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Approach

AHow can we think about systems?
AHow can we think about fAprac
AObservations about fAmyo bior

I What they did
I Who used them and why
I Their practical value (or lack thereof)
AError and failure modes i do we neglect them?

AOther successful biomedical system examples
and future opportunities

AClosing thought



‘How Can We Think About
SPracical Systems?

{ A/ STE

There iIs no common agreement on the
definition of a Nsystertl

A A system does something (there are processes and outputs).

A Addition or removal of a component changes the system.

A A component is affected by its inclusion in the system.

A Components are perceived to be related in hierarchical structures.

A There are means for control and communication which promote system survival.
A The system has emergent properties, some of which are difficult to predict.

A The system has a boundary.

A Outside the boundary is a system environment that affects the system.

A The system is owned by someone.

-Alan Waring



System? Practical?

Control and communication

L




A Reuben Lucius Goldber@&831970)
popularized thesesystems
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Basic Law of Practical

Systems?
AWhat ever we call a fpractica
Aé we want wuseful results*

Aéfor reasonable expenditur e’

A (or money, risk, time)

*As measured by real system users




Three Factors Affecting How We
Think About Practical Systems

APracticality of development

APracticality of operation

AScale of system
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How the
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customer
explained it

How the
project
leader
understood it

How the
systems
analyst
designed it

How the
programmer
coded it

What the
customer
really needed



éor Practicalilty



éeor Practicalilty

STARTING TODAY,
ALL PASSUWORDS MUST
CONTAIN LETTERS,
NUMBERS, DOODLES,
SIGN LANGUAGE AND
SQUIRREL NOISES.
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Practicality and Scale

Very | arge systems come with norder |

A Complexity

A Funding

A Staffing

A Perhaps geopolitical/national priority
factors

Space Shuttle

Global Positioning System



This Talk Focuses On Biomedical
Systems Wheree

A Practicality means reasonable payoff for
reasonable effort

A We look mainly at practicality of operation

AThe scale is small é
A Developed/operated by individuals or small
teams

A Type of effort carried out by academic labs,
small business, small gov. labs



A Complex algorithms are not always essential
to have significant impact

Observations
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Nomograph for Estimating Body
Surface Area from Height and Weight

Weight (kg)

A Walter Reed Hospital Cardiology
Dept., Washington, DC (1972)

A Cardiac output measured in
liters/min/body surface area

A Body surface area calculated with
nomograph




ComputerBased Medical System (CBMS)
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Boundary Marking  Tool
(NLM/NIH ~2006)

AGraphical annotation (manual segmentation)

ARecording of diagnostic data

- By region
- For image as a whole
AWeb -based

I Facilitates multi -observer studies

AWe distribute under open  -source license

Primary developer: Leif Neve
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Boundary Information >

Acetowhite Lesion Information
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Cervigram Information

Picture adequate? ettt et Observer 1

Visual diagnosis  |High-grade lesion
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Cervigram Information

- _ o 1030.429 (Previously evaluated)
Picture adequate? |No--Poor cervical position = e Observer 2

Visual diagnosis




Age-Related Changes of the Cervix Influence Human
Papillomavirus Type Distribution.
Cancer Research. January 2006;66(2):1218-24.

American Journal of Obstetrics and Gynecology. August 2006;
195(2):349-53.

in the evaluation of digitized cervical
images.
Obstetrics and Gynecology. 2007;110:833-40.

: Correlation With Human
Papillomavirus Detection and Type.
American Journal of Obstetrics and Gynecology. July
2007;197(1):47.e1-47.€8.

in the Assessment of Components of
Colposcopic Grading.
Obstetrics & Gynecology. June 2008;111(6):1279-1284.

for Detection of High-Grade
Cervical Intraepithelial Neoplasia.

Journal of Lower Genital Tract Disease. 2009;13(3):137-144.




Practical Value of the BMT:
National Cancer Institute (NCI)
Biopsy Study

A Each year in the U.S.
A 3 million women with abnormal results on cervix
screening undergo colposcopicexams
A Usually, one biopsy is taken, at the visually-worst site

A PROBLEM: NCI analyses have shown thaB0-50%
of high-grade lesions are being missed

A QUESTION: Will new protocol, taking more than one biopsy,
alleviate this situation?



Study to discriminate precancer from HPV
iInfection (BIOPSY Study)

What is the incremental benefit
of taking multiple biopsies?
Can we better standardize
colposcopy-biopsy?

How are multiple lesions on the
cervix related?

