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Purpose of Study

@ Define decompensation

® Create a state-of-the-art of the machine learning model
applied for decompensation detection

© Reduce deterioration and standardize response protocols

4/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan

Duke Institute
for Health Innovation

D k # WOO CENTER o BIG DATA
uKe and PRECISION HEALTH

LU

Duk

e Data

=

Cohort Extraction

« inclusion criteria
« exclusion criteria

* medication

« vital signs

« laboratory results
« clinical history

v Y
Feature Extraction Outcome Labeling 1\
+ demographics /\4
* diagnosis | General Ward | ICU |
« type of procedures ;
« mortality « mortality

« ICU transfer « code blue
*RRT
« code blue

_—

Machine Learning
1 Techniques

Refine

Actionable

Cross
Validation l
Parameter :
Tuning Model Evaluation

and Comparison

/ Warning

finition

5/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan

Duke Institute
for Health Innovation

D k # WOO CENTER o BIG DATA
uKe and PRECISION HEALTH

LU

Duk

e Data

=

* medication

« vital signs

« laboratory results
« clinical history

Cohort Extraction : 1nclu51.o n criteria
* exclusion criteria
v N
Feature Extraction Outcome Labeling 1\
+ demographics /\4
* diagnosis | General Ward | ICU |
« type of procedures ;
* mortality « mortality

« ICU transfer « code blue
*RRT
« code blue

_—

Machine Learning
1 Techniques

Refine

Actionable

Cross
Validation l
Parameter :
Tuning Model Evaluation

and Comparison

/ Warning

finition

6/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan
S i:
g i
2 i
g2 3
8
25 8
25 .
Eg +
[
% A

Duk

e Data

=

* medication

« vital signs

« laboratory results
« clinical history

Cohort Extraction : 1nclu51.o n criteria
* exclusion criteria
v N
Feature Extraction Outcome Labeling 1\
+ demographics /\4
* diagnosis | General Ward | ICU |
« type of procedures ;
* mortality « mortality

« ICU transfer « code blue
*RRT
« code blue

_—

Machine Learning
1 Techniques

Refine

Actionable

Cross
Validation l
Parameter :
Tuning Model Evaluation

and Comparison

/ Warning

finition

7/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan

WO CENTER ir BIG DATA
and PRECISION HEALTH

Duke Institute
for Health Innovation

I)Lﬂ<euniﬁ

LU

Duke Data

=

Cohort Extraction « inclusion criteria
* exclusion criteria
v Y
Feature Extraction Outcome Labeling 1\
+ demographics v/\
- diagnosis | Floor/Stepdown | ICU |
« type of procedures ;
* medication * mortality * mortality
- vital signs « ICU transfer « code blue
« laboratory results *RRT
« clinical history * code blue
Machine Leaming Refine
Cross | Techniques
Validation l Actionable
Parameter - / Warning
Tuning Model Evaluation

and Comparison

finition

8/40



DUHS
Inpatient C
General De-
compensation Ontent

Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

® Brief Review
Cohort
otraction & ® Cohort Extraction & Outcome Labelling
utcome
Labelli . . .
e e Data Visualization
Data
Visrelfitor ® Future Work Plan
Future Work
Plan

WO CENTER ir BIG DATA
d PRECISION HEALTH

Duke -iii"

Duke Institute
for Health Innovation

w

9/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan

Duke Institute
for Health Innovation

D k # WOO CENTER o BIG DATA
uKe and PRECISION HEALTH

i

Duke
Database

.

Adt Events

Hospital Units

« encounter id
- event type

+ department name
« level of care

Patient

- patient id
« birth date
« death date

L, ip Encounter

« encounter id

10/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan

Duke Institute
for Health Innovation

D k # WOO CENTER o BIG DATA
uKe and PRECISION HEALTH

-_—
I}
ia Adt Events Hospital Units
« encounter id + department name
Duke - event type - level of care
Database

N
o Location:DUH,

Admission and
Discharge exist

Inpatient
Encounter

Excluded
Encounters

Patient

- patient id
« birth date
« death date

L, ip Encounter

« encounter id

11/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan

Duke Institute
for Health Innovation

D k # WOO CENTER o BIG DATA
uKe and PRECISION HEALTH

-_—
I} I}
ia Adt Events Hospital Units
« encounter id + department name
Duke - event type - level of care
Database l
N
(6] Tocation:DUR, Adt Transfer
« encounter id
- transfer type
Admission and
Discharge exist
Patient
Inpatient - patient id
Encounter « birth date

« death date

Excluded
Encounters

L, ip Encounter

« encounter id

12/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan

Duke Institute
for Health Innovation

D k # WOO CENTER o BIG DATA
uKe and PRECISION HEALTH

i

Duke
Database

NO

NO

Excluded
Encounters

.

