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Missed Results

Hickner, 2008; Phillips, 2004
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OpenVista Follow-up

¥ Medsphere OpenVista® CIS [FALCON] - Connected as USER,PHYSICIAN (openvista.medsphere.org)

Eile Edit Yiew Actions Options Tools Help

Admitted: 9/9/2008 3:53:13 AM
Acct #:

Postings: A Care Team
Admitting MD: None
Alerts: A L[] attending MD: USER,PHYSICIAN

+ | Consult: ALLERGY Cons 3/16,/2009 3:00:35 PM (Completed)

(¥ 3/18/2009 PHARMACY CONSULT RESULTS

Go to Orders tab

ATIENT,LABORATORY Wit: 83.915 kg MS 202-1
MRMN: TST900000104 Ht: 177.8 cm Provider: USER,PHYSICIAN
ge/Sex: 51 (Male) BMI/BSA: 26.5 (2.04) Admit Dy
& 8
New Consult... New Procedure... Edit lote Delete Hote
’ Alerted consults
Current Pat. Status:

Date v Title 4« Record <« || |ward:
= @ 3/16/2009 ALLERGY Cons Consult #11 order Information

To Service:
Attention:

From Service:
Requesting Provider:

Place:

urgency:

orderable Item:
Consult:

provisional Diagnosis:
REason For Reguest:
testing

status:
Last Action:

Facility
ACtivity

Inpatient
MED/SURG

ALLERGY
MANAGER, SYSTEM
MED/SURG
MANAGER, SYSTEM

Bedside
ROUTiNe
ALLERGY
Consult Reqguest
rRash (782.1)

Inter-facility Information
This is not an inter-facility consult reguest.

COMPLETE
COMPLETE/UPDATE

Date/Time/Zone

service is to be rendered on an INPATIENT basis

rResponsible Person

Entered By

CPRS RELEASED ORDER

03/16/09 15:00

MANAGER, SYSTEM

MANAGER, SYSTEM

COMPLETE/UPDATE 03,/18/09 09:36 LEES, ALLI LEES, ALLI L)
Note# 16

Note: TIME zOMWE is local if not dindicated

TITLE: PHARMACY CONSULT RESULTS

DATE OF NOTE: MAR 18,2000@00:35 ENTRY DATE: MAR 18,2009@09:36:05
AUTHOR: LEES,ALLI EXP COSIGMNER:
URGENCY : STATUS: COMPLETED v

Patient Problem A~ Clinical Consults/ | Discharge Yital Lab Chart PONered by
‘ Summary H List ‘Medlcatlons CIESE H Notes Procedures | Summary Signs Results Inquiries |\_) medspherel

Processing alert: [.PATIENT,L {P) Completed Consult ALLERGY

v‘ [E'y Next] [e &enew] [Eorward] @'er" ove




OpenVista Follow-up

¥ Medsphere OpenVista® CIS [FALCON] - Connected as USER,PHYSICIAN (openvista.medsphere.org)

Eile Edit Yiew Actions Options Tools Help
' PATIENT,LABORATORY Wt: 83.915 kg MS 202-1

Age/Sex: 51 (Male) BMI/BSA: 26.5 (2.04) Admit Dx:

Admitted: 9/9/2008 3:53:13 AM

Postings: A Care Team
Admitting MD: None
Alerts: A [l Attending MD: USER,PHYSICIAN

MRN: TST900000104 Ht: 177.8 cm Provider : USER,PHYSICIAN Acct #:
Active Orders (includes Pending |

View as Tree

Current Orders (Active & Pendin | geryice Status Order

Expiring Orders

Home Med Active HOME MEDICATIONS GINSENG CAP/TAB

Unsigned Ses

aelt! click Common Orders

JONE MARROW BLOCK-TECH TISSUE WC ONCE LB #111
1B GREEN-SP PLASMA T ONCE LB #105

1 CAP/TAB ORAL EVERY DAY Non-YaA medication not recommended by Va4 provider.

Lab Active GLUCOSE RANDOM GREEN BLOOD LC ONCE LB #104
Lab Active SP EOSIN STAIN TISSUE WC ONCE LB #99
| Lab Active SP H & E STAIN TISSUE WC ONCE LB #93
Wite Orders Imaging - MRI  Active MRI BRAIN \W&W/O CONTRAST
Common Orders Imaging - Active MAMMOGRAM SCREENING BILAT
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Cardiology Menu
Imaging - MRI  Active MRI ABDOMEN \W/O CONTRAST
Endocrinology
Consults Scheduled  ALLERGY Cons Bedside
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Orthopedics
Pediatric Menu
Pulmonary Menu
Surgery Menu
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| =
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OpenVista Follow-up

4 fedsphe Open ista® C L ,,,,!4,\7 - Lonnected as USER,FPHOYSICIAN (openvisia.medsphere.org B |§]

File Edit Yiew Actions Options Tools Help
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MRN: TST900000104 Ht: 177.8 cm Provider: USER,PHYSICIAN Acct #: I i Admitting MD: None
Age/sex: 51 (Male) BMI/BSA: 26.5 (2.04) Admit Di: Alerts: & L1 Attending MD: USER,PHYSICIAN
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Expiring Orde QCMP STAT Metformin HCl S00mg Q... Brain MRI WO Contrast 02 Protocol o
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Mental Health
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OpenVista Follow-up

ile Edit Yiew Actions Options Tools Help

PATIENT,LABORATORY Wi: 83.915 kg MS 202-1 Admitted: 9/9/2008 3:53:13 AM Postings: A Care Team
MRN: TST900000104 Ht: 177.8 cm Provider: USER,PHYSICIAN Acct #: lerts: & £ Admitting MD: None
Age/Sex: 51 (Male) BMI/BSA: 26.5 (2.04) Admit Dx: Alerts: Attending MD: USER,PHYSICIAN

