Medical Exposures to lonizing Radiation:
Important Developments Since NCRP Report No. 160
and Other Recent NCRP Activities

David A. Schauer
Executive Director

ldaho State University

November 7, 2011




Key Dates in NCRP’s History

1929: U.S. Advisory
Committee on X-ray
and Radium Protection

1946: U.S. National
Committee on
Radiation Protection

1964: National
Council on Radiation
Protection and
Measurements (NCRP)
chartered by U.S.
Congress (Public Law
88-376)
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Key Elements of NCRP’s Charter
Under U.S. Public Law 88-376

4 Cornerstones of role in radiation health protection:

1)

2)

Collect and analyze information and
recommendations in the public interest about:

a) protection against radiation; and
b) radiation measurements, quantities and units.
Develop basic concepts of radiation protection;

3)

4)

Facilitate effective use of combined resources of
organizations concerned with radiation protection;
and

Cooperate with national and international
governmental and private organizations:; and

5)

Disseminate the Council’s work.




Radiation Protection Goals:
NCRP Report No. 116

prevent the occurrence of clinically

significant radiation-induced deterministic
effects by adhering to dose limits that are
below the apparent threshold levels; and

limit the risk of stochastic effects, cancer
and genetic effects, to a reasonable level In
relation to societal needs, values, benefits
gained and economic factors.




Radiation Protection Objectives:
NCRP Report No. 116

1, 1. Justify any activity which involves radiation exposure
S, on the basis that the expected benefits to society
exceed the overall societal cost (justification®);

. ensure that the total societal detriment from such
justifiable activities or practices is maintained ALARA,
economic and social factors being taken into account
(optimization); and

. apply individual dose limits to ensure that the
procedures of justification and ALARA do not result in

iIndividuals or groups of individuals exceeding levels of
acceptable risk (limitation).

*Also read NCRP Commentary No. 13, An introduction to efficacy in diagnostic
radiology and nuclear medicine (justification of medical radiation exposure)



11th Report on Carcinogens (2004)*

X-Radiation and Gamma Radiation*

Known to be Human Carcinogens

« X-radiation and gamma radiation are known to be human
carcinogens based on sufficient evidence in humans.

« Epidemiological studies of radiation exposure provide a consistent
body of evidence for the carcinogenicity of X-radiation and gamma
radiation in humans.

» EXxposure to X-radiation and gamma radiation is most strongly
associated with leukemia and cancer of the thyroid, breast, and
lung; associations have been reported at absorbed doses of less
than 0.2 Gy. th

Reporton
Carcinogens

2004

*U.S. Department of Health and Human Services P
Public Health Service L=
National Toxicology Program

Pursuant to Section 301(b) (4) of the Public Health Service Act as Amended by Section 262, PL 95-622




NCRP REPORT No. 160

IONIZING RADIATION
EXPOSURE OF THE
POPULATION OF THE
UNITED STATES

1929
2009
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NCRP Report No. 160, lonizing Radiation
Exposure of the Population of the United States

2006

Early 1980s

Occupational / Occupational / industrial (0.1 %)
industrial (0.3 %) ‘
—Consumer (2 %) Consumer

Medical (2 %)

(15 %)
Medical (48 %)

Early 1980s 2006

Collective effective dose

(person-Sv) 835,000 1,870,000
Effective dose per individual

in the U.S. population (mSv) 3.6 6.2



Medical Exposure of Patients
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Radiation Exposure to US Population -
Medical Exposures

Number of % Collective % Eus
Procedures Effective Dose (MSv)
(millions) (person Sv)
Computed 67 17 438,000 49 1.5
Tomography
Nuclear 18 5 231,000 26 0.8
Medicine
Interventional 17 4 128,000 14 0.4
Conventional 292 74 99,000 11 0.3
Radiography &
Fluoroscopy
TOTALS 426 100 898,000 100 ~3

(600 % increase)




Worldwide View

Nuclear power
0.002 mSv

Medical 0.37 mSv‘

Occupational 0.002 mSv

Natural Bkd 2.4 mSv

TOTAL ~ 2.77 mSv
Nuclear power
< 0.002 mSv
Medical 0.61 mSv
Occupational 0.0m
Natural Bkd 2.4 mS
amra mev TOTAL ~ 3.0 mSv

Global annual per-capita effective radiation dose from various sources for (top) 1980 —1984
and (bottom) 1997-2007




Worldwide View

The United States conducts more diagnostics per capita than other OECD
countries and reimburses more favorably

CT procedures per thousand population MRI procedures per thousand population
2005 2005
194 85 a8
161 70
113
&7
22
United  Japan Gemany® Canada United  Japan Germany® Canada
States States
Reimbursement
price per
procedure™ m a @ m @ @ @ m
$
* Data from 2004.
** Reimbursement prices are for 2008 for all countries. All prices are for public reimbursement for an abdominal CT
or MR

Source: IMY; Japanese Ministry of Health, Labour and Welfare; German Federal Office for Radiation Protection;
Mational Fee Analyzer; EMBE; lgakutushin (Japanese medical news agency)



Justification of Medical Exposures

 How to ensure that medical imaging of patients does
more good than harm — use of ACR appropriateness
criteria, ACC appropriate use criteria or EU referral
guidelines through computerized physician order
entry (CPOE),

Why has this become a significant issue?

