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Precision Rehabilitation

Challenges:

m Data Assessment

m Resources

m Users
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Contribution M

preha: a new approach to tackle the analysis of

precision rehabilitation data.

Two main components:

1. A detailed data—users—tasks analysis

2. Avisual analytics dashboard approach within preha
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Data—Users—Tasks Analysis
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Data—Users—Tasks Analysis

sooo0cses EME EMB EME EME ERE
2012 — 2019

Demographic Medical )
Therapy
Age Sex Zip Code Diagnosis Insurance ScoreX?3  ScoreY?24
67 male 1234 J44 Insurance A 170m A-B {a,b,c}
85  female 1235 167 Insurance B 13.2 meter - {a,b,c,d}
47  female 1236 M17.9 Insurance A - C {d.e,f}

large — heterogeneous — high-dimensional! — inconsistent? — missing3
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Data—Users—Tasks Analysis

Interviews Abstract Tasks
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30-50 minutes typologies
semi-structured for each task
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Data—Users—Tasks Analysis

Engl: Provide meaningful data partitions
-.‘ Eng2: Prepare templates for patient assessment
| > | Eng3: Prepare templates for clinical benchmarking
Eng4: Predict rehabilitation outcome

Expl: Show rehabilitation outcome to patients
Exp2: Perform clinical benchmarking
m Exp3: Explore clinical datasets
Exp4: Analyze data for clinical studies
Exp5: Intervention planning
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Engd: Predict Rehabilitation Outcome

Eng4

dscover ) | iter )

Y + What?
< browse > < aggregate> Why?
,], + How?
< identify > < derive >
input: total output: predicted
underlying data outcome
[inspired by Brehmer et al. 2013]
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Typologies for All Tasks

_ Eng1

produce

Eng?2

prod uce

Eng3
' produce

‘ Eng4

. o discover filter
3 izl change annotate < import ) (annotate) "
_n_ C input: lotzl >_< output: > browse aggregate
UinE 2t g i SLbeaict arrange fllter aggregate arrange -
demographlc data board template
! input: total output: predicted
input: scores and output: dash- underlying data ANEETE
clinical effort board template
Exp1 Exp3 Exp4 | Exp5 I
Ty Ty A AT Vamm B
l'.\ present )| | _ ~ f\ select ) (\ filter )' K select ] ( discover ) p i
1 [ select ) ([ discover )+ [ emoy )+ ( discover ) Ca— o s iter )
Ve 5 . e | > e Yy = p ARy > - ~ | y
. [ lookup I+ . P ! | navigate ) P ! | amange ) i - || navigate . browse ) +
I S '\ navigate (' lookup )i + [ explore || + - ([ lockup ) + \ ! !L derive
m ||.\ summarize | P I - rlter } ; - ( BI“ICOdO ) ,--’—i—“--\ { ﬁlt&r /] '._\ identify/compare .).'
/; y — [ summarize } — 'f;\ identify / T — ( compare | ___+ /; P ~
[ input: dashboard output: rehabilita- — —gre Y - - ) ~ 1 | £ A ( Input: all scores [ output: prediction
P ) hnbiicome ) ( aggregate | | aggregate ) (_aggregate ) | | ( “Maaconon ) " outome )
/ input: dashboard °__/~ tput: input: total f input: data from output: analysis
"‘\_ putem:'sﬂte : _/H\_ be?‘:hl:‘:lsfks _/’I ' underlying data \_H\_ Output: insight } ( v?sualqueﬂes /h'(-\\_ I‘“‘;'Lll.r;t:rnay54 _/

©
Renata Raidou 13 é



9, /-

_/\/_" . . Dashboards Editor

EHR Data Preprocessing Storage P
* Profiling A
o

= Wrangling

= Cleansing D

N

Predictive Analytics

* if required by task .
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Preprocessing M

m Rule-based approach, done once: easy to introduce new rules
m Profiling: identification and communication of quality problems
m Set of regular expressions/rules defined by the users
s Whatever doesn’t match these 2 “dirty”
m Wrangling: modifying structure to make it suitable for processing
s Standardization of tables and scores
m Each patient is assigned one (non-redundant) row in a data table
m Cleansing: correcting dirty data
s We know how correct data should look like
m Cleansing programs/rules to match this appearance ﬁ
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Visualization

