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LifeLines provide a general visualization
environment for personal histories. We
explored its use for medical patient records. A
one screen overview of the record using
timelines provides direct access to the data.
Problems, hospitalization and medications can
be represented as horizontal lines, while icons
represent discrete events such as physician
consultations (and progress notes) or tests.
Line color and thickness can illustrate
relationships or significance. Techniques are
described to display large records. Rescaling
tools and filters allow users to focus on part of
the information, revealing more details.

INTRODUCTION

Computerized medical records pose
tremendous problems to system developers.
Infrastructure and privacy issues need to be
resolved before physicians can even start using
the records. Non-intrusive hardware is
required for physicians to do their work (i.e.
interview patients) away from their desk and
cumbersome workstations. But all the efforts to
solve those problems will only succeed if
appropriate attention is also given to the user
interface design [1][8]. Long lists to scroll,
clumsy search, endless menus and lengthy
dialogs will lead to user rejection. But
techniques are being developed to summarize,
filter and present large amount of information,
leading us to believe that rapid access to needed
data is possible with careful design.

While more attention is now put on developing
standards for gathering medical records we
found that very little effort had been made to
design appropriate visualization and
navigation techniques to present and explore
personal history records. An intuitive
approach to visualizing histories is to use
graphical time series. The consistent, linear
time scale allows comparisons and relations
between the quantities displayed. Data can be
graphed on the timeline to show time series of
quantitative data. Highly interactive interfaces
turn the display into a meaningfully structured
menu with direct access to the data needed to
review a problem or conduct the diagnosis.

RELATED WORK

The use of overviews or summaries has been
well studied: the Summary Time-Oriented
Record, a pure text flowchart, was found
helpful in an arthritis clinic [10]. Another text
summary record uses scaled values to indicate
the severity of a symptom and also notes the
duration of the symptoms, allowing the timing
of clinical events to become apparent [11].
Intensive care summary visualization software
includes notions of filtering, severity scaling,
and details on demand [2].

Tufte [9] describes timelines as a frequent and
powerful form of graphic design and presents
many examples. Timelines have been used for
presenting specific cases in reports and studies
[51[7]. A design using timelines for medical
records was proposed by Powsner and Tufte [6]
who developed a graphical summary using a
table of individual plots of test results and
treatment data. But little has been proposed to
present interactive personal histories. Our
work on the visualization of personal history
started with a project with the Maryland
Department of Juvenile Justice (DJJ). We
developed LifeLines to represent youth records
(including, cases, placements, worker
assignments and reviews) [11]. LifeLines were
designed to 1) present a youth record overview
on a single screen, 2) provide direct access to all
detailed information from the overview with
one or two clicks of the mouse, 3) promote
critical information or alerts to the overview
level. An experiment in home automation
showed that timelines could be quickly
understood by novice users and used for data
entry when scheduling devices in the home [4].

EXPLORING LIFELINES

As a first step we used a simple medical record
found on the Internet and prepared a screen
mockup of the LifeLine overview of the record
[Figure 1]. This mockup was reviewed by
several physicians and their feedback
encouraged us to explore further. We then
worked with a cardiologist who reviewed one of
his patient record and designed the interface
with us. We are now in the process of rapid
prototyping the design. Figures 2 to 4 are
screen prints from the prototype.



An idealized scenario

This medical record (Figure 1) spans from 1990
to 1995 and shows on a series of timelines
consultations and tests, a list of medical
conditions, documents, hospitalizations and
medications. Each physician is assigned a
different color (not seen on the B&W figure)
tying documents and medications to the
originating physician. Icons are used for
discrete events, lines for continuous items such
as conditions or hospital stays. The size of the
line is used to indicate changes in the severity
of conditions or the dosage of medications. The
right most side of the timelines give the current
status showing the active conditions. The area
at the top of the screen gives general
information about the patient. By default alerts
such as known allergies are shown on the top
right of the LifeLines (In Figure 1 a user
already selected another tab to read the contact
information).

Each element of the display acts as a "giant"
menu to access the detailed information about
the item selected. A click on a consultation
brings the progress note, a click on a lab test
displays the results of the test. A click on a
doctor's name brings up the contact
information. The detail information may cover
part of the display but if a large screen is
available it will appear in side windows. Tiled
windows allow parallel review (e.g. a lab test
and a letter, or a recent lab test and 2 older
ones). The respective size of the tiled windows
can be adjusted by dragging the sides of the
windows.

Dealing with complex records

In our previous work for the Maryland
department of Juvenile Justice [3] we explored
mechanisms to handle complex records.
Crowding problems arise when the time span,
the number of categories, the number of lines
or the number of events increases significantly.
Scroll bars are the common answer to pixel
shortage but scroll bars are inadequate - if not
harmful - when presenting overviews as users
often forget to browse the complete image. We
believe that LifeLines should always begin with
an overview of the entire record in one screen
even if some details are lost in this first view.

