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Technology Development Projects (TDPs)

TDP3: Developing and implementing quality assurance and
evaluation procedures for usage across the MIDRC

e Spans from data ingestion through data access and dissemination

* Includes data quality metrics, data provenance, data processing audits
paths, and task-directed data distribution

* Procedures are intended to help enable research and translation with
MIDRC data

* Developing harmonized data definitions and labeling methods, hosting of
data science challenges, and benchmarking of algorithm performance
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TDP 3 Activities to develop and implement MIDRC quality
assurance and evaluation procedures

TDP3a: Develop COVID phantoms (digital and physical)

TDP3b: Conduct measurement of CT & CXR image quality & harmonization
techniques for image data ingestion

TDP3c: Develop benchmarking methods for technology assessment & clinical
tasks in COVID-19 research and translation

TDP3d: Develop task-based distribution methods



TDP3a: Development of digital and physical imaging phantoms
(John Boone)

 Evaluation of existing general (ACR) and specific (Corgi) phantoms
* Use of automated image analysis tools

* Developing a digital phantom to assess impact of de-identification
methods

: Bias,
i variance,
* and
I covariance
' of results
Preparation Acquisition Data Image : Post-processing Analysis Actions
(including corrections reconstruction i (e.g. denoising, (e.g. detection,
ancillary :de-identification, characterization,
components ! reformatting, measurement)
e.g. contrast ! labelling)

1
injectionand T T T oo oo mmo o oo
clinical data)



fabrication scan

R

Cloud CT images



Input Image

TOSHIBA

Aquilion Precision

Study Date: Jul 31, 2020
Study Time: 12:25 PM
Axial FOV: 37 cm
Longitudinal FOV: 31 cm
Tube Voltage: 120 kV
Tube Current: 400 mA
CTDI,op: 14.5 mGy

Corgi Modules

Module count: 5
Phantom x,y offset: 0.5 cm
Phantom z tilt: 0.1°

Sensitometry

CNR for PVC: 28.1
CNR for POM: 14.3
CNR for PC: 2.5
CNR for PA: -1.5
CNR for PS: -5.6

Linearity (R%): 1.00
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TDP3b: Assessment of image quality on ingestion into MIDRC

Two main components:

1. Assessment of the images themselves where there are manual and
semi-automated approaches available to search for and assess
known structures and artifacts (e.g. from implants)

2. Use of the image meta-data that is stored in the DICOM image

 An exploratory component is to combine parameters derived
from the images with the meta-data to general image quality
metrics

Efforts on evaluating image data quality early in the ingestion process
are driving the efforts of the Data Quality and Harmonization SC



MIDRC Data Flow: Deidentification, curation, annotation, other manipulations
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MIDRC Approved Properties [WIP] # & &

File Edit View Insert Format Data Tools Extensions Help Lastedit was seconds ago

~ o~ @& T 00% -~ $§ % 0 00123+  Defaut(ai. ~ 10 + B F S A 9 HE- =- 4P Yr o & v~-2-
A1:D1 - The following list includes the variables (properties) at the IMAGE SERIES (aka Exam) level. Users will be able to search on these data for all IMAGE SERIES. These data are defined as, ‘Information related to a CR/DX/CT imaging series to which one or more computed |
[ A ) c I o E|f|6|H | J X L

The following list includes the variables (properties) at the IMAGE SERIES (aka Exam) level. Users will be able to search on these data for all IMAGE SERIES. These data are defined as, “Information
related to a CR/DX/CT imaging series to which one or more computed radiographs/digital radiographs (x-rays)/a stack of CT slices belong.”

Note: While we understand most of this information is provided within each Image File, we want to limit the amount of searching done at that level as this could cause performance issues. Ideally, we want

to eliminate anything that is completely or heavily redundant for each image. In otherwords, these properties are going to be “rolled up* from the image files and some of these properties are arrays Applicable to
because more than one value might be relevant for a single series. Modality
, Node Property Description Data type MRI CT CR DX Include as Needs lookup table
v Ul filter (draft completed) Required DICOM
Series series_description A general description of or additional information about the string yes yes yes yes yes no yes
- imaging series.
4 | Series series_uid The identification code or scan number of the imaging series.  |string yes yes yes yes no no o yes
Series acquisition_type (0018, 9302) Acquisition Type array, enum no yesno no yes no
5 [SEQUENCED | SPIRAL | CONSTANT_ANGLE | STATIONARY | FREE]
77
6 Series contrast_bolus_agent_number |(0018, 0010) Contrast/Bolus Agent string yes yes yes yes yes ?? no yes
7 Series convolution_kemel (0018, 1210) Convolution Kernel string no yesno no yes 1?7 no yes
Series detector_type (0018, 7004) Detector Type enum no no no yes yes no yes
8 [DIRECT | SCINTLLATOR | STORAGE | FILM]
7
9 Series exposure_modulation_type (0018, 9323) Exposure Modulation Type string no yesno no yes 27 no yes
10 Series imager_pixel_spacing (0018, 1164) Imager Pixel Spacing number no no no yes yes no no yes
11 Series image_type (0008, 0008) Image Type enum yes yes yes yes yes no yes
Varies by modality _ 27
12 Series lossy_image_compression (0028, 2110) Lossy Image Compression m 1 yes yeslyes yes yes no yes
no
13 Series magnetic_field_strength (0018, 0087) Magnetic Field Strength string yes no no no yes ? no yes
14 Series manufacturer (0008, 0070) Manufacturer string yes yes yes yes yes yes no yes
15 Series manufacturer_model_name (0008, 1090) Manufacturer's Model Name string yes yes yes yes yes 27 no yes
o Series modality (0008, 0060) Modality enum yes yes yes yes yes no yes
(long list of enums linked here: https://dicom.innolitics com/ciods/ct-image/gen ' 2?7
17  Series pixel_spacing (0028, 0030) Pixel Spacing number yes yes yes yes yes no no yes
18 Series scanning_sequence (0018, 0020) Scanning Sequence string yes no no no yes 7 no yes
19 Series slice_thickness (0018, 0050) Slice Thickness number yes yes no no yes no no yes
20 Series spacing_between_slices (0018, 0088) Spacing Between Slices number yes yesno no yes no no yes
21 Series spatial_resolution (0018, 1050) Spatial Resolution number yes yes yes yes yes no no yes
Series view_position (0018, 5101) View Position enum no no m yes yes no yes
22 [APIPAILLIRLIRLDILLD I RLOILLO]
??
23  Series data_format Format of the data files. enum
(DICOM | NIfTI) yes yes yes yes yes no yes no
24 ADD annotations generated by the MIDRC DQH group... need a detailed list from DQH. (connect with Adam Flanders)