9, /-

_/\/_" . . Dashboards Editor

EHR Data Preprocessing Storage P

* Profiling \\-
= Wrangling i
= Cleansing

Predictive Analytics
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Visualization M

m Flexible, reusable, adaptable, expressive

@ Kibana framework:

m All basic visualizations
m Extensible through d3.js

mmmummumu|n||u|||||||u||||mm+u\\\unmulmmmwu $
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s Supports multiple linked views
s Interaction functionality

m Predictive analysis support




Engd: Predict Rehabilitation Outcome

Eng4

dscover ) | iter )

Y + What?
< browse > < aggregate> Why?
,], + How?
< identify > < derive >
input: total output: predicted
underlying data outcome
[inspired by Brehmer et al. 2013]

©
Renata Raidou 20 ﬁ




4
@®
a1
®
9
y2
&
g

kibana

o
=2

Dashboard / Eng4

>_ Search... [e.g. status:200 AND extension:PHP)

Add a filter 4

Full screen  Share Clone Edit CAuto-refresh <€ @ May 15th 2016, 19:24:14.422 to May 15th 2019, 19:24:14.422

Filter

Visualize interesting
characteristics of
cohort

Predict assessment scores

Visualize interesting characteristics of cohort

Visualize interesting characteristics of cohort




4
@®
a1
®
9
y2
&
g

kibana

o
=

Dashboard / Eng4

>_ Search... [e.g. status:200 AND extension:PHP)

Add a filter 4

Full screen  Share Clone Edit CAuto-refresh <€ @ May 15th 2016, 19:24:14.422 to May 15th 2019, 19:24:14.422

Setlons

Filter

Visualize interesting
characteristics of
cohort

Predict assessment scores

Visualize interesting characteristics of cohort

Visualize interesting characteristics of cohort




' Dashboard / Eng4 Full screen Share Clone Edit CAuto-refresh <€ @ May 15th 2016, 19:24:14.422 to May 15th 2019, 13:24:14.422 >
n

‘ klba a >_ Search... [e.g. status:200 AND extension:PHP) Options Refresh

@ Discover

Add a filter 4

u Visualize

® Dashboard Prediction of the WOMAC ATI Discharge Score

©  Timelion Womac Atl Score Discharge N

& Devooks Predicted value: 41.50

%

i Visualize interesting | oo iset
Filter characteristics of
cohort

Visualize interesting characteristics of cohort

Visualize interesting characteristics of cohort

= admin
o Collapse




(=
o

4
@®
a1
®
9
y2
&
g

kibana

Visualize
Dashboard

Timelion

admin

Collapse

Dashboard / Eng4

>_ Search... [e.g. status:200 AND extension:PHP)

Add a filter 4

Filter

Visualize interesting
characteristics of
cohort

Visualize interesting characteristics of cohort

Full screen Share Clone Edit CAuto-refresh <€ @ May 15th 2016, 19:24:14.422 to May 15th 2019, 13:24:14.422 >

Setlons

Prediction of the WOMAC ATl Discharge Score

Womac Atl Score Discharge N

Predicted value: 41.50
Prediction accuracy: 80.46%
Prediction error: 15.81

Visualize interesting characteristics of cohort




K kibana

®
Ist
®
-
y2
o

(=
o

Discover

Visualize

Dashboard

Timelion

Dev Tools

Mar ment

admin

Collapse

Dashboard / Eng4 Full screen Share Clone Edit CAuto-refresh <€ @ May 15th 2016, 19:24:14.422 to May 15th 2019, 13:24:14.422 >

>~ Search... (e.g. status:200 AND extension:PHP) Options

Add a filter 4
Patient Age Distribution Prediction of the WOMAC AT! Discharge Score sidics
Womac Atl Score Discharge [}Y v
_ Predicted value: 41.50
T | Prediction accuracy: 80.46%
Prediction error: 15.81

Filter

Age Group

Treemap showing the ICD10 diagnos

Osteoarthritis of knee (M17) Osteoarthritis of hip (M16...

10 ) 3 40 50 60

Percentage

Distribution of the WOMAC ATL Admission Score

Dorsalgia (M54) Other chronic obstru... | Thoracic, thorac... ) ‘ll‘llll
, l-lI I|IIIIIIIIIII||II_--___

Count

o)
05

110

160

womac_atl_score_admission



K kibana

®
Ist
®
-
y2
o

(=
o

Discover

Visualize

Dashboard

Timelion

Dev Tools

Mar ment

admin

Collapse

Dashboard / Eng4 Full screen Share Clone Edit CAuto-refresh <€ @ May 15th 2016, 19:24:14.422 to May 15th 2019, 13:24:14.422 >

>~ Search... (e.g. status:200 AND extension:PHP) Options

Add a filter 4
Patient Age Distribution Prediction of the WOMAC AT! Discharge Score sidics
Womac Atl Score Discharge [}Y v
_ Predicted value: 41.50
T | Prediction accuracy: 80.46%
Prediction error: 15.81

Filter

Age Group

Treemap showing the ICD10 diagnos

Osteoarthritis of knee (M17) Osteoarthritis of hip (M16...

