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Etoaywyn

o Ouveeg e€elifelc ot AMEKOVIOTIKA cuoTNUOTA KaBwS N BeATiwon Twv EMEUBATIKWY CUCKEVWY E TNV
QVATTTUEN  UIKPOTEPWY KAl TIO EUKAUTITTWY KABETNPWY €XEL QAUENOCEL ONUAVIIKA TOV QPO TwV
QKTLVOOKOTTLKAL KABoSNYOUEVWY EMEUBOTIKWY TIPAEEWV.

o Me v ndpodo Tou Xpovou, TTOMEC Ao TIC OKTLVOOKOTUKA KaBodnyoUEVEC TIPAEELS EXOUV TEKLNPELWOEL
Ko kaBlepwOel we pEBodog ekKAOYNC, XAPN OTN XAUNASTEPN VOONPOTNTA, TN MELWMEVN BvnToTnTa KAl TN
LLKPOTEPN SLAPKELD VOONAELQG O CUYKPLON LLE TLC OVOLKTEC XEPOUPYIKEG TEXVIKEC.

o [Mépav twv KAaoWwV edWottwy ¢ EmepPatikrg Aktivoloylog kat Kapdloloyiog, oAogva kal
TIEPLOOOTEPOL LOTPOL — OMwC¢ oupoAoyol, opBormaldikol Kal OyYELOXEWOUPYOL — TIPAYLLOTOTIOLOUV
EMEUBOTIKES TIPALELC LTIO OKTLVOOKOTILKY) KalBoOnynon, CUXVAL LIE TIEPLOPLOLLEVN EKTTAULOEVON 1] YWWON O
OEpaTa aKTVOTPOOoTACIAC.
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Epdavion kaBopLopEvwy AImOTEAECUATWY




Epdavion kaBopLopEvwy AImOTEAECUATWY

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

Interventional cardiologists with  pronounced
typical hair loss. Chronic occupational dermatitis
initially causes the skin to become dry, shiny and
hairless, with atrophy of the epidermis.



Radiation-Induced DNA Damage in
Operators Performing Endovascular

Aortic Repair

Editorial, see p 2417

BACKGROUND: Radiation exposure during fluoroscopically guided
interventions such as endovascular aortic repair (EVAR) is a growing
concern for operators. This study aimed to measure DNA damage/repair
markers in operators perfoming EVAR.

METHODS: Expression of the DNA damage/repair marker, y-H2AX and
DNA damage response marker, phosphorylated ataxia telangiectasia
mutated (pATM), were quantified in circulating lymphocytes in
operators during the peri-operative period of endovascular (infrarenal,
branched, and fenestrated) and open aortic repair using flow
cytometry. These markers were separately measured in the same
operators but this time wearing leg lead shielding in addition to upper
body protection and compared with those operating with unprotected
legs. Susceptibility to radiation damage was determined by irradiating
operators’ blood in vitro.

RESULTS: y-H2AX and pATM levels increased significantly in operators
immediately after branched endovascular aortic repair/fenestrated
endovascular aortic repair (P<0.0003 for both). Only pATM levels
increased after infrarenal endovascular aortic repair (P<0.04).
Expression of both markers fell to baseline in operators after 24

hours (P<0.003 for both). There was no change in y-H2AX or pATM
expression after open repair. Leg protection abrogated y-H2AX and
pPATM response after branched endovascular aortic repair/fenestrated
endovascular aortic repair. The expression of y-H2AX varied significantly
when operators’ blood was exposed to the same radiation dose in vitro
(P<0.0001).

CONCLUSIONS: This is the first study to detect an acute DNA damage
response in operators performing fluoroscopically guided aortic
procedures and highlights the protective effect of leg shielding. Defining
the relationship between this response and cancer risk may better inform
safe levels of chronic low-dose radiation exposure.
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Clinical Perspective

What Is New?

