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WHY CDS FOR REPORTING

ACRASsIst



IMAGING 3.0: RADIOLOGY REPORTING

« INFORMATION QUALITY (1Q)

e THE QUALITY OF THE CONTENT WITHIN AN INFORMATION SYSTEM

 NOT JUST ACCURACY — COMPLETENESS, CONFORMITY, USABILITY, CONSISTENCY,
DUPLICATION, INTEGRITY

« POOR REPORT IQ IS DIFFICULT TO MEASURE BUT EASY TO SEE

‘| KNOW IT WHEN | SEE IT'®
« WHAT WOULD A SYSTEM THAT IMPROVES REPORT |Q LOOK LIKE?
 IT WOULD NEED TO ASSIST THE RADIOLOGIST WITH:

 DETECTION OF FINDINGS

« INTERPRETATION/CLASSIFICATION OF DISEASE

« RECOMMENDATION OF ACTIONS

« COMMUNICATION OF ALL THE ABOVE

1 POTTER STEWART, SCJ, JACOBELLIS V. OHIO, DETERMINATION OF ‘PORNOGRAPHY’



IMAGING 3.0: RADIOLOGY REPORTING
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IMAGING 3.0: RADIOLOGY REPORTING

BI-RADS®

: Mammography: Incomplete — Need Additional Imaging Evaluation andfor Prior Mammograms for Comparison
Ultrasound & MRI: Incomplete — Need Additional Imaging Evaluation

Category 4A: Low suspicion for malignancy
Mamll'lrug'apig Category 4B: Moderate suspicion for malignancy
& Ultrasound: ¢ taq0ry 4C: High suspicion for malignancy

Category 6: known Biopsy-Proven Malignany

« DETECTION OF FINDINGS

¢ INTERPRETATION/CLASSIFICATION OF DISEASE
v RECOMMENDATION OF ACTIONS

« COMMUNICATION OF ALL THE ABOVE

1 POTTER STEWART, SCJ, JACOBELLIS V. OHIO, DETERMINATION OF ‘PORNOGRAPHY’



IMAGING 3.0: EFFECT OF BI-RADS ON 1Q

CREATES A QUALITY THRESHOLD

ALL RADIOLOGISTS

INFORMATION QUALITY



IMAGING 3.0: RADIOLOGY REPORTING

- RADS
« ACHRINGIHENTALOMA WHITE PAPERS

plisheCOMPUTER ASSISTED REPORTING GUIDANCE OBJECTS (CARGO)
- Berland, Lincoln L. et al. Managing Incidental Findings on Abdominal CT: White Paper of the ACR Incidental Findings Committee.
) i <algorithm>

<featuress )
«feature name="size" type= ri
<enumeration_feature name= "o
<choice name="lefr_side"»lefr</choice-
<choice name="right_side">right</choice»
cnumeration_reatures
ture name="uni

Uniformiy
Cystic

Adenoma: Diagnostic
Chemical Eval

<dacision_tree>
<if feature="unifaormly _cystic" value="present"s»
<end_point ref="cyst_no_recommendation”/>

</i
<if feature="h nse” value="present's
<if feature="stable" value = "present"»

<and_paint ref="hypodense_stable"/>
«fifs

<else
Size change? ff:ﬁi:fm"t ref="hypodense_no_priors"/>

</
«<if feature="macroscopic_fat" value="present's
Stable
D < 3 Hm

<end_point ref="macroscopic_fat"s
<
<if feature="old hemorrhage” value="present"s
o T e e e e e e S e e e e R ey
<end_paint 'id-"h}rpgdenststah‘\e":- T : ]
<body>In the {{side}} adrenal g'\arld{{serws_l_mel]. the previously seen’
sizel}l om Tesion 15 homogeneously Tow density (10 WU or less on
;ﬁnfcmtra.stfenhanw:l images) and therefore most consistent with an
lenona.
<1'mpr!ssim>4ﬁize m nodule in the {{side}} adrenal gland, similar to

||

:

| gﬁ'iur. R.a:}jo ogic findings are most consistent with a benign adrenal

Adrenal | lenoma. </impressions
m re cT | U‘EE[I'IEHddEDFBlS adrenal adenomas may be hormonally active with subcli

| suggest further evaluation for endocrine hyperfunction for most patients.
|

|

|

|

|

|

o= =,

Chemical Eval +
Adrenal CT in 6mos Surgery Relerral

O
Grumbach MM et al, (2003) "Management of tﬂ climically 1na§ rent adren
ajincidentdm') " ann Int wed 138:424-429 and voung, w. (2007) "The in

iscovered adrenal mass,” New Engl ] Med 356:601-610.</recommendation>
<fend_point>

R o

<end_point id-"hypoderse_no_priors”> |
T I e e L L e e e

<alaorithms




STANDARD RADIOLOGY REPORTING

SPECIALIST RADIOLOGISTS
-

- :
r";:% SPEECH RECOGNITION
Y

I'I"";‘

IMAGE DATA

EXAM DATA

PATIENT DATA

RADIOLOGY REPORT
INFORMATION




RADIOLOGY REPORTING WITH BI-RADS

SPECIALIST RADIOLOGISTS

SPEECH RECOGNITION

I

IMAGE DATA

r'| i

[

ACR BI-

EXAM DATA RADS
CLASSIFICATION

i

i
R
.Ilflr |i;|=|- ¥
I || T

I

Iill

PATIENT DATA

RADIOLOGY REPORT
INFORMATION NARRATIVE COMPONENT
STRUCTURED COMPONENT

Category 6: Known Biopsy-Proven Malignancy

\
ULT MANAGEMENT SYSTEM

REGISTRIES OGRAPHY DATABASE




RADIOLOGY REPORTING WITH ACR ASSIST

SPECIALIST RADIOLOGISTS

SPEECH RECOGNITION

v INATURAL LANGUAGE PROCESSING
IMAGE DATA ﬂ 3

>

»

EXAM DATA —f WC” ' JACR ol (ATR

X

PATIENT DATA HITE PAPERS FINDINGS

o

l_
(@)
=
w
. ~a) | A
«‘i . / 1B “RADS \..‘ {eARGO ) ACTIONABLE

B Adrenal Nodule

RADIOLOGY REPORT S n“m Senm-- Body

NARRAT'VE COM PON ENT - In the adrenal gland, a 12 mm Iesion does not have specifically benign
Ide

® Rignt @ Left imaging features.
INFORMATION 3 —

Impression
chararacterized Indeterminate 12 mm adrenal nodule does not have the typical
characteristics of a benign adenoma, although mest such lesions wil
Diagnostic feature ultimately prove to be benign.

