De waarde van data &
algoritmes in de zorg

L~
»

2 Sandjai Bhulai

~'5 Vrije Universiteit Amsterdam

= s.bhulai@vu.nl

- - B B :;" - -
o .—0 ':0 .. .::'..‘00 Kl 2 & ..‘ ".:C
(L b d s 2
s 0% " o .. .}o‘ " -
.
® . o ‘ ® o vy e
® ‘ © * 9 ® ° Y )
‘ -
: .
e e _ -~
[ « -
- ’ . VRIJE
o ’ s ' UNIVERSITEIT
AMSTERDAM
o 0~




Even voorstellen

1998
2002
2002
2003
2016

Doctoraal in Bedrijfswiskunde & Informatica en Wiskunde
Promotie in Operations Research

Lucent Technologies, New Jersey, USA

Vrije Universiteit Amsterdam

Hoogleraar Business Analytics

= Research / Onderwijs:

>

>

\%

\%

\%

Decision making under uncertainty
Control of complex high-dimensional systems

Predictive modeling
Machine learning
Artificial intelligence

= Door de jaren heen:

20+ consultancy projecten, 20+ R&D projecten,
30+ PhD studenten, 100+ M.Sc. studenten
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De waarde van data

!w'

Gedupeerden éisen schadevergoedlng wegen

.l

groot datalek G‘é’D

06 december 2021 03:03 @ f > . -
Laatste update: 06 december 2021 08:00 In <=
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De waarde van data

CBS onderzoekt de waarde van
data

12-1-2021 10:00 / Auteur: Masja de Ree

© Hollandse Hoogte / Westendé1 GmbH
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De waarde van data

data

inzichten en
voorspellingen
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= Machine learning S

Weeknumber

. Absolute Percentage Error e Aclyal  es—Predicted

= Neurale netwerken
= Artificial intelligence
= Predictive analytics
= Statistiek
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De jungle van jargon

Artificial Intelligence

Machine
Learning
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De jungle van jargon

What is machine learning?

= Machine learning is essentially a form of applied statistics
with increased emphasis on the use of computers to
statistically estimate complicated functions and a decreased
emphasis on providing confidence intervals around these

functions

Rules —
Data ——

Classical
Programming

—> Answers

Data —p
Answers ——p

Machine
learning

—>» Rules
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De jungle van jargon

What is artificial intelligence?

= Any task performed by a program or a machine that, if a
human carried out the same activity, we would say the
human had to apply intelligence to accomplish the task
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De jungle van jargon

A

Optimization What'’s the best that can happen?

Predictive modelin What will happen next? 3

e o 2 ppe S Analytics
% Forecasting/extrapolation. What if these trends continue?
‘g : SRR e B
-z:; Statistical analysis Why is this happening?
2
£ | Alerts ® What actions are needed?
é ST R P e LT T 0 B b R N I Y 2
8 | Query/drill down Where exactly is the problem?
———————————— . e —— —— S— Access and
Ad hoc reports How many, how often, where? reporting
Standard reports What happened?
@
Degree of intelligence

N
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De jungle van jargon

Analytics Human Input

Descriptive
What happened?

Diagnostic
Why did it happen?

Predictive

What will happen? Decision

Data

Decision Support

Prescriptive
What should | do?

Decision Automation

N
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De jungle van jargon

Data Storytelling
Natural Language Explainable Al
Sk Generlatlto:v(NLG) .o Data Catalog
SRR AR ® . Prescriptive Analytics
Decision Intelligence =
ik LG @ S~ Augmented Analytics
Data for : : Natural Language Query
Conversational Chatbots Data and Analytics Governance
: ® 5
ki Embedded Analytics Data and Analytics Services
g Multiexperience Analytics 4 Graph Analytics
o Analytics Stewardship OO
© Q Event Stream Processing o®
© 0 Logical Data Warehouse
@ ]
Q. & 2
> Analytics Catalog O Text Analytics
Predictive Analytics
~O In-DBMS Analytics
Outdoor Location Intelligence
Social Analytics
Immersive Analytics Indoor Location Intelligence
Cloud Analytics
As of August 2020
Innovation lF:\ilaakt:J Trough of Slope of Plateau of
Trigger Disillusionment Enlightenment Productivity

