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▪ Technology based treatment to enhance/suppress activity of the nervous
system for treatment of diseases

▪ It is the convergence of bio-medical engineering, biotechnology, neuro
computing, developing systems for neural interfaces



▪ Modulating the electrochemical nature of the central, peripheral, autonomous 
nervous systems 

▪ Inhibition, stimulation, modification, regulation, alteration of neuronal function & 
performance 

▪ Modulating the functionality of the nervous system reversibly by means of 
electrical, chemical, mechanical, optical, magnetic or other interventions 





Neuromodulation: Technology at the Neural Interface, Evoke study, Volume: 22, Issue: 3, Pages: 317-326, 



SCS:  

• 1.5 billion people suffer from chronic pain worldwide

• 100 million chronic pain sufferers in the US; 30 million from chronic back pain (US)

• Addresses opioid epidemic in US: 100 people die every day from opioid overdose

DBS - Parkinson’s disease: 10 million worldwide; 1.1 million (US)

• Essential tremor: 7-10 million (US)

• Dystonia: <300,000 (US)

VNS: epilepsy:  

• 50-65 million worldwide; 3.4 million (US)

• Drug-refractory epilepsy: 1 million (US)





SEGMENT VALUATIONS & GROWTH EXPECTATIONS





▪ Use of Anesthesia Providers in the Administration of Office-based Deep 
Sedation/General Anesthesia to the Pediatric Dental Patient, Latest Revision 2019, 
AAPD: American Academy of Pediatric Dentistry.

▪ Practice Guidelines for Moderate Procedural Sedation and Analgesia 2018:A 
Report by the American Society of Anesthesiologists Task Force, the American 
Association of Oral and Maxillofacial Surgeons, American College of Radiology, 
American Dental Association, American Society of Dentist Anesthesiologists, and 
Society of Interventional Radiology







▪ Screening GI Endoscopy

▪ Colonoscopy

▪ Transvenous pacing lead removal

▪ Catheter Ablation for arrhythmias

▪ Percutaneous mitral valve repair

▪ Laser disc surgery

▪ Minimally invasive spine surgery

▪ Full thickness skin grafts

▪ Neurosurgical procedures



▪ Individuals  administering ‘Conscious Sedation’ should be able to rescue 
patients who enter a state of Deep Sedation or General Anaesthesia. 

▪ Rescue of a patient from a deeper level of sedation than intended is by a 
practitioner proficient in airway management and advanced life support. 

▪ The practitioner corrects adverse physiologic consequences of the deeper-
than-intended sedation and returns the patient to the intended level of sedation. 



▪ In sum, anaesthesia-related mortality in patients without relevant systemic disease 
is low, at 0.4/100 000

▪ Increase in death rates was observed in patients with relevant comorbidities     
(ASA III: 27/100 000 and ASA IV: 55/100 000)

▪ Anaesthesia-related mortality was 0.69/100 000

Dtsch Arztebl Int. 2011 Jul; 108(27): 469–474, Review Article





PRONE POSITION FOR ERCP UNDER DEEP SEDATION WITHPROPOFOL: 
OUTCOMES AND RISK FACTORS FOR SEDATION-RELATED ADVERSE EVENTS 

OVER A 10-YR EXPERIENCE
G. Rossi∗, L. Fanti, M. Agostoni, M. Gemma, N. Pasculli, L. Beretta,P.A. TestoniOspedale San Raffaele, Milan, Italy

• 3913 patients underwent deep sedation 

• 28 patients were turned supine because of severe systemic complications 

• The occurrence of failed sedation was predicted by 3 variables - BMI, ASA score and 
length of the procedure

• Only one death occurred

• Conclusions: ERCP can be safely performed in prone position under deep sedation





A total of 528 consecutive patients undergoing ERCP.

▪ O2 desaturation to less than 85% (66 events),

▪ unplanned intubation (16 events), 

▪ procedure termination (1 event). 

▪ Post procedure endotracheal intubation (2 events)







▪ Patient cohort

▪ Polypharmacy

▪ Variable depth of anaesthesia

▪ Use of Target controlled infusions

▪ Sedation in prone position

▪ Monitoring of depth of anesthesia 

▪ Airway access and support 



▪ 60yr old male

▪ Height of 6’2

▪ Weight – 90kgs

▪ Had SCS trial which was uneventful 

▪ Sedation for SCS trial procedure with propofol and remifentanil over 55mins

▪ Presented for SCS implant 

▪ Post lead positioning loss of airway

▪ Procedure abandoned as drop in saturations to <80%

▪ Intubated and ventilated 

▪ Equipment removed – planned for further date



▪ 40 yr old lady

▪ Lean 50 kg

▪ Had SCS trial which was uneventful 

▪ Sedation for SCS trial procedure with propofol and remifentanil over 70mins

▪ Presented for SCS implant 

▪ Post lead positioning loss of airway

▪ Procedure abandoned as drop in saturations to <80%

▪ Intubated and ventilated 

▪ Equipment removed – planned for further date



• Desaturation occurred in 4 out of 30 patients allocated to the high‐flow nasal oxygen 

group, compared with 10 out of 30 in the standard oxygenation group

• Oxygen saturation after pre‐oxygenation and the lowest oxygen saturation during 

procedure were significantly higher in the high‐flow nasal oxygen group



▪ Higher nasopharyngeal pressures with HFNO (Park et al 2009) 

▪ Increase in positive end-expiratory pressure prevents alveolar collapse

▪ Improving ventilation-perfusion matching and PaO2 (Chikhani et al 2016)

▪ Increased end-expiratory lung volume and compliance (Mauri et al 2017) 

▪ Reduction in re-breathing and physiological dead space (Möller et al 2017) 







▪ Effective Pre-Assessment – STOP BANG, polypharmacy, etc.., 

▪ Use of adjuncts

▪ Clear management pathways for airway compromise

▪ Monitoring guidelines

▪ Sedation options : dexmedetomidine, opioid free analgesia

▪ HFNO delivery devices

▪ HOOPS




