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Disclosures

e | am the president of FluoroSafety, a company that produces CME on
guality and safety in medical imaging.

* Neither FluoroSafety nor its offerings will be discussed in this talk

* This talk represents my views and not necessarily those of the
American College of Radiology
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very) brief history

Radiation Doses in Interventional Radiology
Procedures: The RAD-IR Study

Part I: Overall Measures of Dose

 RAD-IR study was the largest
(only?) existing curated, multisite R A A AR TURATRCANS

Jeffrey D. Georgia, MD, Patrick T. Noonan, MD, John F. Cardella, MD,
James St. George, MD,! Eric J. Russell, MD, Tim W. Malisch, MD,? Robert L. Vogelzang, MD,

dataset for dose indices from FG| [ Attt

PURPOSE: To determine patient radiation doses for interventional radiology and neuroradiology procedures, to identify

| n t h e l | n I te d Sta t e S procedures associated with higher radiation doses, and to determine the effects of various parameters on patient doses.

MATERIALS AND METHODS: A prospective observational study was performed at seven academic medical centers.
Each site contributed demographic and radiation dose data for subjects undergoing specific procedures in fluoroscopic
suites equipped with built-in cumulative dose (CD) and dose-area—product (DAP) measurement capability compliant
with International Electrotechnical Commission standard 60601-2—-43. The accuracy of the dosimetry was confirmed
by comprehensive measurements and by frequent consistency checks performed over the course of the study.

RESULTS: Data were collected 2,142 instances of interventional radiology procedures, 48 comprehensive ph .
evaluations, and 581 periodic consistency checks from the 12 fluoroscopic units in the study. There were wide
variations in dose and statistically significant differences in fluoroscopy time, number of images, DAP, and CD for
different instances of the same procedure, depending on the nature of the lesion, its anatomic location, and the
complexity of the procedure. For the 2,142 instances, observed CD and DAP correlate well overall (r = 0.83, P <
.000001), but correlation in individual instances is poor. The same is true for the correlation between fluoroscopy time
and CD (r = 0.79, P < .000001). The correlation between fluoroscopy time and DAP (r = 0.60, P < .000001) is not as
good. In 6% of instances (128 of 2,142), which were principally embolization procedures, transjugular intrahepatic
portosystemic shunt (TIPS) procedures, and renal/visceral artery stent placements, CD was greater than 5 Gy.

CONCLUSIONS: Most procedures studied can result in clinically significant radiation dose to the patient, even v hen
performed by trained operators with use of dose-reducing teLhnulug) and modern fluoroscopic equipment. Emboliz

procedures, TIPS creation, and renal/visceral artery stent placement are associated with a substantial likelihood of clmuallv
significant patient dose. At minimum, patient dose data should be recorded in the medical record for these three types of
procedures. These data should include indicators of the risk of deterministic effects as well as the risk of stochastic effects.

J Vasc Interv Radiol 2003; 14:711-727
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RAD-IR

* The RAD-IR study reported
mean and 95% CI for the three
primary fluoroscopy dose indices
for 2,142 fluoroscopy procedures

e 35 procedure types

e Each clinical procedure was
reviewed by Dr. Don Miller to
ensure it was categorized
correctly

A. Kyle Jones, Ph.D. AAPM 2021

SU-CD-TRACK 2-0

Procedure Description Total Cases

TIPS creation

Re sceral angioplasty

No stent

Stent
Iliac angioplasty
No stent
Stent
Central venous reconstruction
sSVC
vC
Aortic fenestration
Bronchial artery embolization
Hepatic chemoembolization
Pelvic arterial embolization
Trauma
Tumor
Fibroids
AV
Aneurysm
Pelvic vein embolization
Ovarian vein
Varicocele

Aneurysm
Tumor
bolization/spine

Aneurysm

Tumor
Stroke therapy
Carotid stent placement
Vertebroplasty
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patient radiation doses in a modern cardiac
gy laboratory

Kevin A. Wunderle' - Mina K. Chung? - Sripriya Rayadurgam® - Mark A. Miller® - Nancy A. Obuchowski‘|
Bruce D. Lindsay?