Expectations

Plateau will be reached:

O less than 2 years

12

© 2to 5years

time

@ 5to 10 years

A more than 10 years

® obsolete before plateau
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Ambulancezorg in NL

= Al-ritten: Urgent en levensbedreigend <15 min
= A2-calls: Urgent en levensbedreigend < 30 min
= B-calls: Gepland transport

Prestatienorm: 95% van A1-ritten op tijd
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Ambulancezorg in NL

Ambulance traffic
in The Netherlands

500.000 700
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> 1.000.000 meldingen per jaar, waarvan 500.000 A1-ritten
> 35.000 keer (7 %) te laat
> Groeiende zorgvraag

Nieuw concept
Dynamic Ambulance Management: proactieve relocaties
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Dynamisch ambulance management

Wervershoof

% 2 Wiz 3 3
% 2 H Espelerpad  Espelerweg— NTIA: Na51 5 I . Blokzijl
% % ] jrerwe
%, s Enkhuizen . Emmelootd % e
."'i N302. ; = Ankerpad mmeloo Marknesse 2
e . § NT19 Vo, Eh
agdijk Bovenkarspel -~ = F: L Vo, y | 3
9 Hoogkarspel 2 ) K ol
p — & s Nas1 Bomenweg 9 (%z &
Binnenwijzend i - = & Tolebek % Vollenhove
£ 2 3
ot S i &y o & %
5 R
o Venhuizen Y uk & 9 ﬁ 50
&S
Elbaweg " “, D"":,,, "
w9 62\6\\ %,‘ "sesweq  N352 &@
Leketn, Nagele
4 H Schokkerringweg.
N352. Ens e
s 15 minuten n siane eer
z
z
P = _famsweg, z
. 3
s %& NS0
- 4,%' Ketelmeer: A\
% ( Kam
Ker, N760
5 eimeercy A\ s Y
/ o \ ¢
& Vagy % b, % | e
\ X & % > Y
e & 5 S
- Swifterbant < % 2 %! |Jsselmuiden
a7 N302 & \ £\ % g
g & \ & T Kampen
& \ S & Z \
Markermeer g Nao7 INTIQ i 3 | w
) o,
1 Elandwia 9’ ~ g,
f ﬁ g v A 764
{ \ Dronten 5
1 o 2 /
! Vigent 2
. 1 [NB07p~ Dromerved N305 5 2 NS
- - 1 3, £l & o NEOLE o per
15 minuten - ‘ e o\ & i~
\ 3
. \ o :
. D Drontgrmeer %, 3
\
N309 g %
\ 2 3
\ 80y, et )
S
\ o e, o o
4 o1 L1l 208
S
é
H o Furg Oldebioek
1 & -
&) a
l. A %
! # 3
! Doomspijk
] S 3 s
s o ww“ e
1§
£,
“: Noorderplassen Komansweg | 1810 B Ugery
LI ¢ 5
M Tussen de %
ziekuik imere - Vaarten Zuid Nunspeet %
\ &
S Knasd¥ &
e Hulshorst 3 o ) ]
> 2 Hierden o ey Somelsawed ro,,%’%
- o
N305. g
R A Wolderwid ke 3 Mol Epe
Harderwijk: g 9
ok
Zeewolde S 9 g Z
&
) o
N303 1 Ch
2 ! houterweq =
2 Horst )
& NT%6. U Kaartgegevens @2014 Google - Bewerkenin |

17

Sandjai Bhulai / Masterclass de waarde van data & algoritmes in de zorg / 14 April 2022