® This is the first study to detect acute radiation-

induced DNA damage in operators who carried
out endovascular aortic repair by demonstrating an
increase in the expression of DNA damage/repair
markers, y-H2AX, and phosphorylated ataxia telan-
giectasia mutated in their circulating lymphocytes
immediately after procedures.

In vitro irradiation studies demonstrated that
operators had a variable susceptibility to radiation-
induced DNA damage.

® The use of leg lead shielding abrogated the DNA

damage response in operators.

What Are the Clinical Implications?

Conventional dosimetry fails to account for the bio-
logical consequences of radiation exposure to oper-
ators during fluoroscopically guided procedures.
Safe radiation exposure limits have been set with-
out considering any interindividual differences in
susceptibility to deleterious effects.

Wearing lower leg protective lead shielding is
essential for reducing scatter radiation-induced
DNA damage.

The use of cellular markers, including y-H2AX and
phosphorylated ataxia telangiectasia mutated,
which readily lend themselves to high-throughput
sampling, may facilitate individual risk profiling,
improve our understanding of the mechanisms
involved in occupational radiation-induced muta-
genesis, and define optimal protection strategies.




MNYEC aKTVIKAG EMBAPUVONG YLAL TO TIPOCWTTIKO

o Kupotepn nnyn akuviknc emBapuvonc yua To
TPOOWTIKO QMOTEAEL N okedaldopevn aktvoBoAia
QO TO CWAL TOU AoBeVoUC.

o ~1% tng akuvoPoAiag ¢gravel otov aviyveutr), ~10-
20% okedacetal, ~ 80% amoppodATal oo TO CWA
Tou aoBevou¢ (amoppodoupevn Soon).



Aooelc aktvoBoAiag otoug aoBeveig

Values reported
in the literature (mSv)

Procedure

Head and/or neck angiography 0.8-19.6
Interventional Thoracic angiography of pulmonary artery or aorta 41-90
Radiology Abdominal angiography or aortography 4—48
TIPS* 20—-180
Pelvic vein embolization 4478
Interventional Coronary angiography (diagnostic) 20-158
Cardiology PTCA**, stent placement or radiofrequency ablation 69-57

*TIPS=Transjugular intrahepatic portosystemic shunt

**PTCA= Percutaneous transluminal coronary angioplasty
Mettler FA Jr, Huda W, Yoshizumi TT, et al. (2008) Effective doses in radiology and diagnostic nuclear medicine: a catalogue. Radiology 248(1): 254-63



AOoELC akTvoBOoALOG OTO TIPOCWTIKO

Procedure

Effective dose per
procedure (uSv)

PCNL* 1.5-56
Vertebroplasty 0.1-100
Interventional
Head & neck endovascular therapeutic procedures 1.8-53
ERCP*** 0.2-49
Interventional Diagnostic catheterization 0.02-38
Cardiology Percutaneous coronary interventions (PCI) 0.17-31.2

*PCNL= Percutaneous nephrolithotomy
**TIPS=Transjugular intrahepatic portosystemic shunt
***ERCP= Endoscopic retrograde cholangiopancreatography

Kim KP, Miller DL, BalterS, et al. (2008) Occupational radiation doses to operators performing cardiac catheterization procedures. Health Phys 94: 211-227




Dose to patient (Gy*cm?)
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Maximize your distance from a
radiation source as much as you
can. The greater the distance, the
lower the dose

\‘|Il"

Minimize the time spent near a
radiation source to only what it
takes to get the job done

Saiki

Put something between you
and the radiation source.
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Kpatr ote Ta XEpLa 00iG LOKPLA arto TV TPWTOYEVH OEoN

