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The Setting

Cincinnati Children’s Hospital
— 587-bed private teaching pediatrics hospital
— Over 1.1 million patient encounters last year
— 16 patient care sites
— Consistently ranked in top 3 institutions

Children’s Radiology services

— Main hospital + 8 neighborhood locations

— Operate from a centralized “stat box” after hours
« Staffed by 1-2 radiologists (attendings, fellows, residents)
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Cases Arrive Rando
Different imaging modalities

« X-ray « MRI
e Ultrasound e CT

Different requisition-delivery mechanisms
» Faxed from remote locations
« Brought by hand from on-site staff
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Overall Goals:
= Ensure most critical patients are served first
» Reduce duration and variability of patient waiting

Hospital Medical Center

Approach:
Develop automated workflow management system

Two functions:
1) Automatic triage of waiting cases

2) Automatic case routing and documentation of flow
through the process
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Measuring Baseline Performance
End Radiologist Radiologist Findings
Procedure A 1 Dictates Signs Off Conveyed
N
Overall 55
Emergency 23 Median
) - (minutes)
Outpatient 57
Inpatient 103 )
L Key performance metric
Baseline Sample: How can we improve this?

6,093 exams, spanning 14 days
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Automating Triage
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Automating Triage

» Radiologists use internal heuristics to
select their next case

« Can we develop an algorithm to emulate
their decision-making?
— Using easily obtainable data
— Simple to program
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9 Potentially Influential Variables

« Patient Age « Patient Anxiety
« Exam Type — High, Low
— 20 exam categories « Referring MD Anxiety
« Subijective Acuity — High, Low
— Extreme, Mod., Mild  Additional View?
« Medical Acuity — Yes, No
— 5 categories (Airway, « Patient Waiting”?
Trauma, Fracture, — Yes, No

Pneum., Routine)

History
— Brief background
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Data Collection

Constructed 25 sets of 20 hypothetical cases

— Randomly generated
— Validated for OK medicine

For each case, asked radiologists to rate (1-
100) the urgency of the case

Then asked to rank the 5 most urgent cases

22 radiologists (88%) participated



Patient/Case Information

Please Provide

the Following:
Ref’g Urgency Score Rank 5
Case | Patient Subjective | Medical Patient Patient MD Add'l (100 = Extreme Most
# Age Type Acuity Acuity Waiting Anxiety Anxiety View? History 1 = None) Urgent |
1 18 wk Chest Mild Pneum No Low High No Shortness of breath for 2 days
2 4 mo Chest Extreme Trauma Yes High High No MVA 1 hour ago
3 9yr Abd Moderate Routine No High High No Abdominal pain
4 18 mo Chest Mild Airway No Low Low Yes cough
5 6 yr Knee Extreme Fracture Yes Low High No Fall on playground 4 hours ago
6 17 yr Chest Extreme Trauma Yes High High Yes MVA
7 5yr Abd Extreme Routine Yes Low Low No Acute onset abdominal pain
8 9yr Rad/Ulna Extreme Fracture No Low High No Arm bent after soccer collision
9 5 wk Femur Extreme Fracture No High High No Fell off changing table
10 12 yr Knee Moderate Routine Yes High High No Knee pain
11 14 yr Tib/Fib Mild Routine No Low High No Lump adjacent to tibia
12 11 yr Foot Moderate Routine Yes Low Low No Stepped on nail 3 days ago, still has pain
13 16 yr L Spine Extreme Trauma Yes High Low Yes Fell off horse — back pain
14 18 mo Chest Mild Pneum No Low High No cough
15 17 yr Skull Mild Trauma Yes Low High Yes Bike accident
16 7yr Chest Mild Trauma Yes Low High No Near drowning
17 6 yr Femur Mild Trauma Yes High High No Fall from tree
18 15 mo Airway Extreme Airway Yes Low Low Yes Severe stridor
19 18 mo Chest Mild Airway No Low Low Yes cough
20 12 yr Ankle Moderate Trauma Yes Low Low No Soccer collision
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Test #2: Inter-Physician Consistency
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Physician Selection