Dynamisch ambulance management

Wervershoof % 2 = NIz & e
% 2 3 Espelerpad  Espelerweg— [NTIA nest | Nem) & s Blokzijl
%, % 3 jrerwe’
%, o Enkhuizen | _ Emmelootd L} stee™
% b £ o mmeloor Marknesse b 2
Y ’ NTI9 | 3
’ Kleiweg 3
agdijk Bovenkarspel v H ~ y 3
Hoogkarspel 3 5 o i’
< ol H \ o g ‘
o i N351 Bomenweg 5 e
Binnenwijzend 9 Vollenhove
& & Tollebeek
De B N302 3 g@f 2 31 (
% > o & k3 )
35 Venhuize & o £ 5
o uizen urk o $ NS0 tase
%, & S % N
% Loy, ¢ 5
Elbaweg \‘ % U, S %
0 1.°‘°’“\@\ %4 Sesweg  [N352 Nz, 1.“‘““ )
Lekerhg, . © el
Scholderringney ey 0 <
5 (e
o 15 minuten ' e
> z
- :
.- - —__Ramsweg, \
e i /
- Ketelmeer A\
( Kam
Kere . inTeo
J eerdije Py, S ~/
eV
& 2 %, & ) &
\ X g ) 8
‘gwifterbant & 4
4 ey oWi & 3 2 IJsselmuiden
N302 & v £\ 5 3,
/ & \ 5 Z %, Kampen
& S e Z i
Markermeer g S waor, - 7lg ¥ 2 i \ .
£ G 3
y & ers ’ Elandw L
j £ s weg ‘flg a7 wee™ .}
1 5 ¢ 3 Dronten |
1 z > bl
! woah g £
DRSNS ' ’}fq peet H £ v A
- S gy ormeen s -
| @, £ & NN WBOL®  pppene
0 birge, PY) 5. Oepe
] 2 ", ws| %% H
1 v 2 80
\ & Drontgfmeer 3, 5\ 3
§ N763
’ g Na0S
L) kA 5 o
<% 7 o S,
! % & %, Sk, ,,(o‘\ﬁﬁ &
% % & A
ke # Z N703 4
N0l Biddinghuizen 208
" 2
; N30 P e v‘\‘f Elburg Oldebroek
I s - 2
1 % By
I ?% 3y
1
1 - > 3 *e"‘ 3
J . ) Doomspijk e
' & Blire, 4 N306 A >
g ‘&,60 Almere-B=< w@“ﬂb (298
A C 5, %)
K é,,\*‘ % o Veluwemeer
&
? Noorderplassen Kolmansweg | IN310 w0 o Brgen,
3
N1y e 4 %
\ 3 &
\Muziekwijk Tussen de S Nunspeet %
¥ Noord~ Almere . Vaarten Zuig & e %
¢ s
S
ES & o 3 Hulshorst
% o & 8 - N
% fledenwn NT05 S N302 Rieren: chw og— SoerelseW g r%e,%
o e
N30 g &
~_Almere ) & A Wolderwijd 2 Moy A
3 * \ R U a 2 lermweq Epe
Haven  yaterlandsebos W & Harderwijk ;
N 2
e E Zeewiolde \fp g ¢
lerberg < - & - &
~~ " W
= Gooimeer ~-- 5 \ N303. s Yehouterneg - £/
k3
3 Horst %
& NT96 wBia Kaartgegevens 2014 Google - Bewerken in |

18 Sandjai Bhulai / Masterclass de waarde van data & algoritmes in de zorg / 14 April 2022



Dynamisch ambulance management
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Dynamisch ambulance management
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relocaties per dag

Goed nieuws:
Slechts enkele relocaties per dag nodig (“80/20-regel”)
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Dynamisch ambulance management
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Ouderenzorg
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Uitdagingen in acute ouderenzorg

