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Technology revolution and Consumerism
Impact on Anesthesia, Surgery, Healthcare

Consumer
A . Digital
Goc ,8[e ) =' Microsoft \ven/mn Market
Are.. C
Wirelessly Connecting 9
Training "5
Speech enabing e Digital
Video linking tr Health
Analyzing
, Healthcare

2001 Time

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



Site of Care Shifts and Innovation Fuel Growth Trends Across Sites

Increasing Consumerism E
Patient choice IP to OP Procedure Shift Hospital

Just in time and when | need it

In 2029, 29% of all
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Patients with Show2Doc App
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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)
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Near future in Digital Tech: Al-Embedded Sensors for Advanced Monitoring and

Care Delivery Improvement

Al-embedded Wearable Biosensors for
Hemodynamic and Cardiac Diagnostics

Automated Continuous Cardiac Diagnostics

IEEE EMBS Proceedings. 2020 Jul:4067-4070

Heart sound + ECG signals
|
Machine learning algorithns
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Cloud/5G and Al
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Cell phone enabled Blood Pressure for
Remote and Ambulatory Monitoring

Al-enabled Voice Biomarker RPM
for Mental Health
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Wearables and Remote Patient Monitoring Market Map
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US Remote Patient Monitoring Users, 2020-2025
millions and % change

70.6

2020 2021 2022 2023 2024 2025

B Remote patient monitoring users [l % change

Mote: individuals of any age who use wired or wireless devices that remotely frack or collect
well-being or medical data from the user outside a traditional healthcare setting at least
ance par month, and exchange it via the intarnef with electronic health records accessed by a
medical professional or healthcare provider; includes wearable devices, home health devices,
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Source: Insider Intelligence, Aug 2021
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Telehealth in 2020: Survey Data Show Widespread Use

Exhibit 1. Percentage of physicians whose practices have the following modalities
and telehealth functions
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Anyuseoftelehealth =~ 281% ). 190%
Modalities used in the practice
Videoconferencing with patients 14.3% 70.3%
Videoconferencing with another HCP 11.6% 26.2%
,Nsi.;pr%,@,ng forward ofdata .. ..ococirccccid3O0iiicciivvivviiriicn13:1%....
_ Remote patient monitoring (RPM) ~ 104% |  199%
Phone calls for patient visits n/a ()

Function of telehealth in the practice

Second opinion from another HCP 6 9% 12.1%
W5 95/'))/9)/9))/»9}/9/3 )ﬂ&f’ 227 P w2
@nage pat ients wny/ﬁ r”aﬂft’:ﬂ’éfease gy gg 2%‘/ g
7
/ Prowde care to patients with acute n/a 50.4% g
T
Diagnose or treat patients 15.6% 58.0%
After hours care or night calls 9.9% 22.4%

Source: Author’s analysis of the AMA 2018 and 2020 Physician Practice Benchmark Surveys. Notes: !



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

CovID 19

Other acute conditions

Obesity Prediabetes Diabetes Hypertension
RPM | Weight Scale RPM | Weight Scale RPM | Blood Glucase RPM | Blood Pressure eAcute Heart fa”ure
einfection
m *Others
Heart Failure  Chronic Kidney Disease copPD Post-ICU

Post-Surgical/Periop

Outcomes Achieved through RPM oroznizstions with 2 live RPHM

program; respondents could report multiple outcomes (n=37)

Reduced health system utilization

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

- UPMC e

https://klasresearch.com//962 | o

Improved patient outcomes/
interventions offered

Patients more engaged in their health

Improved patient satisfaction

Financial profit

Too early to tell
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CONNECT.

Connect with patients
using today's
consumer and medical
devices.

Reasons for RPM Success

|

ENGAGE.

Engage with patients
using captivating and
intuitive programs.

-

EDUCATE.

Educate patients with
current, relevant and
informative content.

=)

GUIDE.

Guide patient behavior
with outcomes-based
clinical pathways.

O

MONITOR.

Monitor and notify on
patient biometrics,
activity, and progress
along prescribed
pathways.

(00))
INTERVENE.
Intervene with patients

using messaging, video
or phone.

Patient Timely
Diagnosis and
outcomes;
Satisfaction

Interest from
Payors, Costs and
Outcomes

Provider
Satisfaction and
Engagement

Hospital Capacity
and Staffing




Significant Payor Interest in Promoting RPM

United Healthcare Launches Maternal Remote Patient Monitoring Program in Tennessee

STEP 2 STEP 3 STEP 4

Enroll Monitor Educate Track

« 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)

Patients

admitted to the program from emergency

departments and inpatient hospital beds

Hospital-level ¢

29938276646

L1 Hypexia-

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

.| &/~ Transportation of patients

are at home with continuous and passive monitoring

designed for high-acuity patients. Response to emergencies.