Active Orders

View as Tree
Current Order
Expiring Orde {ZCMP STAT Metformin HCI S00mg Q... Brain MRI WO Contrast 02 Protocol A
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Contributions

Observations and interviews with clinicians and discussions of
findings for results management

Evaluations to quantify the benefits in time-critical applications
where distractions undermine users’ ability to track and react to
orders

The development of guidelines for interactive rich tables with
actions for rapid completion (ARCs)

The design and user studies of a novel retrospective analysis
visualization



Solution

 Schedule Visit

(4 days) el Gl « Conduct Test
Equipmet « Write Results * Repeat Test

Physician
Resident,
Assista

Process Overview rington -Jan 2011
800 MSTART Clinic: Washington - Month: Jan-2011 PR D e e
METART Lo e (S e S
START  Physician Joe Brown reviews results from h Current Time: Thursda Kics e i [ -
Simulator inbox several times a day March 10, 2011 6:33 PM B —
Riverside Clinic Provider: Brown, Joe (=1 o = fo S i,
Order - Track | Complete § w1
e — < e wwon B -
Results to Review (17) Search @ a1 O new [OlE DN i 3% & .
Patient . Test Order Date Review By z Abnormality - w = ., Ll | o
MRI/F lar 3, 201 122 AM | Mario, 201 112AM 2 - = B s 5 &
cker, A MRI/P far 2, 20n L2PM Marg, 2om 42 PM ! - g R 2
M /P Mars,2on 95540 Mario, 20n 955AM e e— T + - + = + - 1 -
e VN o R AN N0 AN N s ) [ LI N R m | oo
Bennett, Claire Pap Smear / F Mar7, 201 801PM  Mar1g, 200 901 PM 2011
Cox, Pamela Blood (BMP) /F  Mar8, 20n 934PM  Marisaon  1034PM o
Cox, Pamela Blood (CBC) /F Mar 8, 20n 934PM  Mars, 20n 1034 PM Actors In Detalls: Draw and Send Sample Actor with most completions| InTime || Late | ncompletsd | e
Gray, Bridget Blood (BMP) /F  Mar 6, 20n 1048 PM  Mari3, 20 148 PM [Nrse [urses rina Nederby e A DM AT At -
Gray, Bridget Blood (CBC) /F Mar6, 201 1048 PM Mar3, 2on u:48 PM s, R
Cooper, Molly X-Ray /F Mar 8, 20m 1022 AM  Maris, 20n AM
Howard, Amanda Blood (BMP) /P Mar8, 201 934PM  Mar1s, 20n 034PM A Y o o
Howard, Amanda Blood (CBC) /P Mar8, 201 934PM  Mar1s, 20n 034PM A E -
Pending Test Results (6) ey e | ; Fr "
Patient Test. Order Date . Result Due 2 Status
TSH February1s,zon -+ 0\ Februaryai,2om '\ Sample drawn and sent.
Parker, Amy MRI March 2, 201 2P0 March 8, 2on 14 P\ Image(s) interpreted and reported
Audrey  Blood (BMP) EE) 753 PM 753PM
Audrey d (CBC) 3,200 7537\ March 9, 200 753PM
M 3,201 95540 March g, 20n 9:55AM|
Chelsey | Pap Smear 3,20m 51 AN March g, 201 4554 AM
Planned Tests (10)
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Assista
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Requirements Analysis

¢ Visits to 7 hospitals & clinics
¢ Observations of the medical workflow
¢ Electronic Health Record issues reported by clinicians

¢ Problems related to results management

¢ Design ideas about use cases, tables, delays, actions



Results Management Workflow
& Actions

§§\$J1 » '
Schedule & ?;;Wfi‘(??f>
Go to Exam -

4 . Prepare
(M) Equipment

L+ Ship

Process &
Examine Sample

(1 day)

» Access Sample
* Conduct Test

» Write Results

Follow-up (1 day)

* Inform Patient
* Schedule Visit

* Repeat Test

¢ [Aalst, 2005; Cass, 2000; Peterson, 1981; White, 2004]



MSTART  File

MSTART  Physician Joe Brown reviews results from his

Simulator inbox several times a

Marc

Current Time: Thursday, .
AN Pause I Continue J

Fatient . Test Order Date

Bennett, Claire Pap Smear / F

Riverside Clinic Provider: Brown, Joe %,
Order -~ Track-| Complete
Resuls to Review (17) Search O O new Ol N

Review By

8:01 PM

Abnormality +

901 PM

Cox, Pamela Blood (BMP) / F 934PM 1034 PM

Cox, Pamela Blood (CBC) [ F 934PM  Mar1s, 201 1034 PM

Gray, Bridget Blood (BMP) /F Mar6, 20n 1048PM  Mar3, 201 1:48 PM

Gray, Bridget Blood (CBC) [F Mar6,20n 1048 PM  Mar3, 201 148 PM

Cooper, Molly X-Ray / F Mar 8, 20n 1022AM  Maris, 20n AM

Howard, Amanda Blood (BMP) /P Mar 8, 20n 934PM  Maris, 20n 1034PM A y {

Howard, Amanda Blood (CBC) /P Mar8, 20n 934 PM  Maris, 20n 1034PM @A 3
penaing st esuts o [ N
[Fatient L Test Order Date . Result Due 2 Status

HPlanned Tests (10)

Manager




Timely Management of Medical

800

Orders: MStart

ol g ) e 22 \ ] .
. 6:;’;:3" @ MSTART Physician Joe Brown reviews | 'sults from k Current Time: Thursday, w