Recommendations

+ Adrenal mass protocol CT in 6 months.

+ As adrenal adenomas may be hormonally active with subclinical
features, NIH guidelinegs suggest further evaluation for endocring
hyperfunction for most patients. Cf. Grumbach MM et al_ (2003)
"Management of the clinically inapparent adrenal mass
(incidentaloma’)," Ann Int Med 138:424-429 and Young, W. (2007)
"The incidentally discovered adrenal mass,” New Engl J Med

Hx malignancy ® yes ® o @ Uniown

Changed size

REGISTRIES AREHOUSE




Radiology Decision Support Framework

Standards

Committee

“EVideaceBaseals] gl (=X

Integrating Workflow

Actionable Reports Critical Test Results Mgmt Registries




WHAT IS ACRASSIST



What does ACR Assist Project consist of?

Open CAR/DS Framework: a definition of how to encode guidelines and
how reporting systems should implement these encoded guidelines in
their tools

Vendor Implementations: Vendors build the ability to use ACR Assist-
encoded guidelines as “plug-ins” within their products

ACR Assist Product: encoded guidelines based on existing and new
ACR practice guidelines and standards which have been officially
reviewed and “blessed” by appropriate ACR committees/working
groups.

Third-party Content: Other sub-specialty societies, academic medical
centers, solo developers create compliant guidelines which can then
be run on the vendor implementations



Open CAR/DS Framework

- Schema: the format the guidelines are written in
- MARVAL: Review tool to review and validate encoding
- Simulator: Tool to view/interact with encoded guidelines

-« Documentation and Access
- White paper in JACR
« Technical documentation, schema, and Code available on Github
- Tutorial on how to encode a guideline

All being made freely available, promoted via ACR website
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File Edit View Inset Format Tools Speech Help

EcClose 1| WetRead |{jDraft Correct Reject If Prelim < Sign Normal |3 Discard &

% AutoText - New, B u | = - iF iE “dContent W2 Wizard...

< TS E - S | 3 = . . 0001 00
Fields (4) Report - UNKNOWN, - temp 53
Comparison | E=]
r— : &
Impression | g
Citation LS
IMPRESSION{ |
|CITATION: [ ]
* Clinical Guidance (10) B
[7] Show relevant guidance only
Guidance Description 1| Modaity | Age Gender Atachments
Adnexal Cyst US Asymptomatic cystic lesions seen in the adnexa on ultrasound. us 19+ Female e
Adrenal Nodule Discrete lesion within ether adrenal gland measuring at least 10 mm that has not been previously characterized. cT 15+ Both
Hepatic Trauma Grading Grading of blunt hepatic trauma according to AAST liver injury scale. cT 0+ Both _
Liver Lesion Hepatic lesion seen incidertally on CT. cT 19+ Both ';i*f“ jf:%';’g
Lung Cancer Staging IASLC staging system for lung cancer. CT 15+ Both
Adnexal Mass Incidental cystic adnexal mass seen on CT. CT 18+ Female
Renal Lesion Incidental renal mass detected on CT. cr 19+ Both
Lung-RADS Cancer Screening Lung-RADS-based cancer screening on CT CT 19+ Both
Pulmonary Nodule Soltary pulmonary nodule seen incidentally on chest CT. CT 35+ Both
Thyroid Nodule: Thyroid nodule incidentally detected on CT or MRI cT 19+ Both
[(3]S2[F[<5 Cinical Guidance (10] |
¥ Disconnected

User: Tarik K Alkasab Drafts: 1 Attending




File Edit Niew |Inset Format Tools Speech Help

3 Close Wet Read _ﬁDraﬂ Correct Reject \Ef Prelim <2 Sign Normal |34 Discard & v B PACS - 6> (M .
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Fields (4) Report - UNKNOWN, - temp E]
o
Findings COMPARISON:[ ] o)
Impression &
Citation FINDINGS: [l] ?

IMPRESSION] ] I
CITATION:[ ]

Guidance: Lung Cancer Staging [t

Include: Findings, Irmpression + | (Minsert X Remove
& Tumor Size (cm): |
The Clinical Gui ion of I information from literature sources
4 Tumor Location: - into a computerized svstem,ud-:hcar-mt always be accomplished precisely, nor kept up-to-date
continuously. Its application to any specific case should inform, not replace, the and
A Tumor stohs: Unknown - judgment of the radiclogist, who should adjust the final text to the dlinical scenario as needed.
. Enter the folowing required fields in order to generate report text:
/& Separate nodule(s)/mass(es): Mo - e Tumor Sze (cm)
/& Atelectasis/obstructive pneumonitis: Mo - *  Tamoriocation
Tumor contact/abuts: -
Local invastion: -
/& Endobronchial involvement: Mo -
Intrathoradc metastasis: -
A Extra-thoracic metastasis: Unknawn -
Lymph nodes: -
/A Report Stage: Mo -
T-stage: Specify tumor size
Enter Findings Mode
M-stage: b
@ Properties N-stage: NO
Fields (4) Overall stage:
o | Motes
Im Attachments
»
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File Edit Niew |Inset Format Tools Speech Help

& Close Wet Read _ﬁDraﬂ Correct Reject \Ef Prelim <2 Sign Normal |34 Discard & v B PACS - 6> (M .
% AuvtoTed ~ INew.. . B T U |ac 43 = = _  %Scontent @ Wizard.. 00:00 - 00:00 _

Fields (4) Report - UNKNOWN, - temp [E]
o
Findings COMPARISON:[ ] &
Impression 5
Citation FINDINGS: [l] I °

