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Measured benefits over tabular display
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Single record - Millions of records

® Large databases of Electronic Health Records (EHRS)

® Observational studies
(i.e. using EHRs for clinical research - rather that clinical trials)

® Recruitment for clinical trails

® Hospital performance monitoring
® Alarm design and testing

® efc.

Often involve temporal comparison relative to an important event
(e.g. heart attack, start of a treatment, 15t diagnosis of cancer)

HCIL
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Today

® Introduce powerful combination of simple operations
Align Rank and Filter

Multiple records simultaneously visible

Align by sentinel events
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Focus on categorical point data

®* Examples NOT:
o - Images
. Dlagpog.es , Full text of notes
AdmISSIF)n to hospital Continuous numerical data
* Complaints: Shortness of breath (e.g. EKGs)
* Tests (e.g. type: creatinine serum, low/normal/high, value)
([

Exams (e.g. type=xray, normal)

® Point data (not interval)

even if some implicit interval of validity exist
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Focus on categorical point data

®* Examples NOT:
o - Images
. Dlagpog.es , Full text of notes
AdmISSIF)n to hospital Continuous numerical data
* Complaints: Shortness of breath (e.g. EKGs)
* Tests (e.g. type: creatinine serum, low/normal/high, value)
([

Exams (e.g. type=xray, normal)

® Point data (not interval)

even if some implicit interval of validity exist

A

Pneumonia

HCIL



Focus on categorical point data

®* Examples NOT:
o - Images
. Dlagpog.es , Full text of notes
AdmISSIF)n to hospital Continuous numerical data
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Focus on categorical point data

®* Examples NOT:
o - Images
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Context

SELECT TOP 200
#*

FROM

contrast conkrast_1,

conkrask contrask_2,

contrask conkrast_3

WHERE

1=1 AMD

[contrask_1].[Lab Test] = 'CREAT' AMND

[contrast_z].[value] BETWEEM '0.6" AMD "1, 2" ARD
[contrast_2].[Lab Accessioning Time] < [contrask_1].[Radialogy Exam Time] AMD [contrast_2].[Lab Accessioning Time] = dateadd(Day, -2, [contrast_1].[Radiclogy Exam
Time]) AMD

[contrast_1].[Account] = [contrast_2].[Account] ARD
[contrast_3].[%alue] = ([contrask_Z].[Walue] * (1 + 50 * 017 ARD
[contrast_3].[%alue] = ([contrask_Z].[Value] + 17 AND

[contrast_3].[Lab Accessioning Time] = [contrast_1].[Radiology Exam Time] AMD [contrast_3].[Lab Accessioning Time] = dateadd{Day, 5, [contrast_1].[Fadiology Exam Time])
AND

[contrast_z2].[Account] = [contrast_3].[Account]

QL
\]\1(\\‘\(\9 S

LifeLines2

Selected subsets of the records of multiple patients HCiE}



* Related work

® Quick demo

® Report on studies

®* Ongoing & Future work
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Sample of Related Work

Many tools...
because many types of time series, and needs

Recent survey paper: Aigner et al, TVCG 2008

Many static displays
Numerical vs. Categorical data
* Numerical

« Single one (e.g. VizTree looking at patterns in an EKG)
* Multiple series (e.g.TimeSearcher)

* Categorical
« Many modeling and query tools
* Queries

Alighment

* Many examples of use
» Manual specification of alignment point
» Periodical data (e.g. spiral displays)
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Static views

Surname, forename  Admitted 3.24.93

Right lower labe pneumania, hallucinations, new onset diabetes,
history of manic depressive illness
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Powsner & Tufte, 1994

4493 7-South, Bed 5

Discharge. PB MD 1345 4.4.93
No delirium. GNM RN 1200 4.4.93
Enema given. PAC RN 1100 4.4.93

Will treat for probable
constipation, MAM 2245 4.2.93

Vomited. RW RN 2230 4.2.93

Left lower lobe infiltrate or
atelectasis. AL MO 1500 4.2.93

Alert and ariented. No complaints,
PAC RN 1100 4.1.93

Attending to activities of daily
living. PAC RN 1100 3.31.93

Ambulates with assistance. Weak.
PAC RN 1400 3.30.93

Still coughing. Breath sounds
diminished at right base.
PB MD 1000 3.30.93

Discontinued sitters.
MM RN 1500 3.29.93

Time in study

‘Calendar time
T

Y

Lexis diagrams (Bertin)
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TimeSearcher

Dynamic queries on numerical temporal data
I
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Lifelines and improvements
Overview of categorical and/or numerical data (semantic zoom)
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Lifelines and improvements
Overview of categorical and/or numerical data (semantic zoom)
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Lifelines and improvements
Overview of categorical and/or numerical

data (semantic zoom)

LifeLine

-l

¥ Hosps.