Simulator inbox several times| lay March 10, 2011 6:33 PM

Riverside Clinic Provider: Brown, Joe %(
Track « Complete )
4
Results to Review (1 @ a1 O nvew IO iEte _ g
Order Date Review By ) Abnormality
Mar 3, 201 1a2 AN Mario, 201 112 AM [
Mar 2, 201 g2 UM Marog, 20m n:42 PM
ammogram /P Mar 3, 201 955 AN Maro, 201 9:55 AM
Mammogram /F  Mar3, 20n 1009 AM  Mario, 20n 10:09 AM
Pap Smear / F Mar 7, 20n 8:01PM  Mar g, 20n 9:01 PM
a Blood (BMP) [/ F Mar 8, 2on 934 PM  Maris, 20n 1034 PM
Cox, Pamela Blood (CBC) / F Mar 8, 2on 934 PM  Maris, 20n 1034 PM
Gray, Bridget Blood (BMP) /F Mar 6, 2on 1048 PM  Mar3, 20n 1:48 PM
Gray, Bridget Blood (CBC) / F Mar 6, 2on 1048 PM  Mar13, 20n 148 PM
Cooper, Molly X-Ray /F Mar 8, 201 1022 AM  Maris, 20n n22AM iy
Howard, Amanda Blood (BMP) /P Mar 8, 201 934 PM  Maris, 20n 1034 PM i 2 |le
Howard, Amanda Blood (CBC) /P Mar 8, 20n 934 PM  Mars, 201 10:34 PM "3 "v
Pending Test Results (6) O All e Late _
Patient _ Test Order Date L Result Due 2 Status
Morris, Monica TSH February 15, 20n 222 M February 21, 201 222 UM Sample drawn and sent
Parker, Amy MRI March 2, 20n 142 PN March 8, 20n 142 M Image(s) interpreted and reported
Peterson, Audrey  Blood (BMP)  March 3, 201 753 M March 9, 20 753 M Test ordered
Peterson, Audrey  Blood (CBC) March 3, 201 753 M March g, 20m 753 M Test ordered
Reed, Megan Mammogram  March 3, 201 955 AM  March g, 201 055 AN Image(s) interpreted and reported
Sanders, Chelsey  Pap Smear March 3, 201 451 AM  March g, 20n 454 AN Specimen collected and sent
‘Planned Tests (10) ‘




Timely Management of Medica

~

™ M

Results: ARC

MSTART

MSTART  File

Simulator

MSTART Physician Joe Brown reviews resu's
inbox several times a day

= his

Current Time: Thursday,
March 10, 2011 6:33 PM

[ _Pause JN Continue J¥

Riverside Clinic

Provider: Brown, Joe

Complete |

@ G

Results to Review (17)

Patient

AV

Pending Test k

Orde

ar 3, 201

Date

12 AN Mario, 20mn

0

Review By
112 AM |

© ar O new [l NS

Abnormality

4

=

[ Schedule Visit
Phillips, Sarg Order
Phillips, Sarg | Repeat Test
Richardson,l Comments:
Bennett,ClaI
Cox, Pamela!

1|[5 days

1]7) O days

A
v

weeks (*) months years

weeks (*) months years

( Review Later ) ( Complete )

AV

Planned Tests (10)

\ order Result I J
Patient _ Test Date L Due p Status

Morris, Monica TSH Mar 2, 201 Mar 8, 2on Sample drawn and sent

Parker, Amy MRI Mar 2, 20n Mar 8, 20n Image(s) interpreted and reported
Peterson, Audrey  Blood (BMP) Mar 3, 20n Mar g, 201 Test ordered

Peterson, Audrey  Blood (CBC) Mar 3, 20n Mar g, 201 Test ordered

Reed, Megan Mammogram  Mar 3, 201 Mar g, 20n Image(s) interpreted and reported
Sanders, Chelsey ~ Pap Smear Mar 3, 20n Mar g, 20n Specimen collected and sent

[
NAME: Evans, Anna
STUDY DATE: 03/09/2011 4:28:29 PM

COMPARISON: None available
HISTORY: Pain
MRI OF THE RIGHT ANKLE (WITHOUT IV CONTRAST)

FINDINGS:
The bones demonstrate no fracture or gross marrow abnormality.
Articular surfaces are within normal limits.

The spring ligament complex appears to be intact.

The tibialis posterior, flexor digitorum, and flexor hallucis longus
tendons are intact. The peroneus brevis and longus tendons are
intact. The Achilles tendon is intact.

The tarsal sinus is unremarkable. There are no significant fluid
collections to suggest ligamentous injury.

The remaining muscles and soft tissues are unremarkable. ‘

T




Evaluations

¢ Iterative Design Reviews with Medical Professionals
¢ Controlled Experiment for Awareness of Order Timeliness

¢ Evaluations of Actions for Rapid Completion



Iterative Design Reviews with

Medical Professionals

¢ Participatory design [Greenbaum and Kyng, 1991]

¢ Medicine, human-computer interaction, or software engineering
¢ 40 or more clinicians

¢ 15 presentations + 6 meetings

¢ 30 minsto 2 h each

¢ Live demonstration or with interactive executable

¢ Nov, 2010 — Jun, 2011 & Jan — May, 2012



Iterative Design Reviews with

Medical Professionals

¢ Feedback on guidelines and evaluation

¢ Suggestions from a graphic designer

¢ Refinements to results management workflow
¢ Updates to prototype interface and interactions

¢ Design of retrospective analysis visualization



Controlled Experiment

for
Awareness of Order Timeliness

¢ Quantify the benefit of

showing a list of pending orders

prioritizing by lateness information

ompare 3 versions

Riverside Cinic

Time to answer question: what is late/lost?