IMPRESSION] ]
CITATION:[ ]

Guidance: Lung Cancer Staging [t

Include: Findings, Irmpression - ﬁ[nsert X Remove
& Tumor Size (cm): 3
O Locati AL FINDING S
—LAREIILS M Pulmonary mass in the right upper lobe measures 3 cm. A separate nodule/mass
A Tumor stalus: Unknowmn - is seen in the same lobe. No atelectasis/obstructive pneumonitis is seen. There is
no imaging evidence of bronchial involvement or invasion of local structures. No
@ Separate nodule(s)/mass(es): Same lobe - enlarged lymph nodes are seen.
5 Atelectasisfobstructive pneumonitis: M -
® v ° IMPRESSION:
Tumor contact/abuts: = Pulmonary mass in the right upper lobe measuring 3 cm is concerning for
neoplasm. Histologic confirmation or short-term follow-up chest CT is
Local invastion: |' recommended. Separate nodule/mass in the same lobe, which could represent
A N —— |~ |Great vessels - either metastasis or a metasym:_hronous primary. No bronchial involvement is seen.
ST me [T Heart Mass is surrounded by lung or visceral pleura. No enlarged lymph nodes are seen,
i T [Z|Meiastinal pleura though this does not exclude nodal disease. No imaging evidence of intrathoracic
2| Mediastinum L metastasis is seen.
s Extra-thoracic metastasis: [C]Parietsl pericardium 3
[ Trachea
Lymph nodes: Wl Vertebral body i
/A Report Stage: Mo -
T-stage: T3
M-stage: b
M-stage: NO
Overall stage: s
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User: Tarik K Alkasab Drafts: 1 Attending */ Disconnected




RexiFoletficttiae BassoWwexigesrting

Gallbladder/Biliary

‘Sonagraphic Murphy's Absent
Wl thickaning Abserit
Cholelithiasia

Pericholecystic fluid Absent

Present
} ver
s None
A
it 4
s
-
. ]
u
=
i u
K
o "
X "
"
.
: "
]
lecommendation o
»
i .
i .
.
g .
]
| .
.
u
.
)

gSEEEEEEEEEEEsmslEsmununinnn

0. ‘0
SasssEsEsEEEEEEEEEEEEEEEEEEEEEEEEEEER®

Registries

Courtesy of Dr. Tarik Alkasab,
MGH, ACR2016



Imaging Driven Care Pathway Example

5. Treatment Guidance

Discharge or
Anticoagulate or
Thrombolyse or

1. Image Acquisition A Order TTE or
Consult surgery

Optimize imaging

parameters for data

extraction 3. Data-oriented Interpretation )
Courtesy of Dr. Tarik

Visualize candidate emboli Alkasab, MGH, ACR2016
Demonstrate septum, reflux




ACRASSIST

IMPROVING THE CARE PROCESS

@r;tic

Reporting CDS

Clinical Guidelines

Radiologist without CDS Radiologist with CDS

Indeterminate 3.5 cm adrenal nodule.

A v

. PCP 2 PCP 3
Requests surgical consult. Requests CT

Courtesy of Pari Pandharipande



MONITORING

- Broad Monitoring Opportunities
- Recommendations
- Compliance with Guidance
- Qutcomes

- Examples for MACRA Measures
- Use of structured referral notes for Clinical Practice Improvement
- Quality reporting measures based on Lung RADS




Create Content

Incidental Adrenal Mass (=| cm)
Datectad on CT or MR

{

Imaging features are disgnostic

== =)

Benign Imaging features™
Presume benign', considar 12
menth FIUCT or MR

Stable =1 year

l Benign' l Concarning s malignancy
Consider biopsy or resection®

Lesion enlarging

If patient has clinical signs ar symptoms of adrenal
hyperfunction, consider blachemical evaluation

= besign, no F/U Mo history of cancer- Histary of cancer:
consider resaction’ consider PET or blopsy®
v 2
Pricr Imaging Neo prior imaging Mo prior Imaging
No history of cancer History of cancer

Suspicious Imaging features*

Unenhanced CT or C5-MR

HU >10 or no § signal on
C5-MR

Adrenal washout CT

Consider biochemical testing to exclude pheochromocytoma
Benign Imaging features = homogeneous. low density.
smooth marging

LEGEND

No enhancement (<10 HU)

APW | RPW =60/40% APW J RPW <60/40%

|

* Suspicious Imaging features = heterogenaous, necrosk, = gystor hemarrhage
Irregular margins
APW = Absolute Parcentage Washout |
RPWW = Relatwe Percentage Washout c et

C5-MR = Chemical Shift MRI

) (

FIU = Follow-up
HU = Hounsfield Unit
} = decreasad

] Biopsy if approprrate’ or
consider C5-MR If not done




https://github.com/acrscm/acr-assist-decision-

Pull requests Issues Marketplace Explore

[] acrscm / acr-assist-decision-support-schema @Unwatch~ | 5 | destar | 1 YFork | 0

<> Code Issues 0 Pull requests 0 Projects 0 Wiki Insights +

No description, website, or topics provided.

D 20 commits ¥ 1branch 0 releasss 24 3 contributors g MIT

Branch: master v New pull request Create new file ~ Upload files  Find file Clone or download ~

Sujith added id for decisionpoint Latest commit 663each on May 31
| Hello RADS added Id field for decisionpoint 4 months ago
[E) ACR Assist Schema Technical White paper.pdf added id for decisionpoint 4 months ago
[El ACRAssist_xml_schema.rnc added Id field for decisionpoint 4 months ago
E) LICENSE Initial commit a year ago
E) README.md Initialize README.md 4 months ago

[EE README.md




¥7A C Rassist ™

Technical White Paper — ACR Assist
Proposed Format for Specifying Point-of-Care
Computer-Assisted Reporting/Decision Support
Modules for Radiologists

Tarik K. Alkasab, MD, PhD; Harlan B. Harvey, MD, JD; Sepehr Sadeghi; Sujith Surendran
Nair Latha