Which types cause individual
lesions?

Setting: University Oklahoma colposcopy clinic

Recruitment goal: 800-1000 women from a referral population without
prior treatment

Approach: Systematic, extended biopsy protocol with digital
documentation

Slide used by permission of Dr. NichdldsntzensenNCI/NIH/USA




Modified biopsy protocol

CIN3+ <CIN3

Ri
.|sk factor/ Ata B-3
biomarker +
Risk factor/
. C+c D-c
biomarker -

Odds ratio: (A+a)(D-c)/(B-a)(C+c)

Colposcopy-biopsy Reduce misclassification

o Up to four biopsies are taken, if less than 4 targeted
biopsies, one random is added

0 Biopsy impression is recorded, biopsies are ranked and
evaluated individually

Slide used by permission of Dr. NichdldsntzensenNCI/NIH/USA




Image annotation




Data analysis- biopsies

Enter Image Observations Draw Boundary Type Study Status
5 ~ Acetowhite S User name: bmtuser
K ) @ ]

Visual Diagnosis ::;gir:"?rade v %SCJ Visualized = ~ Lesion & Bogey. Study - Study
2 - udy name: Biopsy Stu
() Biopsy 2 ® () Biopsy 3 ®

i el i . Study progress: 213 completed (out of 221)
SCJ Obscured by [CXtendsint | ECC ves | v ) Biopsy 4 () Random Biopsy B
canal Current image: SBX1252_1

EMBx Vaginal Bx Image date: 8/26/09

. - Image progress: 8 houndaries drawn
e [

Notes [lesion extends into canal \

B3 Boundary Details

Enter Boundary Observations
Specimen Id [5Bx1252 530 \
-
* .
- severy

Biopsy impression, biopsy ranking
Interobserver comparison

High-grade
|lesion

Slide used by permission of Dr. NichdldsntzensenNCI/NIH/USA

Lesion Diagnosis




JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT

Multiple Biopsies and Detection of Cervical Cancer
Precursors at Colposcopy

The biopsy results determine whether excision of the lesion is required. Colposcopy with a single biopsy
can fail to detect HSIL. This study involved 690 women who had up to four distinct lesions biopsied. The
sensitivities for detecting HSIL increased from 60.6 percent for a single biopsy to 85.6 percent for two
biopsies to 95.6 percent for three biopsies.

Conclusion

Collection of additional lesion-directed biopsies during colposcopy increased detection of histo-
logic HSIL, regardless of patient characteristics. Taking additional biopsies when multiple lesions
are present should become the standard practice of colposcopic biopsy.

Wentzensenet al, Nov. 2014



Implementation of the boundary marking tool

Den Haag,
Netherlands

Milan, Italy

Berlin,
Germany

Oklahoma City,
USA
Guanacaste,
Costa Rica
In place
Irun, Nigeria _
In preparation Mlurg_bal,
ndia

Goal: To create a worldwide database of colposcopy images with

annotations and Ooutc Slide used by permission of Dr. NichdMsntzensen NCI/NIH/USA




A So the Boundary Marking Tool did a good job
at collecting I mage anno

Aébut when any of these f
0 Image set to be viewed
0 Regions to be marked and labeled
o Data fields to be collected
o Observers to annotate the images

Aéa programmer and dat aba
needed to be involved to make the necessary
system changes.



A User value goes up as dependency on
computer specialists goes down

Observations



BMT Study

Administration Tool
(BSAT, NLM/NIH ~2008)

ABMT Study Administration Tool
AWorks with BMT

AAllows a wuser to definea BMT study

AComponents of BMT study :

AWhich images to use
AWhich graphical annotation to collect

AWhich observers will participate

Primary developer: Leif Neve



) Manage Studies - Mozilla Firefox

File Edit Wiew History Bookmarks Tools Help
@ = C % | BB htp:/farchive.nlm nih.gov/bsat/manageStudies.php
.&_Most visited L] Customize Links L1 Send L Free Hotmail L] Windows Marketplace L1 Windows Media L Windows

BEManage Studies %]
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A Engineers need the basic  vocabulary and
concepts of their medical application domain;
medical experts need to be able to interpret
guantitative  system output

Observations



The Teaching Tool
(NLM/NIH ~2010)

AA system for collecting
and scoring responses
to image -based
guestions over the Web

