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Learning objectives

« To understand the concept of DRLs and ADs

e To be aware of DRLs and ADs for the 10 most common pediatric CT
exams in the USA

« To learn how to use published DRLs to help optimize dose at local level
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Outline

« Concept of DRLs and ADs

* ACR CT Dose Index Registry
- Adult DRLs

« Ped DRLs

 How to use?




DRL CONCEPTS

Diagnostic Reference Level (DRL) - first proposed in 1990 by ICRP, typically set at the
75th percentile of the dose distribution from a survey conducted across a wide user
base
DRLs are investigation levels

« Not regulations

- Not legal standards of care

« Do not apply to individual patients
DRLs identify exams where levels of patient dose are unusually high

- If DRLs consistently exceeded, conduct review of procedures and equipment for

optimization

 If not optimized, take action to reduce dose
Overriding clinical objective - achieving acceptable image quality or adequate
diagnostic information, consistent with the medical imaging task
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Achievable Dose (AD)

« ADs can be used with DRLs to assist in optimizing image quality and
dose.

- ADs are set at approximately the median (50th percentile) of the study
dose distribution, i.e., half of the facilities are producing images at lower
doses and half are using higher doses.

 Further information on ADs is available in the National Council on
Radiation Protection and Measurements (NCRP) Report 172.
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Definition of AD and DRL

» DRLs and ADs are part of the Pose Metric: ADULT HEAD
optimization process. P

* Itis essential to ensure that
Image quality appropriate for
the diagnostic purpose is
achieved when changing patient
doses.

« Optimization must balance
Image quality and patient dose.
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American College of Radiology — National Radiology Data Registry

R National Radiology Data Registry

= ACR NRDR Homepage
Log i ACR Account
New Corporate Account
Registration
- Quality Improvement
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American College of Radiology (ACR) — CT Dose Index Registry
(DIR)

® NATIONAL RADIOLOGY DATA
REGISTR
AMERICAN COLLEGE v

DR
ACR NRDR Homepage
Resources
About the DIR
DIR Data Dictionary
DIR Data Submission Overview
DIR Available Reports

DIR Sample Executive Summary
Report

Exam Name Mapping Tool User
Guide

Log in with ACR Acc

DIR Box-and-whiskers Plot

The DIR enables participants to benchmark dose indices performance data against regional and national values using interactive reports. The report’s extensive
filters facilitate pinpointing outlier exams and identifying performance patterns for further investigation to ensure high-quality exam performance and patient
care.

DIR-CT dose indices reports have been available since 2011 and registry expansion is underway to include a full slate of fluoroscopy, digital radiography and
nuclear medicine reports. The DIR automatically de-identifies exam data sent directly to the registry with modality-specific dose information.

Check the DIR Available Reports page in the NRDR Knowledge Base for ongoing updates. The DIR offers opportunities to both fulfill reporting requirements for
the Merit-based Incentive Payment System (MIPS) and earn credit for Maintenance of Certification (MOC) Part IV requirements of the American Board of

: Inter-quartile
Radiology (ABR). range (IQR})

Maximum observation

Your Median = x
Your Exam Count = y

75" percentile (upper quartile)

Red line indicates your facility’s
median value for the exam
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https://nrdr.acr.org/Portal/Nrdr/Main/page.aspx
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ACR CT Dose Index Registry

e Atool for quality improvement . 9 —
so facilities can review dose S
indices and optimize protocols

Collects and compares dose
index information across
facilities

Fully automated; uses standard
methods of data collection and zl
orocessing D i Eigheas

CT DIR launched in May 2011 o |
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ACR CT Dose Index Registry — REPORT SNAPSHOT

Executive Summary Jan thru Mar 2021 - Top 10 Adult - Boxplots

CTDivol

— :Your Facllily Median
Exam Key

1=CT ABDOMEN PELVIS KIDNEY WO IVCON
2=CT ABDOMEN PELVIS W IVCON

3=CT ABDOMEN PELVIS WO IVCON

4=CT C SPINE WO IVCON

5=CT CHEST ABDOMEN PELVIS W IVCON
6=CT CHEST PULMONARY ARTERIES W IVCON
7=CT CHEST W IVCON

8=CT CHEST WO IVCON

9 =CT HEAD BRAIN WO IVCON

10=CT NECK W IVCON

CTDIvol Per Scan (mGy)

* Extreme outliers were excluded for this exam for
optimal presentation.

https://nrdrsupport.acr.org/support/solutions/articles/11
000044333-dir-executive-summary-and-qcdr-preview

SSDE Per Scan (mGy)
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U.S. Diagnostic Reference Levels
and Achievable Doses for 10
Adult CT Examinations?