}

Rules = element Rules { DecisionPoint }
# { branchvodifiers, DecisicnPoint }
DataElementRef =
element DatakElementRef {
attribute DataElem=ntId { xsd:.IDREF },
empty
b
ChoicsRet =
element ChoiceRef {
attribute DztaElemantId { xsd:IDREF },
attribute choicevalue { xsd:token },
empty
b
branchModifiers =
# element RequiredDataElements { DateEl=mentRef+ }?,
element NotRelevantDataElements { DatakElementRef+ }?
+ element RelevantDetaElemants { DataElementRel+ }7,
# element NotValidchoices [ ChoiceRef+ }7?
DecisicnPoint =
element DecisiorPoint {
attribute Ic { xsd:ID },
element Label { text },
element Description { text }r,
# HtmlContert -»> tfaxt

# element DescripticnImage { ImageElements }2,

element Branch {




Open CAR/DS White Paper

ORIGINAL ARTICLE

Creation of an Open Framework for
Point-of-Care Computer-Assisted Reporting
and Decision Support Tools for Radiologists

Tarik K. Alkasab, MD, PhD"", Bernardo C. Bizzo, MD"", Lincoln L. Berland, MD", Sujith Nair, BTech,
Pari V. Pandharipande, MD, MPH®""‘, H. Benjamin Harvey, MD, JD*"*

Abstract

Decreasing unnecessary variation in radiology reporting and producing guideline-concordant reports is fundamental to radiology’s success in
value-based payment models and good for patient care. In this article, we present an open authoring system for point-of-care clinical decision
support tools integrated into the radiologist reporting environment referred to as the computer-assisted reporting and decision support
(CAR/DS) framework. The CAR/DS authoring system, described herein, includes: (1) a definition formar for representing radiology clinical
guidelines as structured, machine-readable Extensible Markup Language documents and (2) a user-friendly reference implementation to test
the fidelity of the created definition files with the clinical guideline. The proposed definition formar and reference implementation will
enable content creators to develop CAR/DS tools that voice recognition software (VRS) vendors can use to extend the commercial tools
currently in use. In making the definition formar and reference implementation software freely available, we hope to empower individual
radiologists, expert groups such as the ACR, and VRS vendors to develop a robust ecosystem of CAR/DS tools that can further improve the
quality and efficiency of the patient care that our field provides. We hope that this initial effort can serve as the basis for a community-owned
open standard for guideline definition that the imaging informatics and VRS vendor communities will embrace and strengthen. To this end,
the ACR Assist™ initiative is intended to make the College’s clinical content, induding the Incidental Findings Committee White Papers,
available for decision support tool creation based upon the herein described CAR/DS framework.

Key Words: Radiology, quality, guideline, clinical decision support, reporting, structured, standardized, value
J Am Coll Radiol 2017:m:m-m. Copyright © 2017 American College of Radiology



Encode Content via Open CAR/DS

™,

(Features: The elements of a
described lesion will be used
to determine the output of the

<algorithm>
<features> : .
<feature name="size" type="nhumeric"/>
<enumeration_feature name="side">

<choice name="right_side">right</choice>
</enumeration_feature>

algorithm. <
Includes synonyms of those
features that might be used in

reports.

Decision Tree: The logic
which determines the output of
the algorithm based on a

lesion's features.

End Points: Templates of the
generated text to be inserted

into the body, impression, and
recommendations of reports.

|
|
|
<choice name="left_side">left</choicex>
L
1
|
|

S ———

<feature name="uniformly_cystic" type="present_absent" default="absent">

<decision_tree>
<if feature="uniformly_cystic"” value="present">
<end_point ref="cyst_no_recommendation”/>
</if>
<if feature="hypodense" value="present">
<if feature="stable"™ value = "present">
<end_point ref="hypodense_stable"/>
</if>
<else
<end_point ref="hypodense_no_priors"”/>
</else>
</if>
<if feature="macroscopic_fat" value="present">
<ehd_point ref="macroscopic_fat">
</if>
<if feature="old_hemorrhage" value="present">

| <end _point id="hypodense_stable">

: <body>In the {{sidel}} adrenal gland{{series_image}}, the previously seen

! {{size}} mm Tlesion 1is homogeneously Tow density (10 HU or less on

| noh-contrast-enhanced images) and therefore most consistent with an

! adenoma. </body>

: <impression>{{size}} mm nodule in the {{side}} adrenal gland, similar to

I prior. Radiologic findings are most consistent with a benign adrenal
adenoma.</impression>
<recommendation>As adrenal adenomas may be hormonally active with subc11n
suggest further evaluation for endocrine hyperfunction for most patients.
Grumbach MM et al. (2003) "Management of the clinically inapparent adrena
('incidentaloma'),”™ Ann Int Med 138:424-429 and Young, W. (2007) "The 1ing
discovered adrenal mass,” New Engl J Med 356:601-610.</recommendation> |

</end_point>

<end_po1nt 1d—“hypodense_no_pr1ors >

. <algorithm>




Open CAR/DS: Metadata

(“<Metadatas ™\
<Label>kenal Lesione/Labels
<ID>1e721065 - C96¢ -4da5-810F - 2005052046b4 </ 10>

F' ure 1 e5ehemaversions1. 1¢/5chomaversions
g <Infox

<Descriptions

Guidance for incidentally detected renal cysts or masses identified on CT.
</Description>
<References:

«Citation “20889105" Url-"http://wew. jacr . org/orticle/s1546-1440{10)00330- 3 abstract™
M t d t Berland, L.L. et al. “Abdominal €T: White Paper of the ACR Incidental Findings Committee.”
e a a a 3 Am Coll Radiol 7: 754-73 {2010).
«/Citation>

«/References>

<Diagrams>
<Diagram ki “true” v @="0">
a <Label>Cystic Renal mass on (T algorithm from JACR white paper.</Label>»
Un[que |D «/Diagran> - : -
<Diagram Vey true y ety
Label cLocationshenal Mass Algerithm Solid.ipge/Locations
<Label>Solid Renal mass on CT algorithem from JACR white paper.</Label>

Description ¢/blagran>

<olagram i “true” play i 1
Aeteiences Rt
Diagrams _ Qi S s
L Gofitadt Wnformation y oo st G e

</Diagran>
</Diagrams>

Ontology et taras

Recommendations for renal mass management, based on Berland, et al., 7 Am Coll Radiol 7:754-73 (2010).

