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Session on NCRP 184

* Dr M. Mahesh — Moderator & Speaker

* Overview with focus on CT and Nuclear Medicine
* Dr Donald P Frush — Pediatric Imaging

* Dr Donald Miller — Interventional Fluoroscopy



Purpose

* Prepare report to evaluate changes in medical radiation
exposures for US population since 2006 (NCRP 160)

* NCRP 160
e Published officially in 2009
* Data from 2006

* This report (NCRP 184)

* Published officially in November 2019
* Data from 2016



Past: Radiation Exposures to US population

1980

Occupational

0.01 mSv Medical

0.54 mSv

Consumer products
0.07 mSv

Medical 0.54 mSv per capita
Total 3.6 mSv per capita

2009

Interventional Other...
Radiography 0.4 mSv
0.3 mSv (

Medical 3.0 mSv per capita

<

Total 6.2 mSv per capita f; )
NCRP )
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J. Elee State of Louisiana (CRCPD + State data)

Advisors: A. Ansari, W. Bolch, G. Guebert, R. Sherrier, J. Smith
R. Vetter, L. Atwell, SciMetrika (literature related) and NCRP staff



NCRP Report 184

U.S. population data are reported in four metrics

* Number and type of diagnostic and interventional
medical radiation procedures

NCRP REPORT No. 184

MEDICAL RADIATION
EXPOSURE OF PATIENTS

* Procedures: Exams vs Scans

e Scans w multiple exposures (dual-phase studies)

1 exam but 2 scans

R,
> S
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* Effective dose (E) per procedure =~
* Collective Effective Dose (S) per procedure e
* U.S. Annual Average Individual Effective Dose (E)*

*allows comparison of the magnitude of medical radiation -

exposure to that from various non-medical sources



NCRP Medical Exposure Reports

NCRP REPORT No. 100

EXPOSURE OF THE
U.S. POPULATION
FROM DIAGNOSTIC
MEDICAL RADIATION

Start 1972
Finished 1988
Published 1989

National Council on Radiation Protection and Measurements

17 years

NCRP REPORT No. 160

IONIZING RADIATION
EXPOSURE OF THE
POPULATION OF THE
UNITED STATES

Start 2006
Finished 2008
Published 2009

1829

=1 =1 =1

3.5 years

NCRP REPORT No. 184

MEDICAL RADIATION
EXPOSURE OF PATIENTS
IN THE UNITED STATES

. } Al P
Start Nov 2016 S
Finished early 2019 ' NCIHIP

Published Nov 2019 "o

National Council on Radiation Protection and Measurements

3.0 years




Calculations

* Number of Imaging Procedures (N)

* Effective dose (E) per procedure (mSv)

* Collective Effective Dose (S) (person-Sievert) = E*N
* Average Individual Effective dose (E) (mSv)

*E s = S/US population*

* 323 million in 2016



What is not included the NCRP 184>

*Discussion of benefits or risks
*Discussion of appropriateness in medicine

*Radiation therapy treatment doses



Major and minor data sources

 Commercial (IMV Benchmark)
* Medicare payment data (2003-2016) ‘imv___

* VA Health Care System Benchmark Report
* US FDA cT
* CRCPD 2
* State radiation programs

* Large hospitals

 American College of Radiology

* Industry sources

* Literature -






Number of Procedures: 2006 vs 2016

Noncardiac Interventional
Noncardiac Interventional Cardiac Interventional Fluoroscopy, 4

Fluoroscopy, 12 FIuoroscopy

Cardiac Interventlonal Computed
Fluoroscopy, 4.1 Tomography 62
Nuclear
edlcme, 17

Computed
\ Tomography, 74

Nuclear
Medicine, 13.5

Total: 377 million Total: 371 million

2o NCRP 134



Computed Tomography



Number of CT procedures*
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CT: Procedures vs Collective Dose*

CT Angiography -

Cardiac, 0.4%  PET/CT 2.1% SPECIéCT' <0.1% __ Miscellaneous, CT Angiography Calcium Sf°’i"8r CT Colonography, 0.3%
» &= . (] .
Interventional, 0.4% - Cardiac, 0.6% _ specr/cT,0.2% <0.1% Miscellaneous, 0.3%
1.0% \ CT Colonography, 0.2% Interventional, /CT, 4 1%‘ ﬂain 5.7%
) S _— y e

Extremity*,2.0% ——— _ g 1.0% —\ ‘ Head & Neck,
____ Brain, 18.9% _— _a ‘ T 2.1%
| Extremity*, 1.1%
Percent CT Percent
Collective

scans in US 4
for 2016 v Effective Dose
Abdomen/Pelvis,
26.3% Abdomen/Pelvis
,38.4%

Collective Effective Dose 444,000 person-Sv
Effective Dose per Person 1.37 mSv

Calcium Scoring,

/ \||\|\|
* For 2016 using ICRP 103 w;s NCRP E.\th-/



E, s for CT
1.45 mSv (2006) vs 1.37 mSv (2016)