Radiology

Kalpana M. Kanal, PhD
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- To develop diagnostic reference levels (DRLs) and achiev-

Priscilla . Butler, MS

Debanriva S 12 MBBS. MPH able doses (ADs) for the 10 most common adult computed
ebapriya sengupta, ’ tomographic (CT) examinations in the United States as

Mythreyi Bhargavan-Chatfield, PhD a function of patient size by using the CT Dose Index
Laura P. Coombs, PhD Registry.

Richard L. Morin, PhD

Materials and Data from the 10 most commonly performed adult CT
Methods: head, neck, and body examinations from 583 facilities

radiology.rsna.org = Radiology: \olume 284: Number 1—July 2017

Develop diagnostic reference levels (DRLs) and achievable doses (ADs) for
the 10 most common adult CT examinations in the United States as
function of patient size using the ACR CT Dose Index Registry




What about PED DRLs?

* We started working on analyzing DIR Data from the 10 commonly performed
examinations in the US performed between January 2016 and December 2020 on
patients younger than 18 years

* Median values - CTDIvol, DLP, and SSDE - for each facility by size and by age
* The 50th and 75th percentiles for these median values were then determined
* Head exams were grouped by age only

* Uncertainly in the size estimation due to the inconsistent presence of shoulders
in the field of view

* SSDE not calculated
* Body examinations were grouped by age and size (effective diameter)
* All analyses were done using SAS software, Version 9.4 (SAS Institute Inc., Cary,

NC, USA). w



PED DRLs - 2021

ORIGINAL RESEARCH - PEDIATRIC IMAGING

U.S. Diagnostic Reference Levels and Achievable Doses
for 10 Pediatric CT Examinations
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Background: Diagnostic reference levels (DRLs) and achievable doses (ADs) were de.ve]cnped for the 10 most commonly pe.rf:ormed
pediatric CT examinations in the United States using the American College of Radiology Dose Index Registry.

Purpose: To de.\-'elup robust, current, national DRLs and ADs for the 10 most commonly performe.d pediatric CT examinations as a
funcrion of patient age and size.

Materials and Methods: Data on 10 pedi;lrric (ie, patients age.d 18 years and younger) CT examinations per’r:)rme.d between 2016 and 2020
725 facilities were analyzed. For head and neck examinations, dose indexes were analyzed based on patient age; for body examina
dose indexes were analyzed for patient age and effective diameter. Data from 1543 535 examinations provided medians for AD and 7

percentiles for DRLs for volume CT dose index (CTDI ), dose-length product (DLP), and size-specific dose estimate (SSDE).

standing centers, 9.5% (
percent of the patients (
was 14 years [boy 13 years; girls, 15 years). The head was the most frequent anatomy E\.]I'l‘llnt'd W |t|1 CT 57:3 655 Df 1543535

. For head without contrast material CT examinations, the age- based CTDI LAD mnged from 19 to 46 mGy,
and DRL ranged from 23 to 55 mGy, with both AD and DRL increasing with age. For body examinations, DRLs and ADs for
size-based CTDI_,, SSDE, and DLP increased cun.sistvsntl_\,r with the patient’s effective diameter.



No. of Examinations

(n=1543535)

No. of Facilities

Table 1: Types of CT Examinations Included in Study (n=1625)

@Emminations'
RPID Co 1= 1543539)

Characteristic

Body Part and

Examination Type

Facility category
Academic 154 (9.5)

198239 (13)

Head
Head without
contrast material

Sinuses without
contrast material
Maxillofacial area
without contrast
marerial
Total
Neck
Neck soft tissue with
contrast material
Cervical spine
without contrast
marerial
Total
Chest
Chest without
contrast material
Chest with contrast
marerial
Total
Abdomen and pelvis
Abdomen and pelvis
without contrast
material
Abdomen and pelvis
with contrast
marerial
Total
Chest, abdomen and
pelvis with contrast
material

