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Why should we be concerned?
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RADIATION RISKS

The surprising dangers of CT scans and X-rays
Patients are often d to ing radiation for little

a Ci igati finds

Why children are more vulnerable to
radiation than adults? T

e Younger bodies more sensitive to radiation
* Longer lifetime for radiation effects to impart

e For given scan techniques, children absorb
more radiation than adults

Equal Radiation Exposure:

Child Effective Dose > Adult Effective Dose
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Cancer Risks A IS HODS

e Average risk for radiation
induced cancer in general

population is 5% per Sv — Attributable Lifetime Risk

Children are 2-3 times at
higher risk than adults (as
high as 15% per Sv)

Population averages Fe
—— —— Male

Females

Attributable Life-Time Risk

For persons aged > 50 years e
risk is 1/5th to 1/10th of T
that for younger adults

1Sv =100 rem
10 mSv =1rem

Hall EJ, Ped Radiol, 2002
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Status of current CT practice
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CT Procedures Mix in US

EMERGENCY CT PROCEDURES, 2016

ADULT VS. PEDIATRIC
CT PROCEDURE MIX, 2016

N = 82 0 Million CT Procedures.

PERCENT OF CT PROCEDURES PERFORMED
ON OBESE PATIENTS, 2016

N = 82.0 Million CT Procedures

N = 2.0 Milion CT Procedures

IMV Benchmark 2016

Categories of CT procedures 4 yusins
(78.7 million in 2015)

Whole Body
Screening

CT Angiography
(cardiac) 0%
2% Other Cardiac Virtual CT
1% Colonography
Calcium 0%
Scoring
2%

Upper Extremities
3% Other

Lower Extremities

0%
“ Pelvis & Abdomen
| 23%

Guided Procedures

CT Angiography
(non-cardiac)

IMV 2015

HCAP: ~76% of all CT procedures
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Radiological procedures performed in childreq\ o
. N JOHNS HOPKINS
(0-15 years) in health-care level | countri€s -

Percentage of all the examinations of this type in each of these

n that rformed children

Head/skull

Extremities

Abdomen

Spine AP (cervical, thoracic or lumbar)
Chest (PA and lateral)

Pelviships

Other radiographic procedures

CT head
CT abdomen
CT thorax
CT spine
*UNSCEAR (2010) defined health-care level | countries as those in which there was at least one physician for every
1 000 people in the general population
Source: Adapted, with permission, from UNSCEAR (2013)

UNSCEAR 2013
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What can we do to minimize risks?

Optimization!




What should we do to reduce radiation niskgoris

e Explore using Ultrasound and MRI prior to
ordering CT exam

e Ensure CT exam is absolutely necessary
e Discuss options to reduce dose

e Radiologists
— Need to understand radiation doses
— Review requests for high dose studies

— Use dose optimized protocols

How can we minimize radiation risk to my éhild?*"

* Image when there is clear medical benefit

e Use amount of radiation exposure based
on size of the child

Image only indicated area
Avoid multiple scans

Use alternative diagnostic studies if
possible

11/8/18
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Practical steps to minimize radiation sisksr s

e Patient selection
e Triaging CT protocols
e Tube current modulation
Tube voltage selection
Collimation
Focus on repeat patients — limited scans

Radiation Risks vs Other Risks
(sedation, contrast)

Scan Parameters impacting =
Radiation Dose and Image Quality in eT e

Primary Factors Secondary Factors
® Tube Current (mA) ® Scan Field of View (SFOV)

Tbevolmgeo) | DT erveworon
® Scan Time

Reconstructed Slice Width
® Pitch Reconstruction Interval

Scan Acquisition Type Reconstruction Algorithms

Other Factors

® Patient Size

® Patient Motion

® Geometry and Detector Efficiency

® Training and experience

Mahesh M. MDCT Physics: The Basics..., Lippincott, 2009
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Tube Current Modulation

Tube Current Modulation & osioses

Higher attenuation
A high mA
e X-ray attenuation lower : /

in AP and higher in (+,
lateral projection
Low attenuation
low mA

® However, CT doses are uniform on the surface
and decreases radially towards center

® Various dose reduction options are possible

11/8/18



Spatial Dose Modulation & s

1 Z
McCollough, C. H. et al. Radiographics 2006

e Body protocols

e Tube current variations based on
spatial variations (patient thickness)

How effective is dose modulatiagnisas

e Dose modulations is effective for
most adult and pediatric protocols
e Studies have shown to reduce dose
— Chest CT - 14% to 38%
— Abdominal CT - 20% to 35%
—Head CT - ~35%

Singh S, et al. JACR, 2011
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Tube Potential Selection