+ Pharmacy

+ Infusion (IV push and IV Piggyback infusions)

J Respiratory care (oxygen delivery, nebulizer treatment, etc.)
+ Diagnostics (labs, radiology)

+ Monitoring with at least 2 sets of patient vitals daily
(must include heart rate, blood pressure, respiratory rate,
oxygen saturation, and temperature)

(ambulance, non-ambulance medical transport, other)

+ Food services
(including meal availability as needed by the patient)

f Durable medical equipment
(e.g., commode chair, walker, cane, hospital bed)

Deliver in-home services,
as needed

f Physical, occupational, and speech therapy
t| « Social work and care coordination

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

https://www.currenthealth.com



‘ UPMC Innovative Homecare Solutions (UIHS) (501-3C) ‘
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Connected Care, AIC, In-Home Acute Care

Patient provider/

PCP Referral

Typical Response
within 3 hours

Social

Arrival and Telemedicine

Next-day patient

e wEmmeen = Asggécr::ant Initial Treatments 032:;::3‘?:2{' Hospitalist Orders Hgaﬁ:mm(gn . check-in (phone)
AA @ govivifyhealthcom (<] In Home
Deployment QN e o 0 e A ISDoH Referral
UPMC Phone Call e Medication Admin Vidyo Telemedicine Lab draws Meal Boxes
6 @ L 4 m B 1-888-485-427 Vitals 37 Fll_jids 12 lead ECG transmission Leave behind meds DME Equipment
8 Ext "0 POC testing Resuscitation Bluetooth Stethoscope Leave behind DME

Welcome to Connected
Care for Heart Failure!

)
)
.
Additional meds 1
)

All In Home Urgent Care Plus Interventions are viewable in EPIC/Cerner
NHIEEREDINRERENTEREEROIEE | 0 0 0 T e e e N R Y S G AL e AT b e e
like a lot at times, We'e here (o help you,

PRCECL Outcome Average | , Jalue 95% CI
, D Treatme
: 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%

o 30-day IP Readmission | -7.03% 0.000 | -10.65% | -3.41%
Hospital Discharges —

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

Outcome “ontrol Prevalence, % (n — 371) AIC Prevalence, % {n — 110) Average Treatment Effect (AIC) " Value 95% (I

r Advanced lliness Care _I . Control Pr N Ict ! I’erce:::lglge l’tnm_sl Effect Py, !

30-day ED visit 73 146 15.1 004 49,253
90-day ED visit 173 373 218 =001 160,396
30-day hospitalization 170 8.2 114 =001* 17.7, 50
90-day hospitalization 367 309 93 12 211,24
Conversion to hospice 143 327 224 <001* 114,333
30-day mortality 0 27 14 16 05,33
90-day mortality 86 118 07 8 55,42

[
16 Ernecoff, N. C.,, et al. Journal of the American Medical Directors Assomorzt



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

POPULATION INTERVENTION FINDINGS
53 Men, 189 Women 242 Individuals randomized and analyzed No statistically significant difference in the rate of discharge to home
'T\ between the usual care and remote monitoring groups
% D | « « oTable 2. Hospitalization/Discharge and Use Data
W > Variable Intervention (n = 118) Control (n = 124)° Pvalue
Discharge to home, No. (%) [95% Cl] 67 (56.8) [47.9-65.7] 71 (57.3) [48.5-65.9] .95
Adults scheduled to undergo hip or knee 118 Remote mo
arthrcp?astyat|ntermediaterwskaftersurgery Activity mor]ituri Length of hOSpital stay, mean (SD)' d 2.5 (10) 25 (13) .96
of needing postdischarge facility care text messaging a
Median age. 66 y (IQR.58-73y) Bt tecn.Time at home, median (IQR), d® 42 (34-43) 42 (33-43) .64
Rehospitalization rate, No./total No. (%) [95% Cl] 4/118 (3.4) [0.1-6.7] 15/123(12.2) [6.4-18.0] .01
SETTINGS / LOCATIONS PRIMARY O — .
percentof patien RENOSPitalizations, total No. (%) [95% Cl] 5(4.2)[0.6-7.9] 16 (13.0)[7.1-19.0] .02
ﬁ 2Urban hospitalsinan careacility)
3 Ay {8
2] academichealth system Observation 1(0.8) 1(0.8)
Inpatient® 4(3.4) 13 (10.5)
A Nt Open 2090302} €2078378 410100 pmanessarionenst  Patients with 2 rehospitalizations 1(0.8) 1(0.8)
Admissions from ED 2(1.7) 9(7.3)
Joint-related rehospitalizations 1(0.8) 7 (5.6)

JAMA Netw Open. 2020



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

(§ 905 |
Randomised
A
{ )
(§ 451) (j 454

Allocated to virtual care and RAM Allocated to standard care

Table 2 | Outcomes within 31 days of hospital discharge by group allocation. Values are numbers (percentages) unless
stated otherwise