START
Simulator

orer | Track | compiete

Evaluation Setting

0PM

Time: Friday, October 26, 2012

& START
) Simulator

Evaluation Sefting

Curt T o, octoer 20,2012
Glomm | eaise | conioe |

Cem s . 8 Lsoon |
T

) MSTART
&P @ e

Riverside Clnic

Order | Track | Compiete

Evaluation Setting

Current Time: Friday, October 26, 2012
610PM | pauce | conime |

[— )

[Resuts toRevew (1) [Csearcn Results to Review (11) [“searcn f Resuts to Revew (12) Searcn
[pecens = — = parien: = Ozaezed 2y e [enormaticy Eaticnt esc er Date
Deterson Audiey Abormal reen, Bobbie Blood Test (CBC) /7 Brown, o (P) soisiaos Nommal Kelly, Cocelin
Biack e Abmormal acker, v, foe (P) Solagaon brormal Evans, Anna Blood Text (G50 /F | Getober oy Getober oy 20 b
St Kim Abmormal ood, Koy 7 Brow, Jos (P) ol brormal Black, Sue Blood Test (BMP)/ F e October 4,202 bromal
fors, Morica Nowmal ll, Lindsay Rapid Strep Test /¥ Brown, o (P) Soragaon ormal Roger, e Blood Test (BMP) /E| October 233011 October 3 2012 bnormal
ey I rmal vards, Rachel Blood Test (BMP) [F Brovem, Joe (). e Eomal Baiey label Blood Test (BMP) /F | October oy200 October 200 bnormal
food, Courtney [Brown, Joe (P) ho/251201@0535 /Abnormal mith, Kathy Blood Test (MP) / £ Brown, Joe (P) So/a4/2012 Normal ‘Cooper, Molly MRI/F October brormal
James, Britney lood Test (BMP) / F Brown, Joe (P) |Abnormal obell, Je Blood Test (CBC) / F Brown, Joe (P). 10/24/2012 \bnormel Col Emily Rapid Strep Test | F October 24, 2012 October 24, 2012 \briormal
| Andrea lood Test (CBC) / F Brown, Joe (P) {Abnormal furphy, Sabrina MRI/F Brown, Joe (P) J24/202 \bnormal Campbell, Jessica Blood Test (CBO) / F October 23, 2012 October 24, 2012 bnormal
el indiay Blood Test (CBC) /¥ Brown, Joe (P) oas/aonorss  bne e, Jane Blood Tet (BMP)[F Broven,Joe () Soragion brormal Richardion, Allion | RapdStepTest /| Octobersmamme | Octobersn ama  Nomal
mith, Kathy Tood Tet (BMP) [F_row, Joe () hoisy/zon@esss  Abnommal ichardson, Allion Blood Test (CBO) | F Brown, e (7). Solagion brormal Edvards, Rachel R/ F October 3,302 October 24,20 ormal
[Brooks, Caitlyn [Rapid Strep Test / F Brown, Joe (P) , Britney id Strep Test / F Brown, Joe (P} 24/ \bnormal Rich: It Blood Test (BMP) / F ber October lormal
Collin,Emiy Blood Text (8MP) /F | Getober oy 20 Getober o s ormal

onding Test Resuls (5)

Pending TestResults 2)

parient rest

el Lindsay jetetics pacient rest [order Date [Scacus

ook, ietetics holag/:
Blood Test (CBC) sor3on
Rapid Strep Test solz3/20m
Dietetics Solaz/aon Bell Lindsay. Audiometry. October Test ordered
Rapid Strep Test ho/aa0n Jomes, Britney. Audiometry. October Exam scheduled
BloodTest BMP) hofzon | Brooke. October
Ray Solma/aon Colins, Emily Dietetics October Test ordered
Dietetics ho/aaizon Phillps, Sazah Dietetics October 24,3012 v scheduled




10/22/2012

Provide list of orders

Bell, Lindsay

Blood Test (CBC)

Brooks, Caitlyn

Rapid Strep Test

Evans, Anna

Blood Test (BMP)

Smith, Kathy

Blood Test (BMP)

10/23/2012

Bailey, Isabel Dietetics

Bailey, Isabel Rapid Strep Test
Black, Sue X-Ray

Brooks, Caitlyn X-Ray

Doe, Jo MRI

James, Britney Blood Test (BMP)
Parker, Amy Audiometry
Peterson, Audrey MRI

Richardson, Allison Dietetics
Stewart, Kim X-Ray

Ward, Andrea

Blood Test (CBC)

Wood, Courtney

Blood Test (CBC)

Wood, Courtney

MRI

Expected Considered
Duration (Days) Lost After
(Days)
Imaging and Lab Tests 1 4
Blood Tests [BMP or CBC]
Rapid Strep Test
MRI
X-Ray
Mammogram
Consultations 3 16
Dietetics
Audiometry

10/24/2012

Bell, Lindsay

Blood Test (BMP)

Brooks, Caitlyn

Audiometry

Morris, Monica

X-Ray




A distraction task...