In the case of DJdJ, some juvenile records
contain dozens of cases whose lines cannot be
shown on the overview screen. We proposed to
present the silhouette of the record (compacted
lines with no labels, but color and size coding
for severity and deepness of penetration in the
legal system). Those silhouettes were found to
be useful to estimate the volume and type of
information available and to guide users to the
most important parts of the records (e.g. a few
serious cases lost in myriads of less important
offenses). Users can explore the silhouette
dynamically, revealing details about the cases
as they move the cursor above the lines. When
users have appreciated the overview they can

access the relevant information directly, zoom
on a time period of interest, or filter the display
to show only relevant information.

In the case of the medical record, the silhouette
of a record might be useful when a physician
sees the record for the first time, then a simple
click zooms the silhouette to show the current
time period and possibly filter on a subset of
categories chosen in the physician's preference
control panel. The record would appear in the
zoomed state during following visits. Another
technique is to use a logarithmic scale to
emphasize recent events.

Categories of data can be organized in a
hierarchy (as shown in Figure 1 - left side)
which can be expanded or contracted to filter
out some of the data.

Finally smaller icons can be used to display a
larger number of events information . In the
silhouette a single pixel can represent a visit or
a test, giving a sense of the periodicity of the
events; and color can indicate type or
importance.

Cardiology record design

In this design (Figure 2) the specialist who
worked with us elected to display only a subset
of the information in the overview screen
(problems and interventions) giving more space
for the progress notes and current medications.
The exact choice of what information is
presented on the LifeLines in the overview is
selected by the user. Tests are available on top
of the timelines. A click on the EKG tab brings
the last EKG (with a "previous" button to review
previous EKGs), a click on lab brings the last
lab test. A click on a PTCA of the interventions
line brings the report and an hand-drawn
diagram associated with the intervention
(Figure 3). The LifeLine of the medication
history appears when clicking on "med.
history" next to the current medication. In
certain cases users might choose to display
specific quantitative data e.g. cholesterol levels
over the whole span of the overview to see
changes over the years. But more likely the
physician will decide to zoom in onto a period of
interest and see more details. In Figure 4 the
physician zoomed to the 1990 period. The
zoomed display now reveals the tests available
(a click on any one brings the data) and the
medications lines. Here the user also asked to
show the three cholesterol levels plotted on one
line in order to verify that the medications used
at that time had been effective in lowering the
cholesterol levels. The LifeLines can be
scrolled to later time periods if needed.

DATA ENTRY

Many events only require to be time stamped on
the timeline. Test results can be received by an
office clerk, scanned and marked as test results
of a given type, if not transferred automatically.



Those events require little or no input, merely
leaving their footprints on the LifeLines for
easy retrieval of the information. Major
summary items (problems, treatments) are
found in the progress notes which are often
dictated by the physician and typed by a trained
secretary. Codes can be added to the progress
notes or lines can be entered by the trained
secretary for review along with the notes by the
physician.

CONCLUSION

Personal histories contain information that
plays an important role in critical decision
making. However, problems are associated
with current methods of presenting the
information to physicians. The proposed
solution, LifeLines, charts the course of a
personal history across time using lines to
mark periods and icons to denote events of that
history.
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Medical Record Overview 2/07/4-Consultation with Dx. Samir Najjar at 15:58

