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Our team aims to find a way to quantify capillary refill time for providers monitoring 
treatment response in septic shock patients in order to rapidly identify changes in 
patient condition and reduce cost associated with serial serum lactate testing.
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INTRODUCTION

METHODS

• 1.7 million people are hospitalized annually for sepsis in the United States. [1]
• Resuscitation strategy guided by peripheral perfusion (CRT) leads to better patient 

outcomes than lactate testing. [2]
• Manual CRT measurement is not accurate or reproducible.

RESULTS

CONCLUSIONS AND FUTURE WORK BIOETHICAL IMPLICATIONS
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Monitor Lasts 4.5 Hours on Battery Power

Figure 1: Manual CRT measurement demonstration. A) Apply pressure until blanching. B) 
Remove pressure. C) Count seconds until color restores. [3]
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Design Objectives Functional Objectives

• Accurately and easily measure CRT.
• Operate wirelessly and independently.
• Holistic, reusable, and compact design.
• Display CRT results and measurement 

history.

• Apply sufficient pressure to blanch nail bed 
without harm.

• Use light sensor to measure transmittance 
change from blanching to reperfusion.

• Digitize CRT process and measurements in real 
time using microcontroller and battery and store 
measurements.

• Provide accurate CRT measurements regardless 
of external factors.

Table 2: Device power requirements.

Table 1: Device objectives.

Label Force 
(g)

Solenoid 1 64.4

Solenoid 2 236.7

Force 
Required 

for 
Blanching

300-700

Solenoid Requires More Power to Blanch Fingers

Table 3: Solenoid FSR 
extrapolated force.

Figure 6:  Force vs Voltage curve for our Force 
Sensitive Resistor (FSR) to extrapolate solenoid 
forces.

• Functions on battery power for 4.5 hours.
• Software accurately identifies CRT.
• Housing fits variety of finger sizes and types.
• Monitor can distinguish between low and high peripheral perfusion.

Future Work:
• Reduce size and streamline appearance for usability.
• Test monitor with broader range of volunteers. 
• Compare CRT monitor measurements with physician manual CRT and 

lactate measurement. 

• Reduces cost of care associated 
with lactate testing.

• Provides consistent, real time 
peripheral perfusion 
assessment.

• More testing is needed to 
ensure accuracy for patients 
with different skin tones, finger 
sizes, and finger conditions.

We are grateful to Dr. Mohammad Abdulelah for his time and clinical 
guidance, and Dr. Ian White for his technical expertise and advice. 

Figure 4: Software workflow.

Figure 2: Device setup.
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Figure 3: Example CRT measurement (voltage over time).
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Figure 9: Prototype housing CAD models.

Figure 10: Current prototype. Figure 11: Looks-like prototype CAD.

Monitor Distinguishes Between Low and 
High Peripheral Perfusion

Volunteer RT Volunteer 15C

Figure 7: Volunteer CRT with Normal (RT) and Reduced 
(15C) Peripheral Perfusion, * indicates p = 0.004.

*

Software Correctly Identifies CRT

Figure 8: MATLAB app software demonstration.   
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Figure 12: CRT monitor systems map.
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