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Why radiation protection is important?

High radiation doses
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Why radiation protection is important?

Harmful effects of ionizing radiation

NCI ski tbxicify grade 4. ()Central area of deep necrosis surrounded by indurated
and depigmented skin within an area of prolonged erythema at 30 weeks after
coronary angioplasty (b) Same patient 38 weeks after the procedure.

Balter et al. 2010. Fluoroscopically Guided Interventional Procedures: A Review of Radiation Effects on Patients’ Skin and Hair
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Why radiation protection is important?

Harmful effects of ionizing radiation

Radiation injury in a 60-
year-old woman  from
neurointerventional

procedure for the
treatment of acute stroke.
Fluoroscopy time > 70 min.

Balter et al. 2010. Fluoroscopically Guided Interventional Procedures: A Review of Radiation Effects on Patients’ Skin and Hair
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Why radiation protection is important?

Harmful effects of ionizing radiation

Radio-induced crystalline lens opacity in
\‘\ an interventional radiologist submitted to
' * high levels of radiation using an X-ray
tube above the table. Region 1 indicates
posterior subcapsular opacity; Region 2,
perinuclear punctate opacities.

Vano et al. 1998. Lens Injuries induced by occupational exposure in non-optimized interventional radiology laboratories.
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- Serious skin injuries have occurred in aa very small percentage of
patients (~1/10000)

« Occur when there is lack of:
= Awareness that the procedure can cause such injuries
= Real time monitoring of dose

- A case of radiation induced skin injury is filled in US courts every 4-
6 weeks currently from IR procedures

s ~10 cases/year
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- If protection is used most skin injuries are avoidable

- Every action taken to reduce patient dose has corresponding effect
on staff dose, the reverse is not true
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HOW NOT TO MISS AN INJURY

- Any patient with following;:
s Fluoroscopy time >40min
s DAP/KAP> 20,000 cGy x cm?
o Cumulative air kerna >5Gy

- Ask the patient to report back to you if any discomfort with skin
till 30 days

 Ask nurse to call around 30 days to check with patient



A EAAHNIKH AHMOKPATIA
&% Edvikév kar Kamodiotprakdv
® Iavemotiuiov Adnvov

Why radiation protection is important?

Frequency of X-ray examinations

No of examinations

Examination 1998 2008
Conventional Radiology s AR b
cT 1.387,000 3.421,000 e + 59%
Interventional (non-CT) 247,000 442,000 ‘ +78%

Hart et al. Frequency and collective dose for medical and dental X-ray examinations in the UK, 2008. Health Protection Agency. HPA-
CRCE-012 (2010).
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Why radiation protection is important?

Patient radiation doses

Mean effective Interventional Procedures
dose (mSv)
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Mettler et al. 2008. Effective Doses in Radiology and Diagnostic Nuclear Medicine: A Catalog.
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Dose Limits

Equivalent Dose Occupational
(mSv/yr)
Lens of eye >4 20 15
Skin 500 50
Hands/Feet 500 =
Effective dose 20 1

11l Dose Limits are not applicable to patients

International Commission on Radiological Protection 2011 Statement on tissue reactions ICRP 4825-3093-1464, April 2011
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Effective Doses in Radiology and
WalerHiga P10 Diagnostic Nuclear Medicine:

Terry T. Yoshizumi, PhD

Mahadevappa Mahesh, MS, PhD A C aJ[ al O g 1
| Tablet

Adult Effective Doses for Various Diagnostic Radiology Procedures

Radiology

Average Effective Values Reported in
Examination Dose (mSv) Literature (mSv)
Skull 0.1 0.03-0.22
Cervical spine 0.2 0.07-0.3
Thoracic spine 1.0 0.6-1.4
Lumbar spine 1:5 0.5-1.8
Posteroanterior and lateral study of chest 0.1 0.05-0.24
Posteroanterior study of chest 0.02 0.007-0.050
Mammography 0.4 0.10-0.60
Abdomen 0.7 0.04-11
Pelvis 0.6 0.2-1.2
Hip 0.7 0.18-2.71
Shoulder 0.01
Knee 0.005 s
Other extremities 0.001 0.0002-0.1
Dual x-ray absorptiometry (without CT) 0.001 0.001-0.035
Dual x-ray absorptiometry (with CT) 0.04 0.003-0.06
Intravenous urography 3 0.7-3.7
Upper gastrointestinal series 6* 1.5-12
Small-bowel series 5 3.0-7.8
Barium enema 8* 2.0-18.0
Endoscopic retrograde cholangiopancreatography 4.0

* Includes fluoroscopy.
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Effective Doses in Radiology and
Diagnostic Nuclear Medicine:

Terry T. Yoshizumi, PhD

Mahadevappa Mahesh, MS, PhD A C aJ[ al O g 1

Fred A. Mettler, Jr, MD, MPH

Adult Effective Doses for Various CT Procedures

Examination Average Effective Dose (mSv) Values Reported in Literature (mSv)
Head 2 0.9-4.0
Neck 3 e
Chest 7 4.0-18.0
Chest for pulmonary embolism 15 13-40
Abdomen 8 3.5-25
Pelvis 6 3.3-10
Three-phase liver study 15 s
Spine 6 1.5-10
Coronary angiography 16 5.0-32
Calcium scoring 3 1.0-12