Front view Lateral view



BEATLOTOTIOLNOTE TNV TEXVLKI 0O KATA TNV OKTVOOKOTIKA KaBodnyoupevn mpdaén

O Xpnon MPWIOKOMwWV XaNANCS 0onc aktvoBoAiag
o EAaxwotornoinon tou apBpol Twy oKTVOOKOTUKWY ELKOVWV
o EAaxiwotoroinon tou xpovou aKtvooKOTNoNg
o  Aroduyr) aktvoBoAnonc tne dlac mepLoxnc (MeTaBoAn Tou onueiou el0odou)
o Afonoinon cuotnuatwy mMonynong (navigation systems), omou autd elvat SLaBEota
O Xpron MOALLKAC OKTLVOOKOTINONG LE TOV EAALOTO Suvato puBLLO:
30 pulses/sec == 15 pulses/sec: 47% pelwon tng doong
30 pulses/sec == 7.5 pulses/sec: 72% peiwon g déong

o Meilwon e kataypadnc (cine/acquisition) kat xpron tou eldxotou duvorol aplBpou
glOVWV ava sec (frames/sec)



Br J Radiol. 1988 Jun;71{846):634-8.

Patient radiation doses during cardiac catheterization procedures.
Betsou S', Efstathopoulos EP, Katritsis D, Faulkner K, Panayiotakis G.

Fluoroscopy vs Cinefluorography

Time of
cinefluorography
A

Fluoroscopy
42%

Ka,r

Time (DAP)

Cinefluorography
Time of 38%
fluoroscopy
204,
ne (@) (b)
Figure 2. (a) Contribution of fluoroscopy and cinefluorography to dose-arca product (DAP) and (b) percentage of
fluoroscopy and cinefluorography time during the representative procedure performed on the phantom.




BEATLOTOMOLOTE TNV TEXVIKA 00IC KATA TNV OKTIVOOKOTIKA KolBoSnyoU eV Tipaén

Xprion kareuBuvtnpaL TEPLOPLOHOG TNG SEOUINC AKTIVWV-X OTNV TIEPLOXT EVOLADEPOVTOC
Melwon peyebouc mediou axtivoBoAnonc => Melwon okedalopevwy pwroviwy ==
Melwon tne doonc aktvoBoAiag

v

DAP 42mGycm? DAP 14mGycm2



BEATLOTOMOLOTE TNV TEXVIKA 00IC KATA TNV OKTIVOOKOTIKA KolBoSnyoU eV Tipaén

Aroduyete t xprion peyebuvong

MNormal Operation
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Magnification Mode
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MéyeBog nebiouv — Mey£Buvon

4.4 x dose @ 23 ¢cm

4004
2
Dose increase = < . 300-
. . =
[input screen diameter/ 25 2.4 x dose @ 23 cm
. . . L > 200-
input screen diameter during magnification]? € &
g s 10404
5
e.g. Dose increase = [23/15]° = 2.4 5 | ,
Normal Mag 1 Mag 2
(23 cm) (15 ¢m) (11 cm)

Mahese et al. 2001. Fluoroscopy:
Patient Radiation Exposure Issues. Radiographics 21(4)



MéyeBo¢ neblou — Mey€Buvon
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Xprjon ToU AKTLVOTIPOOTATEUTIKOU EEOTALOIOU

A Thyroid protection collar
Protective apron
B Outside personal dosimeter (in the pocket) with additional

0.5 mmPb

C Protective eyeglasses
D Radiation panoramic full-face mask for face shielding
E Protective one-piece apron

F  Additional protection for the gonads

Pregnant radiation worker






Xpr)on TOU OKTLVOTPOCTATEUTIKOU EEOTALOHOU

Lead equivalent

thickness (mm) e L)
0.25 1-5 97% 66% 51%
0.50 3-7 99.9% 88% 75%

1.00 5-12 99.9% 99% 94%







Zero-Gravity, BIOTRONIK




CorPath GRX (Corindus Vascular Robotics,
now part of Siemens Healthineers)




Xpr)on TOU aKTLVOTPOCTATEUTIKOU EEOTALOOU




Eggnest, Egg Medical




Rampart M1128, RAMPARTIC






Xprjon tou atopukoU cag SoOoYETPOU Kal yvwon tng d6ong cag!

| Medications
Radiation Third dosimeter near the eye
| protection or on the finger
Image
intensifier Second dosimeter above the
apron at the level of the neck E=0.5*dosimeter inside +

0.025*dosimeter outside

k Main dosimeter under the apron NCRP 122

Occupational Exposure Limit Dose
(ICRP 103)

20 mSv effective dose in a year on
average for a period of five years
Equivalent annual dose on:
Crystaline 20 mSv

Skin 500 mSv

Hand and foot 500 mSv

X-ray tube




Xprjon Tou atopLkol oag SooYETPOU Kal ywwon the doong oog!