— Supplier-induced Demand (I0M, 2010%)

» “If the physician is ordering a study where the payment
exceeds the cost, there is a true profit potential. Even in the
presence of strong ethical adherence to the Hippocratic oath
and similar constructs, the physician may have incentives to

over-order imaging studies.”

— Self Referral (GAO report, 2008")
* Physicians who refer patients for imaging in their own office are
at least 1.7 to 7.7 times more likely to order imaging than those
physicians in the same specialty who do not self-refer.

#Value in Health Care — Accounting for Cost, Quality, Safety, Outcomes
and Innovation,

"GAO-08-452, Rapid Spending Growth and Shift to Physician Offices
Indicate Need for CMS to Consider Additional Management Practices




Justification of Medical Exposures

) «  One recent example of what the U.S. Congress is
doing about this issue:

— Anti Self-referral Bill introduced in the House

— On April 12 Congresswoman Jackie Speier (D-CA) reintroduced to
the U.S. House of Representatives the “Integrity in Medicare
Advance Diagnostic Imaging Act of 2011” (HR 1476) which seeks
to close the in-office ancillary service exception for advanced
imaging services such as MR, CT and PET.

— Upon introduction of HR 1476, Speier stated, “the financial interest
of physicians should not be a determining factor in prescribing care
for patients. It is terrible to think that this loophole is being abused
to enrich doctors while their patients are being unnecessarily
exposed to radiation. This bill puts patients first and potentially
saves the government billions of dollars in wasteful expenditures.”

NiciRP



Justification of Medical Exposures

* |In the absence of direct financial gain, there
may be additional payoffs (IOM, 2010)

— The ordering physician may be able to reduce
effort by having a briefer or less intense physical
examination.

— The ordering physician may avoid malpractice
costs (real or perceived)

« Defensive Medicine (Massachusetts Medical Society
Report, 2008)
— Approximately 33 % of CT scans ordered by OB/GYN, EDs

and family practitioners were not motivated by medical
need.

* Nearly half of 1,800 emergency physicians reported that
the biggest challenge to cutting costs in the emergency
department is the fear of lawsuits, according to a poll
conducted by the American College of Emergency
Physicians (ACEP).

 |n addition, 53 percent of respondents said the main
reason they conduct the number of tests they do is the
fear of being sued.




Justification of Medical Exposures

What is being done about this issue by the

medical community?

* ‘“Increasing the Appropriateness of Outpatient Imaging:
Effects of a Barrier to Ordering Low-Yield
Examinations”, Vartanians, et al., (June 2010),
Radiology

 American Society of Nuclear Cardiology,
“Recommendations for Reducing Radiation Exposure
In Myocardial Perfusion Imaging”, Cergueira et al.,
(May 2010), Journal of Nuclear Cardiology

 Imaging e-Ordering Coalition
— require referring physician to enter clinical information
(e.qg., patient’'s symptoms, known diagnoses, age, etc) in
a decision support program.

— processed through an algorithm that relies on ACR’s
appropriateness criteria to create a decision score.




Optimization of I\/Iedlcal Exposures

* Image Gently, Step
Lightly and Image
Wisely Campaigns

o Medical Imaging and
—— Technology Alliance
(MITA)

— NEMA Standards
Publication XR 25-2010
“CT Dose Check”
(draft):

» Notification Value
e Alert Value

Escher Waterfall The ALARA
cascade of water (i.e., dose)

Is actually being fed by a rising
supply (i.e., new high-dose and
high-information imaging tools).
(see Moores and Regulla, RPD
(2011).



Optimization of Medical Exposures
(AAPM and NEMA XR-25 Standard)

Table 1: Notification Values recommended by the AAPM Working
Group on Standardization of CT Nomenclature and Protocols

CT Scan Region CTDlvol
(of each individual scan in an examination) Notification Value
(MmGy)
Adult Head 80

Adult Torso 50

Pediatric Head
<2 years old 50
2 — 5 years old 60

Pediatric Torso
<10 years old (16-cm phantom)? 25
<10 years old (32-cm ph:—:ir"utmc:rm}“I 10

Brain Perfusion

(examination that repeatedly scans the same

U anatomic level to measure the flow of contrast 600

media through the anatomy)
Cardiac
Retrospectively gated (spiral) 150
Prospectively gated (sequential) 50

An alert warrants more stringent review before proceeding and requires a higher level of action by the user. One
purpose of alerting the user is to avoid acute injury, such as erythema or epilation. For this purpose, the FDA has
suggested an alert value for CTDI,, of 1,000 mGy, which would deliver approximately half the dose associated
with the onset of skin injury.




