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Tele ICU
Now and the Future
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Disclosures

Funding — Current and Past

Research support from Deltex, LIDCO, Fresenius & B Braun, Merck for RCTS in colorectal & liver surgery within ERAS protocols
Loan equipment from LIDCO, Deltex, Niccomo, Cheetah, APC cardiovascular

Advisory Board: Edwards Lifesciences, Baxter, Merck, Deltex, Trevena, Phillips

RfPB Grant NIHR UK (TERSC Study)

Positions Held — Present and Past

ERAS Society Executive Committee & ERAS Guidelines Committee
President ERAS USA

Chair ERAS Society Education Committee

UK National Clinical Advisor for Enhanced Recovery

UK National Lead in ERAS for Upper Gl Surgery

UK Resuscitation Council ALS & ILS Editorial Board

European Resuscitation Council ALS & ILS Editorial Board

WHO Lifebox Committee
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Learning Objectives
Describe where we are with
TelelCU and its functionality

Summarize how a tele-ICU
platform creates high reliability
(and hence safety) across a

health system

e Discuss the Future application of
TelelCU to optimize care for all

patients across a Health System




Penn Medicine FY22 Facts & Figures

Penn Medicine

Penn Medicine — University of Pennsylvania Health System

Type: Academic | Location: Philadelphia, PA (Greater Philadelphia Region)

6 HOSPITALS 3,600 LICENSED BEDS 6,243 PHYSICIANS

6,991,218 OUTPATIENT VISITS 413,721 ED VISITS 135,122 ADULT ADMISSIONS

11.1 Billion Annual Operating Revenue
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What is PENN E-LERT®? R > —

 PENN E-LERT is Penn Medicine’s Virtual Remote
Monitoring Tele-ICU Program that helps support
bedside providers and aims to improve quality and —
consistency of critical care delivery.

 We are able to effectively monitor patients remotely,
24/7, 365 days a year, via a state-of-the-art audio/video
platform and an EPIC Integrated alert monitoring
system.

PENN E-LERT®




PENN E-LERT
STAFFING

One (1) eMD:
Overnight [1/300]

One (1) eAPP:
24/7 [1/300]

Four (4) eRNs:
24/7 [1/70]

One (1) eRT:
24/7 [1/300]

One (1) Telehealth

Coordinator:
24/7 [1/300]

PENN E-LERT LOCATIONS

PAH

PRINCETON RITTENHOUSE

PENN E-LERT is one of the largest telemedicine ICU programs in the nation with more than 450
connected cameras as fixed & mobile devices across the enterprise.
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Opportunity During COVID-19

In 2020 Penn Medicine’s Center for Connected Care Department partnered with EPIC
to create a customized, first-in-class, EPIC integrated, alert monitoring system for its

TelelCU program, PENN E-LERT?®.
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PENN E-LERT®

Penn Medicine




Fixed Cameras
Allow Situational
Awareness

* High Resolution
* High Power Zoom

* 2 way vision — providers can see each
other

* 2 way audio

* Ability to call other providers or

participants in on their mobile devise for
consults

* All on the call have visual and audio
situational awareness

Penn Medicine



Penn LiveLink enables multiple Penn clinicians to access a secure audio-video clinical platform via
your smart device. LiveLink uses WebRTC technology and opens in your smart device’s web browser,
meaning you not need to download an application to utilize the service. Here’s how it works:

@ Initiating LiveLink:

* Requesting clinician presses PENN
E-LERT® button, located at the
footwall of the patient’s room or
on a mobile cart in patient’s room.

* Alternatively, requesting clinician
can call PENN E-LERT at
(215) 893-7310 and provide the
patient level details.

* Requesting clinician provides
PENN E-LERT their phone number
or email address to receive link.

@ Receiving LiveLink:

* Requesting clinician receives text
message or email that includes:
© Hospital
© Unit
© Room Endpoint
© Penn E-LERT Clinican Name
< limk

Immediate 2-way situational Awareness with camera and audio anywhere in the world

@ Opening LivelLink:

® Requesting clinician clicks on link
to join the patient room virtually.

* When prompted, requesting
clinician must allow access to use
their device’s microphone and
camera.

® Requesting clinician is now in the
patient room virtually.

* PENN E-LERT clinician must remain
in the patient room virtually,
however can minimize themselves
if clinically appropriate.



+1(201) 992-8562

You've been invited to join a
Caregility call for HUP Main 3
Donner - Unit MICU - Room
HUPMain.3Donner.MICU.301
by Alex Graef from
Telemedicine.

Please click on the link below
to join.

38@api_invite.com

Report Junk

Patient
— Room
Details

— Link

Figure 1. Initial text with room details

and link to virtual pa

tient room

Disclaimers:

"healthcare.univago.com”

Would Like to Access the Micro P hone
Microphone and Camera — 3 nd Ca mera

Cancel Allow Access Prompt

AA healthcare.univago.com

Figure 2. Prompt for microphone
and camera access; Select “Allow”

» LivelLink is only available on units with PENN E-LERT service.
» LivelLink invitation expires 30 minutes after the link is sent to a mobile device.
» PENN E-LERT controls the camera’s pan, tilt and zoom features.