We know things have changed

EP Procedure Patient Radiation Dose Metrics

m All EP Procedures
I Ablations

Devices
—&— Maximum (Right Axis)
i i “ :

2010 2011 2012 2013 2014 2015 2016 2017

Year

* There have been several reports
on decreases in patient dose
indices and occupational dose
indices

Average Air Kerma (mGy)
Maximum Air Kerma (mGy)

EP Physician Occupational Radiation Doses

* In the last decade there have
been a number of technological S g
advances e

* And systems are delivered with
lower default dose rates

Annual EDE

Effective Dose Equivalent (mSv)
Effective Dose Equivalent (mrem)

iihm““

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
N=18 13
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Pilot phase of DIR-Fluoro

. . . THE UNIVERSITY OF TE)iAS Ba o
° N|ne p||ot s|tes MDAl]d€I SON LJd Cleveland Cllnlc

* |Included academic medical

aneerCenter

. . Making Cancer History” $ Memorial Sloan Kettering
centers, community hospitals, and ¥ ) Cancer Center
a children’s hospital UT Southwestern

Medical Center E M ORY
o - HEALTHCARE
* Data collection from March 1, UW Medicine

2018 through December 31,

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0




CLINICAL STUDY

The American College of Radiology
Fluoroscopy Dose Index Registry
Pilot: Technical Considerations and

J Vasc Interv Radiol 2020; 31:1545-1550

Dosimetric Performance of the
Interventional Fluoroscopes

[ ] [ ]
° Kevin A. Wunderle, PhD, A. Kyle Jones, PhD,
Shalmali Dharmadhikari, Phl inhui Duan, PhD, Don-Soo Kim, ,
Usman Mahmood, MS, Stev Mann, PhD, Jeffery M. Moirano, A
[ ] Rebecca A. Neill, MS, and Alan H. Schoenfeld, MS

e Surveyed pilot sites
regarding fluoroscopic

equipment, availability of

radiation protective

) ] Manufacturer Single- Biplane Installation Average
Plane Systems Date Range Year of
eq u l p m e ntl a n d ItS u Se Systems Installation
General Electric 6 2005-2019 2015
Philips 7 2002-2017 2011
Siemens 15 2004-2016 2012
e Quarte r|y measurement of Toshiba (Canon) 0 2008-2014 2011

Total 28 2002-2019 2012

dose measuring device
calibration factor for all
fluoroscopes submitting
data

IS
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CLINICAL STUDY

J Vasc Interv Radiol 2020; 31:1545-1550 The American College of Radiology

Fluoroscopy Dose Index Registry

hitps:/fdoi.org/10. 10164y 023 Pilot: Technical Considerations and
Dosimetric Performance of the

Interventional Fluoroscopes

[ ] [ ]
° Kevin A. Wunderle, PhD, A. Kyle Jones, PhD,
Shalmali Dharmadhikari, PhD, Xinhui Duan, PhD, Don-Soo Kim, PhD,
Usman Mahmood, MS, Steve D. Mann, PhD, Jeffery M. Moirano, MS,
[ ] Rebecca A. Neill, MS, and Alan H. Schoenfeld, MS

* Surveyed pilot sites Yes No Tota

1. Does your facility/department have 32 6 38

rega rd i n g fl u O rOSCO p i C trainees (residents or fellows)

performing procedures on this

equipment, availability of .
radiation protective o5, ~55-meh moio

. . 3. Does this imaging suite have table skirts 38 0 38
. . —
equipment, and its use avslatl eapos hnging down rom
V4 the table sides)?
3a. Are the table skirts routinely used

(> 50% of the time)?

4. Does this imaging suite have table side
shields available in the suite (shields

ffixed to the table sid il tendi
e Quarterly measurement of Zbove the tablelr e
4a. Are the table side shields routinely

dose measu ri ng deVice used (> 50% of the time)?

5. Does this imaging suite have a pull-down

calibration factor for all (susponded or face) shisldia)?