80 -
Identified 5 representative docs: 70 -
- Consistent decision-making 60
- Within range of the majority 50 -
- Highly experienced 40 . ~
30 L1
100 > 00[::]
90 /gZ M r'_H’
80 <> [ﬁ]
° * . . |
ZZ A 60 80 100
jz ¢ These 5 radiologists’
30 Y responses were then
2 used for the algorithm
T development step

10

T
20

T
30

T
40

T
50
Case 4

T
60

T
70

T
80

T
90

1
100



([' e/ Cincinnati
VVVVVVVVVVVV ‘ Children’s

Cincinnati s e e O

Variable Management

« Compared urgency means and distributions
across categories; some were combined:
— Exam Type: 20 categories reduced to 2
— Medical Acuity: 5 categories reduced to 2
— Age: continuous variable dichotomized (<2, 2+)

0@
65 ¢ L 4 .
L 2

Average - o © * _ _ - -
urgency . . M Y ¢
rating *

50

45 *

40 T T T T T T T T T T T T T T T T T

<1 2-3 4-5 6-7 8-9 10-11 12-13 14-15 16-17

Age (yr)
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Constructing the Triage Algorithm

« Stepwise OLS regression using 5 radiologists’ responses:

URGENCY = F=35.52 (P<.0001)
12.31*SUBJACU  (.36)
+25.94 * PATWAIT (.13) R2= 70
+ 15.98 * REFANX (.08)
+ 15.35 * PATANX (.05) Not included:
+ 28.45 * DUMTYPE (.05) DUMMEDAC
+ 9.70 * DUMYOUNG (.01) ADDVIEW

But how well did it match our radiologists’ heuristics?
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Testing the Triage Algorithm

* Prediction of rankings is primary metric:

Corr = .87
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Patient/Case Information This is how [ Please note
your here any
Ref'g colleague changes you
Case | Patient Subjective | Medical | Patient | Patient MD Add’l ran(l:(:;ietsh.ese V:I?:I:jark?:est?
# Age Type Acuity Acuity | Waiting | Anxiety | Anxiety | View? History ) gs:
1 4 mo Chest Extreme Trauma Yes High High No MVA 1 hour ago 1
2 2yr Ankle Moderate | Fracture Yes High High No Fell 2
3 11 mo Chest Extreme Pneum No Low High Yes | Cough, fever 3
4 10 yr CSpine Mild Trauma Yes High Low No MVA 4
5 9yr Abd Moderate | Routine No High High No Abdominal pain 5
6 12 yr Femur Mild Fracture Yes High High No Fell 6
7 16 yr Chest Mild Pneum Yes Low High Yes | Cough 7
8 18 wk Chest Mild Pneum No Low High No Shortness of breath for 2 days 8
9 9yr Foot Moderate | Fracture No Low Low No Bike accident 9
10 5yr Abd Mild Routine No High Low No Abdominal pain 10

1.

Overall, how well do you feel the list of cases is ordered in a way that has the most medically urgent cases (those needing to be read
sooner) higher on the list with less urgent cases nearer the bottom (circle one)?

Completely acceptable

Mostly acceptable

Mostly unacceptable

Completely unacceptable

2. What changes would you make to the ranked list (in terms of how the cases are ordered)? Make any revisions in the right-most column
in the table and describe below (continue on the back if necessary) why you made those changes.
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Validating the Triage Algorithm

Provided each of the 5 radiologists with a set of 10
randomly generated, pre-ranked cases...

Found that:

— 3 of 5 docs made no changes or only swapped a
single pair of adjacent cases (e.g., 3" « 4ih)

— 87% of all suggested changes were 1 or 2 places
— Only two “large” changes: -4 and +5 (same doc)
— Often used histories to substantiate changes

We’re still missing a key operational component...
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How to include patients’ waiting time?

