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Background

e Learning Health Systems Researcher

 NICHD K23: “A Learning Health Systems Approach to Precision Sedation and Analgesia for
Critically Il Children”

 NINDS RO1: “A Biodigital Rapid Alert for Identifying Neuromorbidity in Critically Il Children”

e Operations Informatics

e UPMC Department of Critical Care Medicine
e >40 Adult and Pediatric ICUs
e Cerner x2, Epic x2, Allscripts, Medtech

* Embedded Clinical Trials
 EHR to support traditional EDC
e Workflow integration
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What is “Real-Time”?
On-demand data or information with essentially no delay

‘L’f % (‘ Informatica
Cerner

* Discern explorer  Clarity reporting DB * Multiple data sources
* Tap into a recovery server e Cognitive computing e ‘Real-time’ ETL at a
* Analyticinstance platform cadence of the slowest
e ETL data for specific use e Slicer Dicer refresh
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Tracking the essentials -“Air Traffic Control”

F
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Tracking the essentials -“Air Traffic Control”
System Capacity — Can | accept this patient?

Patient Transfers and Triage — Where do I put this patient?

Tracking Staffing/Personnel = Who is going to care for this patient?
Supply Chain Management — Do we have what we need to provide care?
Strategic Stockpile Management — How long can we last?

‘Real-time’ Patient Identification and Enroliment = Where is the patient?
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The UPMC REMAP-COVID Group, on behalf of the REMAP-CAP Investigators Trials

(2021) 22:100 Trials

https://doi.org/10.1186/s13063-020-04997-6

METHODOLOGY Open Access

Implementation of the Randomized @
Embedded Multifactorial Adaptive Platform
for COVID-19 (REMAP-COVID) trial in a US
health system—Ilessons learned and
recommendations

The UPMC REMAP-COVID Group, on behalf of the REMAP-CAP Investigators'
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Advantages 1, 2 and 3

1) Patient Identification

3) Deploy Interventions

What symptoms were present prior to or at the time of presentation? (Check all that apply)

Abdominal Pain

L]

Fever (Temperature >=38°C / 100°F) or subjective fever

Discern: (1 of 1}
\H.
Body Aches / Myalgias Headache ~ - I I
Corner COVID-19 Vitamin C

Chills COVID-19 Vitamin C

This patient has been randomized to receive Vitamin C for the treatment of COVID-19. This should NOT be ordered if the patienc

— P

Malaise / Fatigue / Lethargy

Has received more than 24 hours of a vasoactive infusian, positive pressure ventilation (invasive or noninvasive),
or HFNC = 30 L/min and FiD2 = 0.4
Has received supplemental Vitamin C during this hospitalization (not including Vitamin C administered in

—

Shortne

Y parenteral nutrition)
Has a history of glucose-6-phosphatase dehydrogenase deficiency (GEPD)
Sputum 2 ) I r I a I D a ta Is allergic to Vitamin C
Has a history of symptomatic kidney stones in the past 1 year
If the treating cliniclan does not think Vitamin C is in the patient’s best interest

Intravenous Vitamin C may cause falsely elevated glucose readings by point-of-care glucometers and blood gas/stat lab devices.
Glucose measurements made using a central core laboratory are not affected by Vitamin C.

Cough

Joooon

Diarrhea (=/= 3 loose/looser than
normal stools/24 hr period)

]
]
Confusion [ ] Nausea or Vomiting
]
]
]

None

How many days since the onset of symptoms? (The numb

recognized by the patient) C O I I e Ct i O n

Add Orders for
Anticipated Treatment i 2 Vicamin ncntm:f .fa%ﬁ; 3&;'&"&? S0mg/ke. 1Y, Q6H, Drug Form: Amp. Duration: 16 Dosels)Timels)
Please read the following to the patient or their representative and record their response: -
“There are few known treatments for COVID-19. Would the patient like to hear about potential additional [Continue]
therapies and studies?” She or he will only be contacted if potentially eligible. Fig. 2 Fxample of an embedded order alert, This arder alert displays the randomization status of the patient and asks the treating clinician to
Qves ONo (O Unknown approve the order for the randomized investigational treatment unless deemed to be not in the patient’s best interest

(Please only click if the patient or representative is unable to respond. An unknown response will
delay potential additional therapies and studies.)