. . 5a. Is the pull-down shield(s) routinely
fl b used (> 50% of the time)?
u O ro S CO p e S S u m Ittl n g 6. Who primarily operates this fluoroscope 30 (MD),
during clinical procedures (MDs or 8 (tech)
data

radiologic technologists)?

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0 8 :\



Air Kerma Correction Factor Distribution

Dose measuring device CF

Acq Ka,r CF
Fluoro PKA CF
Acq PKA CF

* CF = Measured/Reported

Percent of Results
[~
[=]

* Report of AAPM TG 190 provides
the method for measuring

Correction Factors
Air Kerma Correction Factor Distribution

All Measurements, All Types

e Space available to store single
point calibration factor in RDSR

* NEMA XR-27 provides the
framework for actually storing this
on the angio system

Percent of Results

P £ Lo £ R L ey oy
G A2 % 5 & > % Y 5
A o el ¥l
N N Ny N

Correction Factors
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K, Correction Factor
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Beth Schueler, AAPM 2010
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Balter, RAD-IR

Radiation Doses in Interventional Radiology
Procedures: The RAD-IR Study

Part I1I: Dosimetric Performance of the Interventional Fluoroscopy
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J Vasc Interv Radiol 2004; 15:919-926
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K, Correction Factor
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Table 3. Results of K, and Pga Accuracy Tests in Table 1
H (] Summary Statistics: Comprehensive Dosimetry Measurements
Fluoroscopic and Acquisition Modes > y Statistics: Comprehensive Dosimetry M
Ratio of System to Probe Measurements*
Dose Index Mean 195'}"0 CI:I Harlge sSD Sample Size le 95% CI Median Standard Deviation Non-normalized Meant

i Acquisition mGy/Frame
Fluoroscopic K, , 0.94 (0.92-0.96) 0.80-1.26 | 0.10 ALL30 o PMMA _ 005 | 091005 Con 01 s

Teiti | All 20 cm PM ] 0.99 ( 0 5.3
Acquisition K, 0.95 (0.93-0.96) 0.77-1.19 \ 0.08 INETRNEEVIVIN i ol I o2

Fluoroscopic Pia 0.96 (0.93-0.98) 0.77-1.49 \0.14 20 cm PMMA mGy/min
Acﬂunsutmn Pra 0.98 (0.95-1.00) 0.76-1.44 [0.14 All Continuous Fluoroscopy : Jootor 1l 0T -

All Pulsed Fluoroscopy
0.03 {ﬂﬂ:}—[][]:]: 0014 (0.03 All Fluoroscopy

- T mGy/Frame
{ﬂuchSanlLl All Acquisition 0.93 0.9 96 0.90 0.17 5.3

acquisition;) All Data 43 099 | 0.98-1.0 0.8 0.20 —1
. ~ . . Nepected value = 0.93.

Cl — confidence inte Nal; Ka:r — referen ce-point air kE"‘I"IEI'. ¢d over all biplane (neuro) and monoplane (body) systems.

Pxa — air kerma-area product; SD — standard deviation. ling is not appropriate.

Ka rate Ka rate @ IRP Ka rate @ FDA Ka,r rate
(mGy/min) S min) (mGy/min) Audible alarm? (mGy/min)
FL Angio (&P PMMA m_-m—

rspps [ SERWME | eess [ el T wr T w0
[ Pp | esto | 5tz [ 755 | | 90
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Pilot participation guide

* The diagnostic medical physicist
representatives from the pilot
sites collaborated with the ACR
to publish a participation guide

 Step-by-step guide to
participating in the ACR DIR-
Fluoro

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0
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Connecting to the TRIAD server

* Three basic options to send RDSR to TRIAD

1. Direct connection to TRIAD server using IP, AET, and port

2. Routing to TRIAD through a Radiation Dose Index Monitoring (RDIM) system
 Must ensure that RDSR is passed through without modification

3. Routing to TRIAD from PACS

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0 14 !\
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Configuring fluoroscopes on the TRIAD server