Aootuetpa Beppodwravyelag (Thermoluminescent Dosimeters—TLD)

AOOLUETPO CWUOTOC Aooluetpo kaprmou

Aootpetpo daytuAou AOG{LETPO paTIoU




Xprjon Tou atopLkol oag SooYETPOU Kal ywwon the doong oog!
Aootuetpa aueonc avayvwonc (Real time or active dosimeters)

MGPi : ) Polimaster
DMC2000XB EDM Il PM1621A

Atomtex
AT3509C




MapokoAouBnon ¢ 660N tou aoBevoug

e O¢oruon eninedwv «evepyoroinong» (trigger levels) yia tnv mpoAnPn akuvikwy SEPUATIKWY
BABWV, AAAA KOLL TNV EYKOALON QVOYVWPLON KL OVTLLLETWITLOT) TOUC.

* T[lpotewopeva trigger levels oe emepBotikec mpacelc (ICRP 120):

— Peak Skin Dose (PSD) > 3 Gy
— Air Kerma at the patient entrance reference point> 5 Gy
— Kerma-area product > 500 Gy-cm?

e Evépyelec Otav unepPel eva trigger level:

— Apeon kataypadr tnc Soong

— EvnuEpwon Tou MPoowrikou

— Opyavwon MPOoyPALLUOTOC KAWVIKAC TTApakoAouBnonc tou aoBevouc yior 2—4 BOoUAOEC
— Extiunon &€ppomoc yla evOEXOUEVES TIPWILEG 1) OPIUEC OEPUATIKES QVTIOPAOELC



YUVEXNG ekaideuon og BEpaTa OKTLVOTPOOTACIOG

TO LATPLKO TIPOCWTIKO TIPETTEL VL EXEL ETIOPKN EKTTAULOEV 0N KO KATAPTLON WOTE VAL
* Alotnpeltn 6oon og 6oo To Suvatov xapnAotepa emnimeda (ALARA principle)
e Elval e0IKEWWUEVO LIE TOL CUCTH LT OKTIVOOKOTINONG TIOU XPNOULLOTIOLEL
*  XpNOWOTOLEL CWOTA TOV OKTLVOTIPOOTOTE UTIKO £€OTALOLLO TIoU SLABETELTO Epyaotplo

*  [vwpllel Ta LETPO AKTVOTIPOOTACLOC Yo TIAUSLA KO EYKUOUC



Gasiea et al. CVIR Endovascular (2025) 8:32

1 CVIR Endovascular
https://doi.org/10.1186/542155-025-00540-3

Radiation protection: safety measures s
and knowledge among interventional
radiologists- a UK-based analysis

of current practices and recommendations
forimprovement

Rayhan Y. Gasiea' ®, Andy Rogers?®, Raghuram Lakshminarayan®, Mo Hamady*'® and Bella Huasen®®

Radiation protection
training

m Received training

= Lacked training
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Mpoypdppata EAEYXOU TIOLOTNTOG

AloopaAilouv:

o YynAr mowotnta ekovag pe th Alyotepn duvarr kBeon aoBevv
KoL TipoowrikoU o€ aktvooAia (BeAtiotortoinon).

o Opbn kat aforotn Asttoupylol Tou €COMAIOMOU, HIE €yKaupn
avayvwpLon ko S1opbwon amokAioewv ) BAaBwv.

o Tnv aocddAelor TOU 00BevoUC KL TOU  TIPOCWTIKOU),
EAQYLOTOTIOLWVTOG KIVOUVOUC Qo Kakr) Asttoupyla f auvénpueva
enineda axktvoBoAlac.



