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Radiation Overdoses Point Up
Dangers of CT Scans

Written by Humboldt Online Editor on 16 October 2009

New York Times
Raven
Knickerbocker,
then an X-ray
technologist at
Mad River
Community
Hospital in
Arcata, Calif.,
activated a (T
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Study: Unnecessary CT scans exposing
patients to excessive radiation

Ehe New Jork Eimes Sy Steve Sternberg, USA TODAY
Report Links Increased Cancer Risk to CT Scans Dveruse of diagnostic CT scans may cause
as many as 3 million excass cancers in the

JSA over the next two to three decades,
dJoctors report today.

Sesearchers say theyre nottrying to
discourage all use of CT scans — CT stands

warns. In a few decades, as many as 2 percent of cancers in the

United States may be due to radiation from CT scans given now, CT Scan Increase Could Mean Maore Cancer Down the
according to the report. Road

Millions of Americans, especially children, are needlessly getting

dangerous radiation from “super X-rays” that raise the risk of cancer

and are increasingly used to diagnose medical problems, a new report

20, 200 NEWSinfermo.

The risk from a single CT, or computed tomography, scan to an individual is small. But

“wwe are verv concerned about the built-up public health risk over a long period of time,”

CT scan radiation can equal nuclear bomb exposure

203 11 May 2007 NewScenist.com news Service

m.curn Thealth
Owerzealous doctors who order unnecessary body scans that Study: CT scans raise cancer risk

use X-ray technology are placing their patients at nsk of cancer
radiologists warn

received by some survivors of the [

atomic bombs. they say. In respcise  Study: Increased Use of CT Scan Poses Cancer Risk
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Background
(83 %)

Radon (37 %)
Other
background
(13 %)
Occupational / industrial

y Consumer /
—4 . ‘ occupational / industrial
(2%)
Consumer (2 %)
Radiographic / fluoroscopic
(5 %)
. Computed Interventional
Medical
to
(15 %) "(‘;ff,/’j)’“y 7 %)
Nuclear medicine (12 %)
a b.

Figure 1:  Average effective dose per capita to the U.S. population from major sources of exposure. (a) Effective dose (percentage of total) in early 1980s. (b) Effec-
tive dose (percentage of total) in 2006. (Reprinted, with permission, from reference 1.)
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Fig. 1.1 Contribution of various examination types to total frequency (/eft) and to collective effective dose (right) in 2006 for Germany adapted
from BMU (2009)
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» Plain Radiography = CT Scan » Plain Radiography = CT Scan

= Fluoroscopy = Interventional = Fluoroscopy = Interventional

European frends in radiology: investigating factors affecting the number of examinations and the effective dose
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CT Eye Shields:
about a 50% dose savings to the eye lens
1mm layer of bismuth
single use product to prevent against potential biological
contamination.

CT Breast Shields :

» about a 57% reduction of radiation dose

» without significant changes in image quality, including artifacts and beam
hardening effects.

* 1mm piece of bismuth

» Designed for multiple uses.

» Additional foam offsets available.

* Available in Adult and Pediatric sizes.




Institutional CT dose assessment
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Dose Reduction in CT whil®
Maintaining Diagnostic Confidence:
A Feasibility/Demonstration Study
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. Brand
1

8

Siemen
S

GE

Philips

Toshiba

lterative Approaches

IRIS: Iterative reconstruction in image space

SAFIRE: Sinogram Affirmed Iterative
Reconstruction

AMIR :Advanced model iterative
reconstruction

ASIR: Adaptive statistical iterative
reconstruction

Veo: Model base iterative reconstruction

iDose

IMR: Iterative model reconstruction

ADIR :Adaptive iterative dose reduction

Goal

1- Nose reduction 2- contrast enhancment

1-Potential for artefact reduction through 3D projection

Statistical modeling by using of information obtained from the FBP
algorithm ( physics of intfraction of x-ray with matter)