1850, 266, 22, 811150 (53)

1825, and
1803
62 and 371

34 and 365

39

21 and 1892

16 and 1886

18 and 1904

144, 1842,
and 1905

145 and 1841

27944 (1.8)

37561 (2.4)

876655 (57)
38128 (2.5)

91219 (5.9)

129347 (8.4)
24682 (1.6)
47546 (3.1)
72228 (4.7)

62205 (4)

376323 (24)

438528 (28)
26777 (1.7)

Examination
volume'
1t <10
10 to <20
20 to <30
30 to <40
40 to <50
50 to <60
60 to <70
70 to <80
80 to <90
90 to <100
=100

Community

1068 (66)

hospital
Multispecialty
clinic

Freestanding

center
Children’s
hospital
Orther

810 (50)
305 (19)
187 (12)
107 (6.6)
59 (3.6)
43 (2.6)
22 (1.4)
19 (1.2)
8 (0.5)

9 (0.6)
56 (3.4)

53 (3.3)
264 (16)
57 (3.5)

29 (1.8)

124474 (8.1)
170839 (11)
199162 (13)
159364 (10)
107 689 (7)
109162 (7.1)
59135 (3.8)
60174 (3.9)
16803 (1.1)
33936 (2.2)
502797 (33)

874501 (57)
17960 (1.2)
36299 (2.4)

407288 (26)

9248 (0.6)

Age group ()
0w <1
1 to <5
5 to <10
10 to <<15
15—18

173087 (11)
158069 (10)
191269 (12)
305069 (20)
716041 (46)




Table 3: Age-based Achievable Doses and Diagnostic Reference Levels

CTDI_, (mGy) SSDE (mGy) DLP (mGy - cm)

Examination Type MNo. of

and Age (y) Examinations® AD DEL AD DEL AD DEL

Head without
contrast material
0to <1 66307
1o <2 42462
2 to <6 108 808
618 593573

Sinuses without

contrast material

0two <1

l to =<2

2 to <6 2234

O-18 25606
Maxillofacial area

without contrast

material

0to <I1

1to<<2

2 to <6

6-18
Neck soft tissue Adult Head 49 57

with contrast Neck 15 20

material
0to <1

1 to <<5
5to <10
10 to <<15
15-18




CTDIWI (mGy) SSDE (mGy) DLP (mGy - cm)

Examination Type No. of

and Age (y) Examinations* AD DRL AD DEL AD DERL
Abdomen and

pelvis without

contrast material

0t <1

1 o <5 1278

5 to <10 5058

10 to =<15 11048

15-18 43747
Abdomen and

pelvis with

contrast material

0to <1 1886

1 to <5 14470

5 to <10 49323

10 to <15 99433 | . p | Adult Abd/pel w/o 13 20
1518 208728

H - Adult Abd/pel w 13 19
Chest, abdomen,

and pelvis with
contrast material
0o <1

1 to <<5

5 to <10

10 to <<15
15-18




CTDIWI (mGy) SSDE (mGy) DLP (mGy = cm)

Examination Type and No. of
Effect/i‘.ig_%meter {cm) Examinations® DRL AD DRL AD DRL

Chést withouthcontrast material
12 to <16 1471 7 1.9 3.7 4.2 29 41
16 to <20 1875 9 2.5 3.7 4.7 50 63
20 to <24 2572 2. 3.2 4.0 5.1 81
24 to <<28 3556 5 4.5 4.8 6.5
28 to <32 1894 i 6.0 5.7 7.5
32 to <306 390 . 7.4 6.0 7.9
306 to <40

Chestwith-€ontrast material

12 to <16
16 to <20
20 to <24
24 to <28
28 to <32
32 to <30
306 to <40
=40




Australia,
ACR DIR 2018 (27)

Germany,

2020 (31) 2016 (28) 2019 (32)

Japan, Korea,
2020 (30) 2017 (29)

Europe,

2018 (16)*

Parameter Age (v) DRL  Age (y) DRL

Age (y) DRL Age (y) DRL Age (y) DRL

Age (y) DRL  Age (y) DRL

Age (yv) DRL

Head without

contrast
material
CTDI
(mGy)
CTDI_,
(mGy)
CTDI_,
(mGy)
CTDI_
(mGy)

