statistical difference between BL 

and the hourly timepoint for the Treat group, 
** denotes a statistical difference between BL 

and the hourly timepoint for the Ctrl group

†  denotes a statistical difference between 
groups at the timepoint.            SAS 9.3 p < 0.05 

Group
BL 1hr 2hr 3hr 4hr 5hr 6hr

Activated 
Clotting Time 

(secs)

Treat 968.3 ± 30.7  999 ± 0  940.8 ± 58.2  911 ± 80.8  999 ± 0  999 ± 0  904.5 ± 94.5  

Ctrl 999 ± 0  999 ± 0  999 ± 0  999 ± 0  973.8 ± 25.2  999 ± 0  999 ± 0  

pH

Treat 7.31 ± 0.09 7.17 ± 0.07 * 7.11 ± 0.07 * 7.09 ± 0.08 * 7.06 ± 0.07 * 7.05 ± 0.07 * 7.02 ± 0.07 *

Ctrl 7.31 ± 0.09  7.27 ± 0.08 ** 7.24 ± 0.07 ** 7.2 ± 0.07 ** 7.17 ± 0.06 ** 7.15 ± 0.06 ** 7.13 ± 0.06 **

pCO2 (mmHg)

Treat 44 ± 18.4  45.2 ± 17  48.5 ± 17.4 * 49.3 ± 17.1  50.8 ± 16.8 * 52.3 ± 16.5 * 55 ± 16.3 *
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• pCO2 increased starting at 

hour 2 in treatment group

No gas exchange = 

Increase in pCO2 =

Increased acidity

*  denotes a statistical difference between BL 

and the hourly timepoint for the Treat group, 
** denotes a statistical difference between BL 

and the hourly timepoint for the Ctrl group

†  denotes a statistical difference between 
groups at the timepoint.            SAS 9.3 p < 0.05 

Group
BL 1hr 2hr 3hr 4hr 5hr 6hr

Activated 
Clotting Time 

(secs)

Treat 968.3 ± 30.7  999 ± 0  940.8 ± 58.2  911 ± 80.8  999 ± 0  999 ± 0  904.5 ± 94.5  

Ctrl 999 ± 0  999 ± 0  999 ± 0  999 ± 0  973.8 ± 25.2  999 ± 0  999 ± 0  

pH

Treat 7.31 ± 0.09 7.17 ± 0.07 * 7.11 ± 0.07 * 7.09 ± 0.08 * 7.06 ± 0.07 * 7.05 ± 0.07 * 7.02 ± 0.07 *

Ctrl 7.31 ± 0.09  7.27 ± 0.08 ** 7.24 ± 0.07 ** 7.2 ± 0.07 ** 7.17 ± 0.06 ** 7.15 ± 0.06 ** 7.13 ± 0.06 **

pCO2 (mmHg)

Treat 44 ± 18.4  45.2 ± 17  48.5 ± 17.4 * 49.3 ± 17.1  50.8 ± 16.8 * 52.3 ± 16.5 * 55 ± 16.3 *

Ctrl 28.7 ± 4.8  30.9 ± 5.3  33.2 ± 5.7  36.2 ± 6.7  37.8 ± 6.4  40.5 ± 7.3  42.2 ± 7.7  

pO2 (mmHg)

Treat 132.5 ± 27.8  105.8 ± 19.9 * 90.2 ± 15.4 * 76.7 ± 11.6 * 67.8 ± 8.5 * 61 ± 6.5 * 57.7 ± 6.3 *

Ctrl 114.7 ± 29.8  92.8 ± 22 ** 77.2 ± 16.2 ** 67.7 ± 13.3 ** 61.8 ± 11.4 ** 56.5 ± 10.5 ** 53.5 ± 9.9 **

Potassium 
(mmol/L)

Treat 9.2 ± 0.7  4.3 ± 0.6 * 5.5 ± 0.6 * 4.1 ± 0.7 * 4.4 ± 0.6 * 4.6 ± 0.4 * 4.6 ± 0.4 *

Ctrl 9.3 ± 0.5  9.2 ± 0.5 † 9 ± 0.4 † 9.1 ± 0.3 † 9.2 ± 0.4 † 9.1 ± 0.4 † 9.1 ± 0.4 †

Plasma Free 
Hemoglobin 

(mg/dL)

Treat 80 ± 20.7  74 ± 21.8  73.3 ± 17.8  90 ± 15.1  95 ± 12.3 ** 100 ± 12.1 ** 110 ± 11.8 **

Ctrl 90 ± 40.2  74 ± 14  92.5 ± 29.5  110 ± 33.9 * 127.5 ± 37.7 * 145 ± 49.1 * 157.5 ± 57.9 *



• pO2 decreased in both 

groups from hour 1 until 

the end of the study.