H H </ReportCitationTexts
Anatomic Regions olors gl "
H H <AnatomicRegions ( yst “RADLEX">
@osmble Diagnoses ) Region Code-"RI0205">Kidney</Region>
</AnatomicRegions>
«Possiblediagnoses 5y s ten="RADLEX™>
. g ibiagnosis “RIDISAE11">Renal cyst</Diagnosiss
Applicability </passibleniagnases>
</ontologys
<applicablegxams>
Exams <Modality B CT" y5tom= "RADLEX- PLAYECG
<BodyRegion “ABDOMEN™ " “RADLEX - PLAYBODK ™ />
Age Groups _ Lca “RADLER. PLAYSOK™
<BodyRegion “SPINE" 15y s T e " RADLEX - PLAYBOOK
ksexes ) </ applicablexanss
capplicablesexes value-"Both™/»
«ApplicableageGroups:
«Minimumage:19</Minimmiges
Report Cues inpiciangrons
C Ph <Textlues>
«ContextPhratess
Konteﬂ rases ContextPhrases renal </ContextPhrase:
yw <ContextPhrases> kidney </ContextPhrase:
e OIrds «ContextPhrase> kidneys </ContextPhrases
«ContextPhrase» nephric </ContextPhrase>
Negatlon Phrases </ContextPhrases>

\ Voice Activation Triggers ) i

<KeyWordshypodensity< /Keykords
<keyWordhyperdensity</KeyWord:
</Meywordss
<MegationPhrases:
HegationPhrasessimple cyst</NegationPhrases
</Megationrhrasess
</ TextCuess
cVolceactivation:
<voiceCommandPhrasesRenal Mass</VoiceCommandPhrase:
«VolceCommandPhrasesRenal Cyst«/VolceCommandPhrases
<fvoiceActivations
</Metadatas




Open CAR/DS: Data Elements

lf’a:Hum:a-r‘ic:{.'l.a'c.aE14:-r|1-.¢:-nt Id="size" IsRequired="true" sequences="1">
<Label>»size (mm)</Label>
<Minimum>1</Minimums
</NumericData€lement>

<ChoiceDataElement Id="location” IsRequired="false™ DisplaySequ 3"
<Label>»Location</Label>
«ChoiceInfo>
<«Choice»

<Value>upperpPole</Value>
<Label:Upper pole</Label>
<ReportTextrupper pole</ReportText>
</Choice>
¢Choice>
<valuerlowerPole</valuex
<Label>Lower pole</Label>
<ReportText>lower pole</ReportText: ® Lower pole
¢/Choice>
«choice» ® Middle
<Valuexmiddle< /Value>
<Label»Middle</Label>
<ReportText>middle</ReportText:
</Choice>

</ChoiceInfos Figure 2

¢/ChoiceDataklement >

® Upper pole

N,




Committee Review - XML view

¥7A C Rassist™ (L REE
XML Modules «

Metadata DataElements Path View End Points XML View

1]
ACRLIRADS (1.0) @

AdrenalCTXML (1.0) 1 . : isi
<?xm| version="1.0" encoding="uti-*6'?> Decision Tree )

Helo RADS (1.0} <?xm-model Aref=".././XML Schema/ACRAssis_xml_schemz.rc" type="application/relax-ng-compact-syntax'?>
- Y <ReportingModule>
LI-RADS Ver 2 (1.0) <Metadata> [l-:izl.mn,uymptn-—ic Adrenal Mass (=1 nlr\)]
N Detactad on any CT or MR exam

<Label>Adrenal CT</Label> |
<ID=ACR_Adrenal_CT_2_D=/IC>

<SchemaVersion>1.0</SchemaVersion>
<RuleVersion>2.0</RuleVersion> 3 s4em

Dagnostic Bengn Imaging Features,

<Descripton>Recommendations for incidental adrenal masses</Cescription> E——
<References>

<Citation></Citation> e R A—

+Cancer Hu &

</Raferences> isclated® arenal mas
<Diagrams> Stable 3 1 year Hiew or enlarging

<Diagram DisplaySequence=""" KeyDiagram="true"> Sueicious for neoplasm

Cancer bix consder PET-CT or Ex'
<Location=keyimage.PNG</Locstion> bo Carcer Hx consider resection’
<Label>Adrenal CT</Label>

</Diagram>
</Diagrams> e ) [Gaem, <sem }———{ rawenucr )
<Contact>

<Name>ACR Assist</Name>

<Email~acr-assisl@acr.org<iEmail> =

<Institution>Amearican College of Radiclogy</Institution>
</Contact>

cTae
</Info>
<ReporiCitztionText />
XML Modules
& <Cniology> l - _N_lﬁ__ ,__jlgm 2




Committee Review - Metadata

¥7A C Rassist™ Q-

XML Modules «

metadar: @ DataElements Path View End Points XML View
ACR LI-RADS (1.0) (2]

ACrenalCTXML (1.0) 1

Schema Version
Hello_RADS (1.0

o Iberland
I1E/201T 10:24 am

Mayo-Smith \WWW, et al. IManagement of|

LI-RADS Ver 2 (1.0}

| |

Descrniption Acreral Messes: A White Paper of the
Recommendations for incidental adrenal masses e reviewer1
91672017 1:52 am
hi
Citation 1 ®,

Mot Available |

Citation Reference Save Changes

Contacts

Instituition : American College of Radiology
Mame : ACR Assist
Email : acr-assist@acr.org

Associated Modalities

XML Modules «

2017 - American College of Radiol




Committee

¥7A C Rassist™

XML Modules &

Metadata DataElements Path View End Points

ACRLI-RADS (1.0) @

ACrenalCTXML (1.0) 1

= Incidental, Asymptomatic Adrenal Mass (21 cm) Detected on any CT or MR cxam

Helo_RADS 1.0}

LI-RADS Ver 2 (1.0)
Dataelement Type : Cheice

Choices: Diagnostic Benigr 'maging Features

Indezerminate Imzging Features

= Diagncstic Benign Imaging Faatures [Required)