* CT procedures increased: 62 million (2006) to 74 million (2016)
* CT scans increased: 67 million (2006) to 84 million (2016)
* US population increased: 300 million (2006) to 323 million (2016)

* Average Individual Effective Dose (E ) for CT decreased by
~6% per person in the United States



Probable causes for decrease in CT dose

* CT procedures higher by ~20 % than in 2006
* US population higher by 23 million than in 2006
* Decrease in effective dose per CT procedure is real!

e All this contributes towards ~“6% reduction in
individual effective dose

1.46 mSv (2006) vs 1.37 mSv (2016)



Nuclear Medicine



Number of Nuclear Medicine Procedures
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16
14.5
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Number of Studies (Millions) in Hospital and Non-Hospital
Settings

2000 2001

* 2015 IMV Report

14.9

2002

mm Hospitals mmmm Non-Hospitals

16.5
15.7
14.9

2003 2004 2005 2006 2007 2008 2009 2010 2011
Years

Decreased by ~“20% over 10 years!
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Number of PET Scans (Thousands)
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Nuclear Medicine: Procedures vs Collective Dose*

Tumor, 1.5% Infection, Brain,

Thvroid 1.5% 1.2% Lunog, Brain, 1.5%
yroid,
2.5% \ 1 /

Renal, 2.7%
Lung, 5.1%

.6% 0
/_/— Renal, 0.5% Infection, \
2.1%
Tumor, 3.0% ___
Thyroid, 4.4%
Gl, 6.9%

Gl,25%_ ——
Percent Nuclear
Medicine
Procedures in
US for 2016

Collective Effective Dose 106,000 person-Sv
Effective Dose per Person 0.32 mSv

* For 2016 using ICRP 103 w;s

Cardiac,
47.6%

Percent
Collective
Effective Dose




E s for Nuclear Medicine
0.73 mSv (2006) vs 0.32 mSv (2016)

* Nuclear Medicine procedures decreased from
~17 million (2006) to 13.5 million (2016)

 However, there was substantial increase in PET/CT scans

* US population increased: 300 million (2006) to 323 million (2016)

* Average Individual Effective Dose (E ) for NM decreased by
~56% per person in the United States



Probable causes for decrease in NM dose

* Decrease in number of procedures: 20% lower than 2006
* Use of radioactivity injected after optimized for weight
* Use of new models to estimate effective dose

* All 3 together may have contributed towards >50%
reduction in individual effective dose

0.73 mSv (2006) vs 0.32 mSv (2016)



Impact of Tissue Weighting Factors
ICRP 60 vs ICRP 103

* Effective dose per person estimated using both ICRP 60
and 103 weighting factors, in order to compare results
with NCRP 160

* Effective dose per procedure
* Decrease for procedures that includes pelvis region

* Increase for procedures that includes chest region



Tissue Weighting Factors (w,)

Organ or Tissue

Breast

Red bone marrow, Colon,

Lung, Stomach

Remainder’ tissues

Gonads

Bladder, Liver, Thyroid & Esophagus
Skin & Bone surface

Brain & Salivary glands

*Accounts additional tissues/organs such as adernals, kidney, small and large
intestine, muscle, pancreas, spleen, thymus and uterus

Weighting factor*

ICRP 60 ICRP 103
0.05 0.12
0.12 0.12
0.12 0.12
0.20 0.08
0.05 0.04
0.01 0.01

0.01

* ICRP 103, 2007



Effective doses for CT exams
(Impact of ICRP 103)

Type of CT Scan 6o gt i 10s
Brain 1.9 0.84 1.6
Head & Neck 1.4 0.87 1.2
Chest CT 5.4 1.14 6.1
Cardiac CT 7.6 1.14 8.7
Abdomen & Pelvis 8.7 0.88 7.7
CT Colonography 7.5 0.88 6.6
Spine 9.2 0.96 8.8
CT Angiography (non- 5.4 0.94 5.1

cardiac)

Interventional 5.2 0.96 5.0
PET-CT 10.0 1 10.0

NCRP 1
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Summary



Number of Procedures (millions)

300
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Number of Procedures: 2006 vs 2016

281 545

Radiography & Fluoroscopy

Joon

74

Computed Tomography

17 13.5

Nuclear Medicine

2006: Total 377 million
2016: Total 371 million

12 A
| [—

Noncardiac Interventional
Fluoroscopy

4.6 4.1

Cardiac Interventional
Fluoroscopy



Estimated Procedures, Collective Effective Doses and
Average Individual Effective Dose by modality for 2016*

Procedures S Eus
% %
(millions) (person-Sv) (mSv)
Computed Tomography 74 440,000 @ 1.37
24% = 78%

Nuclear Medicine 13.5 _@ 106,000 (15) 0.32
Radiography & Fluoroscopy 275 74 71,000 10 0.22
Cardiac Interventional 41 1 42,000 6 0.13
Fluoroscopy
Non-cardiac Interventional 4.0 1 40,000 6 0.12

Fluoroscopy

Total @ 703,000

* Based on ICRP 103 tissue-weighting factors NCRP Eia{




2006ICRP60
885,000 person-Sievert
2.92 mSv/person

Noncardiac Interventional
Fluoroscopy, 7%

Cardiac Interventlonal
Fluoroscopy, 8%

Radiography &
Fluoroscopy,
11%

Nuclear
Medicine, 25% Computed

Tomograph...