Adt Events

Hospital Units

« encounter id
- event type

+ department name
« level of care

Location:DUH,

Admission and
Discharge exist

Inpatient
Encounter

Direct ED to
ICU transfer

Adt Encounter

« encounter id
« patient id

Adt Transfer

« encounter id
- transfer type

|

ED to ICU
Admission

Patient

- patient id
« birth date
« death date

L, ip Encounter

« encounter id

13/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan

Duke Institute
for Health Innovation

D k # WOO CENTER o BIG DATA
uKe and PRECISION HEALTH

i

Duke
Database

NO

NO

Excluded

.

Adt Events

Hospital Units

« encounter id
- event type

+ department name
« level of care

Location:DUH,

Admission and
Discharge exist

Inpatient
Encounter

Direct ED to
ICU transfer

Adt Encounter

« encounter id
« patient id

Adt Transfer

« encounter id
- transfer type

|

ED to ICU
Admission

Patient

Clean « patient id
Races —*| - birth date
« death date

Birth Date

Encounters

ip Encounter

Ll

« encounter id

14 /40



DUHS —
Inpatient - -
Cae D.e_ eﬂ Adt Events Hospital Units
compensation -
Prgdiction « encounter id + department name
Duke event type level of care
Ziyuan Shen, Database (I
Mengxuan Cui
NO Adt Transfer

Location:DUH,

Brief Review -
« encounter id
Caliais - transfer type
Extraction &
Outcome NO
Labelling Admission and
Discharge exist ED to ICU
Data Admission L
Visualization
Patient
Future Work .
i Inpatient Clean - patient id
Encounter Races —*| - birth date
« death date
- Direct ED to
g s ICU transfer Birth Date
-ﬁ E 3 L, ip Encounter
> =3
o to . id
Q 89 I
5 E 8% Adt Encounter Calculate "
2= 53 Age
2 ..'E « encounter id
=T - « patient id
] + .
(]
3 :5: g Excluded "\ NO
xclude
agl = o Age>=18
§ Q ncounters

15/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan

Duke Institute
for Health Innovation

D k # WOO CENTER o BIG DATA
uKe and PRECISION HEALTH

i

Duke
Database

NO

NO

Excluded

.

Adt Events

Hospital Units

« encounter id
- event type

+ department name
« level of care

Location:DUH,

Admission and
Discharge exist

Inpatient
Encounter

Direct ED to
ICU transfer

Adt Encounter

« encounter id

Adt Transfer

« encounter id
- transfer type

|

ED to ICU
Admission L

Patient

Clean « patient id
Races —*| - birth date
« death date

- patient id

Encounters

Drop
Duplicates
Birth Date
L, ip Encounter
id
Calculate
Age l
Cohort
s L, « encounter id
NO Age >=18 patient id

16 /40



DUHS -
Inpatient - I I
General De- — Adt Events Hospital Units
compensation -‘
Prediction « encounter id + department name
Duke - event type - level of care
Ziyuan Shen, Database T ] o
Mengxuan Cui
N
; : [¢] Tocation:DUR, Adt Transfer L
Brief Review - 1CU
« encounter id Admissi
. mission
Celkaric : Yéns{er type
Extraction & Outcome
Outco_me NO - encounter id e
Labelling Admission and « floor to ICU
Discharge exist ED to ICU « floor to stepdown
Data Admission L - stepdown to ICU
Visualization + mortality
Patient
Future Work Pttt
Plan apatien Clean _ | - patientid Mortality
Encounter Races —* - birth date
- death date [ A
Drop
- Direct ED to Duplicates
g é z ICU transfer Birth Date
=2 “15 Ll ip Encounter
> 3
o to . id
(] H !
5 E 8% Adt Encounter Calculate "
E= =1 Age
= « encounter id l
= Tg + patient id Cohort
g 9
- Q « encounter id I
3 S v Excluded NO Age >=18 YES « patient id
§ 5 Encounters & .

17/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan

Duke Institute
for Health Innovation

D k # WOO CENTER o BIG DATA
uKe and PRECISION HEALTH

i

Duke
Database

NO

NO

Excluded

.