MIDRC Data Harmonization Mapping (Lookup Table) ¥ & &
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XR CHEST AP ONLY

CT PE CHEST
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. Mapping to standardized lexicon
raw_count proposed mapped midrc_value (RadLex Playk Coding Scheme Code

477 XR CHEST 1V RadLex Playbook RPID2502

432 XR CHEST" (*non-RLPB) ‘

204 XR CHEST 1V RadLex Playbook RPID2502
76 XR CHEST 1V RadLex Playbook RPID2502
58 |CT Chest LOINC 24627-2 i
34 CT CHEST W EMBOLUS RadLex Playbook RPID147
19 XR CHEST 1V RadLex Playbook RPID2502
17 CT CHEST W EMBOLUS RadLex Playbook RPID147
14 CT CHEST/ABD/PELV W ' RadLex Playbook ?

13 XR CHEST2V RadLex Playbook RPID2503
13 CT CHEST W EMBOLUS RadLex Playbook RPID147
11 CT CHEST WO RadLex Playbook RPID16
7 CT CHEST WO SCREEN RadLex Playbook RPID6002
5 CT CHEST W EMBOLUS RadLex Playbook RPID147
5 CT CHEST/ABD/PELV W ?
5 XR CHEST2V RadLex Playbook RPID2503
3 CTCHESTW RadLex Playbook RPID18
3 CT CHEST ANGIO WWO RadLex Playbook RPID6
2 XR ABD SUPINE/ERECT+CHEST RadLex Playbook RPID6044
2 XRCHEST 1V PA RadLex Playbook RPID6035
1 CT HEART CORONARY ANGIO W RadLex Playbook RPID6003
1 CT CHEST WO LUNG PARENCHYMA RadLex Playbook RPID6001
1 CT CHEST W EMBOLUS RadLex Playbook RPID147
1 CT CHEST WO SCREEN RadLex Playbook RPID6002



TDP 3b Data Quality Activities

The MIDRC will use data management methods harmonized across all
participating organizations at three critical stages:

1. intake, including curation, de-identification, abstraction, and quality
assessment

2. annotation and labelling of imaging and other data using semi-automated
approaches

3. distributed access and query methods



Schematic of the DICOM image data quality SOP
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== MIDRC-RICORD Release 1b - Chest CT (Covid-)
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Cohort selection characteristics
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Added DICOM Image Quality Metrics — Under Consideration

* mobile_xray_unit (assuming we can figure out a way to do this)

* missing_slices/images (can we do this automatically?)

* image_artifacts (similarly can we do this automatically?)

* image_modified (e.g. altering burned-in information)

* incorrect_header_information (e.g. wrong body part_examined NOT SURE (won't we remove these cases?)
* MIDRC_acceptable_image_quality (assuming we can figure out how to do this automatically on a large scale)
* phantom_image

* MIDRC_high_noise_image (assuming we can figure out a way to do this automatically)

* MIDRC_low_resolution_image (assuming we can figure out a way to do this automatically)

* study_description_mapped

* manufacturer_mapped

* body_part_examined_mapped

* annotations_provided

* deidentification_profile_used

* CT slice thickness categories (thin, medium, thick)

* CT dose categories (ultra low dose (CTDIvol<1mGy), low dose (1ImGy< CTDIvol< 3mGy), modest dose (3 mGy<CTDIvol< 10
mGy), diagnostic dose (10mGy< CTDIvol).



Synergies between AAPM TDP 3 and CRPs 9-12

TDP 3a Develop COVID phantoms (Boone)
* Physical and digital phantoms to assess quality

TDP 3b Measure and Harmonize image quality
(Kinahan)

* Assessment of images and meta data
TDP 3c Benchmarking methods (McNitt-Gray)

 Clarification paper on COVID-19 tasked-based
performance metrics

* Online decision tree for performance metrics;
benchmarking

TDP 3d Task-based distribution methods (Myers)

* Task-based distribution methods for Challenges
and industry

* Initiated MIDRC Bias & diversity working group
* Assessing diversity in incoming data
* Developing sequestering algorithm

CRP 9 Al for detection and diagnosis (Armato)

e Grand Challenges

* Development / testing of Al diagostic methods

CRP 10 Visualization & Explainability of Al (Giger)

e "Lessons learned”; Al vs. Al med imaging vs. Al
COVID-19 imaging

* “Explainability & Interpretability” paper

* Development / testing of Al prognostic methods

CRP 11 Image-based biomarkers for radiogenomics
(Chen)

e Enclaves for integrating and interoperability of
multi-modality (multi-omics) data sources

e Containerizing techniques (how to) as MIDRC
connects with other COVID-19 registries

CRP 12 Data quality, provenance, and harmonization
(Fedorov)

 Introduction of active tracking methods w DICOM