Your
— Self
View

|__Patient
Room

Your
Audio &
Video

Controls

AA & healthcare.univago.com ¢

d m

Figure 3. Requesting clinican
view in patient room virtually




PENN E-LERT As A Reactive Service

TELEMEDICINE ICU — IMPROVING QUALITY & OUTCOMES

Immediate Threat to Life Trending Threat to Life

* Cardiac Dysrhythmia * Hemodynamic Changes
* Hemodynamic Changes * Respiratory Issues
* Respiratory Issues * \Ventilator Issues

Ventilator Issues * Sepsis Alerts

P E N N E - L E R I ® Neurological Deterioration * Electrolyte Disturbance
* ARDS Alerts

@ Penn Medicine

e-Consult Connectivity
Procedure Support
Documentation Support

Immediate Bedside Support — Video & Voice
Clinical Decision Support
Resource Activation and Escalation

80% of Opportunity

Evenings, Nights, Weekends

q . c Post Event - O ing Monitoring & S t
Lower Bedside Staffing Ratios S EEE TS S Ree

Freeing up Bedside Providers

Video Review for Downstream
Ql & Education (select units)

Penn Medicine



PENN E-LERT As A Proactive Service

TELEMEDICINE ICU — IMPROVING QUALITY & OUTCOMES

Respiratory Bundles Sepsis Detection & Compliance

Spontaneous Breathing trials * Earlier Detection — 24/7
e Sedation Holds — Awakening trials * Best Practice Compliance
* Hyperoxia Nudges * Reduced Mortality

® e Vent Orders Matching Actual Vent Setting * Reduced Organ Dysfunction
P E N N E - L E R I * Extubation Check List

Less Time on Ventilator
.. * Reduced Reintubations
@ Penn Medicine

Best Practice Compliance

Proactive Patient Rounding ICU Bundle Compliance

Active Rounding Gl Prophylaxis
* Improved Vigilance * VTE Prophylaxis
Continuous Opportunity * Efficient Use Qf Bedside Providers * Best Practice Cqmp!iance
* Improved Patient Care * Reduced Complications

Reducing Mortality

Reducing Secondary Complications System Wide Quality Post Cardiac Arrest Targeted
Improvement Temperature Management

» Improved Quality & Clinical Outcomes * TTM Algorithm Compliance
¢ Reduced Variability in Care — High *  Improved Neurological Outcomes
Reliability

* Higher Health System Value



Main Causes of Serious
Untoward Events in Health Care

Failure to follow procedure or best

practice 3
Failure to recognize a problem ' 8 0 /0

: of opportunity
Failure to escalate appropriately durmg nlghts

A and weekends

Lack of governance in all of the above

Lack of ‘SAFE’ environment where
providers feel empowered to reach out
for support




Additional direct cost per complication

Infection after cabg (HAC) $96,300
Surgical site infection following cardiac device procedures (HAC) $68,000
Stage iii & iv pressure ulcers (HAC) $55,700
Infection after bariatric surgery (HAC) $54,200
Postoperative wound dehiscence rate stratum 14a: open approach (PSl14a) $45,500
Postoperative wound dehiscence rate (PSI14) $44,000
Pressure ulcer rate (PSI03) $43,300
Infection after certain orthopedic procedures of spine, shoulder & elbow (HAC) $35,100
Postoperative acute kidney injury requiring dialysis (PSI10) $33,000
Infection/inflammation due to internal device, implant, graft (Vizient COMP #ms-7) $32,800
Vascular catheter-associated infection (HAC) $32,500
Falls and trauma (HAC) me—— 522,100
Post-operative infection (Vizient COMP #ms-6) —————— 520,000
Unrecognized abdominopelvic accidental puncture/laceration rate (PSI15) m————— 519,600
Postoperative sepsis rate (PSI13) m———— $19,500
latrogenic pneumothorax w/ venous catheterization (HAC) —————— $19,000
Catheter associated uti (HAC) m——— $17,300
Perioperative pulmonary embolism or deep vein thrombosis rate (PS112) ————————— $17,400
Hospital acquired c-diff enteritis (Vizient COMP #ms-9) m— 516,500
Gl hemorrhage prevention (Vizient COMP #ms-3) s $14,400
In-hospital stroke (Vizient COMP #ms-1) e S$11,600
Central venous catheter-related blood stream infection rate (PSI07) m— $11,500 N o
Aspiration pneumonia (Vizient COMP #ms-2) e $11,100
Post-operative shock (Vizient COMP #ms-8) s $9,600 Ave ra ge CO St Of CO I I I p I I Cat I O n
Retained surgical item or unretrieved device fragment count (PSIO5) m—— S$9,000
Foreign object retained after surgery (HAC) s $9,000
Manifestations of poor glycemic control (HAC) e $8 400 — 1 7 O O O
Hospital acquired acute myocardial infarction (Vizient COMP #ms-4) s $8 300 - ’
Sepsis/septicemia shock-within 7 days of the index admission date (THK-3) == $7,600
In hospital fall with hip fracture rate (ahrq 5.0/4.5a postoperative hip fracture rate (PSIO8) mmmmm $5,900
Postoperative respiratory failure rate (PSI11) mmmmm S5 700
latrogenic pneumothorax rate (PSI06) mmmm S$S5,000
AMI within 7 days of the index admission date (THK-1) === $3,400
Dvt/pe after knee or hip replacement (HAC) mmm $3,100
Postoperative hemorrhage or hematoma rate (PSI09) mmm $3,000
Surgical site bleeding-within 30 days of the index admission date (THK-4) == $2,400
Adverse events due to anesthesia (Vizient COMP #ms-5) == $2,400
Readmissions for other surgical wound complications (Vizient COMP #ms-13) m $1,900
Readmission for infection due to previous care (Vizient COMP #ms-10) = $1,600
Readmission for other complications of internal device, implant, graft (Vizient COMP #ms-11) = $1,600
Pulmonary embolism-within 30 days of the index admission date (THK-5) ®m $1,200
Air embolism (HAC) ® $1,000
Postoperative wound dehiscence rate stratum 14b: non-open approach (PSI14b) ® $900
Death-within 30 days of the index admission date (THK-6) 1 $700
Periprosthetic joint/wound infection-within 90 days of the index admission date (THK-8) 1 $700
Readmission for post-operative hemorrhage, hematoma or seroma (Vizient COMP #ms-12) 1 $400
Hypoxic-ischemic encephalopathy (hie) (Vizient COMP #nb-2) 1 $300
Pneumonia-within 7 days of the index admission date (THK-2) 1 $300
Mechanical complication-within 90 days of the index admission date (THK-7) $200