Fig. 1 UPMC REMAP-COVID Intake Form. This form is embedded into a patient’s electronic health record, solicits basic clinical information, and
S| requests providers to ask the patient or legally authorized representative if s/he is interested in potential additional therapies for COVID-19. The r

intake form represents the singular route of entry into the REMAP-COVID trial at UPMC
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COVID-19 Intake Notification to Eligibility Review  Eligibility Noti# Sty Physici Shone Call
Form Completed COVIDCRC@UPMCEDU by Coordinator Confirmed c’o}f’é I.giblg oot moprf;,mﬂ

m T—i*%ﬂ%“m. “‘Hﬁ
Pt agrees to | A |
talk to research ¢ v
on COVID-19
Intake Form e
g'g";’t'_'“y Pt/LAR Joins
o uestion Zoom via Consent
Pt ineligible e Assist System
A
v L 4 i
I Coordinator l
» . . Pre-Consents
Pt/LAR via Zoom
/|
Pt refuses research Routine Clinical Care Screen Fail Entered I
on COVID-19 on Enrollment Form
Intake Form
Pt/LAR reviews
DocuSign
“ eConsent
_ | .
Add to Pt List Consent Note Pt/LAR Declines
in UPMC Teams in Cemer REM;?J’_ 'CQWD
Participation
.I‘
'|
) ﬁ o T e e -
KN . _ AR AR Study Physician
l:ﬂil University of REMAP-COVID Enroliment form ~ Consenting MD  Pt/LAR eSigns ICF P/LAR consents to Joins Zoom for HILDREN’S
/ Plttsbu]_‘gh Protocol Initiated completed by CRC eSigns ICF study participation Consent Process SPITAL OF PITTSBURGH




Advantage 4

Reporting Portal

Filters
~ Source
AN
Public (15/271)
~ Categories
Clal
Ambulatory / Office (0/6)
Explorer Menu (Main Menu) (15/]
I Firsthet (0V47)
L Meaningful Use ((V3)
OMF User Groups (V2)
< Physician (Inpatient) (15/213)
>

Recent Reports
ICU Bundie - Delirium Compliance
Sedation Monthly Report

EHR-based Analytics

University of
Pittsburgh

All Reports (15) My Favorites (0)

Repart Nama =~

COVID-19 Orderad Tests - Current Census
COVID-19 Ordered Tests - Date Range

COVID-19 Positive - Date Range

COVID-19 Posiive/PUl - Current Census

Path: Explorer Menu / Explorer Menu (Masn Menu) £ Physician (Inpatient) { Physician Admin

Applications =

Explorer Mens (Main Menu)

Explorer Menu iMain Menu)

Explorer Menu (Main Menu)

Explarer Menu (Main Menu)

Pl

er Manu (Main Menu)

Suggested Repert User:  Reporting Application:
L o €C

Suggested Report

Alternate name:

7_COVID_POSITIVE_10066_ Loigib b, !

REDAA

Wiekcormne: HORVAT M, CHRISTOPHER M | Sec

Favorite

o

b

#

COVID-19 Suicide Risk - Current Census

COVID-19 Suicide Risk - Date Range

COVID-TS Vaceine List - Date Range

Vantilator Usage - Current Census

2TEST COVID-19 Missing Pos - Curr Census

Department of
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Explorer Menu (Main Menu)

Explorer Menu (Main Menu)

Explorer Menu (Main Menu)

Explorer Meny (Main Menu)

Explarer Mens (Main Menu)

UPMC
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Advantage 5

5) Deriving all trial data from the EHR

EHR Data
Source Analysis
Data
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Local access barriers Challe ngel

Deriving all trial data from the EHR

E%E“>ﬂ>ﬁ“>ll‘-—>

Vol v 4 v
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Source Collected  Curated Transformed Analyzed Data
Data Data Data Data