# Size (cm) (Required)

+ Cancer Hx [Required)

o Prior imaging (Requirad]

# Cancer Hx prior imaging (Required)

XML Modules &

XML View

Diagnostic Benign Imaging
Features

The next statement within the same box is
*210HU, or cecreased signel on C5-MR." Th

Problem with following the tex: on the fiowch
foo tight'y is that are not differeniiating the

lberland
QAT7R2017 1.02 pm

Iberland
QAFR04T 101 pm

Save Changes Gl

Decision Tree )

Review — Data Elements

0

Incidental, Asymptomatic Adrenal Mass (=1 cm)
Detsctad

‘on any CT or

e )

Dagnostic Benign Imaging Features
b
idcm x4 om
No Cancer Hx: Caneer Hr &
‘consider resection’ Bx or PET-
No prioc imaging No L
Prior imagi pror magng,
™ Mo Cancer Hx «Cancertix &
Stable = 1 year Hiew or enlarging
‘Suspicious for neoplasm

Cancer Hx: consider PET-CT or Bx",|
No Carcar Hx consider resection '

1-2 <m, bemign
(Consider 12 month F/U adrenal CT4)




¥7A C Rassist™

XML Modules «

Metadata DataElements
ACR LI-RADS (1.0) 9

AdrenalCTXML (1.0)

Path View End Points XML View

o Incidental, Asymptomatic Adrenal Mass (21 rm) Netertad an any CT or MR exam (Reqired)

Helo_RADS {1.0)

LI-RADS Ver 2 (1.0}
= Diagnostic Benign Imaging Fealuras (Required)

= Size {cm) (Required]

= Cancer Hx [Reguired)

= Prior imaging {Requirad]

= Cancer Hx prior imaging (Required)

< HU on NCCT {Requirad)

| 1 | = Adrenal CT washout (Required)
XML Madules &«

™)

®,

o,

0

o Iberlend
162017 6:30 om

Need to add units, as well (cm). Also, It
NOT be an integar.

Save Changes




ommittee Review — Pathway View

¥7A C Rassist™ 0

XML Modules «

" DataFl Path View End Points XML View

ACRLIRADS (10) @

AdrenalCTXML

Decision Tree )

= Incidental, Asymptomatic Adrenal Mass (1 cm) Detected on any CT or MR exam

Helo_RADS (1.0) -
== Diagnostic Benign Imaging Features

LI-RADS Ver 2 {1.0) Incidental, m:-:éwm m}

= |ndeterminate Imaging features J,
Darstc Bencn Imagns Feaures
Mass Sizelcm) 1 +
1-4 cm =4em

om No Cancer Hax: Cancer Hx e
[M -n-dh\'] r Bx or PETL
Cancer Hx
No prior imaging,
+ CancerHx &
Mo Cancer Hx Consider reszction agrenal mas.
+ Cancer Hx Consider Bx or PET-CT

1-2 cm, Probakly benign®
[Consider 12 month F/U adrenal CT4)

XML Modules | « | l 1 )




Committee Review — Endpoint View

¥7A C Rassist™

XML Modules «

Metadata DataElements Path View End Points XML View
ACR LI-RADS (1.0) @

AdrenalCTXML (1.0) Choose an endpeint from below:

Helo_RADS (1.0)

Consider 12 month F/U v

LI-RADS Ver 2 (1.0} REPORT TEXT

Censider 12 month F/U adrenal CT or resecton

= Path 1 ®

liass Size(cm) 1-4cm

PicrimagingCondition New cr enlarging

Cancer Hx Mo Carcer Hx




CDS Simulator

& C O | ® localhost:3000

Apos DART

Common Admin

ACR apps & links

Sharepcint Personal

Extarnal Apps

| w OB -

Assist BSI & youtubz deep lzamni » Cther bookmarks

F7A C Rassist™ Simulator

XML Modules

AdrenalCTXML

ACR LI-RADS

Hello_RADS

Hello_ RADS_CE

ACR LI-RADS V2

LiverLesionCT

Incidental, [':::‘ Diagnostic Benign Imaging Features ]
Asymptomatic Adrenal —
Mass (21 ¢m) D ['-J' detarmi ing Faaturss ]
onany CT or MR exam
Diagnostic Benign [O Myelolipoma, No enhancement, Ca++ ]
Imaging Features —
[[J £10 HU or drop in signal on CS-MR ]
Size [cm) ©
Cancer Hx [CJ No Cancer Hx ]
[[:] Cancer Hx ]

Prior imaging

Adrenal CT

) stable21 year

() Ne prior imaging, No Cancer Hx

[
(© rew or sntarging
[
[

'::‘ Ne prier imaging, Cancer Hx and isclated adrenal mass

-

Myelolipoma, No enancement’,
Ca-: = Banige, vo §/U. -k cm =
<10HUor & om C5. MR

Bx or PET-CT!
L 1
[ —— Mo Prier imsging Na Prios imaging,
Mo Cancer Hx + Camcor Hx &
| Malated’ adrenal mass
Sable 21 year Hew or ealarging
‘Eenign’, no FiU
Ne Camcar Hac + Cancer Wa:
Consider 12 month F,U Comsider
adrenal €T on resection Bx or PET-CT

dem cdem! s Adrenal€T0

12 cm. Frobably benign' nn W

Comitder | 2 manch

Advenal €T waihost

| I 1
Mo sl APW/RPW ArviRPW
(<10 HU) - cyst or 60/ e <66,/ 40%
hemahage
FA B,
| e,
on

depending
ehindcal scemario




CDS Simulator con't

&« cC O ‘@IacalhostBOOO *‘ we [ Ol - I

i Apos DART Common Admin ACR apps & 'inks Sharepcint Personal Extarnal Apps TB! links Assist DSI G youtube deep lzamni » Cther bookmarks

XML Modules

JAVA HOME is not defined. So we are unable to validate XML.