DE UITDAGINGEN IN ACUTE OUDERENZORG IN DE KOMENDE 10 JAAR

1.300.000 ouderen van 75+

800.000 ocuderen bezoeken jaarlijks de SEH

280.000 ouderen jaarlijks acuut opgenomen

A F AT

2.100.000 ouderen van 75+

Ké{) Ao ) K_.\é/" ésg) & ‘\ﬁ/“ s (;;') Ké;)
T 1 i1ttt
M e WS

Op elke oudere 2 werkenden

) ﬁ i

1.100.000 ouderen bezoeken jaarlijks de SEH

390.000 ouderen jacrlijks acuut opgenomen

(LA LT
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Uitdagingen in acute ouderenzorg

incident overload heupoperatie verzorgingstehuis
(14 dagen)
Plaatsing in Plaatsing in
Aankomst in tijdelijk voorkeurs-
systeem (thuis) verpleeghuis verpleeghuis Overlijden
tijd

N
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Uitdagingen in acute ouderenzorg

?
voorkeuren 1 efficiént gebruik
behouden van bedden
Vragen:
1. Hoe presteert de simpele oplossing om patiénten meerdere

voorkeursverpleeghuizen te laten kiezen?

2. Hoe presteert een toewijzingsmodel waarin individuele patiéntvoorkeuren
meegenomen worden?

N
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Speelgoed voorbeeld

1. Voorkeuren van cliénten

NOORD

40 bedden 1 bed Vrij

P—
0O0ST
' NOORD A 40 bedden I
)7\ + 00ST ﬁ. — 1 bed vrij

@ 00ST B
+ ZUID

WEST

40 bedden 1 bed Vrij

=

==,

ZUID
40 bedden

=
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Speelgoed voorbeeld

2. Verplaatsen tussen verpleeghuizen

NOORD

40 bedden 1 bed Vrij

P—

00SsT

' NOORD A 40 bedden

P/\ 4+ 00ST ﬁ A=
H

|_| @ O00SsT B
+ ZUID ﬁ. 40‘::::%
P—

ZUID

40 bedden 1 bed Vr”

=

27 Sandjai Bhulai / Masterclass de waarde van data & algoritmes in de zorg / 14 April 2022

VU



Speelgoed voorbeeld

2. Verplaatsen tussen verpleeghuizen

NOORD
40 bedden

=

00sT

40 bedden 1 bed VI’I]

=

WEST
40 bedden

=

@® 00SsT B ZUID

40 bedden

=

=,

N
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Speelgoed voorbeeld

3. Toename in urgentie

Dag 1 Dag 90
@ NOORD B @ NOORD B
4 WEST ﬁ. —) + WEST ﬁ
— O0O0ST 4 00ST

N

29 Sandjai Bhulai / Masterclass de waarde van data & algoritmes in de zorg / 14 April 2022 VU



30

Speelgoed voorbeeld

Voorbeeldsituatie

@ 00sT
+ WEST

V\ 4+ NOORD

==,

EEI|_| @ NOORD
+ WEST
4 OO0ST

=,

@ 00ST
— WEST

NOORD
40 bedden

=

00SsT
40 bedden

=

WEST
40 bedden

=

ZUID
40 bedden

=
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Resultaten Amsterdam

= Huidige werkwijze:
> Wachttijd tot plaatsing 211 dagen (232 tot voorkeur)

= Toewijzingsmodel met 1 voorkeurs verpleeghuis:
> Wachttijd tot plaatsing 51 dagen (177 tot voorkeur)

= Toewijzingsmodel met 2 voorkeurs verpleeghuizen:
> Wachttijd tot plaatsing 33 dagen (105 tot voorkeur)

Toewijzingsmodel: %k psyep:
1. Houdt rekening met individuele voorkeuren at”e’jeugdz
2. Gigantische reductie wachttijd °rg,...
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Algoritmes in de zorg

Time To Plateau Will Be Reached: CO <2yrs. ) (O 2-5 yrs.) C. 5-10 yrs‘) (A >10 yrs.)