ACurrent
Implementation is for
field of colposcopy

- Administers and
grades two
professional
proficiency exams

Visual Diagnosis Question from TT




Data for the Teaching

Tool: Uterine Cervix Data
A A:LTS

A Guanacaste

I Costa Rica

i 10,000 women
I 7 years

i Clinical data

A PAP test, HPV,
histology

I Image data
A 60,000 cervigrams
A Histology images
A PAP test images

United States

|
| 2,000 women
:
|

2 years

" Clinical data

A PAP test, HPV,
histology

Image data
A 40,000 cervigrams
A Histology images
A PAP test images



Data for the Teaching
Tool: Uterine Cervix Data

A Guanacaste A ALTS
I Costa Rica I United States
| 10,000 women I 2,000 women
I 7 years I 2years
i Clinical data I Clinical data
I Image data I Image data
A Histology images A Histology images

A PAP test images A PAP test images
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Colposcopy and NCI Cervigrams

Colposcopy?

Colposcopy
image?

NCI
Cervigram

ACervix is treated with acetic acid,
then viewed through a colposcope

APotentially diseased regions tend to
t ur n wh acetowhitel e sfi ons o

1W7_colposcope.jpg / riversideonline.com

2105_f7.jpg / Aafp.org



i ALTS cervigram

Pap test result f ”% | ‘ HPV test result
- PR\
T

A 23 y.¢ P1 female returns to your office for evaluati2n after her cervical
cytology is reported as ASC-US with HPV DNA testing positive for high-risk
types. Her cervix after application of 5% acetic acid is shown here.

The biopsy showed CIN1. Select one of the following as the most
appropriate maiiagement option: [options follow]

Histology result



Development with NCI and
American Society for Colposcopy and
Cervical Pathology (ASCCP)

ABasic concepts

- Operate on Web; image -based questions

- Establish a database of exam content resources

OAPool so of questions and i mages of

o Create exams by drawing content from pools
AQuestion definition i medical experts
AiWhere to biopsy?0 questions

-Determine Acorrect awsingBMIpsy r



Dynamic Exam Creation

AExams ar e dynamically ni

-at t1 me of user NhTake Examo

AQuestions are randomly drawn from pools
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Example Question
Section: Multiple Choice
Pool: Management of HSIL Pap Test

igh-grade Question

gquamous
ntraepithelial

esion previous tu:n:rlrll]rrrlil "Wfll—'IH 1r||1r|arr||1hn—-r ‘I"I.fhll,hnl’rthH

following is the most appropriate intervention?

" Repeat cytology in 12 months
" Repeat cytology in 3 months

" HPV testing

" Diagnostic excisional procedure

Submit Answer

Management by Pap test result



Section: Slide ID

Example Question Question

POOI Features Of DySpIaSIa Close-ups of two areas ofthe cervix are shown,

Atypical
Vessels

Which ofthese vascular patterns is seen’

rhururu: Ihr-ml h|r||1| T=t=3=1 =1k
" Punctation
L Mosaic

t'||F||| -,|| WE S EE'lE.




Example Case
Section: Cases
Pool: HSIL by histology

AThree questions per case (one patient)
ADiagnosis
ABiopsy

AManagement



_ _ ) Patient History
DI agnosi se

A 31 w0 P2 female is referred for colposcopy. Her

¥) Mozilla Firefox

o

Pap test shows LSIL. Her cerviz after application of

File Edit ‘iew History Bookmarks Tools Help
Section 3 of 4

2% acetic acid is shown here.
Question

What is your colposcopic impression of the most
significant diagnosis?
. Benign, no neaplastic lesion
' | g
e fho Mz 3

oty

" Cancer (rmicrainvasive ar invasive)

Submit Answer




Some features considered In
visual diagnosis

Pink, Fine, lacy Nomal T zone Flat
translucent

Snowy white,  None, fine PN, Diffuse, Flat
shiny fine MO feathery

Whiter, shiny None, PN, MO Clearly Flat, slightly
gray demarcated raised

Whitest, dull None, coarse  Sharp, Raised
white, oyster PN, coarse MO straight,
white demarcated,

internal border

Microinvasive, Red, yellow, Atypical, Peeling, clearly Nodular,

invasive dull gray irregular demarcated, ulcerated,

cancer rolled edges necrotic,
exophytic

PN: punctation, MO: mosaicism



Diagnosis Examples

Benign CIN 1
Cysts
g = Aceto-

o white, flat,
feather-
edged

CIN 2,3 Cancer
Acetowhite, POSSibIe_
demarcated, e_xophyt|c
raised tissue




Bi opsyé

¥) Mozilla Firefox
File Edit ‘iew History Bookmarks Tools Help
Section 3 of 4

FY

Patient History

Question
sevour computer's mouse to select the biopsy

site that would hest confirm your colposcopic

impression. Move the mouse arrow to the location

appear to indicate the location you have chosen.

