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CONCLUSION

● Traditional monitoring methods of shunting 
systems cannot be used for the PDMS duckbill 
valve.

● Functionality testing must be accurate, safe, 
and ideally cost-friendly.

● Doppler ultrasound sensors have well-
documented effectiveness in measuring blood 
flow.
○ Goal: implement an existing doppler sensor 

to assess functionality of new valve model. 

● Hydrocephalus       accumulation of CSF leads 
to increase in intracranial pressure.

● Shunting treatment        high failure rates.
○ Over 70% within 10 years.

● New solution       PDMS duckbill valve.
○ Developed by ASU Research Team. 

● CSF is non-particulate        unmeasurable via doppler sensor.
○ However, disturbances in SSS blood flow produces 

detectable changes in the doppler sensor’s output.
● Pressure sensor used as “flow sensor”: 
○ Allows correlation between flow change through PMDS 

valve and doppler data. 
● The “CSF” is pumped through the valve at varying rates, as a 

square wave:
○ Mimics a proposed real-world testing setup: (1) doctor 

instructs patient to lay on one side, allowing CSF 
pressure to build; (2) patient turns to the other side, 
allowing CSF to drain through the valve at a high enough 
rate high to be detectable via doppler ultrasound sensor.

● Rolling FFT and Spectrogram scripts created in Matlab:
○ Confirmed that detectable and correlatable frequency 

shifts occur in the doppler data when CSF is flowing 
through the valve.

● Filtered doppler & flow data to remove noise & increase 
clarity.

● Used a weighted average of the power at each frequency to 
determine the average frequency for each FFT slice.
○ Increase the method’s reliability & reduce errant peaks.

● Analyzed the data for range of CSF buildup pressures & SSS 
blood flow rates, confirming that the method is consistent 
and reliable.

Source: https://www.nature.com/articles/s41378-024-00829-8
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● Due to mechanical challenges in the test bench setup, many 
changes had to be made to obtain any usable data. 

● Different iterations of the procedures produced varying 
results, but ultimately led to clear and visible frequency 
variations corresponding to different “on” states of the 
duckbill valve. 

● Final results show that it is possible to assess the operation 
of the PDMS duckbill valve using doppler technology.  
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