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The full connected system	

The whole system with the AndroidTM 
interface that allows connectivity too 

(c)	S.Carrara	 2 



Remote Patients’ monitoring  
from Smartwatches 
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One	Interface	for	Remote	Monitoring	
of	Pa2ents	in	Intensive	Care	Units	

The whole system with the AndroidTM 
interface that allows connectivity too 
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Propofol : 
Multiexponential Pharmacokinetics 

Johnson	KB	&	al.	Influence	of	Hemorrhagic	Shock	Followed	by	Crystalloid	
ResuscitaDon	on	Propofol.	Anesthesiology	2004;101:647-59	

750	μg/kg/min		
infused	for	10	min	
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Propofol PK-PD model 
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Courtesy,	Alena	Simalatsar	
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Feed-back: Bayesian adjustment 
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Monitoring during Anesthesia 

Anesthetized 
Patient 

TCI pump 

Continuous Monitoring System 

Anesthesiologist 



The new technology:  
Monitoring integrated in the Pump 
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10	(c)	S.Carrara	

F. Stradolini, et al., IEEE NGCAS 2017 

Monitoring	and	Injec2on	in	Surgery	

F. Stradolini, et al., IEEE ISCAS 2016 

A. Simalatsar, et al., IEEE EMBC 2016 

F. Stradolini, et al., IEEE Sensors Journal 16(2016) 3163-3170 
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Cyclic Voltammograms measured for propofol and 
paracetamol (APAP) with Pencil Graphite Electrodes 

Multiplex of Anaesthetics 



Monitoring	of	Anaesthe2cs	
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F. Stradolini, et al., IEEE Transactions of Biomedical Circuits and Systems12 (2018) 1056-1964  

Too much blood for any single measure 
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Monitoring	of	Anaesthe2cs	

(c)	S.Carrara	

F. Stradolini, et al., IEEE Transactions of Biomedical Circuits and Systems12 (2018) 1056-1964  

Sensing the Propofol and Paracetamol ALMOST continuously 
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Monitoring during Anesthesia 

Anesthetized 
Patient 

TCI pump 

Continuous Monitoring System 

Not		
Possible		
The	
Closed		
Loop!	



Bayesian TDM interpretation 
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Example: Tacrolimus, extended release formulation (Advagraf	®)	
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Monitoring during Anesthesia 

Anesthetized 
Patient 

TCI pump 

Continuous Monitoring System 

Anesthesiologist 
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Smart Pen for Anesthesiology  

Smart Portable Pen for Continuous 
Monitoring of Anaesthetics 

S. Aiassa, et al., IEEE Transactions of Biomedical Circuits and Systems, 15(2021) 294 - 302 
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Smart Pen for Anesthesiology  

The anesthesiologist follows up the infusion of anesthetics in 
the patient body through the portable pen 

S. Aiassa, et al., IEEE Transactions of Biomedical Circuits and Systems, 15(2021) 294 - 302 
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A new kind of electrodes 

Disposable pencil graphite needle-shaped sensor 
for detection of propofol in human serum 

S. Aiassa, et al., IEEE Transactions of Biomedical Circuits and Systems, 15(2021) 294 - 302 



Sensitivity is going down due to issues related to Fouling of Propofol onto the 
graphite electrode: SEM images and suggested mechanism of propofol 

electro-oxidation reaction 
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Back	to	issues	with	Fouling	!!!		



Solving	by	special	carbon	paste	

Variability in S for subsequent propofol calibrations on the same electrode 
respect to the average S of the electrode itself  

(Fouling StDev/Sensitivity) 
(c)	S.Carrara	

F.Stradolini, et al., Patent PCT Application, filing date May 30, 2017 
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Voltammogram from propofol detection with lower peak 
current after each new measurement  

The Fouling issue with the 
new electrodes 

S. Aiassa, et al., Biosensors and Bioelectronics 171 (2021) 112666 
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Solving Fouling with new electrodes 

Machine-learning based approach for 
continuous monitoring of propofol 

S. Aiassa, et al., Biosensors and Bioelectronics 171 (2021) 112666 
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Solving Fouling with new electrodes 

Solution by Machine-learning on 
continuous monitoring of propofol 

S. Aiassa, et al., Biosensors and Bioelectronics 171 (2021) 112666 
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New issue on new kind of electrodes 

Too weak for breaking skin and muscle 
to reach veins and arteries 
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Again, another kind of electrodes 

Enough strong for breaking skin and 
muscle to reach veins and arteries 

F. Barbeni et al., in preparation (2022) 



  Thanks to all contributed.... 
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…to the many moves  
on the V-cycle! 

How many times we loop again in just phases 3, 4, and 5 !!!  