Virtual colonoscopy 10 4.0-13.2
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Fred A. Mettler, Jr, MD, MPH
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Effective Doses in Radiology and
Diagnostic Nuclear Medicine:

Terry T. Yoshizumi, PhD

Mahadevappa Mahesh, MS, PhD A C aJ[ al O g 1

Adult Effective Doses for Various Interventional Radiology Procedures

Average Effective

Values Reported in

Examination Dose (mSv)* Literature (mSv)
Head and/or neck angiography 5 0.8-19.6
Coronary angiography (diagnostic) 7 2.0-15.8
Coronary percutaneous transluminal angioplasty, stent

placement, or radiofrequency ablation 15 6.9-57
Thoracic angiography of pulmonary artery or aorta 5 41-9.0
Abdominal angiography or aortography 12 4.0-48.0
Transjugular intrahepatic portosystemic shunt placement 70 20-180
Pelvic vein embolization 60 44-78

* Values can vary markedly on the basis of the skill of the operator and the difficulty of the procedure.
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The principles of radiation protection

o Justification of practices: Any decision that alters the radiation
exposure situation should do more good than harm

o Optimization of protection: All exposures should be kept as low as
reasonably achievable (ALARA)

o Limitation of exposure: The total dose to any individual should not
exceed the dose limits recommended by the ICRP

ICRP 103 2007, The 2007 recommendations of the International Commission on Radiological Protection



KINAYNOI AlNO TIx
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Epyadlouevot - E€etalouevor

Metpa tepropiouov e ekbeong epyadouevov kat
eCetalouevwV 0Ta AKTIVOAOYIKA £PYAOTHPLA

1. 'voon katl tnpnon oA®wv Twv Kavovwyv
AXTIVOTTpOOTACIAC QITO TO TIPOOWITIKO TWV
epyaotnpiwv. O1 Kavoviouotl Aktivompootaoiag
eMPAANOVY OTO TTPOCWITIKO TV EPYACTNPLOV VA
EYEL TNV KATAANAN ekmtaidevon (tap. 1.1.7.0.)



KINAYNOI AlNO TIx
AKTINOAOIKEZ EXETAZEIX

2. Y11V €10000 TV YOPWV TTOV EXOLV
YOPOKTNPLOOEL, VA LTTAPYOLV TVAKIOEC LIE TO O
TNG AKTIVOPOALAC TTOV VA AVAPEPOVV TO
YOPOKTNPIOUO TOV YWPOV, KABWC kat TV £voeldn
‘TIPOXOXH AKTINOBOAIA’

3. Na exel tomobetnel n kataAAnAn Bwpaxion,
UETA ATTO UEAETT AKTIVOTIPOOTACIAC, OTOVC
nePPAAOVTEC TOTYOVC



KINAYNOI AlNO TIx
AKTINOAOIKEZ EXETAZEIX

4. Kata tn oapkela e e€etaong mpemel va
akTivoffoAeitan povo o e€etadOUeEVOC, KAl JTlo
OUYKEKPIUEVA, LLOVO 1] TTEPLOYT] EVOLAPEPOVTOC.
AvTo Ogv etvan tavta ePpikto (.. oTic emeuPatikeg
TIPAEELC) KA ETMTLYYAVETAL LUE KAAT] OPYAVWOT) KOl
OYEOL0OUO0 TOV EPYACTNPIOV KAl EKTTAIOELOT] TOV
TIPOOWITIKOV



KINAYNOI AlNO TIx
AKTINOAOIKEZ EXETAZEIX

5. Kata tn owapkela e e€etaong mpemet va
TIPOPULAACOOVTAL 000 €lval OUVATOV TA evaicOnTa
opyava. Esmiong eav yperadetan fonOeia otnpiEng o
aoBevnc, avtn va oloeTal Ao un epyalopevo
atouo (7t.X. oLVV0O0C), TO OTTO10 VA TIPOCTATEVETAL
TO JTEPLOOOTEPO OLVATO

6. Na 010etal 101aitepn Ipoooyn OTIC YUVAIKES TTOV
BplokovTtal o€ avamapaymylkr NAKia yio Tty
TEPITTTWOT EYKVUOOUVVIG
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More Tissue Irradiated Better Practice
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1. KNOWLEDGE OF THE X-RAY AND IMAGING
SYSTEM

o Operation modes available (e.g. fluoroscopy, cine,
DSA, roadmap, stent enhacement, CBCT, etc).

o Image quality and patient dose for the different
modes.

o Radiation dose information during the procedures
(patient and staff doses, if available).

o Radiation dose reports (RDSR in DICOM) and
interpretation.

o Radiation dose registries (patients and staff if
available).

o Alarm settings for high doses (need of follow-up).
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2. AVAILABILITY AND KNOWLEDGE OF THE RADIATION
PROTECTION TOOLS (PATIENTS AND STAFF)

o Active and passive strategies.