¥ Tests

¥ Meds.

¥ Others

¥ Inmun.

Linda Simpson
Female 40

a2 £p
Tobacco

Diepression

Lyme  Arthritis

Appendectomy

Prozac

|

4]
J

Line from input file: %-,3-10-1997,3-12-1997 black,p10,5 onogram,images/babysonogrs

94 95

nt CHI 96, AMIA 98

Bade CHI 2004

Obesit
Checkup
AtrialFlutter
1 1

IEhEckup

Flu  Preumonia Kl

Bizbz Workbench

File Window Help
.: i2b2 Workbench for

Navigate Terms | @ Find Terms 23| &
Search by Names | search by Codes |

IContaInmg j |asthma
Find | Any Category -|

(= ol

5

(] Antiasthmatic combinations
8 antiasthmatics causing adverse o
-] Asthma
-] Asthma, unspecified
53 asthma, unspecified type, with 3
BJ Asthma, unspecified kype, with s
5] Asthma, unspecified without men)
89 Asthmanefrin 2,25% solution Mes
8] Asthmanefrin 2,25% solution Mes
83 Asthmanefrin 2,25% solution Mes
[+ Chronic obstructive asthma
53 Chronic obstructive asthma with

B5J Chronic obstructive asthma, with)

| E} Chronic obstructive asthma, withy

@ Previous Queries 52 ‘ 4

() Peumon-Asthma@11:56:24 [04-07
L;_ Prieumonia and i@11:55:18 [04-07-
3 § Antit-Chemi-Age@05:30: 12 [02-20
(+) Female-Asthma@®11:32:46 [02-
Female-asthma@11:18:56 [02-08-;
(+) Female-Asthma@11:16:52 [02-}
0-9 y-Femal-Respi@10:10:01 [01-1
0-9 y-Male-Intri@02:26:19 [01-07-
Female-Asthma,@00; 14:43 [01-07
Combined immuni@04:15:57 [12-20)
§J 0-9 y-Femal-Black@04:10:52 [12-21
0-9 yea-Female@04:10:09 [12-20-
0-9_hutton [12-20-2007 ] [demo]
Hutton_0 [12-20-2007 ] [demo]
Here i< mv nronnsal b irh [12-20-71
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Lood pressuce
e " . .
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27.

e

<95

- L qulazly T | =5
treatment ahead 1
L] ! (.
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24.
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Al
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8:45:

j=z002 2003
<Deo Jan
1 2 3 4 5 6
EMDOLISM CARE
Intensive Core * Wormal * Lang Tern Treatment
50
a
- 20
gt Bepecin IE/h
—ml— LAt 1449 1422 1440

13

Feb [Mar |Apr |Ma
Al
P I iy = "

Sun 8 Dec 2002

Te

Rpr

14,

2L

May

|Jun

B:45:13 sun 8. Dec 2002
View -
® Physiclan

Norsing staff

Patient
Layouts -
1 >

| —

Dr. Benten Dr. Grl(n, Dr. Karter

May % 2001 - Appendicitis

Dec 1 2002 - Lungenembolie

mmmlttl-'uﬁngemulle. Diabetes II

Dec 1 2002 - May 20
Emergency: Dr. Grim
attending

Bysician: Br. Karter
8:33 - Arrival at the Hospital
Heparin Therapie
13:02 - critical patient status

lyse Therapic (Altcplaac) -

¢ Manfred

48

Mustarmann -

9:0:0
Fri 16 May 2003

Mame: Mustermarn, Manfred - -
Age @ 47 ye - Ly
sex : male

Family Statuss marzied
Childrenr three -
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Experiscope (Guimbretiere, CHI07)
One of many example of manual alignment
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Specification of temporal abstractions