S0 $20,000 $40,000 $60,000 $80,000 $100,000 $120,000
Additional Direct Cost Per Complication

Penn Medicine



High Reliability in Healthcare — a long way left to go.....
BMJ Journals — \

Striving for high reliability in
healthcare: a qualitative study of
the implementation of a hospital
safety programme

Leahora Rotteau @, Joanne Goldman @ ,"*3 Kaveh G. Shojania @ ,"%*
Timothy J. Vogus,® Marlys Christianson,® G. Ross Baker,’
Paula Rowland,*® Maitreya Coffey®'%"!
BMJ Rotteau L, et al. BMJ Qual Saf 2022;31:867-877. doi:10.1136/bmjgs-2021-013938 O'P":,,m. uuuuu

BMJ Journals
I
High reliability organising in
healthcare: still a long way left
to go

Christopher G Myers @ ,'23 Kathleen M Sutcliffe’**%>

BMJ Rotteau L, et al. BMJ Qual Saf 2022;31:867-877. doi:10.1136/bmjgs-2021-013938 o‘.{::;,...,

oooooooooo
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Early Detection of Derange
Laboratory Values Enables

Hemody
Stabi

ment of Physiological and
earlier intervention

namic
ity

Hypothermia P(

Breakthrough
DNV Pain

aYth

ERAS Surgical Pathway

-/

Intra-operative
Blood Loss

Nutritional
Supplements

Pre-operative Surgery

-

Hypovolemia due to
fluid shifts

Complication
Post Operative




Clinical Deterioration Index / SOFA Score Delta

Robust Remote Clinical Surveillance

PennChart — validated and unvalidated data fields — query every two minutes
80+ clinical variables = weighted deterioration index score
» Tier 1 Clinical Deterioration
» Tier 2 Scheduled Review
» Tier 3 Missing Measures

» Visual Alerts
» 07:00 SOFA Calculation

» 18:00 SOFA Calculation
» Tier 4 Physiological Indicators

Remote ICU - All Units (5L & 6L) (23 Patients)

Bed Last Review LOC Wat... N... Pat.. Probl.. 'S.. /\ Sco.. Pulse (4h) BP (4h) SpO2 Notes SOFA CV

e 185

133 .
5610-... & 2 hrs 1... ICU D ® FM intracr... 211 j o «~9 R ¥

9 A=A 60 e
119 =SS
» CER

103 R
6621-... # 4 hrs 3. ICU [:l @M cardia.. 210

40 * 169 - e
5613-... @ 2 hrs 2... Trauma... D ® [ Lerrs.. 205 , ' S 100

5605-... #x 0 hrs 1... Trauma... D @ Traum... 205 ‘ e 100
5608-... #3 2 hrs 4... ICU D ® [ Breakt.. 205 ; s 100

66 23 el ]
5616-... @ 3 hrs4... ICU D ® [ status.. 205 | 100
b 20 o -

Penn Medicine



What is a BPA Alert?

20

BPA stands for Best Practice
Advisory.

Best Practice Advisory (BPA) alerts
are electronic pop-up alerts that
are received by our E-LERT
clinicians [based on information in
a patient’s Electronic Medical
Record (EMR)] that influence
clinical actions and guide clinical
processes.




Custom BPAs to Reduce Unnecessary Variation in Real Time

ALERT NAME

ABP MAP <= 50 ALERT

AKI ALERT

ASYSTOLE ALERT

ELEVATED HR ALERT
EXTUBATION ORDER ALERT
HEMOGLOBIN ALERT - <=6
HEMOGLOBIN ALERT - DROP BY 3
HIGH PEEP ALERT

HIGH RISK EXTUBATION SCREEN
ALERT

HIGH SYSTOLIC ABP ALERT

HIGH SYSTOLIC NIBP ALERT
INCREASED FIO2 ALERT
INCREASED PEAK PRESSURE ALERT
LACTATE ALERT

LOW HR ALERT

LOW SYSTOLIC ABP ALERT

LOW SYSTOLIC NIBP ALERT

LOW TIDAL VOLUME ALERT

LOW UNSTABLE HR ALERT
MISSING VENTILATOR ORDER
ALERT

NIBP MAP ALERT
NON-VENT HIGH FIO2 ALERT
PCO2 ALERT

PH (ABG) ALERT

POTASSIUM ALERT

SODIUM ALERT

SPO2 ALERT

TTM - TARGET TEMP ALERT

» PennChart — Tele-ICU module

» Best in class EPIC technology — presented, published, now
widely preferred

» Twenty-eight (28) BPA alerts

» Millions of calculations per day of which an estimated 800 BPAs
managed per day — one every 6 minutes

» Adjustable parameters at the patient level

» Two step clinical validation process — artifact, actionable, non-
actionable

» Our Pl enhancements are ongoing

Penn Medicine



Alert Validation

Top 10 Alerts Firing By Volume

N
N

We incorporated Alert Validation within EPIC to better tailor our alerts to our patient population and
reduce alarm fatigue.

Alerts were evaluated every 2 weeks based on volume and user satisfaction. Adjustments were
made and some alerts were suppressed that did not drive clinical outcomes for the patients.

After the 15t set of iterations, there was about a 39% decrease in the volume of alerts.

