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LifeLines: Overview of Patient Record
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Single record -> Millions of records

® Large databases of Electronic Health Records (EHRS):

® Observational studies

® Recruitment for clinical trials
® Hospital metrics

® Alarm design and testing

¢ efc.

Often involves temporal comparison relative to an important event
(e.g. heart attack, start of a treatment, 15t diagnosis of cancer)
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Lifelines?2

® Introduce powerful combination of simple operations
Align, Rank, Filter, and Summarize
* Multiple records simultaneously visible
 Align by sentinel events

« Rank by frequency
- Filter by events S T
« Summaries I —
® Focus on Point Events  [= —
- Diagnosis, treatments, etc. - g —

® Measure
Benefits of Alignment
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SELECT TOP 200
*

FROM

_contrast contrast_1,

conkrast conkrast 2,

“conkrast conkrask_3

WHERE

1=1 AND

[contrast_1].[Lab Test] = 'CREAT" AMND

[contrast_2].[Valus] BETWEEN '0.6' AMD '1.2' AND
[contrast_2].[Lab Accessioning Time] < [contrast_1], [Radiolagy Exam Time] AKD [contrast_2].[Lab Accessioning Time] = dateadd{Day, -2, [contrast _1].[Radiolagy Exam
Time]) &MD

[n:n:nnt}rast_'l].[.ﬁ.n:n:n:nunt] = [contrast_2].[&ccount] AMD
[contrast_3].[Value] > {[contrast_2].[Value] * {1 + 50 * .01}) AND
[contrast_3].[Value] = ([contrast_2].[Value] + 15 AR

[contrast_3].[Lab Accessioning Time] = [contrast_1].[Fadiology Exam Time] AMD [contrast_3].[Lab .ﬂ.ccessu:unlnngme] < dateaddiDay, 5, [contrast_1].[Radiology Exam TIFI'lE]:I
AMD

[contrast_2].[Account] = [conkrast_3].[Scoount]
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® Sample of Related work
®* Demo

® (Quick) Report on studies
® Ongoing & Future work



Surname, forename  Admitted 3.24.93 7-South, Bed 5

Right lower labe pneumania, hallucinations, new onset diabetes,
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Temperature 37.1°C  Haloperidol 6.0 mg Regular Insulin 3U  Lithium 0.56 mmol/L  S40actasis. ALMD 1500 4.2.93

+ -

- . i - — Alert and oriented. No complaints. Time in study
* SR ht S P FYITTI INeT PAC RN 1100 4.1.93
it | g Tl | | T | g et ant [
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living. PAC RN 1100 3.31.93

Ambulates with assistance. Weak.

Respirations 18/min  Lorazepam 0 mg Glibenclamide Smg LICO3 0mg PAC RN 1400 3.30.93

-

i Still coughing. Breath sounds

T T |[1TAH | S 1 11]]| - diminished ot right base

PB MD 1000 3.30.93

- [l = Discontinued sitters.
' MM RN 1500 3.29.93

Powsner & Tufte, 1994
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Lexis diagrams (Bertin)



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)
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Temporal Visualizations

Spiral Graph: Weber, 01
(based on Carlis, UIST 89)

Periodic data
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PatternFinder
Specification of complex temporal queries on categorical data
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® Related work 4

® Demo LifeLines2

® Report on studies

® Ongoing & Future work
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Scenario: Study relationship between asthma and pneumonia
1) Ru n q uery Find all patients who have both Asthma and Pneumonia diagnoses
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Two user studies

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

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



Two user studies

°Controlled experiment

(some training, measure speed and error)

- Benefit of alignment: YES (Significant improvement on complex tasks)

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

® Domain expert qualitative study
(no training, think aloud, discussion)
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Two user studies

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

- Benefit of alignment: YES (Significant improvement on complex tasks)

20 participants: grad students Task Completion Time
Data: synthetic student record data 120 m with Afgnment
Tasks checked as domain independent 100 ] — | @ Without Agnment

80 —

60 —

Time (seconds)

® Domain expert qualitative study

(no training, think aloud, discussion) zimmﬁ

1 2% 3 4%k

Tasks

Learnability
General feedback and suggestions

4 participants: nurse, physician, 2 prof. of nursing
All experienced with EHR and medical research
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Combine Alignment with PatternFinder
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In summary...