To reason/query with them

Empirics snd Dedved Dala

Eeons bareds Ta skaip

G

ol U

Chaas 8 Erspitical amd] Diaimd Diada |

Shahar 1999

&) tines gven in [Dm

Name: Patient 746 ID: 0000746 Birthdate: Jun 27, 197:r|
1199
vTe with P: ms
Phenytoin: Increasin g then hi 9 31/1993 9:50 AM 19.1
Phenytoi

—
| s S N
i

No focus on Ul, or presenting results

Hcii;



PatternFinder

Specification of complex temporal queries on categorical
0 Ol

=101 x|
Person/People Ewent Box 1 EventBox 2
Marne Type . ¥ Span | Tvpe O

All

I j Level 1 |Medications = # Events I~ i Lewel 1 |Visit
pom || L -
hge Level 2 |Ant Depressan = Hours Level 2 |Hospital

L il B L
e | |# Dayz ITu:utaI "I Days a
Level 3 |Rememon hd Week Level 3 |Emergency -
. ’l |‘ ?‘El | I : . "l-"353| | =l ! Add
Walue i W alue Constraint
i p 4126 | . . Auta Accident 5
¥ Female W Use Flnelatwe ‘-Ialues1 22| 180 [ Bone Fractue
W Hale b|-‘ ¥ Heart Attack
X Delete [T FKidney Stone
01-Jan-2005 Min D ate Max Date 30-Dec-2005
People Selected: 6 of 950 Fun Guery

[Fail et al. VASTO6]

Patients with increasing dosages of Remeron
followed by a heart attack within 180 days

HCIL

www.cs.umd.edu/hcil/patternfinder  VAST 06 paper




PatternFinder

Specification of complex temporal queries on categorical data
¢® A

=
Person/People Ewent Box 1 EventBox 2
Marne Type . e s ¥ Span | Tvpe O
I j Level 1 |Medications = by i Lewel 1 |Visit ~
o] ||| -
hge Level 2 |Ant Depressan = L Hours Level 2 |Hospital - ¥
e [ |# Daps |Total - D ays a
4 ’l |‘ ?El Lewvel 3 IHemen:un "I = 0 b e Lewvel 3 IEmergenc}l VI " Py
% |- | e .
Value . Value Conztraint
i p 4126 | . ] Auto Accident "
¥ Female ¥ Use Relative Values 180 ™ Bone Fractue
V' Male 0 b|-‘ 122' ¥ Heart Attack
X Delete [T FKidney Stone
01-Jan-2005 Min D ate Max Date 30-Dec-2005
People Selected: 6 of 950 Fun Guery
Visualization I Table | B matches found [
Braham, Burton ‘ ‘ E ()
Elsas, Darnell OO0 )
Fuchs, Layton . - . C)
Greif, Gage _. _. )
Kern. Leola N [ ¥ [
Williams, Azura Span: 171 days . . B
Starting Event: 05-May-2005 - Medication$.Anti Depressants.Remeron -> 100
Ending Event: 23-Oct-2005 - Medications.Anti Depressants.Remeron -> 120 |
¥ Show All Events 0142005 | [« 300ec-2008 |

. . [Fail et al. VAST06] .
Ball and chain display of matches Hcﬁ;}




* Related work

®* Quick demo LifeLines2
® Report on studies

®* Ongoing & Future work

HCIL



Scenario: Study relationship between asthma and pneumonia
1) Run query

HCIL



Scenario: Study relationship between asthma and pneumonia
1 ) Run QUEerY Find all patients who have both Asthma and Pneumonia diagnoses