Adt Events

Hospital Units

« encounter id
- event type

+ department name
« level of care

Location:DUH,

Admission and
Discharge exist

Inpatient
Encounter

Direct ED to
ICU transfer

Adt Encounter

* encounter id

|

ED to ICU
Admission L

* floor to ICU

* mortalit

* floor to stepdown
* stepdown to ICU

Adt Transfer y
Y N

« encounter id IC_U'

« transfer type Admission

o Outcome

« encounter id

L «floorto ICU

« floor to stepdown
- stepdown to ICU
| * mortality

- patient id

Encounters

Patient
Clean « patient id Mortality
Races —*| - birth date
« death date [ NI
Drop
Duplicates
Birth Date
L, ip Encounter
. id
Calculate .-
Age l
Cohort
s L « encounter id
NO Age>=18 patient id

18/40



DUHS
Inpatient

General De- CO ntent

compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

} ® Brief Review
Cohort
B ® Cohort Extraction & Outcome Labelling
Labelling . . .
® Data Visualization
Data
Vel ® Future Work Plan

Future Work
Plan

WO CENTER ir BIG DATA
d PRECISION HEALTH

Duke + a

Duke Institute
for Health Innovation

w

19/40



DUHS
Inpatient

General De- O UtCOme

compensation
Prediction

Ziyuan Shen,

i G Transfer Types Percentage Across All Unit Transfers

Brief Review

Cohort stepdown to ICU
Extraction &
Outcome
Labelling floor to stepdown
Data
Visualization ED toICU
floor to ICU