Geometric + Stafistical 3D modeling + complex and Time-
consuming ==10-90 min

first analyzes of the raw projection data , identifying and correcting
the noisiest data(poor SNR- low photon counts)+ Statistical
modeling+noisy data are penalized +edge are preserved +Spatial
resolution preserved + controling of artifacts due to photin
starvation(metal -streak bias artifacts)

iDose (nois manegment)+ data statistics + image statistics + system
modeling during its iterative cycle



Table 1. AEC techniques currently available from different vendors

AEC Technique GE Healthcare Siemens Philips Toshiba
X-y axis/angular Smart mA CARE Dose D-DOM —

z axis/longitudinal Auto mA ZEC Z-DOM SureExposure
X-y-z/combined Auto mA 3D CARE Dose 4D — SureExposure3D
Note: AEC = automatic exposure control.




I 10 Pearls: Radiation Protection in CT (IAEA recommendations)

1. Perform scan only if it is indicated!

It is estimated that a significant number of imaging
examinations are unnecessary

Consultation between the referring physician and the
radiologist is recommended

V D - 2. Encourage use of alternative non-
” ionizing imaging (MRI,US) when
appropriate

Ultra Sound || Magnetic Resonance especially in younger patients
Imaging




10 Pearls

Please notify staff if
you think you might be

3. Always check if patient may be pregnant it

Use special signs and informative material
notifying patients that they MUST disclose
any possibility of pregnancy

4. High quality /Crisp images may
look nice but they impart higher
radiation dose to patients
Start using images with some
noise without loss of diagnostic
information

Images courtesy of: MK Kalra, S. Singh, MGH Webster Center
for Advanced Research and Education in Radiation

Image Quality: Unnecessarily high Image Quality: Adequate for diagnosis

5. Use indication-specific CT protocols for each body

[region, e.g. for lung nodule follow up or kidney stones,

diagnostic images can be obtained at 50-75% lower

radiation dose compared to routine or general use
protocols




10 Pearls

6. Multiple pass or phase CT should NOT be
performed routinely

Multiphase CT can increase the dose by as much as
2-3 folds over single phase CT

Images courtesy of: MK Kalra, S. Singh, MGH Webster Center
for Advanced Research and Education in Radiation

7. Adjust exposure parameters
according to patient and body part

Images courtesy of: MK Kalra, S. Singh, MGH Webster Center
for Advanced Research and Education in Radiation La rge patie nt Small patie nt

8. Know your equipment: Learn how to adjust the parameters of the automatic

exposure control (AEC) system to fine tune radiation dose for different clinical
indications and body regions

Most body CT examinations should be performed with use of AEC




10 Pearls

9. Good technique:

Lower kVp, mAs,

Higher pitch

Restrict scan length to what is necessary
Always center the area of interest in

isocenter of CT gantry

All CT protocols should state the start and

end location for different clinical
indications
Thin slices only when necessary

PE protocol
Apices to adrenal

PE=Pulmonary embolism

Images courtesy of- MK

Kalra, S. Singh, MGH

Webster Center

for Advanced Research
and Education in Radiati

PE protocol
Apices to lung
bases

Shorter scan length:

20-30% dose reduction

Examination

Reference Levels (CTDlo)*

CT head 75 mGy
CT adult abdomen 25 mGy
CT adult chest 21 mGy
CT paediatric abdomen (5 y old) 20 mGy
CT paediatric head (5 y old) 34 mGy

*NCRP Report No. 172

10. Pay attention to
radiation dose values and
compare with diagnostic
reference levels (DRLSs)

Be aware of CT dose
metrics and recommended
dose levels for different
body regions

Related Poster!

RPOP .