(Ri2b2 Workbenc

=181 %]
File Window Help
P . . ) m
e i2b2 Workbench for Demo Project Demo User Status: @ W
Navigate Tern J = O 4 query Tool 2 l & &% T Ojlp 52 l»l =0
Search by Mames | search by Codes Report |re 4| »
l o I Query Name: IPneun'm-Asthma@ll:S&:Z-l Reset Groups | |
Containing | | asthma - -
I J I _I Group 1 | X ‘ Group 2 | X | Group 3 =
Find I IA"\" Category j’ Dates | Oceurs > 0x I Exclude | Dates I Oceurs = 0x I Exclude | Dates I Occurs > 0x
r] (L] Antiasthmatic combinations - () Preumonia and influenza  a | [T7] Asthma add
| @] Antiasthmatics causing adverse effects in the (] Other bacterial pneumonia ety
® I_] Asthma _‘I—J Ll— -
[ Asthma, unspecified | | »
ﬁ Asthma, unspecified type, with acute exacert E— I — I
ﬁ Asthma, unspecified type, with status asthme AN nQuery
-BJ Asthma, unspecified without mention of statu - ——
~E| Asthmanefrin 2.25% solution Menley and Jarr- g < L =
; ~§.’| Asthmaneftin 2,25% solution Menley and Jan Create model for Timeline Render a Timeline
; -8 Asthmanefrin 2,25% solution Menley and Jar
[#1-[_] Chronic obstructive asthma
- 3] Chronic obstructive asthma with acute exacer o e L)
“BJ Chronic obstructive asthma, with status asthr ¥ Person_#1000000008_Male_ 20yrold__Hispanic “
i g Chronic obstructive asthma, without mention « ¥ Pneumonia_and_i. i
<| | »
¥ Asthma
— 11 1 mi 1 1un
i i % T 0O .
@ Provious Queries 22 l g Fi% ¥ Person_#1000000009_ Female  18yrold_Hispanic
- 9 Preumnan-Asthma@11:56:24 [04-07-2008] [demo | . .
% {3 Preumonia and i®11:55:18 [04-07-2008] [dema) ¥ Pneumonia_and §...
# Q antit-Chemi-Age@05:30:12 [02-20-2008 ] [dema] ¥ Astt
1 g (+) Female-asthma@11:32:46 [02-08-2008 ] [der TREIN] 11
- 5 Female-Asthma@11:18:56 [02-08-2008 ] [demo]
o ) (+) Female-Asthma@11:16:52 [02-08-2008 ] [der ¥ Person_#000000013_Female_16yrold_Black
b+l Q 0-9 y-Femal-Respi@10:10:01 [01-16-2008 ] [dem: ¥ Preumnonia_and 1.
Ex éj 0-9 y-Male-Intri@02:26:19 [01-07-2008 ] [demo]
- 53 Female-Asthma, @00: 14:43 [01-07-2008 ] [demo] ¥ Asthma
115 3 Combined immuni@04: 15:57 [12-20-2007 ] [demo— I minm _‘j
-} 0-9 y-Femal-Elack@04:10:52 [12-20-2007 ] [demc ¥ Person_#1000000013_ Female  80yrold_ Black . 4]
-4 ) 0-9 yea-Female®04:10:09 [12-20-2007 ] [dema) —- . - =l
(53 0-9_hutton [12-20-2007 ] [demc] | Tz 0 | Get Pulmanary
3] 55 Hutton_0 [12-20-2007 ] [dema] IBWH —
_’fl L3 Here is mv nennnsal ko irh [12-20-2007 1 idemn]_’ﬁl Patient Set; | Patient Sek: 37 Patients ) I i |1_ increment: l.ﬂ_ . | epol
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Scenario: Study relationship between asthma and pneumonia
1 ) Run QUEerY Find all patients who have both Asthma and Pneumonia diagnoses