Results

2016ICRP60
755,000 person-Sievert
2.33 mSv/person

Cardiac Interventional
Fluoroscopy, 6%

N

Noncardiac Interventional
Fluoroscopy, 5%

/

Radiography &
Fluoroscopy, 9%

Nuclear -
Medicine,
18%

\ Computed

Tomography,
62%

2016ICRP103
717,000 person-Sievert
2.16 mSv/person

Noncardiac Interventional

Cardiac Interventional Fluoroscopy, 6%

Fluoroscopy, 6%

N

Radiography &

Fluoroscopy, \

10%

i

Nuclear

Medicine, 15% Computed

Tomography,
63%



Percent Procedures vs Average Individual
Effective Dose for US during 2016

) . Noncardlac Interventional Noncardiac Interventional
Cardiac Interventlonal Fluoroscopy. 1% Cardiac Interventional Fluoroscopy, 6%
Fluoroscopy, 1% Py, 27 Fluoroscopy, 6%
Computed \ ‘
Tomography 20%
Radiography & Computed
Fluoroscopy, 10% Tomography, 63%
Nuclear
Medicine, 4%
Nuclear
Medicine, 15%/
% Radiation Imaging Procedures % Average Effective Dose per
in US during 2016 capita for US population in 2016
*using ICRP 103 tissue weighting factors E.\QL ) )
*values are not per patient, but per person in the US population NCRP 4/’



Average effective dose per person for US Population*

(Comparison between 2006 and 2016 computed with ICRP publications 103 and 60 Tissue Weighting Factors)
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Average effective dose per person for US Population*
2006 vs 2016

3.5
M Eus (2006) ™ Eus (2016
. 6% (2006) (2016)
3
*E' 2.5
g
g, 6%
Z
@ 1.5
55%
s 1
: 127% 143% 140%
Ll
0.5 032
0.22 0-23 413 02 12
0 - ] B e
Total Computed Tomography Nuclear Medicine Raadiography & Cardiac Interventional Noncardiac

Fluoroscopy Fluoroscopy Interventional
Fluoroscopy

*values are not per patient, but per person in the US population NCRP 5_\&4
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Key Messages

Compared to 2006 (NCRP 160), 2016 data (NCRP 184)

demonstrates that medical radiation dose to US population

* Decreased by ~15-20% across all x-ray imaging modalities

* Decreased by >50% for Nuclear Medicine, predominantly
due to decrease in procedures

* Decrease by “6% for Computed Tomography, in-spite of
20% increase in CT procedures



Summary

Decrease in Medical Radiation Exposure to Patients in the United

States may be due to:

* Advances in medical imaging technologies

e Optimization of imaging protocols and accreditation of modalities

* Increase awareness about radiation by Image Gently®, Image
Wisely®, Choosing Wisely® and others

Medical community can continue to leverage benefits of radiological

procedures for patients in the United States while lowering dose



Annual non-therapeutic medical

radiation dose to the U.S. population (mSv)
in 2016 is 15-20% lower than it i Sretat Aiotigs
was in 2006. [ UGN individual Effective Dose o dﬁg’&“:"ﬂe“c";ﬁ%‘:ﬁ

er person
i () per person

) 2016

Percent of collective effective dose Percent of collective effective dose
from different modalities for 2006 from different modalities for 2016

Noncardiac In!erventionaw

Fluoroscopy i L L
0.13 (mSv Noncardiac Interventional oncardiac Interventional
gfﬂf( ;2;‘,,") E,per rson Fluoroscopy: 6% Fluoroscopy: 6%
5 - P

Cardiac Interventional |
Fluoroscopy

0.23 (msv) PPREH (mSv)
E, per person

Radiography & Fluoroscopy

0.3 (mSv)
E,, porperson OE;SZZ (mSv)

Radiography & Fluoroscopy:
Radiography & Fluoroscopy: 10%
11%

<7 Nuclear Medicine:

000 15%
7 Nuclear Medicine:

Q%D 25%

Nuclear Medicine {77

O,
073 AV /)
i 0.32 (msv)

E, per person

Computed Tomography:
63%

E, per person

Computed Tomography:
The number of CT exams 50%
increased 20% from 2006 to 2016,

and the overall dose
from CT procedures went
down by a small amount.

146
(mSv)
E, per person

Note: When current data are compared with NCRP Report 160 utilizing ICRP weighting factors from ICRP Publication 60, the results are the same
except for Nuclear Medicine (0.41 mSv), Computed Tomography (1.45 mSv) and total dose (2.33 mSv). For more detail, please see Figure 14.2
inthe report.
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“Life on earth has developed with an ever present
background of radiation. It is not something new, invented
by the wit of man; radiation has always been there.”

Eric.J Hall, Professor of Radiology, Callege of Physicians and
Columbia Univarsity, New York, “Radiation and Like™,
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