Resource Intensive
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Micro

rbidity Capture

University of

Pittsburgh

Deriving all trial data from the EHR

[E] Vital brg

[E] Hemodynamics

[F] Ventilator Settings
[F] Blood Gases
[[] Other ICU Labs

[ Common Chem
[ Special Chem
[F] Hematology

(] Immunoclogy
[ Immuncdeficiency
[E] Toxicology

[ Blood Bank

[E] Microbiology
[ Plain Films

@ T

[ Cardiac Studies

[ Notes

Department of

CRITICAL CARE MEDICINE

|| Temperature (C)
Temperature Site
| Heart Rate
Pulse Location
Pulse Character
|_ Respiratory Rate
] Ventilator Rate
I"| Total Respiratory Rate
| Respiratory Rate #2
] spo2
"] 021/ min
"] Oxygen % (Fi02)
Respiratory Devices/Method
Sedation Score
"] SOFA Score
Vital Signs Comments
Hemodynamics
| Arterial Systolic BP
] Arterial Diastolic BP
"] MAP Device
Ventilator Settings
Ventilator Mode
"] FiO2 - Ventilator
|| Tidal Volume - Set

| Peak Pressure
" | Endotube Placement
Endotube Placement At
FlO2
Endotracheal Tube Size

| Pressure Support Ventilation

Endotracheal Tube Cuff Pressure

n 16.00

¥ ¥

n 16.00

37
Bladder
73
Monitor
Regular
-]

10
97

40

Endotracheal Tube, Vi

105
59
70

¥ ¥

37
Bladder
78
Monitor
Regular
11
10
10
10
96

40

3
n 14.00

ECMO circuit set at 37

116
64
77

A/C
20
450

26
28
Center Teeth

7.5mm

Within acceptable lim

UPMC

Endotracheal Tube, V¢

40
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Deriving all trial data from the EHR

[ TIEN VErtnator Semags

(€3] Blood Gases
[l Common Chem
[ Special Chem
[ Hematology

[Fi] Toxicology

[Fi] Blood Bank

[E] Microbiology
[E] Fluids/Misc Spec
(] Plain Films

[@] Cardiac Studies
(] OTHER RESULTS
] Notes

L] Ay g P s ey
[Ei] Pulse Oximetry

[E] Breath Sounds, Pre Tx

[E] Breath Sounds, Post Tx

[E] Safety Checks

[@] Mechanical Ventilation

[E] Ventilator Trials

[ Trial FIO2/SPO2 (%)

[E] Trial Blood Pressure

» Treatments

[E] Cough/Secretions

[F] Outcomes

« | Assessment/Measurements
[} Mechanics

[F ABG

« Pa02/FiO2 Ratio

[Fd] Tracheostomy / Laryngectd
[ Bronchoscopy

5 Temperature (C)

| Temperature Conversion (O
| Temperature (F)
Temperature Site

_:I Heart Rate

Pulse Location

Pulse Character

"] Respiratory Rate
Tracheostomy

71 spo2

"] 02L/min

7] Oxygen % (FiD2)
Respiratory Devices/Method
Pain Score

Sedation Score

I._J SOFA Score
Hemodynamics

] Arterial Systolic BP

| Arterial Diastolic BP

~ | MAP Device

Ventilator Settings
Ventilator Mode

Flo2
Blood Gases

Treatment Type with Meds
Treatment Given Via

Treatment Medication

Patient Position

Returned to O2 Device
Treatment without Meds
Treatment Type without Meds
Treatment Not Given