8i2b2 Workbenc

=181 %]
File Window Help
@ . s : -
lf i2b2 Workbench for Demo Project Demo User Status: @ wiki
Navigate Tern J = O 4 query Tool 2 | & &% T Ojlp 52 l»l =0
Search by Mames | search by Codes Report |re 4| »
l o I Query Name: IPneun'm-Asthma@ll:S&:Z-l Reset Groups | |
Containing | | asthma - -
I J I J Group 1 | X ‘ Group 2 | X | Group 3 =
Find IA"\" Category j’ Dates | Occurs > 0x I Exclude | Dates I Occurs > Dx I Exclude | Dates I Occurs > 0x
-] Antiasthmatic combinations - |:_| Pneumonia and influenza | | Asthma add
3] Antiasthmatics causing adverse effects in the () Other bacterial pneumonia ¥ ety
[+ |_] Asthma _‘I—I Ll_ -
I—| {1 Asthma, unspecified 4 | »
; ﬁ Asthma, unspecified type, with acute exacert E— I = I
ﬁ Asthma, unspecified type, with status asthme AN i Query
-BJ Asthma, unspecified without mention of statu ——
EI Asthmanefrin 2.25% solution Menley and Jarr- m & L 8
SJ Asthmaneftin 2,25% solution Menley and Jan Create model for Timeline Render a Timeline
8] Asthmanefrin 2.25% solution Menley and Jar
EI (L Chronic ohstructive asthma
. -] Chronic obstructive asthma with acute exacer o e ?
“BJ Chronic obstructive asthma, with status asthr ¥ Person_#1000000008_Male_ 20yrold__Hispanic “
i g Chronic obstructive asthma, without mention ¥ Pneumonia_and_i. i
<| | »
¥ Asthma
= 11 1 Hl (I 1]
i i % T 0O .
@ Provious Queries 22 I SIS ¥ Person_#1000000009_ Female  18yrold_Hispanic
- E;j Preumnan-Asthma@11:56:24 [04-07-2008] [demo | . .
% {3 Preumonia and i®11:55:18 [04-07-2008] [dema) ¥ Pneumonia_and §...
: &j Antit-Chemi-Age@05:30:12 [02-20-2008 ] [demo] ¥ Astt
Ll E.E‘ (+) Female-asthma@11:32:46 [02-08-2008 ] [der TREIN] 11
- 5 Female-Asthma@11:18:56 [02-08-2008 ] [demo]
- () (+) Female-Asthma@11:16:52 [02-08-2008 ] [der ¥ Person_#000000013_Female_16yrold_Black
b+l 33 0-9 y-Femal-Respi@10:10:01 [01-16-2008 ] [dem: ¥ Preumnonia_and 1.
- (53 0-9 y-Male-Intri@02:26:19 [01-07-2008 ] [dema]
- 53 Female-Asthma, @00: 14:43 [01-07-2008 ] [demo] ¥ Asthma
1% Combined immuni@04: 15:57 [12-20-2007 ] [demo— I minm _‘j
-} 0-9 y-Femal-Elack@04:10:52 [12-20-2007 ] [demc ¥ Person_#1000000013_ Female  80yrold_ Black . 4]
-4 ) 0-9 yea-Female®04:10:09 [12-20-2007 ] [dema) —-- . .- ;I
(53 0-9_hutton [12-20-2007 ] [demc] | Tz 0 /| Get Pulmanary
# Eg Hutton_0 [12-20-2007 ] [demo] IBWH p—
EI L3 Here is myv nennnsal b irh T12-20-2007 1 Idamn]_rl Patient Set: IPaI:ient Set: 37 Patients e I i |_1 T |_37 S | epol

2) Review results L
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File  About
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Two user studies

*Controlled experiment
(some training, measure speed and error)

- Benefit of alignment YES (between 0 to 60% improvement)
- Benefit of interval of validity NO

« 20 participants: grad students
Data: synthetic student record data

®* Domain expert qualitative study
(no training, think aloud, discussion)

HCIL



File About

E3|iifellines 7. setd taskt, fxt(fake data)

Records 45/45 = |4 ARF Controls | Preferences
- . . . : . - . . - - =| | Expanded Event Encoding
¥student 00 crLs g LeaiSipe
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Example tasks

* 1: How many students submitted a paper within
1 month after proposal? 5 records

® 2: same with more 20 records

* 3: How many students published at least 3
papers between PhD proposal and defense?

* 4: \What occurred most often within a month of a
student’s 1st paper submission?

Hcii;



Task completion time

Task Completion Time
120 m With Alignment -
O Without Alignment
100 -
2 g
c
O
o 60
2
e 40
=
20
O I I I
NG
T Tasks
Not really useful if data fit in one screen | s
| HCIL )
or if still learning i.e. best strategy not immediate
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Task completion time

Time (seconds)

120

100

(@)
o

(©))
o

TN
o

N
o

o
|

Task Completion Time

ALSO:
| fewer, smaller errors

j rated helpful

(8.3 on scale of 1-9)
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Observations

® In general with alignments users
° First reduce data with filters
* Align
* Eye-ball temporal relationships
e Zoom/Inspect data with potential

* Best strategy not found for task 3
(they aligned on proposal instead of defense)