Alert Name:

SPO2 ALERT
HIGH SYSTOLIC ABP ALERT
ABP MAP <=50 ALERT
SYSTOLIC ABP ALERT
PCO2 ALERT

SYSTOLIC NIBP ALERT
GLUCOSE ALERT

NIBP MAP ALERT
ELEVATED HR ALERT

AKI ALERT

Totals:

5/18/21 to 6/01/21

# Times Alert Fired:

4417
3105
2149

2084

1131
878
640
533
415

352

15704

Logic Behind Alert
(RED Text Indicates Changed Logic):

Sp02 < 88 % for last 5 minutes (mean)
ABP Systolic > 180 for last 10 minutes

ABP MAP <= 50 (mean) for last 5 minutes

ABP Systolic <85 AND MAP < 60 for last 5
minutes (mean)

PCO2 is <=25 or >= 55
NIBP Systolic < 85 AND MAP < 60
Glucose is <=45 or >=400 (suppress)
NIBP MAP <= 50 in the last 1 minute

HR >= 150 for last 5 minutes (mean)

rise in 0.3 or doubling of creat and Urine <
100mls/4 hours average (Suppress for
patients on dialysis or CCRT)

N/A

6/15/21 to 6/29/21

# Times Alert Fired:

3428
1573
843

1317

631
707
N/A
446
336

279

9560

Alert Volume
Reduction

39%

Penn Medicine



Seamless Integration of Video and
Live Waveforms into EMR

Application Server uphsepicecp06 - PROD - PENN E-LERT VIRTUAL - KRIST I_lil_,
Encounters - f& Hospital Chart § Patient Lookup EIBsd Board [ MyReports . Telephone Call » £ @& & Print - G Log Out ~
s(e == | - D eiccare O
Q [can.. |remor- || @ mesus .. “ & | sdebarsumm.. | g Camera platform launched within EMR
Remote Monitoring @ % O Mrer O F-DOO
E MONITOR - e
Loume Viden ®|Launch Video Camera (Caregility)| oA B Index

varczsRoved | | e Comna Live Waveforms launched from within EMR

End Elert Notifica Plan of Care
BestPractice . Req Doc
& K4 i
- Mark as Reviewed Active Lines
G - Allergies
LOUIB=SIROIeS) = Mark Patient as Reviewed | Filed on 11/1/22 at 0519 by Tx Team
Pt Specific Alert : Admit Info Vitals/Hemodynamics
End Patient Alert... Meds MAR Audit
(@) SpO2 Abnormal . N Nurse Drive | Management
<7 End Elert Notification # Heparin .
Monitoring
« 4 End Elert Inpatient Anticoagulation : 9:54 AN

Monitoring

7 s Full Code c s Nohistory

Allergies: No Known Allergies

‘Awaiting organ transplant (Principal Hospital Problem)

Glucose and Insulin

0 ¢ i i i 3 ~
ADMITTED: 10/31/2022 (1 D) Y BestPractice Advisories # = Monitoring , :
Patient Class: Inpatient @ sickbay Monitor § Neuro
R temporal ICH No advisories to address. . Nam Sate/Tim e e WA
ftra ECGHeat  12/130201
rate
Ht 5' 8" (172.7 cm) 2¢ Device Select # E 12/130201
3P (AGP)
Last Wt: 200 Ib (90.7 kg)
BMI: 30.41kg/m® ? Name Type Ass
' ’ At
NO ORDERS TO
ACKNOWLEDGE H1009NEURON UPHS IP 11/ P RenaL
NEURON 0009 o Gote o S Gt
(® NEW RESULTS, LAST 36H (VENT/BIF Qiamit i >
N
KR SE) HUPEast.10City.NICU.... UPHSIP 11/
O Scheculed (2) CAREGILI 0009
[B) Continuous (2) DEVICE
ECMO/eMCS Cannula 17
2 PRN (17) . ~ ; HLS Arterial R Percutanous
% One-ste HUP10CITY1009BEDM... UPHSIP 11/ ST
P BEDSIDE 0009 o "
: = Q)T
CrCI/SCr: 100.9 mL/min, MONITOR __ 8) k.
0.8 mg/dL #\ Respiratory
Vent Mode: Vent FIO2 (%) Peep (set) Resp Rate (Set)’ e plood Cets
. p) PC/AC 10 15
® Progress Notes ¢ (S HVICU-PPMC.PACE HVICU3GT, . Start
=4 caspofungin (CANCIDAS) IVPB 50 mg/250 12/10/2022
. o = = ‘mL NSS (CNR)
= Create Note in NoteWriter ~ Notes Activity 5 bseat) sulfametho
(BACTRIM) oral suspension 200-40 mg/5
4.5 HYDROmorphone 50 mg in NSS 50 mL (1 mg/mL) infusion L
4 Create Note | COV Telemed add on 1 B
HEME PROFILE CBC 1 PHOSPHORUS T LIVER EVALUATION PROFILE (A/G RATIO, ALB, ALP, ALT, AST, DBIL, GLOBULIN, INDBIL, TBIL, TP) 7T LACTATE DEHYDROGENASE 7T TRIGLYCERIDES 7T PRE-ALBUMIN
COV phone visit2 | COV video visit 3 @ 1 2 D 12/13 & 3012 > 2 & 12/13 012 - 1, 2
Incomplete Progress Notes (last 24 hours)
Author ery uth Cosian File Time Penn Medicine




Governance in Managing Alarms and Escalation

+) Sp02 Abnormal

SpOZ Abnormal #

Vitals Awaiting Next Abnormal

4 ho a minute ago

Patient's SpO2 is <88% in last 5 minutes

Review Patient for
Sp02

000,000,000 0,0 0,000, 0,

EE Flowsheets Collapse

Acknowledged: Silence  Silence for 15 minutes

for 15 minutes D mg/200 mL D5W premix

g/mL) infusion

Acknowledged: L NSS
Silence for 30 Silence for 30 minutes
minutes 00 mL NSS premix

SS infusion premix

_ L NSS infusion
Acknowledged: Silence for 1 hours

Silence for 1 hours

1 other branch not shown

Penn E-lert Alerts
SPO2 ALERT

Creatinine Potas:

Appropriate Alert Meets Patient Specific Parameters  Artifact

Modify Care Path Do Not Modify

Sp02 Abnormal

(@ Alert of next Abnormal after 15 minutes
(O Alert of next Abnormal after 30 minutes
(O Alert of next Abnormal after 1 hour

(O Alert of next Abnormal

‘;‘ Neuro

Glasgow Coma...  Richmond Agita...