Tube Voltage A IS IS

e Most CT applications use 120 kV, however, for
thin patients and pediatric patients lower tube
voltages such as 100 kV, 80 kV and 70 kV are
recommended

e Lower tube voltage decreases radiation dose
and also improved image contrast

* For obese and thicker anatomy, higher tube
voltage (140 kV) is advantageous

11/8/18
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Tu be VOItage (kV) £, JOHNS HOPKINS

Decreasing tube voltage significantly
reduces dose typically (KV?)
—140 KV - 2.3 mSv
~120Kkv-1.6msv (“kV/| =
—100 KV - 1.0 mSv
— 80 KV -0.5 mSv

Tube Voltage Modulation & rmsis

e Lower tube voltage
improves image contrast
‘u'“‘
and reduce dose
e As tube voltage
decreases, tube current
may have to be increased

to maintain image noise

100 120
Tube Potential (kV)

Radiology 2012; 264(2): :567-580
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Collimation

Comparing scan ranges s

Correct Z- range Incorrect Z- range

* Decreasing scan range along Z axis of
patient will directly reduce patient dose

13



Limited Sequence versus Entire Scam:sirs

e Scans limited to region of interest for evaluating clinical
conditions during repeat studies
— Example: Follow-up of shunt position in hydrocephalous patients

— No significant difference in evaluation between entire head scan
versus limited head scans, limited scans were performed

Images from limited
sequence head CT
scan during follow up

Images at similar
location from entire
head CT scan

J Neurosurgery: Pediatrics. Sept, 2013
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What is now possible?
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Routine AP scan*
kV: 120 kV

mAs: 243/290 eff mAs
CTDIvol: 16.5 mGy
DLP: 347 mGy-cm

Eff Dose: 5.2 mSv

o S — & ;‘h,- L [ A —
Identifying incomplete skull formation prior to fetal surgery

Johns Hopkins on Siemens FLASH
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Benefits vs Risks!
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Factors Influencing Risk Perceptiomus s

How the experts © 3 How the public
perceive risk | : ‘ "_,L perceive risk

Hazard x exposure x g : g Hazard +
‘ ‘ [fear, anger, outrage]

susceptibility .7
]

World Health Organization, 2016

Benefits of CT exams  amswms

MDCT is faster than older CT scanners, reducing
need for sedation and general anesthesia

Faster CT allows children to hold their breath

CT scanning is painless, noninvasive and accurate
Ability to image bone, soft tissue and blood
vessels all at same time

In emergency room settings, CT exams are fast,
simple and reveal internal injuries and bleeding
quickly enough to save lives

17
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Benefits of CT exams 43 S HOPKDS

e CT scans shown to be cost-effective
imaging tool

e CT is less sensitive to patient
movement than MRI

* CT can be performed even if a child has
medical device of any kind, unlike MRI

» Radiation dose used for most CT exams
should have no immediate side effects

Benefits of CT imaging for Pediatric Patientss

Quick
Fast
High quality images
Minimize contrast use
Seldom needs sedation
e Should not be avoided just for radiation
sake and perform MRI, since MRI has its
own issues

18
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What will be a child experience durjng, ...
and after the procedure? B

e CT exams are generally

— Painless

— Fast

— Easy

— Patient needing to “lie still” is reduced
e Parent can often stay inside CT room

with apron and comfort child so as to
make experience good

Risks of CT A YHNS HOPKINS

e Allergic reaction to contrast materials such
as iodine is rare but manageable

 Since children are more sensitive to
radiation, they should have CT study only
if it is essential for making diagnosis

e Should not repeat CT studies unless
absolutely necessary!

19



11/8/18

Uncertainty in Cancer Risk Estimatigns s

e Typical doses for most diagnost
medical imaging procedures
ranges from

— <0.1 mSv to 30 mSv

Added Risk

104 109 102 10! 1 10! 102

* No strong evidence for long ter Dose (60
i Hall EJ, Ped Radiol, 2002
cancer risk

e Uncertainty has muddled
discussion on radiation risk

JNM 2011; 52: 1240-1251

Image Gently®

® Increase awareness for need
to decrease radiation dose to
children and adults with
medical x-ray imaging

Image Wisely®

FSOU‘

An imitiative of the ABIM Foundation

Fluoroscopy

20
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Take Home Points A S KOS

e Use CT dose modulation
e Select low tube voltage

e Collimate to region of interest

e Ensure image quality is not
jeopardized at cost of reducing dose

Conclusions A SRS

e Advances in CT technology and user
awareness are paving way to performing
much pediatric CTs at much lower dose

e Justification and Optimization are critical
to minimize risks for pediatric patients

e Education and Awareness of Benefits and
Risks of CT imaging is key for optimal use
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