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Study Background: In modern medicine control technologies influence different clinical practices. Examples of their application are robotic surgery, automatic implantable defibrillators and artificial pancreas for the automatic control of insulin delivery. In fact, new discoveries in biology and the improved understanding of biological functions have contributed to the development of new sensors, actuators and mathematical models of the human body response to administration of drugs. This has allowed the introduction of control systems in drug administration, and the closed-loop control of anesthesia during surgery has been one of the most important investigated cases in this context. However, no real clinical application has yet been achieved despite a great number of studies have demonstrated the feasibility and safety of closed-loop control of anesthesia. Approval for routine clinical use is still lacking mainly due to safety issues and the absence of a simple and complete implementation of the automatic control of anesthesia. In actual clinical practice of total intravenous anesthesia (TIVA), the anesthesiologist regulates the infusions of different drugs to achieve a patient state suitable for the surgery; the hypnotic drug is usually propofol, while the analgesic one is remifentanil and the coadministration of these two drugs has a synergic effect on the depth of hypnosis (DoH) level. The regulation of their infusions relies on clinical experience (which considers the monitoring of vital signs) and recommended doses, on interpatient variability, and on the particular surgery procedure. The effect on the human body of the administration of these drugs are not directly measurable. However, recent advances in nervous system monitoring technology have yielded a new set of real time sensors to provide an estimate of the effect of the anesthetic drugs on the patients state. These indexes could be suitable feedback signals in a closed-loop control system for the automatic delivery of drugs to safely achieve and maintain a desired clinical effect on the patient. 
Primary and Secondary Study Hypothesis: The aim of this project is the development (feasebility and safety) of a closed-loop control system for the automatic regulation of anesthetic drugs on patients undergoing general anesthesia using nervous system monitoring technology as feedback signal. Secondary study hypothesis: better performance of closed-loop control system with respect to the manual clinical practice; in particular, the evaluation of the performance considers the clinical point of view, by analyzing the obtained level of anesthesia, clinical timing, drugs infusions and hemodynamic parameters of the patient with both practices, and also the efficacy of the system from an engineering point of view. 

Methods Overview:
1. Subjects: Surgical patients.
2. Setting: Operating theatre.
3. Procedures: Total intravenous anesthesia with propofol and remifentanil during surgical procedures requiring general anesthesia.
4. Endpoints: First step endpoint is real time data collection mandatory for development of a control algorithm and graphic user interface (GUI) clearly understandable by the anesthesiologists, who should easily use the automatic system, monitor the behaviour of the controller and of the vital signals of the patient and easily perform emergency actions (in silico study phase). Second step endpoint is application of closed-loop control system to test feasebility, safety and clinical performance under the anesthesiologist supervision of the novel control algorithm and GUI. 
5. Data analysis: Real time data collection of patient’s vital signs (blood pressure, heart rate, oxygen saturation, etc…) DoH data, drug infusions, induction time, awakening time, post-operative evalutation (Aldrate score, pain score, post operative nausea and vomiting score). During the second part of the study (control algorithm application using graphic user interface) data collection is the same as above. Data analysis is based on comparison between manual control (patients enrolled in the first part of the study) and application of closed-loop (second part of the study) considering: demographic data, induction time, overshoot, undershoot, awakening time, window time during maintenance phase (e.g. PSI between 25 and 50, BIS between 40-60), blood pressure, heart rate, post-operative performance, performance parameters like MDPE, MDAPE and WOBBLE.
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