Results only (sorted by time received)

MSTART . . Current Time: Friday, October 26, 2012
@ Simulator Evaluation Setting 610 PM m Continue
Riverside Clinic Provider: Brown, Joe % Sign out

Order | Track | Complete

Results to Review (11) ‘ Search | :
Patient Test Ordered By Arrival Date Abnormality :
Peterson, Audrey MRI/ F Brown, Joe (P) 10/26/2012@0013 \Abnormal

"Black, Sue X-Ray / F Brown, Joe (P) 10/25/2012@22:59 \Abnormal

"Ste\vart, Kim X-Ray /F |Brown, Joe (P) no/25/2012@17:47 Abnormal

"Morris, Monica X-Ray / F lBrown, Joe (P) n0/25/2012@13:20 Normal

"Ba.iley, Isabel Rapid Strep Test / F |Brown, Joe (P) no/25/2012@12:30 Normal

"Wood, Courtney IMRI/ F IBrown, Joe (P) n0/25/2012@0515 \Abnormal

"]ames, Britney Blood Test (BMP) / F |Brown, Joe (P) no/24/2012@21:53 \Abnormal

"Ward, Andrea Blood Test (CBC) / F IBrown, Joe (P) n0/24/2012@14:54 Abnormal

"Bell, Lindsay Blood Test (CBC) / F |Brown, Joe (P) n0/24/2012@07:39 Abnormal

"Smith, Kathy Blood Test (BMP) / F IBrown, Joe (P) n0/24/2012@0315 Abnormal
Brooks, Caitlyn Rapid Strep Test / F |Brown, Joe (P) n0/23/2012@1554 Normal




Results only (sorted by time received)

MSTART . . Current Time: Friday, October 26, 2012
@ Simulator Evaluation Setting 610 PM m Continue
Riverside Clinic Provider: Brown, Joe % Sign out

Order | Track | Complete

Results to Review (11) ‘ Search | :
Patient Test Ordered By Arrival Date Abnormality :
Peterson, Audrey MRI/ F Brown, Joe (P) 10/26/2012@0013 \Abnormal

"Black, Sue X-Ray / F Brown, Joe (P) 10/25/2012@22:59 \Abnormal

"Ste\vart, Kim X-Ray /F |Brown, Joe (P) no/25/2012@17:47 Abnormal

"Morris, Monica X-Ray / F lBrown, Joe (P) n0/25/2012@13:20 Normal

"Ba.iley, Isabel Rapid Strep Test / F |Brown, Joe (P) no/25/2012@12:30 Normal

"Wood, Courtney IMRI/ F IBrown, Joe (P) n0/25/2012@0515 \Abnormal

"]ames, Britney Blood Test (BMP) / F |Brown, Joe (P) no/24/2012@21:53 \Abnormal

"Ward, Andrea Blood Test (CBC) / F IBrown, Joe (P) n0/24/2012@14:54 Abnormal

"Bell, Lindsay Blood Test (CBC) / F |Brown, Joe (P) n0/24/2012@07:39 Abnormal

"Smith, Kathy Blood Test (BMP) / F IBrown, Joe (P) n0/24/2012@0315 Abnormal
Brooks, Caitlyn Rapid Strep Test / F |Brown, Joe (P) n0/23/2012@1554 Normal

é Which orders are late? Lost?



Results only (sorted by time received)

(Compare with orders)

Tk
«)‘9 @ ;i:ﬁ:;r Evaluation Setting

Current Time: Friday, October 26, 2012
610 PM m Continue

10/22/2012

Bell, Lindsay

Blood Test (CBC)

Brooks, Caitlyn

Rapid Strep Test

Evans, Anna

Blood Test (BMP)

Wood, Courtney

Blood Test (CBC)

Wood, Courtney

MRI

10/24/2012

Bell, Lindsay Blood Test (BMP)
Brooks, Caitlyn Audiometry
Morris, Monica X-Ray

Riverside Clinic

Order | Track | Complete

Provider: Brown, Joe

@ [soron |

Results to Review (11)

‘ Search

I

o~

" Patient Test Ordered By Arrival Date Abnormality
Smith, Kathy Blood Test (BMP) Peterson, Audrey MRI/ F Brown, Joe (P) 10/7.6[2012@00:13v \Abnormal
"Black, Sue X-Ray / F Brown, Joe (P) 10/25/2012@22:59 \Abnormal
10/23/2012 "Ste\vart, Kim X-Ray /F |Brown, Joe (P) no/25/2012@17:47 Abnormal
Bailey, Isabel Dietetics "Morris, Monica X-Ray / F lBrown, Joe (P) n0/25/2012@13:20 Normal
Bailey, Isabel Rapid Strep Test |[Bailey, Isabel Rapid Strep Test / F [Brown, Joe (P) n0/25/2012@12:30 Normal
Black, Sue X-Ray "Wood, Courtney MRI/F IBrown, Joe (P) n0/25/2012@0515 \Abnormal
Brooks, Caitlyn X-Ray "]ames, Britney Blood Test (BMP) / F |Brown, Joe (P) no/24/2012@21:53 \Abnormal
z "Ward, Andrea Blood Test (CBC) / F Brown, Joe (P) n0/24/2012@14:54 Abnormal
Doe, Jo MRI "Bell, Lindsay Blood Test (CBC) / F Brown, Joe (P) n0/24/2012@07:39 Abnormal
James, Britney Blood Test (BMP) "Smith, Kathy Blood Test (BMP) / F Brown, Joe (P) n0/24/2012@0315 Abnormal
Parker, Amy Audiometry Brooks, Caitlyn Rapid Strep Test / F Brown, Joe (P) ho/23/2012@15'54 Normal
Peterson, Audrey MRI
Richardson, Allison Dietetics
Stewart, Kim X-Ray
Ward, Andrea Blood Test (CBC)

é Which orders are late? Lost?