* Any fluoroscope that intends to
send RDSR to the registry must
be configured on the TRIAD
server

e Otherwise RDSR will be
guarantined

At a minimum, the Station Name
must be configured

* Anything that is configured must
be an exact match

A. Kyle Jones, Ph.D. AAPM 2021

Scanner-Facility Mapping
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o
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Device profile

* Allows basic information about a
fluoroscope to be entered

 Facilitates data analysis

A. Kyle Jones, Ph.D. AAPM 2021

SU-CD-TRACK 2-0

Manage Device Profiles
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Edit Device Profile

A. Kyle Jones, Ph.D.

Facility Station Name

Status Year of Manufacture

Active 2015

Location of dose reference point g4

Single point dose index
correction factor

Substantial radiation dose level 7,500 (mGy)

_——'—\_—__’_’ﬂ

AAPM 2021

Manufacturer

Fluoroscope Type

Single plane

SU-CD-TRACK 2-0
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Data validation — initial

e Data being received from all
fluoroscopes that a site intends

to connect to TRIAD

e Full RDSR being received from

each fluoroscope

* Including correct Station Name

e Use the “Fluoro Summary of

Data Submitted” tab

A. Kyle Jones, Ph.D.

AAPM 2021

View Data

Summary = Full data

Showing first 12 rows.
Download all rows as a text file

Station Name
AXIS05888
CARM14
IR1 XA
IR2_XA
IR10 X
IR11_X/

IR12 X
IR13_X/
IR19 X
WH_IR1
WL _IR2
WLCARM_UNITY2

Summary
AGG(Station Name Count

12

e el e e o e o e e
N N NN NN NN NN

12

Showing first 12 rows.
) i/ cl

SU-CD-TRACK 2-0
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Corporate Account - Facility | 100504 - 100504: MD Anderson Cancer Center v

Exam Detail
DIR — 3= Filter
ACR NRDR Homepage Facility Study Date From Study Date To

100504: MD Anderson Cancer Center 11/25/2020 05/25/2021 Reset m
Data Management = S

Exam Name Mapping

Manage Device Profiles Export to Excel

Reports —

Static Reports -

Exam Detail o

Summary of Irradiation Events

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0




Exam search

ACR/Req./Study

4002249: XRAY, spine, area of
interest

4011275: INV-FLUOR, arter
embolization, abdomen-pelvis,
viscera

4011285: INV-FrgeRstiliary
catheter exchange, abdomen, liver

4011292: INV-FLUOR, percutane..

4011300: INV-FLUOR,
gastrostomy catheter exchange,
abdomen, stomach

4011302: INV-FLUOR, gastrojeju..

4011309: INV-FLUOR,
gastrostomy catheter placement,
abdomen, stomach

A. Kyle Jones, Ph.D.

Exam Search

Facility 100504: MD Anderson Cancer Center
ACR Common: All

Total Exams: 145

(C) Air Kerma
Area Product
(Gy*cm”2)

A) Total Fluoro  (B) Reference Air
Kerma (mGy)

AAPM 2021 SU-CD-TRACK 2-0

(B/ A) Reference
Air Kerma Rate
(mGy/min.)

(C/B)Average
Field Size (cm”2)

Pct Event With
Filter

20
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Data validation — periodic

 Compare internal procedure volumes to DIR-Fluoro data

* |F(overall volumes match closely)
END

* |f there is a mismatch, then further analysis at the level of Station
Name or Study Description | Requested Procedure Description may be
required

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0 21 !\
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Summary of Data Submitted | Exam Search

Corporate Account Facility Include Data from  Exam Date Range Station Name Description Type Select Registry

o Read about (204, 1D Anderson Cance 100504 - 100504: MD Anderso Previous quart.. * | 1/1/202 2172021 | (Al tudy Fluoro
this report )

d

Station Names: 12 Fluoro Study Descriptions: 173

Download

Select your file format.

Station Name

| Image

Number of Exams

WLCARM_UNITYZ

Facilities: 1

PowerPoint

Facility

Grand Total

100504 - 100504: MD Anderson Cancer Cent..