9 -

Q oA

( Video

None

ed: Caregility

&
A
D
10/31/2022
10/31/2022
Cancel ALT, AST, DBIL, GLOBULIN, INDBIL, TBIL, TP)

11 GLUCOSE POC

Health System needs Governance to address
deterioration / abnormal values

Logic to:
Acknowledge
Delay / park
Action
Appropriate action
Escalation

The EMR is ideal for this and records who is
actioning and what is being actioned

Penn Medicine



Governance in Alert Validation Process

BPA ALERT FIRES FROM PATIENT
ASSIGNMENT LIST

Team Member clicks on alert to open patient in
PennChart (EPIC). Alert is noted on patient’s storyboard.

TEAM MEMBER CLICKS ON ALERT
FROM STORYBOARD

Decision tree is brought up to validate alert and Team
Member selects one of the following validations:
Appropriate, Meets Patient Specific Parameters or Artifact.

TEAM MEMBER SELECTS
VALIDATION, A TIME INTERVAL AND
HITS “ACCEPT” TO CLEAR ALERT

25

| 1 HUP H1008 1 hrs 27... Critical

(@ Low Systolic ABP
Patient's Systolic ABP <= 85, MAP < 60

Low Systolic ABP Alert &

Awaiting next abnormal
Systolic ABP
9 minutes ago

C Low Systolic ABP for 10 minutes
»i

Now Acknowledged:

Review Systolic ABP  Acknowledged: Silence  Silence for 10 minutes

Alert of next Silence Alert

Abnormal

Acknowledged:

Silence for 30 Silence for 30 minutes

minutes

B 020,0,0,0.0,0,0,0.0, O-O-Or0-

Do Not Document [ Flowsheets Collapse

2 LY u

Maﬂ

pronouns: D
MEN: N
Language: English

Bed: HUP FP8 MICU-0879A
Code: FULL (no Adv. Dir.)
Nurse Screening: Admission
Primary Cvg: Blue Cross/Blue...

(¥ spo2 Abnormal

Penn E-lert Alerts
LOW ABP SYSTOLIC ALERT
Appropriate Alert Meets Patient Specific Parameters  Artifact (]

»

Modify Care Path Do Not Modify Low Systolic ABP Alert

(@ Alert of next Abnormal after 10 minutes
O) Alert of next Abnormal after 30 minutes
(O Alert of next Abnormal after 1 hours

O Alert of next Abnormal

Cancel

«» Attending

Allergies: Hydralazine
Active Treatment Plans
ADMITTED: 5/6/2023 (2 D)

Patient Class: Inpatient
Acute on chronic respiratory

failure with hypoxia (CMS-
HCQ)

Ht: 5'10" (177.8 cm)

Last Wt: 189 Ib (85.7 kg)
BMI: 27.12 kg/m* ?

NO ORDERS TO
ACKNOWLEDGE

@ NEW RESULTS, LAST 36H

ACTIVE MEDS (16)
O Scheduled (11)
2 PRN (5)

CrCl/SCr: 58.2 mL/min (A),
! 1.4 mg/dL

Penn Medicine




Governance in Escalation to Providers

Logistics

Proactive

Reactive

Watch List

Reactive

Proactive Roundin,

=
Q
>
o
T
o
©
&
-
i
=
—
[}
)
=

Penn Medicine
Chester County Hospital

CCH Cardiovascular (CV) — PENN E-LERT® Service

Geography:
e CCH-2Pavilion

Hard-wired cameras

Patient Population:

e  Cardiac Patients
Up to 7/week

e Elective
1-2/day ->
Anticipated to finish
in Operating Room
by 1PM

e Emergent

CCH Cardiovascular ICU Provider Staffing:
e  Monday — Friday; 7:00 AM — 5:30 PM (APP)
e  Nighttime; No in-house APP Coverage

APP — 20min away

Dr. Weiss —30min away

Available for call 24/7 at 215-407-4118
e Weekends; 7:00AM — 3:00PM (APP)

Penn E-LERT Staffing:
e  eRN —Critical Care Registered Nurse
Available 24/7
e  eRT — Respiratory Therapist
Available 24/7
e eMD — Critical Care Intensivist
Available daily 7:00PM to 7:00AM
e eAPP - Critical Care Advanced Practice Provider
Available daily 7:00PM to 7:00AM

CCH RN presses
E-LERT buttol

CCH RN calls Penn
E-LERT Team
[215-893-7310]

Best Practice Alerts
(BPAs) fires to Penn E-
LERT Team

eRN rounds on

patients checking ICU
bundle and BPAs

&RT rounds on patient:
conducting vent checks
and order sets

ERN/ERT Patient Meets
evaluates 5
P tient of Escalation
P Criteria
concern

INTERACTION MODELS

Can issue/
. concern be
> eRN/eRT ct_)rr;sal.::]ts with CCH lp| |resolved with
eRN/eRT
intervention?

CCH Team has been
YES ${ advised. Issue/Concern
Resolved.

Dr. Weiss is connected by
visual link via SMS and is

projected into the room.

H

OPTIONAL A/V CONNECTION
.
H

Patient has one of the
following: eMD
. New Inotropes Escalation

eMD consults with
CCH team and
communicates with
team via Cureatr

Dr. Weiss is Dr. Weiss is notified of
ALWAYS escalation via phone call

A Blood Transfusion Required CCH Cardiac notified _of all [215-407-4118]
e  Bleeding Surgery & Surgical ST
. Possible Pericardial Associates Service).
Collection (Effusion/ A
Tamponade)
Lpfe  Worsening Ventilation/
Oxygenation A 4

e Atrial Fibrillation

. Cardiac Dysrhythmia

. Preparation for
Extubation

. Low Urine Volume

®  Reduced Cardiac Index

. Pace Maker Issues

Does patient require order for
one of the following?:

. Atrial Fibrillation Protocol
Order Sets?
. Intravenous Fluids/Fluid

[——————YES=————» eMD places order

Bolus?
. Blood Transfusion?