Optimization of Medical Exposures

 NCRP scientific committee 4-3, “Diagnostic Reference
Levels in Medical Imaging: Recommendations for
Application in the United States”

Multiple Scan Average Dose MSAD

Survey Year 2000-01 Survey Year 1990

30% (mGy) (mGy)
0,
Frequency ;(53 Of’ B 2000-01 (n = 203) mean 50.3 459
0
15% 1 01990 (n=249) standard error of
10% -+ 1.4 1.1
sample mean
5% -+
0% - standard deviation 19.4 18.1
0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90- >100
100
n 203 249

“‘DRLs may be more necessary, because we may be optimizing image
guality, and compromising on high patient doses because technology
allows us to.” Moore and Iball, Leeds General Infirmary

|
u MSAD (mGy)




Putting it All Together
(Federal)

U. S. Food and Drug Administration (FDA) Initiative to
Reduce Unnecessary Radiation Exposure from Medical
=5 Imaging

1. Support informed clinical decision making (justification)

— develop and adopt appropriate use criteria for CT, fluoroscopy,
and nuclear medicine procedures

2. Promote safe use of medical imaging devices (optimization)

— develop nationally recognized diagnostic reference levels for
medical imaging procedures that use radiation

3. Increase patient awareness (communication)

— provide patients with tools to track their personal medical
imaging history

Aim: To help patients get the right imaging exam, at the right
time, with the right radiation dose.



Putting it All Together
(State)

*The Interim Committee on Public Health recently released a
report stating that “increased utilization of imaging
equipment has played a major role in the increased amount
of healthcare expenditures, especially when imaging
equipment owners have been found to over utilize their own
equipment.”

*The report goes on to recommend that “the Legislature
should require the registration and accreditation of imaging
equipment in order to ensure increased transparency and
accountability for the operation and use of imaging
equipment in Texas.”

http://ethicalimaging,org



http://ethicalimaging,org/

Recent NCRP Publications
Reports (2010 & 2011)

POI

— 170: Second Cancers and Cardiovascular
55 Effects After Radiotherapy

SECOND CANCERS AND
i CARDIOVASCULAR EFFECTS
AFTER RADIOTHERAPY

-L.B. Travis, Chair

J.D. Boice, Jr., Vice Chair Ncaed
L
— 169: Design of Effective Effluent SR
Monitoring and Environmental i
Surveillance Programs et e
- Bernd Kahn, Chair __/,m —
N
— 168: Radiation Dose Management e

for Fluoroscopically-Guided
Interventional Medical Procedures

RADIATION DOSE
MANAGEMENT FOR
FLUOROSCOPICALLY-
GUIDED INTERVENTIONAL
MEDICAL PROCEDURES

-Stephen Balter, Chair
Beth A. Schueler, Vice Chair
Donald L. Miller, Vice Chair
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Radiation Dose to Entire Body,

in millisieverts (mSv)

Arm, leg or
bone-density
X-ray

Dental
x-ray

Abdominal x-ray

A

Average Exposure in U.S. (mSv per year)

1980 (3.6 total)

Man-made, medical

| Natural background
@ Man-made, other

2006 (6.2 total)

| —

1 miSv above background

Astronaut
on space

Worker Exposure
(mSv per year
above back-

ground) e
pilot and crew
341

o
0.001 m5v
per hour

Informing a Wider Audience
(Scientific American — May 2011)

Alrport scanner
{backscatter)

0.00MM

Domestic
airline flight
{5 hours)
0.016

65

5

Smoking
(1 pack a day for a year)

1 mSv per hour




Other Topics
(Fukushima and the Media)

Nancy Grace

8-9p
The feisty former prosecutor and her guests discuss a
range ot legal cases. (Talk).

An example of the importance of the 27 — 9 — 3 communication rule

in a combative environment discussing the potential impact of the Fukushima
Daiichi nuclear reactor accident.
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Other Topics

Radiology — April 2011)

Does Security Screening with
Backscatter X-Rays Do More
Good than Harm?"