X P . & Endocxine Clinic, Children's Memoxial Hospital |
Patient Name: Gold, Lea | /" Alerts "\ Allergies /" General / Fam Hist " Other Diagnosis: Acute Lynphoid Leukernia
Dste of Bith: 10-OCT-75 | Address: 34 Oak Street Telephone MNurnber: 8005551212 Labs
Sex: F j Melrose, NY 101010 T4 10.7 ug/dL normal[5.5, 11.0]
Race: Q TSH 2.80 ul/mL
 Insurance: Blue Cross School: University of Maryland FSH 3.5 IU/L
Policy Number: 67-2323-34 College Park, MD LH 1.60 IU/L
E2  68.0 pg/ul
DS 139 ug/dL
& | o I S I '] |'®‘ I‘C"» 120 191 1192 193 194 195 CA 8.8 M/DL normal[s.4, 10.5]
v Consultations PHOS 4.2 M&/DL normal[2.7, 4.5]
w Endocrine Clinic P S—— Z : ALKP 106 U/L normal [30, 120]
o et b Lytophoid Levkeroia 4 Lack Norm Phys Devel  AAGU00 IO | cinical Measurements
R Mt = i Diastolic BP 60 mmHy
vaex:\;sr;s”“ hael Millis : IfinbDef.ormities) Heart Rate 80 Beabs/Min
AEme r Endocrine clinic Height 140 cm i
Dr. Horatio Wood
Dr. Alan Leichtner 2/07/94-Letter by Dx. Najjar to Dx. Douglas Quinn
'wConditions ) . = A
Neck Pain NeckPain ____ s =]
¢ . Short-Stature Douglas Quinn, MD RE: Lea Gold
Short-S, g ,
e o Pein Dana-Farber Cancer Institwte DOB: 10/10/75
: : 5 — 44 Binney Street
Agquired Hypothyroidism Agquired Hypothyroidism Boston, MArgzi‘l 5
Asthma Asthma Dear Dr. Quinn:
Secondary Amenorrhea
Lymphoblastic Leukemi We had the pleaure of seeing Lea in the Endocrine
Thyroid Nodule Thyroid Nodule Program on 2/7/94 for follow vp post treatraent of all.
¥ Misc Docwments : e 5 History: Abowt a year ago she tripped in school and
» Ié?tdzrs To: Dr. Sernir Nejer To: Dr. Strangelove Tos hit her back on the edge of a metallic teble. Since then | 7
4 e N b 3/04/23-Consultation with Dx. Michael Millis at 10:56
¥ Hospitalizations |EEndocrim Clinic, Children's Memoxial Hospital|
W Children's Memorial Hosp. . .. . o
Orlluthf/div Cllinfc' ) — g’;?‘“”’;"n?'h Acq Litdb Deformities
Endocrinology Clinic — — —_— Skin: Cold extremdtis, not mottled.
P Boston General Hosp. — HEENT: Alopecia, estropia OD, fundi normal
scati MNeck: Thyrroid not e ed.
vMe‘:luatmns Ha Acetaminophen Acetaminophen Heart: Normal. -
£ elaminoplien 0 mg TID ——————— 100mg TID Chest: Tendermess over most of the upper rbs.
Prednisone Daxvevelins Prednisone — 50 mg QID 751mg Abdoren: Soft, no masses, no hepatosplenomegaly.
Doxyeyeline = 100wz BID Newrological: DTR 2+ Cranisal, nerved 1I-XIL: normal
2 Clinical Measurements
Date Span: < || Height 139.4 cm ¥

© University of Maryland, 1995

Figure 1: Simple medical record showing all physician visits, conditions, hospitalizations and medications. Every item in the record
is seen as a line or icon in the overview. Side windows show details for review.

= Medical Recor

Bort Simpson DOB: 9/12{35 I—I Mild Hypoglycemia
1234 Pirate Street Caucasian el Diabetic retinopathy
Barbary Coast Male Hypertension

Phone: (301) 234-6543 56", 180 Lbs AlWET) ||| S

T Lab Tests T XRays T EKGs T Stress Echos T Exer. Studies T Caths T Misc. Tests T Consultations Current Meds: [ Med History

1980 1991 1992 1993 1994 1995 1996 "
i | 1 1 1 1 ! Cardizem CD 180 mg g AM
Problems Coronary Artery Disease Digoxin 0.25mg g d
Congestive Heart Failure/Cardiormyopathy Ecotrin 1tab q d
Silent MR Atrial Flutter m Insulin .
|Diabetes K -Dur 20mg bid
Interventions PTCA Rotoblator CABGK3 Lasix 40 mg q AM .
- - L Percocet 1 tab q 4-6 hrs pain
Progress Notes 1 11 1 i n 1 LI ] Theragram M wiiron q d

Tylenol 1-2 tab g 4-6 hrs pain

0[ CCCELLLLLLLLLLLEIDIDII>55555553> [
1 1 1 1 1 1
re arences 1980 1991 1992 1993 1994 1995 1996

2/12/96 Progress Note: | Prev Note I | Next Note I
+

10 days out from bypass surgery, only complicated by paroxysmal atrial fibrillation. Daing extremely well. Feels well. Walking twice per day.
Medications are Tylenol, Digoxin 0.25, Cardizem CD 180, had been on Lasix for a few days.

Examination is unremarkable. Continued 1 to 2+ lower extremity edema.

PLAN: Wil continue Lasix 40 mg and K-Dur 20 mg. Back in 10 days or p.r.n.

© University of Maryland, 1995

Figure 2: A cardiology patient record showing problems and interventions, the last progress note and current medications.