Virtual care and Standard care Relative risk* Absolute difference,
Outcome RAM (n=451) (n=454) (95% ClI) % (95% CI)t P value
Detection of drug error 134 (29.7) 25 (5.5) 5.29 (3.521t07.93) 24.2 (19.5t0 28.9)  <0.001
Correction of drug error 128 (28.4) 18 (4.0) 7.01 (4.361t0 11.52) 24.4(19.9t0 28.9)  <0.001
Pain after randomisation (days)1:
7 227/386 (58.8) 309/425(72.7) 0.81 (0.73 t0 0.90) 13.9 (7.4 to 20.4) <0.001
15 193/402 (48.0) 248/414 (59.9) 0.80(0.711t0 0.91) 11.9(5.1t0 18.7) <0.001
30 e b44[411 (35.0)  184/413 (44.6)  0.80(0.67100.94)  9.6(2910163) €0.008
Correction of drug error 128 (28.4) 18 (4.0) 7.01(4.36t011.52) 24.4(19.9t0 28.9)  «0.001
Pain after randomisation (days)1:
7 227/386 (58.8) 309/425(72.7) 0.81 (0.73 to 0.90) 13.9 (7.4t0 20.4) <0.001
15 193/402 (48.0) 248/414(59.9) 0.80(0.71t00.91) 11.9 (5.1t0 18.7) <0.001
30 144411 (35.0) 184/413 (44.6) 0.80 (0.67 to 0.94) 9.6 (2.9t0 16.3) <0.008

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



gmﬁﬂ;mﬂggﬂf:&ﬁ A Remote Surveillance Platform to Monitor General
Care Ward Surgical Patients for Acute Physiologic

in 25 high-risk adult surgical patients Deterioration Anesth Analg 2021:133:933-9

Eoroneied seosis heart iR Kyan C. Safavi, MD, MBA,* Hao Deng, PhD,*} William Driscoll, MA,* Milcho Nikolov, MA,*

d irat te (RR] t: . . ; .
:: EJS,E:Z:;;{ e il meesisaisais Kalpan Tolia, MA,* and Jeanine P. Wiener-Kronish, MD*

= 2 types of wearable patches
= Bed-based system
= Patient-worn monitor

Observational method comparison study

3,934 patients monitored

ote PgtigfitiMoiitiiig and Decisior

Sensor

atch . 3,8 ¥ 4, 5.
:atch t; :::;: :.:; 4(.)48(-(‘:4‘,‘153.63)) Sl‘rlllltlS nal w, amblelﬁ sor l]HatlentS L] I
S SN R i— telin ospita

poOs anaestheSIa care unit
o Wireless data loss varied from 6% to 27% BMJ Open 2020;10:e040453 I 1 ]

16,635 laboratory results analyzed

151 alerts generated

N for HR and 13% to 34% for RR. Morgan Le Guen,' Pierre Squara © ,? Sabrina Ma," Shérifa Adjavon,’
Bernard Trillat,® Messaouda Merzoug,” Philippe Aegerter,®® Marc Fischler

1 Performance Clinical Actionability Alarm Fatigue

All sensors were highly accurate for HR. f‘_\ ‘_‘_\ ’_|_|

True False Change No

Patch #2's RR accuracy was outside acceptable limits;

Alerts | Alerts |
.. Positi Positivi in C; Ch
the other monitors were reasonably accurate. fre e "o me week shift
SR 5 5 (94.7%) (5.3%) (88.1%) (1 ow 26 o4
Trend monitoring with wearable sensors could aid ]
in timely detection of deterioration. [ T I 1
Breteler MJM, et al. ANEsTHESIOLOGY. March 2020. Change in Diagnostic Discharge Change in
Management Test Ordered Planning Level of Care
113 (67.7%) 26(15.6%) 20(12.0%) B(4.8%)

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



Monitoring and Surveillance Clinical Decision Support Systems:
AW Multifunctional Monitor

® D) @ -

() marginal
Patient Candice . Abnormal
105762057 @ =t rise
Age: 66

Wweight (kg): 77.0

U-OR 03

ASA 3

Free Flap - Tumor ...
Case Duration: 1:30
—_—
i agress 815

40 mmHg

1/0 Balance
Infectious Diseases

PreQp Pain Score: 1

HR=80 bpm [ekg]
[8s]

Baseline MAP: |93~
=l Glu Check monitors and medical
20 record before making medical
. decisions.
14
_ﬂ CAUTION: Limited by federal
law to investigational use only.

4 40 N
Creat=1.30 2d] <h]  [54m] [2d] Glucose Mo Urine
[shl Instructions | | Emergency Refs

Decision Support Engine E— | —

H&P e



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

Cholecystectomy

e Surgical Safety Technologies
O OR BlaCk Box

-

Contextual Analytics

OR BLACK BOX _
INSIGHTS

Surgical Safety Checklist Overview
Compliance Score Engagement Score Quality Score
= (7z0) (52) (58)
! Top 3

bl >liance, Safety, Training, Efficiency

Safety Compliance




UPMC Enterprises

Challenges and Limitations to Overcome for RPM

Accuracy

Privacy and Security For Anesthesiology and its practices

Oversight (Preoperative, Post-operative, Pain, post-
- ICU, others): Challenge to adapt to

Accessibility shifting healthcare landscape

Cost

Need for Evidence generation, Adoption,
Training, in current and future clinical
Technological/ Form Factor practice models

Lack of Standards

Acceptability

Scientific peer-reviewed evidence for safety and
efficacy in all clinical settings NOT established

9/14/2022



Not yet, but maybe soon

“You can'’t list your iPhone as your primary-care physician.”

23

UPMC Enterprises
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