710 Pearils: Appropriate referral of CT examinations
£ rpop._iae prqg/RPOP/RPolP/Content/Docuirr nis/Whitepapers/poster-ci-

htips pop.iae:s
Radiation 7 F odf
Protecliomn of 2 propriate-referrals. pdf

FPatients

http:-//rpop._iaea.org
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Figure 2: Global medical imaging equipment market by technology, 2019 (revenue)

CT
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| MRI
\ 16.4%
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Dental
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General radiography

Interventional 4.6%
Mammography
Veterinary
Ultrasound
26.4%

Source: Omdia © 2020 Omdia




Changes to MRI
Adverse Events vs. Volume
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India

Agence France-
Presse
«l MCI LTE 16:42 @ 69% =m )

Brazilian man shot by own gun in
MRI accident dies of injuries

oy 9, 2023

A Brazilian lawyer who was an advocate for gun rights has died of injuries he
sustained after he was shot by a gun he brought into an MRI suite

icle is more than 5 years old

: . *
Man dies after being sucked into MRI b‘
scanner at Indian hospital

Man was carrying ox smozaioa. ——
magnetic force and then thought to have punctured

-

Ty mac What if you could achieve except
image quality without lifting a fi

Oxygen cylinder kills South Korean man in MRI accident
By Kate Madden Yee, AuntMinnie.com staff writer

October 18, 2021 -- A 60-year-old man at a South Korean hospital was Killed in an
MRI accident when an oxygen cylinder was carried into the scanning suite during
his exam, according to news outlet KBS News.

Leandro Mathias de Novaes died on February 6 after he was hospitalized
following the accident, accorr to multiple new - He had been
hospitalized in serious condition after the incident, wi I i

yary 16 at an MR1 facility in Sao Paulo.

Screencap from 'Casey Insights' (click to open page to read
the article)

An account of a different MRI accident
from early this year, in which a visitor to
an MRI suite was killed when his own
firearm discharged and shot him, further
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Nurse Injured in MRI Accident at Swedish Hospital

2/ in weighted vest believed fo have caused extensive injuries tha
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RI machine triggers handgun, man

dies in freak accident
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A There have been many reports to the MHRA of burns that have occurred when the arms or the
legs have been positioned in such a way as to create a conductive loop pathway [34, 35].

A Induced current burns are frequently not immediately sensed by the patients. As such, patients
typically cannot warn the radiographer of discomfort or pain prior to thermal damage.

Foam pads, 1-2 cm thick, should be used to insulate the patient from cables, the bore and
between limbs.

(




Table 1. Examples of how to reduce the risk of burns.

Preventative measure

Physiologic monitors, leads and cables Leads or cables should not directly contact the patient; place pads at least 1cm in thickness (not a
sheet) between the patient and lead/cable. All equipment within the scanner room must be MR
Conditional.*’

Skin-to-skin contact Place pads at least 1cm in thickness (not a sheet) between places where there may be skin-to-skin
contact within the RF field, for example between the thighs or where the thumb may touch the
side of the body. To avoid a conductive loop, the legs and arms should not be crossed.’

r

Lk

(Image courtesy of Siemens Healthineers)

Skin-to-magnet bore contact or skin-to- Ensure pads at least 1cm in thickness (not a sheet) are placed between the patient and the side of
transmit RF coil contact the bore, or the patient and RF transmit coil if contact is possible.*’

Metallic microfibre clothing Change all patients out of street clothes into MRI safe gown or scrubs.®

Face masks Remove metal nose piece from mask where necessary.*®

Tattoos Place a cold compress over the area of interest to provide a heat sink.®
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Acute renal failure — Chronic kidney disease
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Contraindications

*GFR<30ms/minute

* pregnancy (risk versus benefit ratio)

e breast feeding mothers
e infants < 2 years

Caution
e asthmatics, history of previous reactions
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Figure 1. Pie chart of incident subcategory frequency (as percentage of MR safety-related incidents reported).
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Figure 1 Example layout of an MRI unit
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Table 1 Definitions from ASTM international standard F2503-13

‘an item that poses no known hazards resulting from exposure to
any MR environment. MR Safe items are composed of materials that
are electrically nonconductive, nonmetallic, and nonmagnetic’ *

MR Safe MR Safe

MR CONDITIONAL

‘an item with demonstrated safety in the MR environment within
defined conditions. At a minimum, address the conditions of the
static magnetic field, the switched gradient magnetic field and the
radiofrequency fields. Additional conditions, including specific
configurations of the item, may be required.’

fo\

MR Conditional

‘an item which poses unacceptable risks to the patient, medical staff
or other persons within the MR environment.’