o RP tools offered by the X-ray system (e.g. specific
low dose protocols, wedge filters, virtual collimation,
elc).

o Ceiling suspended screens and protective curtains.
o Disposable protective patient drapes.

o Personal protective devices: aprons, thyroid shield,
glasses, gloves, etc.

o Importance of occupational dosimetry (and real
time information).
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3. AUDIT OF PATIENT DOSE VALUES AND
COMPARISON WITH DRLS

o No limits for patient doses, but Diagnostic
Reference Levels (DRLs) should be used (and are
required by the European regulations) for
optimization and clinical audit.

o DRLs are a form of investigation level, applied to an
easily measured quantity.

o Intended for use as a simple test for identifying
situations where the levels of patient dose are
unusually high or low.

o Objective of DRLs - avoid radiation dose to the
patient that does not contribute to the clinical
purpose of a medical imaging task (ICRP 105).



9. ARE OPTIMIZATION ACTIONS NECESSARY?

o Optimization actions are required by European
regulations and recommended by most of the
International organizations.

o Optimization actions should be included in the
quality assurance programme of any IR unit.

o The periodic evaluation of image quality
(diagnostic information), patient doses and staff
doses, are the key aspects of any radiation
safety programme for interventional radiology.
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S0 Journal of Vascular and Interveational Radiology

Guidelines for Patient Radiation e

Dose Management m

o

Michael S. Stecker, MD, Stephen Balter, PhD, Richard B. Towbin, MD, Donald L. Miller, MD, Eliseo Vaiié, PhD,
Gabriel Bartal, MD, J. Fritz Angle, MD, Christine P. Chao, MD, Alan M. Cohen, MD, Robert G. Dixon, MD,
Kathleen Gross, MSN, RN-BC, CRN, George G. Hartnell, MD, Beth Schueler, PhD, John D. Statler, MD,
Thierry de Baére, MD, and John F. Cardella, MD, for the SIR Safety and Health Committee and the CIRSE
Standards of Practice Committee

J Vasc Interv Radiol 2009; 20:5263-5273

SOCIETY OF / C RS E
INTERVENTIONAL

RADIOLOGY
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STANDARDS OF PRACTICE

00 Joursal of Vascular and Interventional Raciology
g

CPG;/
~ Radiation Management for Interventions Using
Fluoroscopic or Computed Tomographic Guidance
during Pregnancy: A Joint Guideline of the Society
of Interventional Radiology and the Cardiovascular

and Interventional Radiological Society of Europe
with Endorsement by the Canadian Interventional
Radiology Association

Lawrence T. Dauer, PhD, CHP, Raymond H. Thornton, MD, Donald L. Miller, MD,

John Damilakis, PhD, Robert G. Dixon, MD, M. Victoria Marx, MD, Beth A. Schueler, PhD,
Eliseo Vano, PhD, Aradhana Venkatesan, MD, Gabriel Bartal, MD, Dimitrios Tsetis, MD, PhD,
and John F. Cardella, MD, for the Society of Interventional Radiology Safety and Health
Committee and the Cardiovascular and Interventional Radiology Society of Europe Standards
of Practice Committee

Published in: J Vasc Interv Radiol 2012; 23:19-32

Guidelines approved by the members of the SIR Safety and Health

Committee and CIRSE Standards of Practice committee, represent

experts in a broad spectrum of interventional procedures from both
the private and academic sectors of medicine

P“‘-HKO/V
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Aims of Optimisation

Use shortest fluoroscopy time

Always use pulsed fluoroscopy with adequate to
the case pulse sequence

Use Last Image Hold (LIH) and Last Fluoroscopy
Hold (LFH) or store Fluoro

DNYAY
= obtain lowest possible number of DSA runs

m carefully plan each as short as possible DSA runs
= always ensure optimal DSA parameter selection




Aims of Optimisation

. Use pre-defined C-arm positions, angulations
and iso-position functions
m it saves fluoroscopy time and consequently procedure
time
= brings the image safely into the same condition as
prior to moving the C-arm
Wisely and carefully use the road-map function

= remember - Road Map is associated with HIGHER
exposures compared to Fluoroscopy!!!
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Dose Saving Features

Major vendors offer very advanced tools that
provide

= significant reduction of patient exposure

= No image quality compromise

= We have to make sure that such features will
become an integral part of the equipment and not an

option




P‘T TIKO W
EAAHNIKH AHMOKPATIA o7
Edvikév kar Kamodiotprakdy ‘r
Tavemotipiov Adnvov ;

10 Pearls: Radiation protection of patients in fluoroscopy

10 Pearls: Radiation protection of patients in fluoroscopy

64 unne| (16 units] | 4 units | 1 unit

1. Maximize distance between 2 i 2

the X ray tube and the patient
to the extent possible

4 units of
ety

the patient and the image
\ 12° (32em) 100 8. Avoid the use of magnification
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Conclusion

Radiation protection....

o Constitutes a very important issue for the safety of occupational,
patients and public in every Radiology Department

o Requires education and training of health care workers as well
availability of appropriate protection tools and equipment
(shielding, personal protective devices)

o Should be an integral part of clinical routine
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