Physician and department beliefs:

« “Stat” patients:
— Should not wait >1 hour

— A short (=10 minutes) initial wait should not
affect queue position

* “Nonstat” patients:
— Should generally be served after stat patients
— Can “get lost” among fast-moving stat cases
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Incorporating Wait Times
Started with the Standard Normal CDF

Scale
Factor
Stat Cases 7
tin minutes B 7(@)
Time adder = 2506 \ !
Shape
Factor

Nonstat Cases
t in hours 60 2

—1(—)
Time adder = 2006 4
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Wait Time Adder

250

200 + e
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120 t ’
100 +¢

Acuity Score Time Adder

50 T

== NONSTAT

j —STAT
o L

0 60 120 180 240 300 360 420 480 540 600 660 720 780
Time Waiting in Queue - Minutes (for Stat) or Hours (for Nonstat)
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The Final Triage Algorithm

URGENCY =
12.31 * SUBJACU Bleves
+25.94 * PATWAIT
+15.98 * REFANX
+15.35 * PATANX
+28.45 * DUMTYPE
+ 9.70 * DUMYOUNG
+ Wait Time Adder {Stat or Nonstat}

Urgency scores range 0 — 370.04 for “stat”
and 0 — 320.04 for “nonstat”
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Implementation
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RadStream: Radiology Workflow Management

. Sa— r
m User: LAURIE PERRY,Tech_Base Services shows: 18 exams ‘ < | B S ® Hids

_ Modality Location Priority Exam Type
| Al vial sl v Al vl Al
ARTS RADIOLOGY TECHNOLOGIST WORKLIST

Arts Status | Service = RIS Status | Ordenng MD
Pending: 112 132 PM | CHEST (1V) , Ordarad: 1172 122 PM

Arts Status | Service RIS Status Radiologist Ordenng MD
Pending: 11/3 303 PM [CLAVICLER I;Ol’dcu'd: 11/3 303 PM

Fending: 115303 PM [CHEST @V) fOMcled 113303 PM

| | Arts Status Procadure ‘ Accession RIS Status ! Radiologist Ordering MD

Fanding: 112 2:42 PM  ABDOMEN (1V) 4202370 [Ordered: 1163 2:42 PM
| Arts Status Procedure . Accession RIS Status Radiologist Ordenng MD
[¥] |Pending: 1122:21 PM |GASTROINTESTINAL TUBE (&) 5202357 Orderad: 11/3 231 PM

Enter

Arts Status __ Procedure | RIS Status Radiologist Ordenng MD
E Pending: 112 11:34 AM [CYSTOURE THRDGRAPHY (VOIDING) EOldoud: 112 1134 AM

G |
|| Arnsstatus | Procedure | Mod., | Accession | _ RISStatus Radiologist ~ Ordenng MD
E] Pending: 113 3:11 PM [CHEST (1W) RAD | S$202386 {Drdeud:ﬂ&!s:ﬂ PM [

Entar |
|| Artsstatus | | Mod. | Accession | Service RIS Status | Radiologist Ordening MD
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Cincinnati v Main Reading Room '
/ MK (Pod 1)

Radiologists Sign in to Services | ¥ s
v Cardiac

v Fluoro at Base
(] outpatient Satellites

[ |anderson

| |East
[JFairfield

[ JKentucky

[ IMasan

[ |Harrisan

[ |west Chester

[l Neuro Imaging

[ IMeuro Base
[ IMeuro OPM/Kenwood

7 [ Body Imaging
[ ]CT Body - Chest
[ ]CT Body - Abdomen
[1cT Body - MSK

[ |MRI Body
T [ Fetal Imaging

[|Fetal Imaging

T [] vascular / Interventional

[ wascular Interventional
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« Cases are pre-sorted
per the triage algorithm

* Physicians may still
select any case in their
service

m User: LAURIE PERRY Rad_Staff Service ocution shows: 4 exams Feedback < o ] “' ’l! 0 ® Hide
| | |