Health Data Curation
and Enrichment

Healthcare Application Marketplace

- Algorithmic Medicine
- Blockchain in Healthcare

) ) Critical Condition Surveillance Systems
Al-Enabled Diagnostic

Imaging Interpretation loT in Healthcare

Healthcare Consumer Persuasion Analytics
Assistive Healthcare Robots

Precision Medicine

Automated Patient
Decision Aids

Precision Health

Ambient Digital Scribe
Digital Twinsin
Healthcare

Digital Health Platform

Digital Clinical
Voice Analysis

Genomics Medicine ’?/———
Computer-Assisted Coding

Real-Time Health System
Command Center

EXPECTATIONS

PHI Consent Healthcare Interoperability

Management

OpenNotes

Digital Analytics
Architecture Patient Self-Scheduling

Enterprise EHR Systems (Non-U.S.)

Healthcare CRM
Contact Tracing Apps
Patient Portals (Untethered)

Population Health Management Solutions
Real-Time Physician Documenration Improvement

As of July 2021

Innovation ® Peak of Inflated ® Trough of ® Slope of ® Plateauof @
Trigger Expectations Disillusionment Enlightenment Productivity
TIME
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Responsible data science
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Responsible data science
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Responsible data science

L)

36 Sandjai Bhulai / Masterclass de waarde van data & algoritmes in de zorg / 14 April 2022 VU



Responsible data science

= A potential disadvantage of predictive modeling is that

iInsights about the data and the task the machine is solving
are hidden within increasingly complex models

Questioning the model.:

Fairness: are predictions unbiased and not discriminating?
Privacy: is sensitive information in the data protected?
Reliability: do small changes lead to big prediction changes
Causality: are only causal relationships picked up?

Trust: can the model explain its decisions?
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Responsible data science

\ 11 '/#
\ WEAPONS 0F

QMMH DESTRUCTION
P%Q’

|

|

— o @ T
ol

f— L

HOW BIGC DATA INCREASES INEQUALITY

AND THREATENS DEMOCRACY gy

y CATHY O'NEIL

A NEW YORK TIMES NOTABLE BOOK

I e

= We live in the age of the algorithm

= |ncreasingly, the decisions that
affect our lives are being made not
by humans, but by mathematical
models

= |n theory, this should lead to
greater fairness: everyone is judged
according to the same rules, and
bias is eliminated
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Responsible data science

“setting the gender to female resulted in getting fewer
iInstances of an ad related to high paying jobs than setting it
to male”

Automated Experiments on Ad Privacy Settings
http://www.andrew.cmu.edu/user/danupam/dtd-pets15.pdf

ads for arrest records were significantly more likely to show
up on searches for distinctively black names or a historically
black fraternity

http://dataprivacylab.org/projects/onlineads/1071-1.pdf

target people who live in low-income neighborhoods with
high-interest loans
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Responsible data science

Airplanes

Graduation

N
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Responsible data science

You got this ad because
you're a newlywed pilates
instructor and you're
cartoon crazy.

This ad used your location
to see you're in La Jolla.

You're into parenting blogs
and thinking about LGBTQ
adoption.
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You got this ad because
you're a certified public
accountant in an open
relationship.

This ad used your location to
see you're in South Atlanta.

You're into natural skin care
and you've supported
Cardi B since day one.

You got this ad because
you're a Goth barista and
you're single.

This ad used your location to
see you're in Clinton Hill.

And you're either vegan or
lactose intolerant and you're
really feeling that yoga lately.




Responsible data science

= Police, security, intelligence — screening suspects
= Judges - deciding on pre-trial period of suspects
= eCommerce — cookie-based price adjustments

= Education - giving a (negative) study advice

= Medical diagnostics, personalized medicine, ...

= Mortgages, car insurances, CV screening, jobs, salaries,
funding decisions, ...
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Succes!

L)
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