10 ) 3 40 50 60

Percentage

Distribution of the WOMAC ATL Admission Score

Dorsalgia (M54) Other chronic obstru... | Thoracic, thorac... ) ‘ll‘llll
, l-lI I|IIIIIIIIIII||II_--___

Count

o)
05

110

160

womac_atl_score_admission



Dashboard / Eng4 Full screen Share Clone Edit CAuto-refresh <€ @ May 15th 2016, 19:24:14.422 to May 15th 2019, 13:24:14.422 >

kibana
>_ Search... [e.g. status:200 AND extension:PHP) Options Refresh

Discover
Add afilter 4
Visualize
Clachboard Modify Therapy Minutes Patient Age Distribution Prediction of the WOMAC AT! Discharge Score st
i e, therepy_Krafttraining Il =

Timelion = a ) ¢ Womac Atl Score Discharge [}Y v
S ® - Predicted value: 41.50

X | Prediction accuracy: 80.46%

Prediction error: 15.81

Ma 1ent
therapy_TENS

4
O]
[ad
®
9
ye
o]
]

Search Guard

#Patients
.

_-.Illﬂ i _ =
Age Group BN Moins_score_non

Treemap showing the ICD10 diagnosis structure

Osteoarthritis of knee (M17) Osteoarthritis of hip (M16...

10 ) 3 40 50 60

Percentage

Distribution of the WOMAC ATL Admission Score

O 1 o Mmoo N S WM S I S n S n o n oo n
= - & ~ ™ m T = inon S~ M~ ™ = &8N

Dorsalgia (M54)

Count

.—--———
S i oy th i B
E SR BEE

60
15
110

admission

= admin womac_atl_sco.
o Collapse




Dashboard / Eng4 Full screen  Share  Clone  Edit € Auto-refresh € @ May 15th 2016, 19:24:14.422 to May 15th 2019, 19:24:14.422  »

>_ Search... (e.g. status:200 AMD extension:PHP) Options

Add afilcer 4

Gaehbear Modify Therapy Minutes Patient Age Distribution Prediction of the WOMAC ATl Discharge Scare i

therspy_Krefttreining 1

Timelion

Wamac Atl Score Discharge Q '_-

Predicted value: 41.50
80.46%

5,000

Dev Tools

MManagement

et Prediction accuracy:
Prediction error: 15.81
therspy_TENS 3,000
CF QL3
. Eo2,000 wnn1ﬁ-:,;-ﬁin,:corijdmisslr_-r._
—— - .l] W

» o vad0E O PY

i
#Patients

womac_stiffness_score_admission

therapy_Krafttraining || -
0 ™ - |:.r|n1ar\,r_:||agr.05::.

roland_morris_score_admission .

1,000

Age Group
therapy_Heilgymn. Gruppe LIES - .

Treemap showing the ICD10 diagnosis structure Dr‘""ar”—'j‘Eg“°5'5-);"““F'—""-F'a““tI

natinnﬁlityl
Ostecarthritis of knee (M17) Ostecarthritis of hip (M preous st |
[t} 10 20 30 an 50 1]
Percentage
Distribution of the WOMAC ATL Admission Score
| 500
A (i 400
Dorsalgia (M54) Other chronic obstru... | Thoracic, thorac... o
=
8
200
| ) IIIII
. & - , mmil | [T
S Dloln T G Sl e e Bl to U o W Doen o) I o G T ol gl o o B W
admin womac_atl_score_admission

o Collapze




Dashboards for All Tasks

oo
—
(=]
()]

|

{

o

o

59.921 39.866

61.085 43.182

Renata Raidou |- St : 29 ﬁ



Pilot Study M

m Introduce preha to four potential users I Y'Y Y )

m Provide a set of small assighments to complete

m Findings:

(+) Flexibility, adaptability to own working style
(-) Documentation/language, more digestible for domain experts
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Conclusion and Future Work

m Design study for the workflow of precision rehabilitation
m Development of a dashboard-based strategy

m Extend evaluation to domain experts

m Predictive analytics extension
m Guided analytics incorporation
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