Penn Medicine
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EPIC Integrated Tele-ICU Platform

lllustration of Functionality using
our eRT Service



Creation of an eRT (eRespiratory Therapy) Service

eRT data collection period was 42

days

The NEW ENGLAND
JOURNAL of MEDICINE

Deployment of
Tele-ICU Respiratory
Therapy and the
Creation of an eRT
Service Line

Ann Marie Huffenberger, DBA, RN, NEA-BC, Justin Wain, C. William Hanson Ill, MD
Vol. 3 No. 6 | June 2022
DOI: 10.1056/CAT.21.0239

.

Krzysztof Laudanski, MD, PhD, MA, FCCM, MHC, Michael Scott, MBChB, FRCP, FRCA, FFICM,

Table 1. Facilities Covered by the eRT Service Line*

> “The eRT Service detected unfavorable practice patterns in ARDS treatment
and intervened before the ARDS algorithmic trigger was activated; this
demonstrates that proactive chart review focused on targeted, high-value
intervention can result in improved outcomes over a solution using algorithms
and system design to respond to it.”

NEJM

Hospital Number of Beds Number of eRT Interventions ICU Description o - o
Z Catalyst ' Innovations in Care Delivery
Hospital 2 14 35 General ICU
Hospital 3 6 28 Long-term acute care
Hospital 4 22 2,889 Neuro ICU C—Responses Per 24 Hours D - Percent Routine, Urgent and Emergent Per Day
16 4,368 Sugicaticly Interactions: ] Routine Urgent [l Emergent Interventions: ] Routine Urgent [l Emergent
36 5,586 Heart and vascular ICU
12 1,578 Cardiac ICU 100%!' "'I 'I'IIII TIYIT I} 100% we mu == == wn mm W=
24 5,574 Medical ICU I

Hospital 5 24 214

General ICU 98% 98%

Hospital 6 16 269

13 581

Hospital 7 16 1,773

24 2,013

24 1,649

24 1,548

dlverS|ty was reflected in the mix of services provided. Source: The authors

i Surgical and cardiac and neuro ICU
Medical ICU 96% 96%
i & Medical ICU
R Heart and vascular and cardiac ICU 94% 94%
! Trauma and surgical ICU =
, Neuro ICU 92% 92%
*Significant diversity in ICU profile and size is seen across hospitals, underscoring the ability of the telemedicine respiratory therapist (eRT)
servict gne to adapt to various settings and to take into account the needs and culture of the particular unit. We found that over time, ICU 90% 90%
S M T w T F S

Hour 24
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Best Practice

PROACTIVE

Compliance With Best Practice

ICU Bundle
Sepsis Bundle

Low Volume Protective
Lung Ventilation

Trending abnormal
physiological values

REACTIVE

Immediate Detection of Physiological Changes

* Bedside support for
nurse and provider

* 2 Way Audio/Visual
* Advice and Intervention

e Activation of Teams and
Protocols

PREDICTIVE

The Future

Predictive physiological
deterioration interventions
before harm occurs.

Penn Medicine




PENN E-LERT Workstation Screens

 PENN E-LERT’s workstation monitoring pages consist of three (3) main EPIC screens:

UNIT LEVEL DATA LIVE PATIENT LEVEL DATA

BPA Alert Screen/Patient PennChart/Patient’s Chart

Widget/Dashboard Screen

Assignment List Screen in EPIC Screen

eeeeeeee 3 aea FJowacesvops (3 iroaly fyrrorivese

LTI
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BPA Alert Screen/Patient

Assignment List Screen

Some of the information found on the Best Practice Advisory (BPA) Alert Screen/Patient Assignment List include:

 Patient Name e Date/Time of Last RN Review * Notes
e Patient Location  Pulse Trends * SOFA Pictures of Affected Systems
e Patient Problem(s) * Blood Pressure Trends

e Patient Acuity Score  SPO2 Value

Critical - COMD-19

Critical "= Acute hypoxemic

Critcad s B Acute hypoxermic

Critical | == 4 Acute respiratory

Critical f J Moderate protein

—

Critical _ ovD-19

Critical

! J Acute respiraliory.. 21

r g ! Seture [OMS- ) 272

Critical
Critical . { ¥ Sepsis (OMS-HCO

- Acute rendl lailur 105

] |ENEjENENEENE .

32 Penn Medicine



BPA Alert Screen/

Assignment List Screen m

Best Practice Advisory (BPA) Alerts:

 Alerts are color coded based on ; |
severity: Red, Orange, Yellow. o S22 G,

Stroke due to intr...

e The most recent or severe alert | ohes . Gl —
will appear at top of screen. .

0hrs13.. Critical.. Acute on Chronic...

 Theiconin the alert designates
what system is affected or the
type of alert.

6 hrs 16... Critical.. Closed nondispla..

6 hrs 12.. Critical.. 5/3: CABG x3 (LL..

0 hrs 15.. Critical... | Acute on Chronic.. 210*

4hrs 24... Critical.. i Stroke due to intr.. 105

6 hrs 18.. Critical... ; Closed nondispla.. 107*

33 September 8, 2023 Penn Medicine



Best Practice Advisory
(BPA) Alert Screen With Quality Improvement and Safety Alerts

(M1 poMC 3018 /4 3hrs20.. Ciitcal.

A1 uvcop Ohrs .. (il M1 HP  HI069 () 1hes19.. Crtical.

@ Missing Ventilator order
AN HUP  HI37 0 hrs 12... Critical..
.cw e e A1 HUP  HI008 1 1hrs27.. Critical @Intubation Alert

Additional eRT Quality Improvement
and Safety Alerts Not Shown in
Screenshot:

Extubation Alert

High FIO02

PEEP>12

High Pressure

Low Tidal Volume

Missing Risk Screen/Plan
PH/Co2

34




Widget/Dashboard Screen

12:09 1

N

Some items that can be
found on the
Widget/Dashboard
Screen include:

— Information at a single

glance for each system.