*  denotes a statistical difference between BL 

and the hourly timepoint for the Treat group, 
** denotes a statistical difference between BL 

and the hourly timepoint for the Ctrl group

†  denotes a statistical difference between 
groups at the timepoint.            SAS 9.3 p < 0.05 

Group
BL 1hr 2hr 3hr 4hr 5hr 6hr

Activated 
Clotting Time 

(secs)

Treat 968.3 ± 30.7  999 ± 0  940.8 ± 58.2  911 ± 80.8  999 ± 0  999 ± 0  904.5 ± 94.5  

Ctrl 999 ± 0  999 ± 0  999 ± 0  999 ± 0  973.8 ± 25.2  999 ± 0  999 ± 0  

pH

Treat 7.31 ± 0.09 7.17 ± 0.07 * 7.11 ± 0.07 * 7.09 ± 0.08 * 7.06 ± 0.07 * 7.05 ± 0.07 * 7.02 ± 0.07 *

Ctrl 7.31 ± 0.09  7.27 ± 0.08 ** 7.24 ± 0.07 ** 7.2 ± 0.07 ** 7.17 ± 0.06 ** 7.15 ± 0.06 ** 7.13 ± 0.06 **

pCO2 (mmHg)

Treat 44 ± 18.4  45.2 ± 17  48.5 ± 17.4 * 49.3 ± 17.1  50.8 ± 16.8 * 52.3 ± 16.5 * 55 ± 16.3 *

Ctrl 28.7 ± 4.8  30.9 ± 5.3  33.2 ± 5.7  36.2 ± 6.7  37.8 ± 6.4  40.5 ± 7.3  42.2 ± 7.7  

pO2 (mmHg)

Treat 132.5 ± 27.8  105.8 ± 19.9 * 90.2 ± 15.4 * 76.7 ± 11.6 * 67.8 ± 8.5 * 61 ± 6.5 * 57.7 ± 6.3 *

Ctrl 114.7 ± 29.8  92.8 ± 22 ** 77.2 ± 16.2 ** 67.7 ± 13.3 ** 61.8 ± 11.4 ** 56.5 ± 10.5 ** 53.5 ± 9.9 **

Potassium 
(mmol/L)

Treat 9.2 ± 0.7  4.3 ± 0.6 * 5.5 ± 0.6 * 4.1 ± 0.7 * 4.4 ± 0.6 * 4.6 ± 0.4 * 4.6 ± 0.4 *

Ctrl 9.3 ± 0.5  9.2 ± 0.5 † 9 ± 0.4 † 9.1 ± 0.3 † 9.2 ± 0.4 † 9.1 ± 0.4 † 9.1 ± 0.4 †

Plasma Free 
Hemoglobin 

(mg/dL)

Treat 80 ± 20.7  74 ± 21.8  73.3 ± 17.8  90 ± 15.1  95 ± 12.3 ** 100 ± 12.1 ** 110 ± 11.8 **

Ctrl 90 ± 40.2  74 ± 14  92.5 ± 29.5  110 ± 33.9 * 127.5 ± 37.7 * 145 ± 49.1 * 157.5 ± 57.9 *



• Plasma free hemoglobin

• Treatment group: 

• Increased at hour 4 

compared to BL

• 37% increase between 

BL and hour 6

• Control group:

• Increased at hour 3 

compared to BL

• 75% increase between 

BL and hour 6

• Blood donor variability 

*  denotes a statistical difference between BL and the hourly timepoint for the 
Treat group, 

** denotes a statistical difference between BL and the hourly timepoint for the 

Ctrl group
†  denotes a statistical difference between groups at the timepoint.            

SAS 9.3 p < 0.05 
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RESULTS

*  denotes a statistical difference between BL and the hourly timepoint for the Control group, 

** denotes a statistical difference between BL and the hourly timepoint for the Treatment group
†  denotes a statistical difference between groups at the timepoint.            SAS 9.3 p < 0.05 

• Control group: lactate remained 

above 8 mmol/L

• Treatment group: lactate decreased 

in 1 hour from 8.8 ± 0.2 to 3.0 ± 0.2 

mmol/L (p<0.0001)

• Over 50% decrease in lactate 

concentration in 1 hour



RESULTS

*  denotes a statistical difference between BL and the 

hourly timepoint for the Control group, 
** denotes a statistical difference between BL and the 

hourly timepoint for the Treatment group

†  denotes a statistical difference between groups at the 
timepoint.            SAS 9.3 p < 0.05 

Treatment group:

• Decrease in pH at the 

1H timepoint. 

• Increase in potassium 

and plasma free 

hemoglobin (PfHb) 

levels at the 2H 

timepoint 

• Indicates cell 

destruction



RESULTS

*  denotes a statistical difference between BL and the hourly timepoint for the Control group, 

** denotes a statistical difference between BL and the hourly timepoint for the Treatment group
†  denotes a statistical difference between groups at the timepoint.            SAS 9.3 p < 0.05 



CONCLUSIONS

• K+ontrol (Potassium sorbent) device effectively reduced K+ levels from ~9 mmol/L 

to ~4 mmol/L in one hour

• Lactate sorbent device reduced Lac levels by 50% or more (from ~9 mmol/L to ~3 

mmol/L), but led to reduced blood viability

• Device requires further development / testing 

• K+ontrol is a promising new adjunct for metabolic management of injured patients 

with ischemia reperfusion injury and multiorgan failure

• Due to casualty evacuation delays in Ukraine, torniquet times exceed 3 hours and 

often go beyond days

• This means that the use of devices that mitigate hyperkalemia and ischemia 

reperfusion injury is now a priority for the current and future battlefields
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