Head without

contrast

material

DLP (mGy Otwo 344
» cm) <1

DLP (mGy 1o 440
 cm) <2

DLP (mGy2to 518
. <6

DLP (mGy 6-18 910

« cm)

18
23
2-5 26

6-10, 31,36
11-17

350

2-5 420

<3 m 300

3mto 385
o |
1to 505
<6

6-10, 500, 620=6 650

11-17




Process of determining DRL

Example of audit cycle and

optimisation flow chart
(fig. from ICRP-135)

Patient dose survey and optimisation

Review again in
3 years time Collect data on DRL quantities for patients 60-80 kg

Calculate median dose for exam
< DRL value
/Ccampare

_.d_,,.-""
median dose with

DRL value

> DRL value

Review technique, exposure settings and equipment performance results

Recommend optimisation strategy and work with
radiographers to implement changes



# CTDl,, (mGy) Your facility
Examination Age (y) Exams* AD DRL AD DRL
Head without contrast material -‘J - <1 66,307 19 23 15 20
1-<2 42,462 22 27 ) 25
2-<6 108,808 25 31| 28 35
6-18 593,573 46 55 55 75
Chest without contrast material 0-<1 884 1.2 1.7 0.9 2.0
1-<5 3,110 1.7 2.2 1.5 2.0
5-<10 3,862 2.1 2.5 2.0 2.5
10 - <15 6,639 3.4 4.1 [ 4.0 6.0
15-18 9,980 59 7.4 8.0 10
Abdomen and pelvis without contrast material 0-<1 - - - - -
1-<5 1,278 2.2 2.6 1.9 2.6
5-<10 5,058 3.4 4.8 5.0 7.0
10 - <15 11,048 6.2 8.1 6.0 8.0
15-18 43,747 8.4 11 8.0 11




How to use this information?

Interquartile Range

CTDIvol Facility RPID249:RAD ORDER CT CHST ABD PELVIS W IWVCON (IQR)

. Outliers — Outliers
niversity of Washington

£.33 ALS C-A-P, W/TVHrsmall++ 5.35 A15 C-A-P, W/IV+Hmed/igH & UW CT CHEST/ABD/PEL W/CONTRAST l

y ]

"Minimum" "Maximum"
(Q1 - 1.5%IQR) Q1 Median Q3 (Q3 + 1.5%IQR)

(25th Percentile) (75th Percentile)

The lower level of the diagnostic
reference range is chosen as the 25th
percentile of the estimated patient
radiation dose, below which reduced
image quality may not be diagnostic; the
upper level is set at the 75th percentile of
estimated patient dose, above which the
dose may be in excess

5
E
2
=
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ken down by facility_description and protocol_name. Details are shown for various dimensions. The view is filtered on study_datetime Quarter,
38_name, series_type, stand E5CFi scription. The study_datetime Quarter filter keeps 8 of 25 members. The as_name filter keeps CTP1A-UW El
CTR1B-UWRZ-HD750, CTS1A-U FA-UWMI 0and CTT4A-UWMC-HD750. The series_type filter keeps Seguenced and Spiral. The standard_study_description filter keeps

RPID245:RAD ORDER CT CHST ABD PELWIS W IVCON. The facility scription filter keeps University of Washington




Limitations

* DIR uses automated data collection process

* Clinical images or indication information not submitted

* Exam code mapping i1s manual process

* Use of dose reduction techniques not collected in the DIR.

* ICRP 135 methodology using facility median dose indices to develop DRLs. This
gives equal weight to each facility irrespective of size and volume.

W



Advantages

* This work provides DRLs and ADs for the 10 commonly performed CT pediatric
examinations performed in the US from the DIR representing a broad
representation of geography and practice types.

* This 1s the first time national pediatric DRLs and ADs have been developed as a
function of both patient age and size.

* This will enable facilities to effectively compare their patient dose indices to
national benchmarks and work to optimize their CT protocols resulting in an

appropriate dose for diagnostic purposes.



THANK YOU

* Asof 10/27/2021, this work has been published online in Radiology
* https://pubs.rsna.org/do1/10.1148/rad10l.2021211241

* ACR press release
e https:// www.acr.org/Media-Center/ACR-News-Releases/2021/New-Radiation-
Diagnostic-Reference-Levels-for-Top-10-Pediatric-CT-Exams

« kkanal@uw.edu - my email
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