— Live Waveforms.
— Live Camera Feed.

Displayed widgets are
customizable within
EPIC Monitor at the
user level.

If you click on one of
the widget boxes, the
view will expand with
additional details on
that specific system.

35

65y.0./M
HUP PAV 11 CENTER ICU, H1117

#8 Vent Settings

Vent Mode Vent FIO2 (%) Peep (set) Vit (Set, mL) Vit set mi/kg IBW

VC/C... 30 12 590 8.08

Resp Rate (Set) Insp Time (sec)

18 1.25

# Vent Readings

Vit (expiratory... Total Resp Rate PIP (observed) Driving Pressure

618.2 18 26.4 16

#\ AsG

pH ARt pCO2 Arterial  pO2 Art HCO3Ar 02 SatArerial Lactic Acid Art
7.41 36 81 23.1 97.0 1.2

BASE EXCESS

-1.8

7T ABL90 ARTERIAL PANEL =~ 11 GLUCOSE POC
S | @ 97/03 120 @ 07/03 1106 a\ o7
Us 4 [ a

yT  TACROLIMUS (FK506) =yt GLUCOSE POC
A 07/03 1007

solatio None
t (1) 307 Ib 1.6 oz (139.3 kg)
t 5'10"(1.778 m)

= RT ORDERS Q Airway LDAs

INVASIVE MECHANICAL VENTILATION 06/28/23 1445 e
lode: SIMV/VC Endotracheal tube (ETT) 06/23/23 8.0 mm ID
oral

@ Sickbay Monitor
#8 Spontaneous Breathing Trial

RASS: -2
RASS Goal: 2to -3

# Extubation

igh Risk Extubatio
Extubation Risk: Other anatomic issue (specify), Complex vi...
Extubation Plan: Videolaryngoscope at bedside
Reintubation Plan: Induction of Anesthesia & Video Laryng...

" Drips (Click for Renal)

\ [ amiodarone (NEXTERONE)
\ infusion 360 mg/200 mL D5W
premix

dexmedeTOMIDine
* 02 (PRECEDEX) infusion 400
*“ mcg/100 mL NSS premix

EPINEPHrine infusion 4
mg/250 mL NSS premix

\ [ \ HYDROmorphone 50 mg in
| J b 2 NSS 50 mL (1 mg/ml)
infusion

) p insulin (REGULAR) infusion
‘ ~— 4100 units/100 mL NSS premix

= - midazolam (VERSED)
J 3 100mg/100 mL NSS infusion
premix

20 ——— J—‘ PHENYLephrine infusion
200mg/250mL NSS
\ 175 o’

T GLUCOSEPOC = 1 PRE-ALBUMIN A GLUCOSEPOC = yT ABL90 VENOUS PANEL
&, (7/03 08 a (7/03 0410 R\ 3 0703 @, 7/03 0619

o o7

Airway Status: No history
e 110*

High Risk Extubation

Properties Line O
Placement Date/Time: 06/23/23 1400 Size: 80 9
mm ID Type: cuffed Insertion Site: oral

Securement: tape Depth: 23 cm Secured at

VER EVALUATION PROFILE (A/G RATIO, ALB, /
7/03 04 /

A

Penn Medicine




Widget/Dashboard Screen

/ \Q Airway LDAs

O Drips (Click for Renal)

With Expanded Views of Airway LDAs, Drips and Vent Settings Widgets

Blood
W Feedings
LV.
BV Piggyback

BN

Drains

4 Vent Settings

Penn Medicine




Additional EPIC Integrated Applications

* |In addition to the three (3) main EPIC screens, the PENN E-LERT team also utilizes the internal Agent
ICU Board and Sickbay Monitor applications. These applications communicate with EPIC and provide
the PENN E-LERT team with valuable information to improve patient quality and safety.

ICU Board

37 g Penn Medicine



ICU Board

The ICU Board application
pulls pertinent information
from EPIC to alert the eRT
of the following quality
and safety improvement
opportunities:

— ARDS/LPV Intervention
— SBT

38

Agent
ICU Board
9o ror I-LEAD
Unit: ARDS ~
Patient

0969A Doe, | 12345678
HUP FP9 MICU

Cov BARSOUK / RN SOM
Admitted 18 days

On Vent 38h

0973A Doe, | 12345678
HUP FP9 MICU

Cov TANG / RN KOJAK
Admitted 45 days

On Vent 40h

0974A Doe, | 12345678

HUP FP9 MICU

Cov BARSOUK 7/ RN CLARKE
Admitted 23 days

Prior
wnt 23d

Vent Settings/O2 Device

Mode VC/CMV

TV Set400/ MV 9.1

Set RR22 / Actual RR 22
FiO,30% / PEEP10/DP9

SPO2 ........ 100> 99%

@ ARDS: 31 days Volume Above Goal

TV ml’kg 6.7

Mode VC/CMV

TV Set 550/ MV 8.5

Set RR 14/ Actual RR 14
FiO, 40% / PEEP 5

SIHOZ oo 100> 100%

© ARDS: 23 days
Volume And Pressure at Goal

TV mikg 6.1

Mode VC/CMV
TV Set360/ MV 7.2

Awake (Sedation status)

Sedation
RASS-1  GOAL(-1t0-2)
CAM Positive
e dexmedetomidine 0.4 mcg/kg/hr 39 mins
e fentaNYL 75 mcg/hr 2 hrs
Show one-time doses

Sedation
RASS-1  GOAL (+1to-1)
CAM Positive
e fentaNYL 50 mcg/hr 43 mins

Sedation
RASS -4
CAM UTA

Go to beta version

Breathing (SBT status)

SBT Not Ready Consider Weaning PEEP

DUE TO Pressors greater than threshold
AND High PEEP 10

MAP ............ 65>72>70

e NORepinephrine 18 mcg/min 2 hrs
e vasopressin 0.03 Units/min 2 hrs

SBT Not Ready
DUE TO Pressors greater than threshold

MAP ............ 56>66>54>655>58>67
e NORepinephrine 8 mcg/min 43 mins

SBT ineligible because Challenge to Wean (CTW),

Inadequate ventilatory drive 6 hrs /

Extubation screen not documented

Penn Medicine



* |In communication with the EPIC dashboard, the Sickbay Monitor application displays live waveform
information and alerts the eRT of a change in patient respiratory status.

e The PENN E-LERT team can access the Sickbay Monitor application via a web browser or within EPIC
Monitor via a widget.