Future Work
Plan

5 &

= 23 Other

g
2= &
BE
£'s +
£ ¢
ae -4

20/40



Qutcome

Cohort Decompensation Across Encounters
decompensation=1

decompensation=0

21/40



Qutcome

Decompensation Composition

Mortality Transfer

22/40



Qutcome

Transfer Type Composition
stepdown to ICU

floor to stepdown

floor to ICU

23/40



DUHS
GlnpatilenDt D h .
eneral De- .
compensation emog ra p |C age
Prediction

Ziyuan Shen,

Mengxuan Cui o ) X
Distribution of Patient Age Across Decompensation Occurrence

Brief Review " No

Cohort 0.025 Yes
Extraction &
Outcome

Labelling 0.020

Data
Visualization
0.015
Future Work
Plan

0.010

0.005

Frequency density of Observations

hl | 1

20 120
Patlent Age at Admlssmn

0.000

Duke Institute
for Health Innovation

Duk W00 CENTER fr BIG DATA
(§ and PRECISION HEALTH

24/40



DUHS
Inpatient

General De- 1~

compensation Demographlc age
Prediction

Ziyuan Shen,

Mengxuan Cui Distribution of Patient Age Across Cohort

Suffered Decompensation

Brief Review
To stepdown

0.04 To ICU
Mortality

Cohort
Extraction &
Outcome
Labelling

Data 0.03

Visualization

Future Work

Plan 0.02

0.01

Frequency density of Observations

0.00

20 40 60 80 100
Patient Age at Admission

Duke Institute
for Health Innovation

D k #* W00 CENTER for BIG DATA
uKke and PRECISION HEALTH

25 /40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan

Duke Institute
for Health Innovation

WO CENTER fr BIG DATA
Duke + g RECISION WENLTH

Frequency density of Observations

0.04

0.03

0.02

0.01

0.00

Demographic: age

Distribution of Patient Age Across Cohort

Transferred out from Floor

0 To stepdown
To ICU

40 60 80
Patient Age at Admission

100

26 /40



Demographic: gender

Patient Sex Across Encounters

Male

Female

27 /40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review 100

Cohort

Extraction &

Outcome 80
Labelling

Data
Visualization

Future Work
Plan

Percentage

Duke Institute
for Health Innovation

Duk W00 CENTER fr BIG DATA
(§ and PRECISION HEALTH

Demographic: gender

Decompensation Percentage

- decomp=0
decomp=1

Male Female
Sex

28/40



DUHS
Inpatient

General De- Demographic: gender

compensation
Prediction

Ziyuan Shen,
Mengxuan Cui
Decompensation Types Percentage

Brief Review
100 s To stepdown

W ToICU
s Mortality

Cohort
Extraction &
Outcome
Labelling

80

Data

Visualization 60

Future Work

Plan 40

Percentage of each Sex

20

Male Female
Sex

Duke Institute
for Health Innovation

D k # WOO CENTER o BIG DATA
uKke and PRECISION HEALTH

29/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan

Duke Institute
for Health Innovation

Duk W00 CENTER fr BIG DATA
e .and PRECISION HEALTH

Demographic: race

Patient Race Across Encounters

Black

Asian

2 or more races
Missing

Other

3.0%

30/40



Admission Hospital

Encounters in Each Hospital

DRaH

DRH

31/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review 100

Cohort
Extraction &
Outcome
Labelling

80

Data
Visualization

Future Work
Plan

Percentage of each hospital

Duke Institute
for Health Innovation

Duk W00 CENTER fr BIG DATA
(§ and PRECISION HEALTH

Admission Hospital

Decompensation Percentage across Hospitals

e decomp=0
decomp=1

DUH DRH DRaH
Hospitals

32/40



DUHS
Inpatient . .
General D_e- AdmlSSIOﬂ Type
compensation
Prediction

Ziyuan Shen,

Mengxuan Cui L
£ Admission Type Across Encounters

Brief Review

Cohort

Extraction & URGENT

Outcome

Labelling

Data

Visualization TRAUMA CENTER

Future Work EMERGENCY

Plan
§ &
B i‘g‘ ELECTIVE
2 3

a2 g

25 &

5

£ +

£z

AL E%

33/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review 100

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan

Percentage of each type

Duke Institute
for Health Innovation

Duk W00 CENTER fr BIG DATA
(§ and PRECISION HEALTH

Admission Type

Decompensation Percentage across Admission types

Emergency ELECTIVE Trauma Urgent
Admission types

. decomp=0
decomp=1

34/40



DUHS

Inpatient e
Seneral De. Stability of Encounters
Prediction

Ziyuan Shen,

Mengxuan Cui Stability of Encounters Over Time

Brief Review

5400

Cohort
Extraction &
Outcome
Labelling

5200

5000

Data
Visualization

4800

Future Work

Plan 4600

4400

4200

4000

Number of inpatient encounters across cohort

Jan Jul Jan Jul Jan Jul Jan Jul
2015 2016 2017 2018
Month

Duke Institute
for Health Innovation

D k # WOO CENTER o BIG DATA
uKe and PRECISION HEALTH

35/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan

Duke Institute
for Health Innovation

Duk W00 CENTER fr BIG DATA
(§ and PRECISION HEALTH

Frequency density of Observations

0.10

0.08

0.06

0.04

0.02

0.00

Length of Stay

Distribution of Inpatient LOS (days) Across Cohort

Excluding Cases Greater than 30 Days

5 10 15 20
Length of inpatient stay

" No Decompensation
© Decompensation

25

30

36/40



DUHS
Inpatient

General De- Length Of Stay

compensation

Prediction
Ziyuan Shen, o .
M'ey,.l;'.:an ecnu; Distribution of Inpatient LOS (days) Across
Cohort suffered Decompensation
_ _ Excluding Cases Greater than 30 Days
Brief Review 0.14
Cohort » To stepdown
(E)xtraction & g 0.12 To ICU
utcome = X
Labelling g " Mortality
[0]
Data § 010
Visualization (@)
Future Work g 0.08
Plan ‘ﬁ
S 0.06
o
3
= 0.04
§ & =
g i @ 0.02
28 i -
25 & 0.00
S . 0 5 10 15 20 25 30
PE- i Length of inpatient stay
=L O
ae 3
2 A

37/40



DUHS
Inpatient C
General De-
compensation Ontent

Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

} ® Brief Review
Cohort
B ® Cohort Extraction & Outcome Labelling
Labelling . . .
® Data Visualization
Data
Visualization ) Future Work Plan

Future Work
Plan

WO CENTER ir BIG DATA
d PRECISION HEALTH

Duke + a

Duke Institute
for Health Innovation

w

38/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Brief Review

Cohort
Extraction &
Outcome
Labelling

Data
Visualization

Future Work
Plan

Duke Institute
for Health Innovation

D k # WOO CENTER o BIG DATA
uKe and PRECISION HEALTH

Duke Data

=

Cohort Extraction « inclusion criteria
» exclusion criteria
v N
Feature Extraction Outcome Labeling 1\
+ demographics /\4
« diagnosis | Floor/Stepdown | ICU |
« type of procedures ; -
» medication * mortality * mortality
« vital signs : ICU-transfer * code blue
* laboratory results *RRT
« clinical history * code blue
Machine Leaming Refine
Cross | Techniques
Validation l Actionable
Parameter - Warning
Tuning Model Evaluation

and Comparison

39/40



DUHS
Inpatient
General De-
compensation
Prediction

Ziyuan Shen,
Mengxuan Cui

Thank you for listening!

Future Work
Plan

=
5 iz
E=I
© iI
3 Eio
Lc s
> C gE
== X
BE .3
Lo +
gt
=T v
AS -4
= 5

40 /40



	Brief Review
	Cohort Extraction & Outcome Labelling
	Data Visualization
	Future Work Plan