When no alignment they filtered by sequence:
“proposal < paper < defense”

Hcii;



Intervals of validity: NO Significant differences

(1) Without intervals of validity

¥1000000002

Aetm AL M

Rheum atism, exclu
prednisone

¥1000000054

Asthm a ‘ ‘ h u

Rheumnatism, exclu
prednisone

(2) With intervals of validity

W¥1000000002

Retm Ak M

Rheumnatism, exclu
prednisone

¥1000000054

Astm i A-Mh- | Ak

Rheumatism, exclu
prednisone

HCIL



Two user studies

*Controlled experiment
(some training, measure speed and error)

- Benefit of alignment YES (between 0 to 60% improvement)
- Benefit of interval of validity NO

« 20 participants: grad students
Data: synthetic student record data
Tasks checked as domain independent

®* Domain expert qualitative study
(no training, think aloud, discussion)
« Learnability (visual presentation, Ul)

» General feedback and suggestions

* 4 participants: nurse, physician, 2 prof. of nursing

» All experienced with EHR and medical research -
HCIL



Domain expert qualitative study

® 3 scenarios

* Picking subijects for a clinical trials
- Patients who took steroids for asthma

° Trends
- Asthma attacks seem more likely to follow or precede pneumonia?

- What events seem to co-occur with acute myocardial infraction?

® Zero training
®* Review data
® Think aloud

HCIL



Domain expert qualitative study

® Visual representation and Align-rank-filter
understood without training

° One user had initial problem seeing that
1 facet = 1 patient (but figured out on his own)

* One user learned every single feature entirely on her own, others
asked demonstration of some features.

* But even experts get confused about data
available (e.g. asthma A interpreted a flare)

Hcii;



Interpreting intervals of validity

(1) Without intervals of validity

¥i000000002

Astma AA M

Rheum atism, exclu
prednisone
¥1000000054
Asthm a ‘ ‘ ‘ ‘ i
Rheum atism, exclu
prednisone

(2) With intervals of validity Uncertainty?

V% ) P Or certain duration?
Rheumnatism, exclu { . { | .
prednisone

¥1000000054
Asthm a A Ak | Ak
Rheumnatism, exclu { { .
prednisone

May only add more confusion? |
Is it realistic to count on adequate training? HCIL



Future work

- Summaries:
- temporal distribution of event type(s)

- Comparison of populations grouped by
- patient characteristic (e.g. men/women)
- presence/absence (e.g. had stroke or not)
- ordering relative to sentinel

HCIL
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Future work

- Summaries:
- temporal distribution of event type(s)

- Comparison of populations grouped by
- patient characteristic (e.g. men/women)
- presence/absence (e.g. had stroke or not)
- ordering relative to sentinel

- Integration in operational systems

HCIL
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PatternFinder (in Azyxxi/Amalga)

Complex temporal queries:

® Patients discharged from ER admitted
again within a week

* Patients with radiology exam using
contrast, and a normal creatinine level
at most 2 days before the exam, and
creatinine increase of at least 50% and

more than 0.1mg within 5 days of the
exam
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Combine alignment with PatternFinder
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Combine alignment with PatternFinder

Collaboration with
Washington Hospital Center

(original developers of Azyxxi, now Microsoft Amalga)

® Alignment integrated
®* Put on desk of first users last week

® Connected to real time database

® Search Ul was designed to match style of
existing search interface

Hcii;



Integrate Align-Rank-Filter in i2b2
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In summary...

Align Rank and Filter
Powerful combination of simple operations to
explore temporal categorical data

Performance benefit of alignment significant

Integration in 2 large operational EHR systems

Many applicable domains:
* Highway incident log
* Student records
* Web logs
* Vehicle fleet records

Interval of validity? Not clear .
HCIL
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L 20+ years of research, publications, and resources

All medical data shown
had been de-identified

www.cs.umd.edu/hcil/lifelines2

plaisant@cs.umd.edu (drawback: it was small)

Still a few spots at our workshop:
“Interactive Visual Exploration of Electronic Health Records”

at HCIL Symposium (May 30) www.cs.umd.edu/hcil/soh

Special thanks to:
David Wang - who could not come ® I 2% g
Washington Hospital Center (and others) for financial support HC'E}
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