You may change your biopsy location by simialy

tnoving the mouse arrovy and double-clicking at a
pot. Ifyau would take no biopsy, check the
ok Mo Biops

urme that an endocervical curettage (ECCY, if

daone, is negative for dysplasia.

™ Mo Biopsy Meeded iMarks on images ignored

andr

Submit Answer




Acceptable biopsy regioné
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Management é

Patient History

A 31 v.o P2 female is referred for colposcopy. Her

¥) Mozilla Firefox
File Edit ‘iew History Bookmarks Tools Help
Section 3 of 4

Fap test

A% acetic acid is shown here.

showes LSIL. Her cervix after application of

Question

npsy showed CINZ 5.

recent ASCCP Guidelines, which of the following

According to the most

i5 the most appropriate manadgement aption?

. Fepeat cytology in 12 months
. Repeat cytology in 6 and 12 months or HPY
DA te
" Treat or observe with ¢ ytolody and colp

sting in 12 months

OsCcopy
at 6 month intervals for up to 24 months
™ Excizion of the transfarmation zone

subimit Answer




Current System Usage

ATwo ASCCP Exams implemented

-Resi dentsd Online Exam ( ROE)
- Taken by residents in Ob/  Gyn or Family Practice programs
- Colposcopy Mentorship Program exam (CMP)

- More advanced; taken in post  -residency
Alncludes Practice Exam, reporting, admin functions
AWent operational May 2010

A 133 resident programs, 2701 exams taken, 3286 total
users

ARuns on ASCCP server in Amazon cloud



ID * Institution

1 University of Colorado Obstetrics and Gynecology Residency
Training Program

2 The University of Texas Southwestern Medical Center at Dallas

3 Uiniversity of Mew Mexico School of Medicine OBIGYM Residency
Frogram

4 George Washington University

8 University of Oklahoma Health Sciences Center

B Stamford Hospital, Columbia University

T University of Virginia Health System

g Texas Tech University Health Sciences Center

8 The Methodist Hospital - Houstan

10 Henry Ford Hospital Family Medicine Residency Pragram

11 Washington University School of Medicine

12 Baylor College of Medicine

- Practice
Setting
ChIGyn
b Gyn
QI Gyn
iohGyn
DS Gyn
Qb Gyn
DS Gyn

D Gyn

DhGyn

Farmily Practice

ChIGyn

b Gyn

Add
Fesident

Sy
Fesidents

Add
Fesident

S hioy
Fesidents

Add
Eesident

S hiowy
FEesidents

Add
Hesident

S hidiy
Fesidents

Add
FEesident

S hiowy
FEesidents

Add
Fesident

S oy
Fesidents

Add
FEesident

S hiowy
Fesidents

Add
FEesident

S hiow
FEesidents

Add
Hesident

S hidiy
Fesidents

Add
FEesident

S hio
FEesidents

Add
Fesident

Sy
Fesidents

Add
FEesident

S hiowy
Eesidents

10 Henry Ford Hospital Family Medicine Residency Program

11 Wiashington University School of Medicine

12 Baylor College of Medicine

Family Practice

ChiGyn

OhiGyn

<=




Example Report: CMP Exam

ASCCP Colposcopy Mentorship Program Exam
Performance Report

Name: Long, Rodney

Possible Points: 119.50
Score: 111.25

You must pass each of the three assessment areas to meet the requirements of

the CMP. The results of your exam are shown below.

Medical Knowledge

|No. Questions| No. Correct |% Correct

medical knowledge

17

17

100

Management

| No. Questions | No. Correct | No. Correct

management, adolescent
management, HSIL
management, glandular cells
management, ASC/LSIL
management, CIN 1

3
5
2
6
2

3
5
2
5
0

100
100
100
83.3
0

Colposcopy ID/Pattern Recognition

No. Questions

No. Correct

% Correct

Assessment Area

Points Possible

Points Required

Score

Medical Knowledge
Colposcopy ID and Cases

70
495

52
36.75

64
47.25

No. Questions

No. Required

No. Correct

Biopsy Placement

12

10

12

Congratulations, you have met the requirements for the CMP

The following page has a breakdown of your performance by skills and knowledge assessed. Please

consider it a reference and guide during your continuing education.