Add pending orders

(Compare with orders)

MSTART . . Current Time: Friday, October 26, 2012
@ S Evaluation Setting 6:10 PM m Continue

10/22/2012

Bell, Lindsay

Blood Test (CBC)

Brooks, Caitlyn

Rapid Strep Test

Evans, Anna

Blood Test (BMP)

Patient Test lardered By Arrival Date w Abnormality
Smith, Kathy Blood Test (BMP) Green, Bobbie Blood Test (CBC) / F |Brown, Joe (P) no/25/2012 Normal

Parker, Amy Rapid Strep Test / F |Brown, Joe (P) no/25/2012 \Abnormal
10/23/2012 "\‘Vood, Courtney X-Ray / F |Brown, Joe (P) no/25/2012 \Abnormal
Bailey, Isabel Dietetics "Bell, Lindsay Rapid Strep Test / F Brown, Joe (P) no/25/2012 Normal
Bailey, Isabel Rapid Strep Test Ed\_vards, Rachel Blood Test (BMP) / F Brown, Joe (P) no/24/2012 \Abnormal

Smith, Kathy Blood Test (BMP) / F Brown, Joe (P) no/24/2012 Normal
Black, Sue X-Ray \Campbell, Jessica Blood Test (CBC) / F Brown, Joe (P) no/24/2012 \Abnormal
Brooks, Caitlyn X-Ray [Murphy, Sabrina IMRI/ F Brown, Joe (P) ho/24/2012 \Abnormal
Doe, Jo MRI |[White, Jane Blood Test (BMP) / F Brown, Joe (P) no/24/2012 \Abnormal
James, Britney Blood Test (BMP) "Richardson, Allison Blood Test (CBC) / F Brown, Joe (P) no/24/2012 \Abnormal
Parker, Amy Audiometry I[]a.mes, Britney Rapid Strep Test / F |Brown, Joe (P) no/24/2012 \Abnormal
Peterson, Audrey MRI
Richardson, Allison Dietetics Pending Test Results (9)
Stewart, Kim X-Ray Test Order Date
Ward, Andrea Blood Test (CBC) Dietetics ho/24/2012
Wood, Courtney Blood Test (CBC) Dietetics po/24/2012
Wood, Courtney MRI Bloc_)d Test (CBC) no/23/2012

Rapid Strep Test no/23/2012
Dietetics no/23/2012

10/24/2012 Rapid Strep Test 10;12:’2012
Bell, Lindsay Blood Test (BMP) Blood Test (BMP) ho/22/z012
Brooks, Caitlyn Audiometry X-Ray ho/22/2012
Morris, Monica X-Ray Dietetics po/22/2012

Riverside Clinic

( Order rIrack rgomplete

Provider: Brown, Joe

@ [soron |

Results to Review (11)

I Search

|

|==—

é Which orders are late? Lost?



Add pendll’lg Ol"del”S (with lateness information)

(Compare Wlth Ordel‘S) R, @ MSTART

Simulator Evaluation Setting

Current Time: Friday, October 26, 2012 m
6:10 PM

10/22/2012 Riverside Clinic Provider: Brown, Joe %’ Sign out
Bell, Lindsay Blood Test (CBC) Order [  Track | Complete
Brooks, Caitlyn Rapid Strep Test Results to Review (12) | search | :
Evans, Anna Blood Test (BMP) - 5 N 5 i
- Patient Test Order Date Review By Abnormality w||:
Smith, Kathy Blood Test (BMP) Kelly, Cecelia MRI/F October 22, 2012 October 25, 2012 Abnormal
Evans, Anna Blood Test (CBC) / F October 23, 2012 October 24, 2012 \Abnormal
10/23/2012 Black, Sue Blood Test (BMP) / F October 23, 2012 October 24, 2012 Abnormal
Bailey, Isabel Dietetics Rogers, Emma Blood Test (BMP) / F October 23, 2012 October 23, 2012 Abnormal
Bailey, Isabel Rapid Strep Test Bailey, Isabel Blood Test (BMP) / F October 23, 2012 October 24, 2012 Abnormal
Black, Sue X-Ray COO?CK, MO}IY MRI. /F October 23, 2012 October 24, 2012 Abnormal
- Collins, Emily Rapid Strep Test / F October 24, 2012 October 24, 2012 |Abnormal
Brooks, Caitlyn X-Ray Campbell, Jessica Blood Test (CBC) / F October 23, 2012 October 24, 2012 |Abnormal
Doe, Jo MRI Richardson, Allison Rapid Strep Test / F October 22, 2012 October 23, 2012 Normal
James, Britney Blood Test (BMP) Edwards, Rachel MRI/F October 23, 2012 October 24, 2012 Normal
Parker, Amy Audiometry Richardson, Allison Blood Test (BMP) / F October 22, 2012 October 23, 2012 Normal :
Peterson, Audrey MRI Collins, Emily Blood Test (BMP) / F October 23, 2012 October 24, 2012 Normal i
RiChardSOn, Allison Dietetics e oD 5 i
Stewart, Kim X-Ray Pending Test Results (8) O Late _
Ward, Andrea Blood Test (CBC) Patient _ Test Order Date , Status E
Wood, Courtney Blood Test (CBC)
Wood, Courtney MRI
10/24/2012 Bell, Lindsay Audiometry October 23, 2012 :::n ordered
Bell, LmdsaTy Bloo.d Test (BMP) = e e —n.;; Exam scheduled
Brooks, Caitlyn Audiometry Collins, Emily Dietetics OJ_ctober 24202 Test ordered
Morris, Monica X-Ray Phillips, Sarah Dietetics October 24, 2012 Exam scheduled

é Which orders are late? Lost?



Results (18 participants)

Time to correctly mark all order

timeliness (minute: second)
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Results (18 partic

1pants)
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Predictive Model for Results

Management

¢ Goals, Operators, Methods, and Selection rules (GOMYS)
[Card, 1983]

¢ Time to compare names = (0.5 sec
¢ 2 <time tolook up a date <2.5

¢ 3 <time to compare dates < 3.5



Evaluations of Actions for

Rapid Completion

¢ Evaluating Time to Execute Actions

¢ Evaluating the Number of Steps



Conventional Follow-up

Act on Result of MRI

Patient: Evans, Anna

NAME: Evans, Anna

STUDY DATE:  03/09/2011 4:28:29 PM

COMPARISON: None available

HISTORY: Pain

MRI OF THE RIGHT ANKLE (WITHOUT IV CONTRAST)

FINDINGS:

The bones demonstrate no fracture or gross marrow abnormality.
Articular surfaces are within normal limits.