Comments - Treatments w/o Meds

Oxygen/Special Gas Therapy

Oxygen Therapy Devices

|71 spo2 9

1 02L/min 30

7| Oxygen % [Fi02) 40
Comments - Oxygen Therapy

Pulse Oximetry

Pulse Ox Site Finger

| Breath Sounds, Pre Tx

] Pulse Rate, Pre Tx

I_J Respiratory Rate, Pre Tx
Respiratory Pattern, Pre Tx

All Lobes Breath Sounds, Pre Tx
Breath Sounds, Post Tx

] Pulse Rate, Post Tx

r—l Respiratory Rate, Post Tx
Respiratory Pattern, Post Tx

All Lobes Breath Sounds, Post Tx
Safety Checks

Bag Mask

Tube Status

Airway

Pariday Annlisd

80 74 S0

Menitor Monitor

Regular Regular

22 10 18

97 98 93

30 30

57 S0
IHEATED High flow nasal cannula I HEATED High flow na:

0

106 92 149

58 49 T4

71 61 94

Drug aerosol

Ventilator

Albuterol, Gentamicin
Semi Fowler's

Bag and suction
Not indicated per pro’

HEATED High flow na:

92
30
50

89
18
Regular

Coarse/Rhonchi

Yes

Mew Tracheostomy (th

Tracheal
Yec

94
30
50

Finger

n 8.00

30
50

Finger

Blood Product Vital Si

87

15

56

130 126
65 64
81 80

93
30
50

Finger

n 8.00

93
30
50

Finger




Identifying Patterns — “Weather Forecasting”




A ! Asthma

Admissions, No.

Admissions, Mo,

Admissions, No.

4000

30004

2000 -

1000 4

u 1
Jul

BOO0-

GO0 -

4000 4

2000

u +
Jul

. MAPE, 7/2019-12/2019: 11.9%

MAPE, 1/2020-6/2020: 421.1%

Avg Sep Oct Mov Dec Jan Feb Mar Apr May Jun

Admission month

[€] Bronchiolitis

MAPE, 7/2019-12/2019: 7.7%
MAPE, 1/2020-6/2020: 1091.3%

Aug Sep Oct MNov Dec Jan Feb Mar Apr May Jun
Admission month

| Mental health
2400 - i
2000 4 [
1600 -
1200- :
MAPE, 7/2019-12/2019: 3.5% |
MAPE, 1/2020-6/2020: 37.8% :
8O0+ . : - h . i : : . . ,
Jul Aug Sep Oct MNov Dec Jan Feb Mar Apr May Jun

Admission maonth

Admissions, No.

Admissions, Mo.

Admissions, No.

B Birth

25004
2000
1500

10004

Jul

8004
7004
6004

5004

| MAPE, 1/2020-6/2020: 8.5%

400+
Jul

2500

20004

1500

10004

| MAPE, 1/2020-6/2020: 16.6%

500+
Jul

MAPE, 7/2019-12/2019: 4.1%
MAPE, 1/2020-6/2020: 17%

e - e e e e S s

Aug Sep Oct MWov Dec Jan Feb Mar Apr May Jun
Admission month

0] Diabetic ketoacidosis

MAPE, 7/2019-12/2019: 2.8%

Rl

Aug  Sep Oct Nov Dec Jan  Feb Mar Apr May Jun
Admission month

F | Trauma

MAPE, 7/2019-12/2019: 3.3%

Aug Sep Oct Wow Dec  Jan Fl;.b Mar  Apr May Jun
Admission month

UPMC
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Acute Respiratory Failure Acute Respiratory Failure

12% | 368.1%
6000 -—J ! Q
3000 1 :
1
4000 :
2000 A 1
l""-..
’ \
4 TN
1000 4 2000 : : ;
e 1 \\
e 1
== I
£ o5 . : ; 01, . | ;
g Jan Apr Jul Oct Jul Oct Jan Apr
L , . y .
3 In-Hospital Mortality In-Hospital Mortality
£ 2.4% 1 [ 5% F
o] - I3 I
S 400 4004 , -
P 1
350 - 350 ISR
L] !
300 - 300 4 !
I
I
2501 250 :
I
200+ 2004 :
T T T T T T I T
Jan Apr Jul Oct Jul Oct Jan Apr
Admit Month
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“..we’re all just gambling with probabilities.”
- Henry Fonda, 72 Angry Men
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Table 1. Accuracy of mammography m diagniosing bewign and malignant lesions

—

The origin of “evidence-

Results of

Mall-gmnt lesion Benign lesion
X ray (cancer) (no cancer)
» ' ’, Positive 792 096
ased meadaicine

Source: The numbers are from Snyder (1966}

-'yes' formula can be applied to assess the probability. This formula
{ls us that

P{pos|ca) P(ca)
" P(pos|ca) P(ca) + P(pos|benign) P(benign)

P(ca|pos) -

“The evidence presented shows that
physicians do not manage uncertainty
very well, that many physicians make
major errors in probabilistic reasoning,
and that these errors threaten the
quality of medical care.”