Number of Records

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0




Read about
o =

ition Name

Facilities: 1
Facility
Grand Total

100504 - 100504: MD Anderson Cancer Cent..

mnnno on L]

XTI -

(TN r—c

DOB: 05/25/2021

Equoneri—— ] cureniaausion L]
Institution Performing MD Referring MD

PEICYEN G EL N 01/01/2021

0N 03/31/2021 |V 00:00:

A. Kyle Jones, Ph.D.

No Value

0

(W Revees  [-Woaasowcee - Woosesowee [ Wa | Jreoma |-l 4
AAPM 2021 SU-CD-TRACK 2-0

20 of 1585 exams
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Procedure mapping

mpleted

mplete
plete

* The secret sauce of DIR-Fluoro

5, kidney-urethra
bladde

ejefunum

e Accurate mapping is critical for

sites to receive the highest |
guality actionable feedback :
* [t is possible — overall mapping

discrepancy rate at the end of
the pilot was < 1%

* Three rounds of mappin
validation

page (M or20| - - [HECHE View 1 - 20 of 398
Assign procedure name

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0 24
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Facility List:

s Crprt o D b e ) e
(100504 - 100504: MD Anderson Cancer Center

(O 100504 - 114750: Mays

(100504 - 114751: ROC

( 100504 - 114752: CABI

O 100504 - 114753: Bellaire

(100504 - 114833: West Houston

Service User is NOT
one of the
Administrative Roles
defined in the NRDR

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0
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Manage-Beévice Profiles

DIR

You can complete fluoroscopy device profiles by using excel data file upload or using the online tool.
ACR NRDR Homepage

Devices on this page are auto populated with information from the Radiation Dose Structured Report (RDSR), i.e., Facility ID and Station Name. For further information about this page, please reference the
Manage Device Profiles knowledge base article.

Data Management

Upload Device Profiles Data File
Exam Name Mapping fe

1. In order to edit existing device profiles list please download the excel data file populated with all existing device profiles information, complete/update data in the file.
Manage Device Profiles 2. Once data file is updated, browse and upload it back.

Reports

Drop files or browse to upload
Static Reports

Exam Detail

Corporate Account Facility Station Name Manufacturer
Summary of Irradiation Events 100504: MD Anderson Cancer Center All

. Model Status
Interactive Reports

Active
CT Standardized Dose Index

CT Dose Information by Exam

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0




Lexicon

INV-FLUOR, transjugular intrahepatic portosystemic shunt, abdomen, liver
INV-FLUOR, transjugular intrahepatic portosystemic shunt revision, abdomen, liver

i S t h e | eXi CO n t h at INV-FLUOR, angiography, unspecified, spine

INV-FLUOR, venous angioplasty, unspecified, veins
. INV-FLUOR, abdominal aortic aneurysm endovascular repair, abdomen, aorta

d r | Ve S D | R— F | u O rO INV-FLUOR, vein sampling, abdomen, adrenal
INV-FLUOR, central venous line exchange, unspecified
INV-FLUOR, diagnostic sinogram, unspecified
INV-FLUOR, percutaneous balloon dilation biliary duct, abdomen, liver
INV-FLUOR, tumor arterial embolization, head-neck
INV-FLUOR, tumor arterial embolization, spine

i B INV-FLUOR, tumor arterial embolization, unspecified
i T h e re a re p re S e n t | y 2 O 6 S p e C I fl C INV-FLUOR, radioembolization cir-spheres, unspecified

R R INV-FLUOR, radioembolization theraspheres, unspecified

| nte rve n t | O n a | fl u O rO S CO py INV-FLUOR, tumor arterial embolization, rib-chest
INV-FLUOR, artery embolization, abdomen-pelvis, uterus
INV-FLUOR, vein embolization, sclerotherapy, unspecified, single vein

procedures in Common

INV-FLUOR, lymphangiogram, abdomen-pelvis, unilateral

INV-FLUOR, aortography, abdomen

INV-FLUOR, angiography, head-neck, carotid artery, bilateral
INV-FLUOR, angiography, head-neck, carotid artery, unilateral
INV-FLUOR, aortography, chest-abdomen-pelvis, aorta

* Reviewed and updated on a
regular basis

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0 27
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Process health monitoring and maintenance