David &. Schaver, Sc0, CHP

Publisheil anling
10,11 diradiol 111 2578

Radlology 2011; 2681216

*Framthe Hational Councl on Recdiatiin Protaction

and MeBsLremeants, 7010 Weadmont e, Suks 400,
Bethesda, MO 20514-3095. Recelsd Decamber 2, 2010;
revkaion requested Decamber 10; rameion racaies
Decamber 15; final varsion aneptad December 19
Hhidress corraspondena 1o 1he auhar j2-mal:
echauardnoponine orgl

Patential conflicts of Inferest are lisked ot the end
of this antkzke.

See e A antick: by Branner in this |ssue.

“FENA, 2011

i

n 2007, the . Transportation Se-

eurity Adminisiration (TSA) began to

deploy advanced imaging technology
[AIT) as a secondary measure to detect
threats to air transportation security,
This effort was modified (i, increased
in number and used as a primary mea-
sure) in early 2010 following the unsuc-
cossful December 2008 attempt by a
passenger to blow up a plane with ex-
plosive powder. According to the TSA,
the AIT technology detects nonmetal-
lic threats, inchiding explosives, weap-
ons, and other concealed objects (1),
In an attempt to get & handle on secu-
rity screening of people with backscat-
ter x-rays, this article will focus on the
approach to this issue in the United
States. The poals and ohjectives of radi-
ation protection, however, have world-
wide application.

Two types of AIT tems are cur-
rently in use by the TEA. One of these
systems uses nonionizing radiation in
the form of millimeter waves. The other
svstem, which uses backscatter x-rays
to create an image, will be discussed in
this article.

Backscatter systems uss a narrow
x-ray heam that scans the subject at
high speed from left to right and top
to bottom, much like the electron beam
inside a televizion tube. Large detarctors
on the same gide of the subject as the
xray s=ource detect backscattered radia-
tion, and an image is formed within a
few seconds. Most of the radiation de-
tected is scattered near the surface of
the skin: hence, the backscatter sys-
tems are ussful for imaging objects hid-
den under clothing. They are not useful
for detecting objects hidden in body
cavities,

Radiologists are knowledpeable abhout
issues related to imaging utilization and
radiation effects. In some countries,
they are gatekespers who ensure that
medical imaging technologies that ex-
pose patients to ionizing radiation are

justified (ie, medically appropriate) and
optimized {ie, dose is commensurate with
the medical purpose). Radiologisiz are,
therefore, the ones to whom patients,
airline paszengers, and other members
aof the public are likely to turn with
questions about uses of ionizing radia-
tion in medicine and security screening.
It i= for this reason that the MNational
Council on Radiation Protection and
Measurements (MCRF) welcomes the
invitation from Radiology to discuss the
benefits and risks of security screening
of people with backscatter x-rays and to
consider them in the broader context of
other planned exposures {eg, medical
radiologic procedures) of people.

The total number of air passengers
worldwide was approximately 4.8 hil-
lion in 2009 (2). It is unclear what per-
centage of these passengers should be
sereened for security purposes. What is
known, however, is that the doses will
be orders of magnitude smaller than the
doses from the 3.6 billion diagnostic
radiographic examinations performed
worldwide on an anmual basis [3).

Overview of Radiation Proteciion Goals:
Dbjectives

The ohjectives of radiation protection, as
defined in MCRP report 116 (4) and In-
ternational Commission an Radiological
Protection publication 103 (3), are as
Follows:

L. Justification (ie, to justify any ac-
tivity that involves radiation exposure
on the basis that the expected benefits
excead the overall cost),

2. Optimization (ie, to optimize ra-
diologic protection by ensuring that
the likelihood of incurring exposures,
the mumber of people exposaed, and the
magnitude of their individual doses are
all kept @s low as reasonebly achisvable
after taking into account eronomic and
societal factors, which includes restric-
tions on doses or risks to individuals

EAFEYEE oy + RSOiDiy: VLM 255 MumEer 1—Api 2011




NCRP 2012 Annual Meeting

« Emerging Issues in Radiation
Protection: Medical, Fuel Cycle and
Emergency Response

Richard Toohey, Program Committee Chair

» Update on medical radiation exposure issues
—safety culture in radiation oncology
— patient protection in interventional radiology
— standardization of nomenclature and protocols in CT
» Fukushima accident
— Environmental and community impacts
—Lessons learned & guidance for developing community resilience
—Invited speaker from CDC, NNSA and others

March 12-13, 2012 -- Bethesda Hyatt Hotel
Register online at: hitp//ncrp.eventbee.com
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http://ncrp.eventbee.com/

NCRP Publications — “Disseminate”

— http://INCRPonline.org

Publications can be purchased online at

— http://INCRPpublications.org

— Educational discount (50 %)

 |nstitutional license agreements for NCRP
publications are now available through:

— Knovel (http://www.Knovel.com)

— NetLibrary - EBSCO (http://www.NetLibrary.com)
— ebrary - ProQuest(http://www.ebrary.com)

NicRl
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