LS
The spring ligament complex appears to be intact.

The tibialis posterior, flexor digitorum, and flexor hallucis longus
tendons are intact. The peroneus brevis and longus tendons are
intact. The Achilles tendon is intact.

The tarsal sinus is unremarkable. There are no significant fluid
collections to suggest ligamentous injury.

The remaining muscles and soft tissues are unremarkable.

] No Follow-up
Ask Nurse to

|_| Inform Patient (Evans, Anna)

["] Schedule Visit 1 [*1[ months
Order

|_| Repeat Test 1 /21! months

[ New Test

Medication )

H
[ Consultation )

See History

Ordered By: Brown, Joe

v

Edit New Test
Edit Medication

Edit Consultation

Comments:

™

—e '_'__H
|

Order Result
Patient _ Test Date , Due 2 Status
Morris, Monica TSH Mar 2, 2011 Mar 8, 2on Sample drawn and sent
Parker, Amy MRI Mar 2, 201 Mar 8, 20n Image(s) interpreted and reported

Peterson, Audrey  Blood (BMP) Mar 3, 201 Mar g, 201 Test ordered
Peterson, Audrey  Blood (CBC) Mar 3, 201 Mar g, 20n Test ordered

Reed, Megan Mammogram  Mar 3, 201 Mar g, 201 Image(s) interpreted and reported
Sanders, Chelsey  Pap Smear Mar 3, 201 Mar g, 201 Specimen collected and sent

AV =

Planned Tests (10)

( Review Later ) ( Complete )




Evaluating Time to Execute

' *
Actions

Action Conventlonal ARC w/

Keyboard
Review Later 28s (7%) 26s (13%)
Inform Patient +  44s 39s (11%) 29s (34%)
Confirm
Inform Patient + 51s 42s (18%) 34s (33%)
Repeat Test (1 mo)
+ Confirm
Inform Patient + Im 8s 51s (25%) 41s (40%)
Schedule Visit (1
w) + Confirm
No Follow-up Im 2s 53s (15%) 49s (21%)

(Other) + Confirm

*Measured Difference: 10 orders w/o distraction



Evaluating the Number of Steps

_

Inform Patient - 3 (50%)
Confirm - 5 2 (60%)
No Follow-up - 4 4 (0%)

Repeat Test 17 - 5 (71%)

Schedule Visit 12 - 5 (58%)



Design Guidelines

¢ Results management design guidelines (8)
¢ Table design guidelines (65)

¢ Actions for rapid completion design guidelines (17)



Results Management Design

Guidelines

¢ Show pending orders
¢ Prioritize by late/lost status
¢ Embed actions when appropriate

¢ Provide retrospective analysis



Table Design Guidelines

Notifications
Info__| Patient | Location | Urgency |_Alert Date/Time | Message |_Forwarded By/when
Patient, Test132 Moderate 01/01/2010@03:14 Scheduled Consult: ORTHOPEDICS
Patient, Test164 Moderate 01/01/2010@15:09 Scheduled Consult: NON-INVASIVE ECHO
Patient, Test243 Moderate 01/02/2010@02:06 COMPLETED EMERGENCY ROOM NOTE available for ADD'L
Patient, Test32 HIGH 01/02/2010@05:35 Medications Nearing expiration
Patient, Test17 Moderate 01/02/2010@08:09 Imaging request held: KNEE 3 VIEWS, LEFT
Patient, Test267 GM Moderate 01/03/2010@07:09 Abnormal labs - [TROPONIN 1]
Patient, Test165 Moderate 01/04/2010@03:23 Abnormal labs - [LIPID PROFILE, COMPREHENSIVE]
Patient, Test138 Moderate 01/04/2010@08:46 Abnormal labs - [BASIC METABOLIC PANEL]
Patient, Test106 Moderate 01/05/2010@02:06 Labs resulted - [MICROALBUMIN;URINE]
Patient, Test286 Moderate 01/05/2010@04:33 COMPLETED PHARMACY PATIENT ENCOUNTER available fc
Patient, Test362 GM HIGH 01/05/2010@08:32 Critical lab: CR 2.3 05/27 05:00
Patient, Test151 Moderate 01/06/2010@07:09 Imaging Results, Non Critical: SPINE LUMBOSACRAL MIN 2 VI
Patient, Test209 Moderate 01/07/2010@05:00 Discontinued consult DERMATOLOGY
Patient, Test122 GM Moderate 01/08/2010@02:08 Comment Added to Consult PAIN MANAGEMENT
Patient, Test305 HIGH 01/08/2010@08:41 Abnl Imaging Reslt; Needs Attn: CT ABDOMEN W&W/O CO
Patient, Test132 Moderate 01/08/2010@09:07 Completed Consult NURSING CASE MANAGEMENT
Patient, Test57 Moderate 01/08/2010@16:09 Abnl Imaging Reslt; Needs Attn: MAGNETIC IMAGE LUMBAR ¢
Patient, Test160 Moderate 01/09/2010@03:09 UNSIGNED PRIMARY CARE FOLLOW-UP available for SIGNA
| | i




Table Design Guidelines

Sorting, 1icons, colors, columns, labels, filters, layout

® a1 O vew CEEEE

Patient Test Order Date Review By ) Abnormality
Evans,Anna  MRI/F ~ Mar3, 20n 12 AN Mario, 20m 1AM |

