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Digital Health: Telehealth, AI/Machine Learning, Robotics, Decision support systems, Wearables, 
Remote Patient Monitoring

Technology revolution and Consumerism 

Impact on Anesthesia, Surgery, Healthcare



Increasing Consumerism
Patient choice
Just in time and when I need it 



What is RPM?
In its simplest form, connected health electronic tools to record personal health and 
medical data in one location that is reviewed by a provider at a different location.

- Different from TeleHealth and Chronic Care Management (platform and patient Eligibility) 



Sensors and 
Systems in RPM



Cloud/5G and AI 
enabled miniaturized 
VR/AR smart glasses

CPS: Wearable Sensors

Automated Continuous Cardiac Diagnostics

Ejection 

Fraction

Cardiac 

Output

Stroke 

Volume

Pulmonary

Artery 

Pressure

Pulmonary

Capillary

Wedge Pressure

Heart sound + ECG signals

Machine learning algorithms

Triple Variable Index (TVI)Near future in Digital Tech: AI-Embedded Sensors for Advanced Monitoring and 
Care Delivery Improvement 

Cell phone enabled Blood Pressure for 
Remote and Ambulatory MonitoringAI-embedded Wearable Biosensors for 

Hemodynamic and Cardiac Diagnostics

IEEE EMBS Proceedings. 2020 Jul:4067-4070

Gastric Alimetry for GI 
disorders AI-enabled Voice Biomarker RPM 

for Mental Health







Telehealth in 2020: Survey Data Show Widespread Use



RPM used for both Chronic and Acute conditions that benefit from 
physiologic monitoring

COVID 19

Other acute conditions

•Acute Heart failure

•infection

•Others

Post-ICU

Post-Surgical/Periop

38% report reduced admissions
25% cited improved patient satisfaction 
25% reported cost reductions.

https://klasresearch.com//962



Patient Timely 
Diagnosis and 

outcomes; 
Satisfaction

Provider 
Satisfaction and 

Engagement

Hospital Capacity 
and Staffing

Interest from 
Payors, Costs and 

Outcomes

Reasons for RPM Success



Significant Payor Interest in Promoting RPM

United Healthcare Launches Maternal Remote Patient Monitoring Program in Tennessee

• Improve Quality Measures (i.e. HEDIS)
• Reduce the Cost of Maternity Care
• Avoid Complications for Mom and Baby
• Drive Better Compliance to Prenatal and Postpartum Care
• Target Social Determinants of Health

https://mhealthintelligence.com/



CMS Acute Care Hospital at Home Model (2020)

Hospital-level care at home with continuous and passive monitoring 
designed for high-acuity patients. Response to emergencies.

Patients stay connected to their care teams with seamlessly 
on-demand call/ video and messaging.

Tracking patient safety metrics 
Alarms and an intuitive dashboards 
integrated with EHR.

https://qualitynet.cms.gov/acute-hospital-care-at-home

Deliver in-home services, 
as needed

https://www.currenthealth.com

Patients admitted to the program from emergency 
departments and inpatient hospital beds 



Connected 
Care

In Home
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Care
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Care
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UPMC Innovative Homecare Solutions (UIHS) (501-3C) 



Connected Care, AIC, In-Home Acute Care
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7-day ED Return -3.67% 0.000 -4.40% -2.95%

30-day ED Return -10.19% 0.000 -12.56% -7.81%

90-day ED Return -10.52% 0.009 -18.37% -2.67%

7-day IP Readmission -3.57% 0.001 -5.70% -1.44%

30-day IP Readmission -7.03% 0.000 -10.65% -3.41%

90-day IP Readmission -10.63% 0.001 -17.11% -4.15%

Average 

Treatme
P-value 95% CIOutcome

Ernecoff, N. C., et al. Journal of the American Medical Directors Association 2021.

Heart Failure 

COPD 

COVID-19 

Hospital Discharges 

Advanced Illness Care 

Post-Partum Hypertension 



Effect of Remote Monitoring on Discharge to Home, Return to Activity, 
and Rehospitalization After Hip and Knee Arthroplasty

A Randomized Clinical Trial

JAMA Netw Open. 2020



Can Remote Patient Monitoring Improve Post-Surgical Care and Recovery?

Post-discharge after surgery Virtual Care with Remote Automated Monitoring-1 (PVC-RAM-1) technology versus standard care: 
randomised controlled trial. BMJ 2021

8 hospitals in Canada
Non-elective surgery
Discharge 24 hrs



Anesth Analg 2021;133:933–9 

BMJ Open 2020;10:e040453 

Oxygen saturation, respiratory rate, heart 
rate, body temperature and blood pressure

Remote Patient Monitoring and Decision 
Support in the Hospital



Decision Support Engine

Monitoring and Surveillance Clinical Decision Support Systems: 

AW Multifunctional Monitor

AIMS

H & P

Monitors
LABS



AI and Computer Vision Monitoring (and Guiding) 
Anesthesia and Surgery Performance

Room Context 
Microphones and 

Camera

Patient 
Intracorporeal Data

Captures, de-
identifies, labels 
organizes and 

analyzes data to 
guide performance

OR Devices Data

Patient EMR Data

Teamwork, Quality, Compliance, Safety, Training, Efficiency

Surgical Safety Technologies
OR Black Box

https://www.surgicalsafety.com

Contextual Analytics

Safety Compliance



Challenges and Limitations to Overcome for RPM

Accuracy

Privacy and Security

Oversight

Accessibility

Cost

Acceptability

Technological/ Form Factor

Lack of Standards

Scientific peer-reviewed evidence for safety and 

efficacy in all clinical settings NOT established

9/14/2022

For Anesthesiology and its practices 
(Preoperative, Post-operative, Pain, post-
ICU, others): Challenge to adapt to 
shifting healthcare landscape

Need for Evidence generation, Adoption, 
Training,  in current and future clinical 
practice models



Not yet, but maybe soon
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Thank You