® Align Rank, Filter, and Summarize
Powerful combination of simple operations to
explore temporal categorical data (events)

®* Performance benefit of alignment: significant

® Impact: Integration in 2 large operational EHR systems

® Many applicable domains:
* Highway incident log
* Student records

* Web logs

Vehicle fleet records
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Qualitative Evaluation Results

Visual representation and ARF easily understood
— Readily apply without training

2/4 participants saw immediate utility in their own
medical research

|V alters perception, interpretation of data

I\ can be confusing

— Did not trust how intervals are assigned
— Interpreted the interval literally

Feedback on improving ARF
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Quantitative Evaluation Tasks

- Task 1. How many students submitted a paper within 1 month after
proposal? (5 records)

- Task 2: How many students submitted a paper within 1 month after
proposal? (20 records)

- Task 3: How many students published at least 3 papers between
proposal and defense?

- Task 4: What occurred most often within a month of a student’s 1%t
paper submission?

For interval of validity

- Task 5: Assuming a class lasts 3 months, how many students proposed
while they were taking a class?

- Task 6: Assuming a class lasts 3 months, and it takes 2 months to
prepare for proposal, how many students were preparing for proposal

while taking a class? _
Back to Evaluations
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Summarization

e Important issue because of large time range

* Recursive aggregation mechanism
(set of events) --- (summary event)
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4 LifeLines 2 - asthma-pneumnonia.txt {de-identified real data}
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Also fewer, smaller errors

With alignment

Rate

0.7
0.6

Task Error Rate

| With Alignment

0.5

O Without Alignment ||

0.4

0.3

0.2

0.1

Tasks

Average Error Size

0.9 -
0.8
0.7 1
0.6
0.5
0.4
0.3

Task Error Size

| With Alignment
@ Without Alignment

0.2

0.1

Tasks




Task completion time

Task Completion Time

B With Alignment
120 -

@ Without Alignment

100 -

"

1 1

o0]
o

Time (seconds)
o
o o

N
o

o

reaIIy useful if data fit in one screen |
or if still learning i.e. best strategy not immediate



1 1HH11CTOCTAl UIITI

Dynamic queries on numerical temporal data

TimeSearcher...SZ weeks of closing prices =1ol=l H OCh h e|Ser I nf0V|SO4

File Edit View Transform Help

Qm? | I | // T,L Search: Search || Clear | Query Variable | Close HC@
204.2 y IName: ESAT TELECOM (= |
: Zloze
M 91.13
15345 1k 96.5
q e} 57.31
4 18 87 31
1024 A a97.81
1_ E s 98.25
" 18 68 44
51.08 ' e 99 5
! o 93.88 =
5 Buono VDAO5S
4 7 10 13 16 10 22 25 28 31 34 37 40 43 90 40 62 S

FLITSCHE TFI FKOM 4G |

Hl TimeSearcher[Build:1.0.1615.18609 — O] %
/1430 records 1% L ! BiElE
Ele Edit Cuery View Data Help
oo m| | 7] 1] Search | Clear | mbet Ot [ ]r LnerT. @ OfiestT. [ NoiseR. W Bmplite S
:‘TzTELECCIM GRFP PLC ADS Variahbles | PUGLIA_CITIES' Date [ SUNLL. | Rain. ~
: wariable[SUNLIGHT - 12/10/1996  56.00 6.
245 I = 12/11/1996  358.00 0t

1212/1996  393.00 0.c

Al )
2 jﬁ"w o 1213199 25300 0z
12/14/19% 7900 12€

4 7 A0 12 A6 19 22 25 28 31 34 37 40 42 46 12/15{1996 4.00 nr‘
1216/1996  418.00 0.z

12174996 184.00 0w
[« | b

COPPER MOUNTAIN HETWORKS

o042
153 45 ANDFIA N
10z / giE‘LETrA
51080 et 0 2 o o o : BRINDISI
8/30/1396 8/10/1996 82171936 fpriass 107131896 R - |
47 10 1% 16 18 22 25 28 31 34 37 40 43 4 £
[SUNUGHT =l
|
ig | .
| “mewm WWMMMMWMWWW 7 4 kLl
| , W g i P ’Wﬂ and"
1711993 171801934 & 2471095 A& oothdy AL A 3;1@199?‘

X 7/24/1987 ¥ 1600 - Mouse: (949.0)

.cs.umd.edu/Zhcil/timesearcher




Specification of temporal abstractions
To reason/query with them
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Combine alignment with

PatternFinder
Collaboration with

Washington Hospital Center

(original developers of Azyxxi, now

Microsoft Amalga)
Connected to real time database

Search Ul was designed to match style of
existing search interface

Alignment integrated
Put on desk of first users soon



Measured benefits over tabular display

& HCIL Experiment . HCIL Experiment
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www.cs.umd.edu/hcil/lifelines
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Specification of complex temporal queries on

PatternFinder
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[Fails et al. VASTO06]

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

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