®

\\




Table 6. Educational module structure used to support awareness and knowledge relating to MR safety

Audience Objectives

ALL categories of staff working within MRI— Awareness of the location of the MR Environment and its hazards.
administrative staff, drivers, clinical assistants, Safety aspects relating to the static magnetic field—projectile effect, interactions on
Module 1 porters and radiographers. Including MR Safety implants and equipment, and personal effects such as credit cards and watches.
Video. Understanding of the significance of the MR Controlled Access Area and MR
Environment, and be able to differentiate them.
All Clinical Staff directly involved with patients Understanding of safety aspects related to radiofrequency and time-varying gradients.
attending for MRI—MR Radiographers/ Awareness of managing these risks, including correct patient preparation and
Module 2a . . e
Practitioners and Assistants. Inc. Earplugs positioning.
Instruction Video. Instruction in correct selection, fitting and use of ear protection.
All MRI Radiographers/Practitioners operating Understanding of emergency procedures arising from causes other than equipment
scanners and working within MRI failure.
M Understand local regulations and procedures in connection with the MR diagnostic
odule 2b . . .
equipment and its location.
Understand the consequences and effects of quenching of superconducting magnets.
Awareness of the recommendations over scanning modes and exposure to MR.

A\ Rternce: st s i it s SR2018.




DUE TO THE STRONG MAGNETIC FIELD
IN THE MR ROOM, OBSERVE THE FOLLOWING
SAFETY PRECAUTIONS

WARNING

oW IV imy\\[el=) NO ADMITTANCE WITHOUT j

DOCTOR’S PERMISSION
BRAIN CLIPS
POWERED
ARTIFICIAL EYES
PACEM AKERS METALLIC IMPLANTS
EXTIN-

FERROMAGNETIC
NOT PERMITTED
GUISHERS

WHEEL CHAIRS o
CRUTCHES

HAIRPINS SCISSORS ok il 2

SAFETY PINS PENS STANDS

RINGS KEYS NEEDLES

e PAPER CLIPS HEARING AIDS

LIGHTERS STETHOSCOPES

BLOOD PRESSUR

GAS
CYLINDERS
CRYOGEN
DEWARS

CUFFS
LOOSE IRCN WHEEL CHAIRS
FERROMAGNETIC OR FERROMAGNETIC
OBJECTS OTHER FERROMAGNETIC CONTAINERS

MEDICAL SUPPLIES

SCREW-
WATGHES CREDIT GARDS DRIVERS CARRIERS
CAMERAS FLOPPY DISKS SEARENS WAGONS
HAMMERS
BEEPERS TELEPHONE VAGULM HAND
CALCULATORS CARDS e CARTS
MOPS

MAGNETIC FE“fgo“&GgE"C FERROMAGNETIC
MEMORY MEDIA - \NING EQUIPMENT CARTS
L

NEOR FUNCTIONS COULD BE LOST BECAUSE OF THE STRONG MAGNETIC FIELD
IN IS ONE EXAMPLE OF A FERROMAGNETIC METAL

MRI conditional fire extinguishers
accessible in zone Il and zone lll.




Preparation/ Precautions

Avoid Any Metallic Object
Wear Comfortable & Loose Cloth

Inform Known Allergy

4-6 Hrs. Fasting for Contrast

Inform If Pregnant | MRI Conditional
- Clausa::ph_ohia : Sedative Requires Fasting Devices
' “MRI Conditional” is an
Any Implants: Must Inform the Doctor Before Scan item which has been
—_— —_— demonstrated to pose
Special Precautions for Children no known hazards in a
' specified part of the MRI

environment with specific
I \\\ conditions of use.
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