Sickbay Monitor in EPIC Monitor as a Widget

Sickbay Monitor in Web Browser

@ Sickbay Monitor

~enn Medicine



Sickbay platform distributing waveforms for an ICU

Dashboard:

Silent Alarms

Configurable Display / waveforms
Color coded alarms

Choose routing of alarms:

local / central




Metrics — Mapping Reliability

=  Back Home 1CU Monitoring

PennDiver PennDiver ICU (DEV)

Cur: 2021/11-2022/04  Prev: 2020/11 - 2021/04

ICU Monitoring

N4/
= 0y Overview Trends Compare Reporting
4,755 A -108 ¥
408 A 0
i A 7 A All Values (5) v All Values (38) v All Values (31) v
na by All Values (415) v All Values (3) v
1,857 A 7V
75 A 7 A
34,435 A 28 A
82 10V
14,820 A 109 A
10 A
0 oy vhs
24 A Total Calls Additional Participants on call
2 A
o
A 30,000
A
A 25,000 240
2 A 20,000 200
A 15,000 : 160
0 5 120 0
o
0 80 0\0/0/
23 A 40
May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
Cur 12 Months Prev 12 % +/- Cur 12 Months Prev 12 % +/- Cur 12 Months Prev 12 % + /-
Months Months Months
1CU Monitoring 187,702 28,528 558.0% 1.3 1.8 -23.5% 1,693 364 365.1% A -
Pct Cart Unit Calls Pct Wall-Mounted Unit Calls Total Time Cameras Offline (minutes)
(¢} o
2021000 2021-Aug 2021-Nov  2021-Dec 11.00% 98.00% 600,000
8
cant 636 ,,: ,;: 626 9.00% O/\O 96.00% 500,000
Wob-Nounted 6085 7542 3 23 z 7.00% 94.00% 400,000
Total Calls 6,730 8,316 23,028 4
5.00% 92.00% 300,000
,j 3.00% O 90.00% 200,000
» 3 1.00% O=—0 88.00% 100,000
May Jul Sep Nov Jan May Jul May Jul Sep Nov
L]
ot w0 Cur 12 Months Prev 12 % +/- Cur 12 Months Prev 12 Cur 12 Months Prev 12 % +/-
‘Walk-Mounted X X J 2
RTeh P 245% Months Months Months
02 4.40% 5.57% v - 95.16% 93.54% 5,737,926.7 1,094,344.4 424.3%
cat 77087 54165
21,4216 19,487.3
Call Duration 29,1406
o o o 4 a7
Cart n 28 28 0 3 2 28 0 30 7

Walk-Mounted 58 86 98 158 194 118 126 12 22 87

e B B B —— Everyone has access to their own data!

Penn Medicine
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@ Hospital of the University of Pennsylvania

Future State - Can you Control an ICU
Remotely?



Gift of Life Center is staffed remotely by eAPP &

1
|

% Penn MedicIng
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- & Penn Medicipe

6 beds
Admission, orders sets, changes in orders if physiological change
Remote ventilator changes
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Platform

Health System

Cloud

Live Monitoring s
Waveforms

Al Smart Alarm Monitoring

Algorithms

Integrated EMR with
Live Physiological
Waveforms, Smart
Alarms and Bedside

Ensures All patients Treated the Same
No Weakest Link = High Reliability
Proactive & Reactive Detection
Camera Platform Earlier Intervention = Better Outcomes
Quality & Efficiency

Electronic Medical Record / Physiological Data

Bedside Wearable
Monitor Monitor

|dentification

C]:] Patient C]:] Validation

Escalation

Validation / Further Information D:] Bedside Support
Intervention

D:] Visual Situational Awareness if
45 High Level Decision Making i sl

v

N




Main Causes of Serious
Untoward Events in Health Care

Failure to follow procedure or best

practice 3
Failure to recognize a problem ' 8 0 /0

: of opportunity
Failure to escalate appropriately durmg nlghts

A and weekends

Lack of governance in all of the above

Lack of ‘SAFE’ environment where
providers feel empowered to reach out
for support




Building the Tele ICU Platform into the
EMR ensures we address these Issues

Best practice is set and followed

Early Recognition of a patient with a
problem — trending values and live

waveforms

Governance in escalation both
clinically and bedside provider

Governance in all of the above

A ‘SAFE’ environment where providers
feel empowered to reach out for
support

80% °

of opportunity
—~~4  during nights
A and weekends




The Future is Already Here in Tele ICU

Fully integrated functional platform with visual dashboards and intuitive, time saving interface
Proactive Best Practice compliance and governance is now available across a Health System
Smart Alarms are here - Best Practice Advisory's / Alarms can be configured outside of the bedside monitor

Connectivity and 3™ party software is now enabling the integration of live physiological data and waveforms in real-
time into the Electronic Medical Record

Earlier detection of Trends is possible, augmented by physiological waveforms
Live waveforms being linked to EMR means Al can be used— AKI prevention, hypotension prevention
Remote interaction can be almost instantaneous allowing situational awareness and high level decision making

Platform can be utilized across the Health System — implications for resource allocation and bedside provider support

48 September 8, 2023 Penn Medicine



The Integrated Platform Drives Health System:

High Reliability
Click to add text

Quality
Click to add text

Value
Click to add text

49 September 8, 2023

Integrated
Platform

Efficiency
Click to add text

Health Equity
Click to add text

Click to add text
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