AdrenalCTXML Adrenal CT Imﬁ—:ﬁm:m—a

ACR LI-RADS Incidental, [O Diagnostic Benign Imaging Features ]
Asymptomatic Adrenal =
Mess 21 ] Detct ]
Hello RADS onany CT or MR exam .
Mo Cancerfa: | | - Comcar Ha:
Hsllo RADS_CE Size (cm) © 3 E—-me e

[ 1
I talated' adrenal mass

[O New or enlarging

LiverLesionCT

_J_J

[O Ne prior imaging, No Cancer Hx

.

[O No prior imaging, Cancer Hx and isclated adrenal mass

NECT =10 WY

|

Advenat C1 eaihost|

Benign, no F/U



CDS In Action (e.g. PowerScribe 360)

Tools

- Vessels: P\therosc\erotic changes
- Retroperitoneum; [Normal

- Abdominal wal: [Normal]

- Bones: jlormal]

IMPRES SION:

File Edit View Insert Format Speech  Help
[ Close : WetRead | [iDraft i Prelim & Overread = |27 Prelim +#Sign ] Discard & @0ty Chek DFollowtp | [ | ¥ | I3 6 | Epracs - o | .
| =8
Cr:ante AuaTon s Nw ? B 7 U | & i3 = = [ = il ¥ Content &% Wizard.. SiLmPower... (3 Clinical Insights.. }

Fields (16) Report - AARON, AARON - 41238192 8=
Comparison 3 e
s FINDINGS: g
Liver 2|
Bile ducts AB_DOMEN &
Gallbladder - Liver: [Normal] |
Pancreas - Bile ducts: [\iorma\]

Spleen - Gallbladder: [No calcified galistones. Normal caliber wall] L
Adrenals - Pancreas [Normal

g:v’;:?’s - Spleen: [Normal]

Lymph nades - Adrenals: [1\ 3.2 cm lesion in the left adrenal gland (series 5, image 4) has indeterminate features]

et - Kidneys: [Normal
iasdls - Bowel Normal caliber]

Retroperitaneum - Mesenteric lymph nodes:[\io enlarged mesenteric lymph nodes]
Abdominal wall - Penitoneum: [No ascites or free air; no fluid coHecnon]
Bones

A 3.2 cm left adrenal lesion has indeterminate features for neoplakm. Recommend further evaluation with adrenal washout CT or chemical shift MRL

Recommendations for incidental adrenal lesion management based on Berland, et al., J Am Coll Radigl 7:754-73 (2010).
Guidance: Adrenal Nodule R

* Include: Findings, Impression, Citation v | (™ Update X Discard

@ size (cm): 32
o e FINDINGS:
2 Z A 3.2 cm lesion in the left adrenal gland (series 5, image 4) has indeterminate features.
@ Macroscropic Fat? Mo -
Enter Findings Mode
Enter Findings Mnds.: ....... _ IMPRESSION-
B Propertics © Density less than or equal 10HU?  No = A 3.2 cm left adrenal lesion has indeterminate features for neoplasm. Recommend further evaluation with adrenal washout CT or chemical
ropel 5
/1, Stability compared to priors: Mo pricrs - shift MRI.
] Fields (16)
- /i, History Malignancy: Unknown - CITATION:
"ns.] HNotes — Recommendations for incidental adrenal lesion management based on Berland, et al., J Am Coll Radiol 7:754-73 (2010).
/i Berign Features? {5} -
== . -
il Attachments ot 4
@ quaitty check

User: Kate Kovalenko

@ Clinical Guidance (13)  [¢>
Drafts: 29 Signing queue: 5

Overreader: None selected (Site: CCH)

4 Disconnected
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Data Transfer - TRIAD

TRIAD (Transfer of Images and Data) — Developed by the ACR to fill a gap in
enterprise-class solutions for clinical research image sharing

Standards-friendly (DICOM, IHE) and FDA Compliant (CFR 21 Part 11)
Intelligent Workflow

+ Provides Data Context and Structure via Integration with Control Systems

« Profile-based De-ldentification and Verification at ingestion

+ Rules-Based Validation and Advanced Processing at ingestion

12000
10000 -
8000 H
Registries
6000 - m Accreditation

4000 | m Clinical Trials

2000 -




e ACRConnect

NRDR 1 DART TRIAD [ ACREDIT [ RCMS

Active Directory

0=

Muliti-Factor

S k8 Go

Authentication ACR ID Single Sign On Audit Trail  Partner App User Authorization API Notification Erro_r
Management Management Management Handling
<>
4dmph
_ACRConnect | LT
Nie:

» Unified interface to ACR Products and Services
* API for seamless data exchange with vendor
RESTful \RESTful products at local facilities

RESTful

U

ACR Informatics =

R =, CDS

o w21 . Registry APIs

. A7 4 =ACRconnect- $ACRcommon= FFAC Rassist~  o/ACRselect”
Individual Partner App Community ACR Staff S O Gontant f—
wondom, sk, ad the. -



http://www.acrinformatics.org/

ACRCommon

e Launched June 2015

« Unified terminology for ACR Products and Services with mappings to
other controlled terminologies as appropriate (e.g. Radlex Playbook,
CPT)

* Cloud-based authoring interface and API for system integration

« Current Status: Scenarios (1200+), Procedures (1500+), Findings
(350+) r————

& | @ The American College of Radi... (US) https://common.acr.org/Terms & | (Q Search

ACR COI\MON

COMMON Terms

Auto Collapse Sub Tables: |

Dimension:

Procedures X

Release Management =

Data Management =
Predicates

ATWS:

> Source © Dimension - Common Term

rule-
4002517 114951 s6t 201411

4002263 114044

rule-
COMMON Terms set_2014_11

Tagging Tool
Radlex Mapping Tool
Lookups

) Tom Tag

Fadiei Crocadon TagValue ID | Source MameSpace [ e [ pradicars KPred [ Vel [
Commeon AP 4006332 Radiex Playbook ather_codes RPID RPID ‘\‘ee[n:ra?ql; a
4003212 2014_cls_seed anatomic defn body_area ba abdomen
4003535 ruleset_2014_11 proc_attr defn modality mod cT
4003736 rubeser 201411 proc_atir defn  contrast peont WO iv con w