Service __Modality Location  Priosity  ExamType ~ Radiologist =~ AfsStatus RIS Status

wla  wlan wja wan vai van v Al v search |

CURRENT RADIOLOGIST: CASES ASSIGNED FOR DICTATION

_ Patient Name MR# Accassion

[ [ E

ARTS RADIOLOGIST READING ROOM WORKLIST

Arts Status Procedure Mod. ACCESSION Service RIS Status Radiologist Ordering MD Type
¥ lAssigned: 1143 3:57 PM |BONE ASE (SPECIFY) RAD 5202401 Anderson  |Completed: 11/3 3:18 PM LAURIE PERRY Op_PPL
¥ Assigned: 11/3 357 PM |SINUSES 3w+ RAD 5202402 Anderson  |Completed: 11/3 3:18 PM LAURIE PERRY Op_PPL

ign
Arts Status Procedure . ACCEsSion Service RIS Status Radiologist Ordering MD
Entered: 11/3 3:09 Fh CYSTOURETHROGRAPHY (WOIDING) 5202097 Fluoro at Base |Completed: 1143 0:50 Al

Arts Status Procedure . ACCESZION Service RIS Status Radiologist Ordering MD
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Completed Cases Automatically Routed to Call Center

.
i)
Lv Frocedure

~SPINE (2-34W)

Arts Status

Fending: 1143 4:13 P
"‘(.

n*',

, MRN:

PATIENT INFORMATION
Patient Name

MR#

Patient D.0.B

Home Phone s
Patient Location |: OPE
Location Phone : 66000

N

5 PPLWorkListDetail - Microsoft Internet Explorer

, Procedure:HUMERUS R

The buttons below refer to selected exams.

__Conyey .  Contactloq.

Exams Click a procedure below to view a report,

5192506 HUMERUS R

5192507 SHOULDER 1-2 VIEWS R

PHYSICIAN INFORMATION
Ordering MD Name

Ordering MD Phone
Ordering MD Fax |
Ordering MD Pager  : () -

Additional Ordering
™MD

Attend MD Name |
Attend: Phone /Pager :
Primary MD Name
Prim: Phone /Pager
Add’'l Contact Name
Add'l Phone

Add I Pager

RADIOLOGIST INFOMATION
RAD Name B

RAD Location |: RAD
RAD Phone C

RAD Pager

RAD Fax |

Talk to MD |: No

144

e

Impression of exam A

HUMERUS R:

1. Right mid to distal third davicular fracture with
approximately 30 degrees of superior apex
angulation.

2. Normal appearance of the humerus without
evidence of definite fracture,

Impression of exam

SHOULDER 1-2 VIEWS R:
1. Right mid to distal third clavicular fracture with

annravimately 2N denresc nf cunerinr anev

Contact Record

Date/Time Contact by Message Exam ]
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Results
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Changes to Workflow

Tech answers 5 questions during imaging session
Paper requisitions eliminated
« Waiting exams automatically triaged (sorted)

Enhanced visibility and coordination
— Improved load-leveling across radiologists

Expanded documentation of communications
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Overall Goals:
* Ensure most critical patients are handled first
* Reduce duration and variability of patient waiting

End Radiologist Radiologist Findings
Procedure A 1 Dictates Signs Off Conveyed

e *

Overall 55

Emergency 23  Median
Outpatient 57 (minutes)
Inpatient 103

Baseline Sample:
6,093 exams, spanning 14 days
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Overall Goals:
* Ensure most critical patients are handled first
* Reduce duration and variability of patient waiting

End Radiologist
Procedure A'] Dictates
-
Overall 55 34
Emergency 23 23 | Median
Outpatient 57 35 (minutes)
Inpatient 103 60

~

Post-implementation Sample:
7,493 exams, spanning 15 days
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Overall Goals:
* Ensure most critical patients are handled first
* Reduce duration and variability of patient waiting

End Radiologist
Procedure A'] Dictates
Overall 55 34 430 356
Emergency 23 23 233 185
Outpatient 57 35 485 350
Inpatient 103 60 381 490
Median Std. Dev.