Fully Automatic and Real-Time Catheter
Segmentation in X-Ray Fluoroscopy

Pierre Ambrosini’*®™) | Daniel Ruijters?, Wiro J. Niessen!34,
Adriaan Moelker?, and Theo van Walsum!3

! Biomedical Imaging Group Rotterdam, Department of Medical Informatics,
Erasmus MC, Rotterdam, The Netherlands
p.ambrosini@erasmusmc.nl
2 Philips Healthcare, Interventional X-ray Innovation, Best, The Netherlands
3 Department of Radiology and Nuclear Medicine, Erasmus MC,
Rotterdam, The Netherlands
4 Imaging Physics, Faculty of Applied Sciences, Delft University of Technology,
Delft, The Netherlands

Abstract. Augmenting X-ray imaging with 3D roadmap to improve
guidance is a common strategy. Such approaches benefit from automated
analysis of the X-ray images, such as the automatic detection and track-
ing of instruments. In this paper, we propose a real-time method to
segment the catheter and guidewire in 2D X-ray fluoroscopic sequences.
The method is based on deep convolutional neural networks. The net-
work takes as input the current image and the three previous ones, and
segments the catheter and guidewire in the current image. Subsequently,
a centerline model of the catheter is constructed from the segmented
image. A small set of annotated data combined with data augmentation
is used to train the network. We trained the method on images from
182 X-ray sequences from 23 different interventions. On a testing set
with images of 55 X-ray sequences from 5 other interventions, a median
centerline distance error of 0.2mm and a median tip distance error of
0.9 mm was obtained. The segmentation of the instruments in 2D X-ray
sequences is performed in a real-time fully-automatic manner.

Keywords: Catheter - Guidewire - Tracking - X-ray - Fluoroscopy -
Deep learning - Convolutional neural network - Segmentation

ARTICLE

Use of Artificial Intelligence to Reduce Radiation
Exposure at Fluoroscopy-Guided Endoscopic Procedures

Ji Young Bang, MD, MPH?, Matthew Hough, MS?, Rabert H. Hawes, MD* and Shyam Varadarajulu, MD*

OBJECTIVES: Exp to ionizi diati ins a hazard for patients and healthcare providers. We evaluated the
utility of an artificial intelligence (Al)-enabled fluoroscopy system to minimize radiation exposure
during image-guided endoscopic procedures.

METHODS: We conducted a prospective study of 100 itive patients who ided
-endoscopic procedures. Patients underwent interventions using either conventional or Al~eqmpped
fluoroscopy system that uses ultrafast colllmatlnn ln limit radiation exposure to the region of interest.
The main out was to p di; p with patients, which was d by
dose area p y was radiation scatter to py P measured using
dosimeter.

RESULTS: Of 100 patients who underwent procedures using traditional (n = 50) or Al-enabled (n = 50) fluoroscopy

systerns, there was no significant difference in demographics, body mass index, procedural type and
| or fi py time between the tional and the Al bled fl;

Radiation exposure to patients was lower (median dose area product 2,178 vs 5,708 mGym’ P=0.001)
and scatter effect to endoscopy personnel was less (total deep dose equnmlent 0.28 vs 0.69 mSy;
difference of 59.4%) for Al bled fl as p tional system. On multivariate
linear regression analysis, after adjusting for pahentchamctenshcs procedural/fluoroscopy duration, and
type of fluoroscopy system, only Al-equipped fluoroscopy system (coefficient 3,331.9 [95% confidence
interval: 1,926.8-4,737.1, P< 0.001) and fluoroscopy duration (coefficient 813.2 [95% confidence
interval: 640.5-985.9], P < 0.001) were associated with radiation exposure.