@A C Rdart™ data archive & research toolkit AQ..BLUEE

RADIO

HOME DISCOVER v IMAGE PIPELINE MY WORKSPACE BUSINESS REPORTS DOWNLOAD DATA SUBMISSION DASHBOARD .O. TestProgramAdmin
Projects IR Quality Registry Pilot v
E%. Refresh a Pause [;] Download [J) Full Screen
IR REGISTRY
Facilityid Additional Details Standardized Report Administrativesex Day of Datetimeofmessage
104088 hd (Al) ¥ (Al he QOctober 28, 2016 June 8, 2017
d D
Count by Week

Day of Datetimeofmessage

w 30

$ f

g 20 i i 1 I 1 i I

& i | | B llll'..-l- I= A e g 2L efnyp

S R r gt [ B oppaiigh/HNCRT CH B L Il =iy e D.EE=al = 0L 50g %

5 I|.| -I..I- s it Lge p o B0 PERRl gt FEss (7 OF B g BHN 00 0= lIII TR R

= | | BB B RE - 1 L] -

2 TN | Mg =REE sfs® i ilifs gliNE ahplise I-I-I

=] [ | = 3 34 - ELETEM R m=gEe =8 1 9 9 | n E 9 g Mag

z 4.|£l22_ Jiigufiiafizace 11,8 FEgui8e | ENE NEn alia ity R A e A R A AR N
Mo.. No.. No.. No.. De.. De.. De.. De.. De.. De.. Ja.. Ja.. Ja.. Ja.. Ja.. Ja.. Ja.. Fe.. Fe.. Fe.. Fe.. Fe.. Fe.. Fe.. Fe.. Ma..Ma..Ma..Ma..Ma.. Ap.. Ap.. Ap.. Ap.. Ap.. Ap.. Ap.. Ap.. Ma..Ma..Ma..Ma.. Ma..Ma..Ma..Ma.. Ju..
M sie_cva_picc. M sir_ver_iveri [l SIR_CVA_Non- Bl siR_vee_iveri Il SIR_cVA_Tunn. [ SIR_cvA_Port . Bl SIR_CVA_Tunn_ [l SIR_CVA_Ches Il SIR_cva_TUN_ [l SIR_VCP_IVCF >

KERMA AREA PRODUCT FLUOROSCOPY TIME
) Procedurelabel Procedurelabel
5 81.30 g 813.02




Example of Site Server Auto-Populating a Registry

TRIAD Site Server

k= DICOM Dose
Scanner DICOM ‘ Structured

Report
o© \
. De-identification
Normalization

. Authentication
. Transmission

Post
Processing

S92IAIBS |enuad aviy

Localizer
or Scout

Image
Dose
Registr
y




ACRConnect

T I

E % AWARE ]j?s'g’ﬂﬂmwn* CM:II_QGE @
P - . Radimetrics®  p\Jambeyang=
i @ radiance | b%g:%
= M=RGE

QINFINITT SIEMENS SEGTI’IA

i | & NUANCE éMht () Invivo &F Y.

()

PRIMORDIALED LrmeView Aperqgy MRJ-F&_@

Pem LungDirect ) MEDMYNE e
) Medinformatix m .ungTrack


http://www.acrinformatics.org/

Data Ecosystem: TRIAD and DART

DART Portal

Data Authenticatio
Provenance n Portal DB
Data Authorization Advanced
Mapper Search

Cloud-Based
Analytic
Environment
(e.g. Imaging
Pipeline)

DART Integrated Repository

Image
Interpretation
& Reporting

Review
Workflow

N

TRIAD
Central
Processing

Object
Store

Processes

QA

i

site
Submission




DART — Data discovery

"E\EEE Data Archive & Research Toolkit h@ART

BUSINESS REPORTS

* Basic Search

Project Paramets Demagraghics - DICOM Tags

Project Name

Ethnicity

[0008,0070] Manufacturos

¥ "GE Healthcase™

% 6654 - National Lung Streening Trial X Hispanic or Lating

X G Meoical Systems
X GE Healthcare
% GE Healthcans IT Digital Hasdcopy

>

>

>
-
the

Mavigate the DICOM Tag Tree through
ACR DICOM groapings 1o sabect the
individual DICOM Tags fior use in the
Saearch Criteria.

Search Re
Click t5 Sallect DICOM Tags

| s v nescne A5 wastwngion Unreerity M | 1 e o
| essarernsac AETHA 2 E WHITE Mon Hespanis o Latiag v
| SesaFET NSCLC | a203-Na 1 Wz ]n WL | Mot Hapanic s Lating. | Vi
| sssarrrmscac Watngion Unerty M. | & [ 8 ety -
ADVANCED CLINICAL DATA SEARCH — g e T o i T T 3
| sssnrermacic 208 Wihington Lnheity M. | § Make ot -
CROSS ARCHIVE IMAGING SEARCH | prem— ey s ™ | weare [
Expext Cuiatacie 1o CSV | Save Study humers snd G4
o
- QUERY TIPS ICLICK TO EXPAND)
STUDIES O o & x  STUOES B o & X RECORDS BY DUE DATE © o # X NUMSEROF 6 o & x
" - RECORDS PER CASE [TOP 5 SHOWN)
T Count Action x 412 i

Count  Action

Qe

39158 ae
ae
ae
ae

411 ae S5
ae 100000 II
.-I III_ s

48




DART — Dashboards and Reporting
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Imaging Pipeline and
Advanced Analytics

Data Archive & Research Toolkit

DISCOVERY

CHCOM 82 WIS Comrvertar

Data Archive & Research Tool

DISCOVERY i £ PIPELINE  BUSINESS REPORTS

DOO2-Guys-0828.-T1_shceD0nigz (20} -
Choose an input Template [ Tempete Detats |
20 Template -

Results

Cutput Files

ANTsCorticatthickness 20151120161848

ANTsCorticalthickness 20151201074408

ANTsCorticatthickness 0151204144653
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