 RELEIF! You have finished after the initial configuration, data
validation, and mapping

* Not so fast —a major key to ongoing success is maintenance
* Mapping
* Adding new fluoroscopes
e Periodic data validation

* Initial mapping establishes a framework for maintenance and mapping
of new procedures

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0 28 !\
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Analysis of clinical data from the pilot

* Dose indices collected for more than 53,000 (mapped) procedures

* Final round of data validation indicates that mapping by pilot sites was
excellent

* Discrepancy rate < 1%

* Roll-up concept to be implemented, will result in inclusion of more
procedures

Roll-up 1 [most specific)

WV-FLUOR, artery s
NW-FLUOR, biliary catheter exchange, abdomen, liver

Q 'O
(o)
A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0 29 %c;



Total Fluoro Time (min) Ref Air Kerma (mGy) Kerma Air Product (Gy*cmA2)

3

b

-4011317: INV-FLUOR, filter placement, chest-abdomen, inferior vena cava

4011320: INV-FLUOR, filter removal, chest-abdomen, inferior vena cava

IVC filter insertion DIR-Fluoro pilot (median) | RAD-IR (mean)

Fluoroscopy time 2.9 min 2.8 min
~——

K, 57.2 mGy 166 mGy
: =22 =20 T3y

Pea 14.6 Gy-cm? 44.51 Gy-cm?

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0




Total Fluoro Time (min) Ref Air Kerma (mGy) Kerma Air Product (Gy*cmA2)

A daily news summary provided in collaboration with the

American College of Radiology SIGN UP - SHARE

A. Kyle Jones, Ph.D.

RADIOLOGY NEWS

More IRs perform enteric tube placement procedures
A study in Clinical Imaging found that the number of enteric tube placement procedures
conducted by interventional radiologists rose from 82% in 2010 to nearly 92% in 2018.

"The increasing role of IR may be multifactorial and related to certain patient factors,

reimbursement trends and practice patterns," study authors wrote, concluding that "by

becoming a more dominant player in enteric tube management, IR practices may drive
increased volume of de novo placement.”

4011334: INV-FLUOR, nephrostomy placement, abdomen-pelvis, kidney

.}4011309: INV-FLUOR, gastrostomy catheter placement, abdomen, stomach

AAPM 2021 SU-CD-TRACK 2-0



Dose Indices for ACR Common: 4011317: INV-FLUOR, filter placement, chest-abdomen, inferior vena cava

Click on a mark to highlight L aeessmeaezass all indices

Total Fluoroscopy Time (min.) Reference Air Kerma (mGy) Air Kerma Area Product (Gy*cm”2) Reference Air Kerma Rate (mGy/min.) Average Field Size (cm”2)

—_—— e——

E
-~
>
o

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0




Dose Indices for ACR Common: 4011334: INV-FLUOR, nephrostomy placement, abdomen-pelvis, kidney

Click on a mark to highlight that exam across all indices

Total Fluoroscopy Time (min.) Reference Air Kerma (mGy)

Air Kerma Area Product (Gy*cm”2) Reference Air Kerma Rate (mGy/min.) Average Field Size (cm”2)

(mGy/min.)

A. Kyle Jones, Ph.D. AAPM 2021

SU-CD-TRACK 2-0
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The future of the DIR-Fluoro registry

* The registry is open to all sites wishing to participate

* Presently collecting data to help us better understand FGI
* Average reference air kerma “rate”
e Percent of irradiation events with added filtration inserted in beam

* A number of potential enhancements have been proposed

* Follow up when SRDL exceeded
 PSD

* We hope to evaluate the impact of bringing other clinical data sources in to
supplement procedure description

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0
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The future of the DIR-Fluoro registry

* Mapping enhancement
° QA
 Automated assistance

* YOUR input and diligence will play a large role in ensuring the long-term success of
DIR-Fluoro

O
O
O
O
O
O

 [=REs!

e Mark selection as Common ID Requested

A. Kyle Jones, Ph.D. AAPM 2021 SU-CD-TRACK 2-0 36 !\
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