DISCUSSION:  The Al-enabled fluoroscopy system S|gn|1‘|cantly | diati to pati and scatter
effect to | (see Graphical abstract, S y Digital Content, http://links.
Iww. comlAJGthlﬁl)

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/AJG/B440, http://links.lww.com/AJG/BA41, http:/links.lww.com/AJG/B461

Am ] Gastroenteral 2020;115:555-561. https://doi.org/10.14309/ajg.0000000000000565
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Preamble

The members of the Cardiovascular and Interventional
Society of Europe (CIRSE) Standards of Practice com-
mittee and the Society of Interventional Radiology (SIR)
Safety and Health Committee represent experts in a broad
spectrum of interventional procedures from both the pri-
vate and the academic sectors of medicine. Generally, these
committee members dedicate the vast majority of their
professional time to performing interventional procedures;
as such, they represent a valid broad expert constituency of
the subject matter under consideration.

Technical documents specifying the exact consensus
and literature review methodologies as well as the institu-
tional affiliations and professional credentials of the
authors of this document are available upon request from
SIR, 3975 Fair Ridge Drive, Suite 400 North, Fairfax, VA
22033, USA.

Methodology

CIRSE and SIR produce their safety-related documents
using the following process. The CIRSE Standards of
Practice and SIR Safety and Health Committee members
conceptualize documents of relevance and timeliness.
A recognized expert is identified to serve as the principal
author for the document. Additional authors may be
assigned, dependent on the magnitude of the project.

An in-depth literature search is performed using elec-
tronic medical literature databases. As appropriate, a critical
review of peer-reviewed articles and regulatory documents
is performed with regard to the study methodology, results,
and conclusions. The qualitative weight of these articles is
evaluated and used to write the document such that it con-
tains evidence-based data, when available. Agreement was
reached on all statements in this document without the need
for utilizing modified Delphi consensus techniques.

Clinical Practice Guidelines Eur J Vasc Endovasc Surg (2023) 65, 171—222

CLINICAL PRACTICE GUIDELINE DOCUMEN

e [1 1ot Ko [+ 1 (-l European Society for Vascular Surgery (ESVS) 2023 Clinical
Practice Guidelines on Radiation Safety™

Bijan Modarai *", Stéphan Haulon °, Elizabeth Ainsbury °, Dittmar Béckler °, Eliseo Vano-Carruana °, Joseph Dawson °, Mark Farber °,
Isabelle Van Herzeele °, Adrien Hertault °, Joost van Herwaarden °, Ashish Patel °, Anders Wanhainen °, Salome Weiss *

ESVS Guidelines Committee °, Frederico Bastos Gongalves, Martin Bjérck, Nabil Chakfé, Gert J. de Borst, Raphaél Coscas, Nuno V. Dias, Florian Dick,
Robert J. Hinchliffe, Stavros K. Kakkos, Igor B. Koncar, Philippe Kolh, Jes S. Lindholt, Santi Trimarchi, Riikka Tulamo, Christopher P. Twine, Frank Vermassen

Document Reviewers °, Klaus Bacher, Elias Brountzos, Fabrizio Fanelli, Liliana A. Fidalgo Domingos, Mauro Gargiulo, Kevin Mani, Tara M. Mastracci,
Blandine Maurel, Robert A. Morgan, Peter Schneider

TABLE OF CONTENTS

Glossary

List of abbreviations

1. Introduction and general aspects .

L1.  The need for radiation protection guidelines

1.2 Methodology . ......

1.21.  Strategy ...

1.2.2. Literature search and selection .

1.23. Weighing the evidence ...

1.2.4. Contributors to guideline

1.3 The patient and public perspective . . .

1.3.1. Background and aims..... .. 176

1.3.2. Feedback from stakeholders .

1.3.3. Responsibilities of the endovascular apemm to justify and explain radiation exposure to patients

1.4.  Plain language summary

2. Measuring radiation exposure and the associated risks of exposure .
2.1. Radiation exposure during Xray guided procedures ... ..