Parker, Amy ~ MRI/P  Marz, 201 12 PV Marg,20m u42PM

Reed, Megan ~ Mammogram /P Mar3, 20n 555 AN Mario, 20n 9:55AM

Stewart, Kim  Mammogram /F  Mar3, 20n w09 AM Mario, 20n 10:09 AM |

Cooper, Molly X-Ray [ F Mar 8, 20n 1022 AM  Mars, 20n n22 AM

Howard, Amanda Blood (BMP) /P Mar8, 20n 934 PM  Maris, 20n 10394 PM ‘3

[Few, 2004; MSCUTI, 2008; Tullis, 2004]



Actions for Rapid Completion

Design Guidelines

® a1 O new IO Late

Patient _ Test Order Date Review By Abnormality
Evans, Anna MRI/F Mar 3, 20n 112 AM Mar o, 20n 112 AM
Parker, Amy MRI /P Mar 2, 20n ny2PM  Marg, 20n 142 PM
Reed, Megan Mammogram /P~ Mar 3, 20n 9:55 AM  Maro, 20n 9:55 AM
_ Stewart,l(im‘.* . Mammogram /F = Mar3, 20n 1wwog AN Mario, 20m 10:09 AM |
Cooper, Molly¥™
— *‘ [ No Follow-up v
Howard, Ama

Ask Nurse to
[] Inform Patient (Stewart, Kim)
[] Schedule Visit

Order
[} Repeat Test

days () weeks (*) months () years

days () weeks (*) months () years

Comments:

( Review Later ) ( Complete )

Procedure reported

Film screen mammography, both breasts.
Reason for procedure
Screening

Findings

Comparison was made to exam from 11/14/2001.
The breasts are heterogeneously dense. This
may lower the sensitivity of mammography. No
significant masses, calcifications, or other
abnormalities are present. There is no
significant change from the prior exam.
Impressions

BI-RADS® Category 1l: Negative. Recommend
normal interval follow-up in 12 months




Solution
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Retrospective Analysis of
Medical Orders: MSProVis

Process Overview
Clinic: Washington - Month: Jan-2011
Completed =271 uLate = 176




Process Completion Diagram (PCD)

Process Overview
Clinic: Washington - Month: Jan-2011
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Process Completion Diagram (PCD)

Process Overview
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Process Completion Diagram (PCD)

Process Overview
Clinic: Washington - Month: Jan-2011
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Process Overview

Multi-Step Process

Visualization

Details: W

ashington -Jan 2011

Hide

PP . . ratory Draw and Send Sample Examine and Record Results Analyze Result
Clinic: Washmgton - Month: Jan-2011 Role: Nurse Role: Laboratory Technician Role: Physician
Completed =271 Late = 176 Completed =355\ ate Completed =286 = Late = 121 Completed =271 = Late = 165 Completed =271 mLate = 12
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Evaluation

¢ Usability studies
Studies with 5 novices
Studies with 2 physicians

¢ Surveys



Surveys
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Conclusion

Observations and interviews with clinicians and discussions of
findings for results management

Evaluations to quantify the benefits in time-critical applications
where distractions undermine users’ ability to track and react to
orders

The development of guidelines for interactive rich tables with
actions for rapid completion

The design and user studies of a novel retrospective analysis

visualization 5 EPC

NCCD



Conclusion

2
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Evans, Anna MRI/F Mar3, 201 12 AM Mario,20n 112 AM i . o s
Parker, Amy MRI/P Mar 2, 200 12 P Marg, 20m 5 = B esw = o
Reed, Megan Mammogram /P Mar3, 201 555 A0 Mario,20n w g i 8 o 3
Stewart, Kim Mammogram /F | Mar3, 201 1009 AN Mario, 20u Duration - } o } e + o ® + o
Bennett, Claire Pap Smear / F Mar7, 200 801PM  Mar1g, 200 = o aad ™ ' ! » ' e m 1w o ' 5 0
Cox, Pamela Blood (BMP) /F  Mar§, 20 934PM Mars, 20m TG O C0 ) ) (2 G2 G2 O
Cox, Pamela Blood (CBC) [F  Mar8,20n 934PM  Mar1s, 20n 3
Gray, Bridget Blood (BMP) /F Mar 6, 201 1048 PM - Mar3, 20n Actors in Details: Draw and Send Sample Actor with most completions _in-iime. e [mcompited ide
Gray, Bridget Blood (CBC) /F  Mar 6,201 10:48PM  Mar13, 20m Nurse: Johm it Niroe: Wina Nedorsy Narse: Sophlo Andreasen Narse: Al Glomont
Cooper, Molly X-Ray / F Mar 8, 201 AM  Mars, 200 & o SIS i ot 10 TR R Campetss 13 SSTES® Ralodpetsa =1 it
Howard, Amanda ~ Blood (BMP) /P Mar8, 201 934 PM  Maris, 20n & ™ S Lo
Howard, Amanda  Blood (CBC) /P Mar8, 20u 934PM  Maris, 201 Ao o b B o
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Morris, Monica  TSH. February1s,2on =20\ Februaryat,2on -\ Sample drawn and sent " - e - - mom -
Parker, Amy MRI March 2,201 142\ March 8, 201 12 P\ Imagels) interpreted and reported
Peterson, Audrey  Blood (BMP)  March 3, 201 5P\ March g, 20n 753 M Test ordered
Peterson, Audrey | Blood (CBC)  March 3, 201 537V March g, 20m 43PV Test ordered
Reed, Megan Mammogram  March 3, 201 552 AV March g, 20m 55 A0 Image(s) interpreted and reported
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