(minutes) (minutes)
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Physician Interruptions Decreased

15.1

w Baseline

m Post-Implementation

Significantly
different at
P<.05

Inter-Arrival (min.) Duration (min.)
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Interruption and Forgetting in Knowledge-Intensive
Service Environments
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n increasing barrier to productivity in knowledge-intensive work environments is interruptions. Interruptions stop
A the current job and can induce forgetting in the worker. The induced forgetting can cause re-work; to complete the
interrupted job, additional effort and time is required to return to the same level of job-specific knowledge the worker
had attained prior to the interruption. This research employs primary observational and process data gathered from a
hospital radiology department as inputs into a discrete-event simulation model to estimate the effect of interruptions, for-
getting, and re-work. To help mitigate the effects of interruption-induced re-work, we introduce and test the operational
policy of sequestering, where some service resources are protected from interruptions. We find that sequestering can
improve the overall productivity and cost performance of the system under certain circumstances. We conclude that
research examining knowledge-intensive operations should explicitly consider interruptions and the forgetting rate of the
system’s human workers, or models will overestimate the system’s productivity and underestimate its costs.

Key words: health care; services; interruptions; simulation
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Managing critical results and reducing
interruptions

AMICAS RadStream is @ next generation software product des

associated

ith communicating crifi

al results to referring physicians. RadStream he

the communication of positive results 1o help meet the ever increasing scru
Joint Commission on Accreditafion of Healthcare's (JCAHO) national patient safet

sophisticated  prior

fion algorithm, RadStream can dramatically improve

because of

3 productiv ced interruptions.

Discover True Workflow

RadStream focuses on improving three critical aspects of radiology workflow, which include:

* Conveying Results. The RadStream communications worklist facilitates ¢
communication of positive results to referring physicians. This communications
mechanism ensures that patients get the best care while your facility reduces the legal risk
associated with not communicating positive results.

* Reducing Interruptions. With RadStream, technologists complement clinical data with
subjective patient observations to create an objective clinical acuity score. This acuity score
prioritizes the most acute cases (those most likely to interrupt radiologists) for radiologists
in real time.

B

Brokering Communications. With its patent-pending communications concept for
automating and brokering interactions between clinicians, RadStream ensures that

radiologists can easily be put in contact with referring physicians to discuss patients’ cases.
With RadStream, a

administrative employee can track down referring physicians, which

means that radiologists can focus on reading cases — and this saves time and money.

Integrated Critical Results Distribution
JCAHO has noted

safety goals. A eritical results communication solution fully

al results communic

importance of eri ations in their national patient

AMICAS PACS™

tegrated w
offers the following benefits:

¢ Critical results communication fully integrated in

he radiologists’ workflow — no third-
party applications or disruptions

e Patient data automatically included with critical results — no need to re-enter any data

* Radiologists dictating results to a single location — no need to duplicate radiologists’
efforts in multiple locations

e A robust audit trail fully integrated with AMICAS PACS

.

Allows radiologists to focus on reading cases and creates a mechanism for administrative

employees to track down referring physicians
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the patient, (b) medical treatment facilities availability. (c¢)
medical treatment staff availability, (d) medical assessment
facilities availability, and/or (e) medical assessment staff
availability; where the ordering step includes the step of
ordering, by the computer algorithm, the plurality of patients
for medical treatment and/or medical assessment. based at
least upon the medical factors, subjective perceptions and
operational aspects gathered for each of the plurality of
patients.
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“Fast is good, when
youre sitting in pain.”

Dr. Todd Guth, an intake physician in the new emergency department at University of Colorado Hospital, looks at 10-month-old Mar-
cel’s ears for signs of infection while his mother, Monique Duran, holds him. Nurse Wendy Wilson, left, holds Marcel’s twin, Micah,
while scribe Sarah Anderson takes notes. Helen H. Richardson, The Denver Post
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