22 Dosimetric parameters . ............

2.21. Direct dose parameters .

2.2.2. Indirect dose parameters .

2.3 Existing literature informing mdmnnn expostire dmmg endnvascuim pmcaiures

2.4, Diagnostic reference levels

2.5, Biological risk related to radiation exposure

2.51. Stechastic and deterministic effects of radiation exposure

2.5.1.1.  Estimators of stochastic risks . ...

2.5.1.2.  Estimators of deterministic risks . .

2.5.2. The biological response to radiation exposure .

2.53. Biomarkers of radiation exposure .. ..........

2.5.4. Risks associated with oceupational radiatioen exposure to patients .

2.55. Risks associated with occupational radiation exposure to operators

3. Legislation regarding exposure limits for radiation exposed workers

3.1.  Framework for radiation safety legislation ..............

3.2, Current legislation defining safe radiation exposure limits . .




BiBAoypadia

. Koenig TR, Wolff D, Mettler FA, Wagner LK. Skin injuries from fluoroscopically guided procedures: part 1, characteristics of radiation injury. AIR Am J
Roentgenol. 2001 Jul;177(1):3-11. doi: 10.2214/ajr.177.1.1770003. PMID: 11418388.

*  Wagrer L Radiation injury is a potentially serious complication to fluoroscopically-guided complex interventions. Biomed Imaging Interv J. 2007 Apr;3(2):e22.
dai:

*  Vanoetal. Radiation-assodiated lens opacities in catheterization personnel: results of a survey and direct assessments. J Vasc Interv Radiol. 2013 Feb;24(2):197-
204.

. Plauca et al. Benefit of glyceryl trinitrate on arterial stiffness is directly due to effects on peripheral arteries. Heart 2005,91:1428-1432

*  htip://dideplayer.com/slide/10160339/

*  htip//www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiol ogi-intervensional

. Brilakis ES. Manual of coronary chronic total occlusion interventions: a step-by-step approach. Massachusetts: Elsevier; 2013

. Anastasian et al. Radiation Exposure of the Anesthesidlogist in the Neurointerventional Suite. Anesthiology 2011;114: 512-20.

. Zanzonico et al 2016 Make Radiation Protection a Habit

*  Modara B et al.European Scciety for Vascular Surgery (ESVS) 2023 Clinical Practice Guidelines on Radiation Safety. Eur J Vasc Endovasc Surg. 2023
Feb;65(2):171-222.

. Nickoloff EL etal. 2011. AAPM/RSNA Physics Tutorial for Residents: Physics of Flat- Panel Fluoroscopy Systems

e Caluketal. Radiation Principles and Safety. cdn.intechopen.com

. Magdy E-Masry. Radiation Safety in the Cath Lab

. Modarai B et al.European Society for Vascular Surgery (ESVS) 2023 Clinical Practice Guidelines on Radiation Safety. Eur J Vasc Endovasc Surg. 2023
Feb;65(2):171-222.

. MacCaffrey et al. Radiation shielding materials and radiation scatter effects for interventional radiology (IR) physicians. Med Phys. 2012 Jul;39(7):4537-46

. Leyton et al. Radiation Risks and the Importance of Radiological Protection in Interventional Cardiology: A Systematic Review. Rev Bras Cardidl Invasiva.
2014;22(1):87-98

. |. Clairand et al. Use of active personal dosemeters in interventional radiology and cardiology: Tests in laboratory conditions and recommmendations - ORAMED
project, Radiation Measurements, Volume 46, Issue 11, 2011



http://slideplayer.com/slide/10160339/
http://slideplayer.com/slide/10160339/
http://slideplayer.com/slide/10160339/
http://slideplayer.com/slide/10160339/
http://slideplayer.com/slide/10160339/
http://slideplayer.com/slide/10160339/
http://slideplayer.com/slide/10160339/
http://slideplayer.com/slide/10160339/
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional
http://www.slideshare.net/agungno/dosis-personal-pada-pemeriksaan-radiologi-intervensional

20G EVXOPLOTW yLa TNV rpocoxn oag!



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45