- David Eddy, MD PhD

P(ca|pos) is the probability that the pahient has cancer, given that
she has a positive X-ray report (the posterior probability)

P(pos|ca) is the probability that, if the patient has cancer, the
radiclogist will correctly diagnose it (the true-positive rate, or
sensitivity)

P{ca) is the probability that the patient has cancer (prior probabili-
ty)

P[b}enign) is the prior probability that the patient has benign
disease [ P(benign) = 1 — Plca)]

“P(pos|benign) is the probability that, if the patierit has'a benigh

lesion, the radiologist will incorrectly diagnose it as cancer (the

false-positive rate)

‘Table | summarizes the numbers given by Snyder. The entries in the
0815 are the appropriate probabilities (e.g., P{pos|ca) = .792).

WUsing 1% as the physicians estimate of the prior probability that the
s is. malignant and taking into account the new information provided
¥ the test, we obtain

(0.792) (0.01) o
(0.792) (0.01) + (0.096) (0.99)

Thus, the physician should estimate that there is approximately an 8%
nce that the patient has cancer.

Plca|pos) =

University of Department of
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Intelligence Augmentation (1A)

CHP VIEW
Raw Patient Data Filtered Data O *1 l r’
- _w_ KX /o W "
i ¢ \ o000 - o oo
‘* . l e ; —>
¢ & o 7o Decision Making
=t
} / o000 . oL
- Clinician
Interface
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Probability of deterioration in the

next 6 hours defined by any one of Human CenterEd DESign

the following:

ft  Acuity Index

L CPR Blaaws - 080
e Condition Aor C CHP VIEW @

 Multiple Blood Transfusions

* Emergent Transfer to the ICU 100
* PPV or vasoactive gtt within Sof
12 hours o . - . .
e« ECMO e 3) Predicted 4) Deterioration
m eofe
% o Probability Event
7 |
20 \

0+

OG:- 00
12 0o
‘?&. o

S S S
¢ & g

1) Integratioﬁ Change Date ‘(

in,Cerner
/ . 2)Possible_~

: Deterioration Event

.= Scores >8.5% are considered
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Acuity Index Workflow Diagram

Cemer PowerChart
Normal Process ~ ™~
\______/ ..\ﬁw-._____.-—-‘/
NEAR REAL-TIME
CHP Cerner H3
Oracle Database Oracle Database
H3CDC
______________ NEAR REAL-TIME DATA
! ACUITY SCORES DATA !
: for ALERTS !
; John Snyder’s process TBD |
il Gl _ -
I
[
| T
i
i
i SAL Server Database Jonathan's Data Jonathan's Data
" Acuity Index Elements Program Elements Program
; Henry's Model wi
Frogram NEAR REAL-TIME DATA
Informatica
Snapshots
= Amm.n L 1 HOURLY SNAPSHOT DATA "' BATCH HOURLY
BATCH HOURLY N
ACUITY SCORES DATA
Informatica
DAILY OUTCOMES DATA |« 2
CHP View Charts
BATCH DAILY Derek's
ON DEMAND Cutcomes /
5|  DOWNTIME DATA Evanis Pragram
\‘\‘—_‘f"
Ryan's Charting
Program and

Downtime Interface
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Summary

* ‘Real-time’ can refer to a range of cadences and depends on
technical infrastructure

* Tracking the essentials is a major undertaking
* Advanced analytics can augment our current capabilities

* There is no such thing as ‘automation’ — this all requires substantial
Investment

e University of Department of ’
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