= Medical Record

Bort Simpson DOB: 941235 Admin Info I Mild Hypoglycemia
1234 Pirate Street Caucasian Diabetic retil th
Barbary Coast Male
Phone: (301) 234-6543 5'-6", 180 Lbs v 71
e _ . mx _g;_/f./ §o
s = T 7_ 7
H H BRSO, <
iLifeline: I Lab Tests T XRays T EKGs T Stress Echos T Exer. Studies T- " :V—.__._-, o 9 tory
1990 1991 1992 1993 1994} i T\
Problems Coronary Artery Disease 204402 fanoen !
" FISZERY q\l-x svx-\ r -
Congestive H
P % ’n >
Silent MIN ‘“M
. T\
Cath Report B =
) \ | THE ARLINGTON HOSPITAL pain
Prd Arkegion, Veging 220"
CARDIAC CATEETERIZATION REPORT pa“n
N4 PATIENT'S NAME: ' i //—-\
NEDICAL RECORD NURDER: ; ”
OATE OF CATEETERIZATION: /890 /
CATHETERIZATION NUNDER: 90-m /
CARDIOLOGIST: ——
REFERRING PRYSICIAN: I \\\
PROCEOVRE: . PERCUTANEOUS TRANSLUMINAL CORCMARY
ANCIOPLASTY ATTEXPT OF TOTALLY OCCLUBED LEFT
ASTERIOR DESCENDING COROSARY ARTERY.
Pr‘ .”n PRLOPERATIVE DIAGNOSIS: 1. TOTAL OCCLUSION OF LEFT ANTERION cl,(f
OESCENDING CORONARY ARTERY, 7—’“\
POSTOPERATIVE DIAGNOSIS: 1. Sk, . : g
T oTECENIQUE: Poll ] dication, o ote
2129 Qi ollowizg oral presedicat o: the patieat vas drought to o \ le.p 42,0 ;. <
) mo g ;e 1
10d — e */2“ “""/ 1_—/-_'_-_-—_ j
Med 4 vith IV Lidocaine and - Y, 1z """ e/
. iley left geiding JerTL oo . 2/h fid- P
" Sathater van advasced via the rifhe fesseal arterial shesth wwder B T2 oAy .' rheeBACE S 3
WOroscopic 4 N o o LT
Exar ““: ecopie v Aan'::‘;" '::c“e the ::  Sorseacy artery. 10,000 /. e 3 Sephlri 45t
Arteriograpdy was carried ost in msltiple projectioss. A 2.0 skimsy _—
Ballcos dilatation catbeter over a 0.18 Ni-Torque floppy gvide wire was
PLA advanced via the geiding catdeter to tde level of the ostium of the
left sain coromary artery, asd the guide vire was traversed into the —
left asterior & c ry but was uzadle to cross the +
total occlesion. exchanged for 4 0.018
suide vire men sced to the level of the total r
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Figure 3: When a user clicks on the 1990 PTCA (Figure 2), intervention reports are shown.

Medical Record =

Bort Simpson DOB: 9/12{35 I—I Mild Hypoglycemia
1234 Pirate Street Caucasian erminlinf Diabetic retinopathy

Barbary Coast Male Hypertension
Phone: (301) 234-6543 56", 180 Lbs Family History] | Eormer smoker

iLifeline: I Lab Tests T XRays T EKGs T Stress Echos T Exer. Studies T Caths T Misc. Tests T Consultations Current Meds: | Med Hi story
1/80 2/90 3/30 4/30 590 6/890 7/90 8/90 9/9010/9011/90 1280 1/91 2/91 391 481 5891 681 791 891
1 | | | | [ | | | 1 1 1 | 1 1 | 1 I Cardizem SR 60 mg po
Problems Coranary Atery Disease Diabeta 2.5 mg po AM
Diabetes Mevacor 20 mg
NTG patch 5 mg g 24h
Interventions ETCA
Tests
Lah Tests [ 1] 1 1 1
+Cholesterol _ 0T, _\
ALDL S150 1 A— —k— ————]
HDL £ e
0
Stress Echos 1
Exer. Studies [ 1] 1
Caths 1
Medications Lidgeaine, Phenergan, MS, IC NTG, NTG sl Mevacor
Cardizem
—
NTG Patch
—
Diabeta
O <> [l
0
[Preferences] ooy 1o ;

6/27191 Progress Note: | Prev Note | | Next Note I
Feels well, very active, able to do whatever he wants without symptoms. Continues on current meds. Cholesterol has dropped nicely on
Mevacor. Excercise treadmill today, completed Stage [Il of Bruce without angina. He does have ischemic ECG changes, no dsrhythmias,
no significant change since last year.

PLAN: Continue current medical therapy, yearly treadmills, monthly laboratories, Dr. R. to follow-up tighter control of diabetes.

© Universityof Maryland, 1996

Figure 4: Here a user has zoomed the LifeLines to study the 1990-1991 period. The tests given and the medications prescribed
are shown. To check the effectiveness of the medications, cholesterol levels were selected to be plotted on the LifeLines

(using the Preference menu)