Date Taken: 24 Aug 2010 15:20:16 EDT  Report Date: 27 Aug 2010 11:41:56 EDT

colposcopic impression, normal
colposcopic impression, LSIL
colposcopic impression, HSIL
colposcopic impression, cancer
vulva-vagina

features of dysplasia

2

3

2

3

100
100
100
100
100
100

Cases

No. Questions

No. Correct

% Correct

diagnosis (pattern recognition)
biopsy placement
management

12
12
12

10
12
1

83.3
100
9.7

Exam Summary

No. Questions

No. Correct

% Correct

medical knowledge
pattern recognition
biopsy placement
management

17
27
12
30

17
25
12
26

100
92.6
100
86.7

—Diagnosels | Patiern Recognition: Images or lesion

ptions that ask fora

—Management: Images, lesion descriptions, or quastions that ssaantially ssk. "How would you manags fhis patient?™
—Biopay plaoamsnt Imaga-bazed questions that require the test taker to indicate whera on fhve Image they

would taks a biops:

—Madical lnwlmga Questiona of & more genaral naturs, Including qusnhunn about diagnoats or management

optione but that don't epecifcally ssk for a diagnosls or epeciic management plan.

Date Taken: 24 Aug 2010 15:20:16 EDT  Report Date: 27 Aug 2010 11:41:56 EDT
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AThe system clearly
reports how test -takers —
are performing - -

Aéit could al s:¢
how the questions |

themselves are

erformina. ;
p g SEVERAL DAYS PASSED BEFORE DAVE REALIZE AT
HIS TELEVISION HAD BEEN STOLEN.




IDEA

Quantitative question analysis may
help us identify questions

A which are poorly constructed, or

A where we should focus on better Resident
training.

This may be high-value capability to
Incorporate into the system.



Teaching Tool Data Analyzed

aCollection Period: May 2010 1T May 2012
A830 Resident (ROE) Exams
A830 x 74 = 61,420 responses graded




Methods

St andardo analysi s met hods
APer cent correct by question
APer cent responses for each question option

APoint biserial correlation by question

AUnigue methods

A Spatial characteristics of biopsy placement



Methods

St andardo analysi s met hods

A

APoint biserial correlation by question

AUnigue methods

A Spatial characteristics of biopsy placement



Percent Correct by Question

Percent Correct, by Question: Visuals and Non-visuals

0.8
0.7
0.6

0.5

.._.
o
(]
—
—
(o]
o
—
=
(]
[&]
e
(7]
o

0.3
0.2

0.1

0

200 250 300 350
Question index

a More Correct More Incorrect A




Lowest Quartile Correct Responses




Question 110

Based on the appearance of
this cervix after application
of 5% acetic acid, what is
your colposcopic
Impression of the most
significant diagnosis?




Question 170

A 31y.0 P2 female is referred
for colposcopy. Her Pap test
shows LSIL. Her cervix after
application of 5% acetic acid
IS shown here. What is your
colposcopic impression of the
most significant diagnosis?




Highest Quartile Correct
Responses: 178 questions; top 5
shown




Question 499

Based on the appearance of this cervix after
application of 5% acetic acid, what is your
colposcopic impression of the most
significant diagnosis?

N =199



Question 44

The magnified inset from the anterior lip of
this cervix shows which of these vascular
patterns?

N=173



Methods

St andardo analysi s met hods
APer cent correct by question
APer cent responses for each question option

APoint biserial correlation by question

AUnigue methods
A



Biopsy Questions

ASpatial analysis: notin the
standard test analysis methods

A



Incorrect Biopsy Points for 63 Questions: Distances from Correct Biopsy Region

100 120 140 160
Distance (pixels)




Biopsy Errors by Question, Ranked by Median Error

Incorrect Biopsy Points: Median/Max/Min Errors by Question, 63 Questions
! ! ! f ! ! ! ! ! ! f
median| : : : 3 ' : ‘ :

max
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»
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Index to Question Number




Questions with Highest Median
Errors in Biopsy Placement




Questions with High Biopsy
Placement Error

150 384



A Small systems have a natural fit for problem -
solving in low -resource areas

Observations



The Visual Triage Tool
(NLM/NIH ~2007)



© NCI Visual Triage Study - Mozilla Fire
File Edit Wiew Go Bookmarks Tools Help Ell -Ill' EE
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LI Customize Links LI Free Hotmail L1 Wind Mark: i . s
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Study Question: How
well can trained non -

experts screen HPV -
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Julia Gage of NCI recelved her
Ph.D. from this work.

Peruvian midwives trained for study



