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PRATIK IPUCLARI

 Hasta Pozisyonu

 Cilt dozunu diistirmek i¢in, hasta x-1s1n kaynagindan uzakta olmalidir

* Dedektor miimkiin oldugunca hastaya yakin olmalidir. Boylece goriintiiyi
olusturmak icin gerekli doz ve geometrik bulaniklik da az olur

* Masa alti x-151n tiipli konfigiirasyonu kullanilmalidir. Boylece girisimsel
radyolog yada kardiyologun lens dozu daha az olur

» Hastanin elleri X-151n demeti disinda tutulmalidr.
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PRATIK IPUCLARI

* Tup Acisi

 Asirt agili konfigiirasyonlar sadece gerekli durumlarda kullanilmalidir.

« X-151 demetinin oniinde her 3 cm’lik doku artis1 hasta dozunu ikiye katlar (her
10 cm’lik doku, dozda yaklasik 10 kat artisa denk gelir)

Image
detector rate: ~“250 mGy/min

[r— D rate: 20-40 mGy/m .

X-rays need to penetrate more tissue and
the source to skin distance is reduced




PRATIK IPUCLARI

* Tup Acisi

« Kiigiik a¢il1 konfigiirasyonlar pik cilt giris dozunu azaltma potansiyeline sahiptir.

« X-1s11 demetini inceleme sirasinda hastanin farkli alanlarina yonlendirmek hasta
pik cilt giris dozunu azaltir
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Figure 1 Use of the PSD plots to extract clinically relevant information (AAO, angle to avoid overlap; PSD, peak skin dose;
LAO, left anterior oblique; PA, posteroanterior; RAO, right anterior oblique).

Pasciak AS, Bourgeois AC, Jones AK. C-arm rotation as a method for reducing peak skin dose in interventional cardiology. Open Heart. 2014;1(1):e000141. doi:
10.1136/0openhrt-2014-000141
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PRATIK IPUCLARI

« Magnifikasyon

 Biiyilitme hastanin dozunu artirir (1510 enerjisi daha kiiciik alana yogunlastirilmis
olur)

* Inceleme i¢in miimkiin olan en genis gériis alan1 kullanilmalidir. En genis ve en
kiigiik goriis alan1 arasindaki doz farki yaklasik 4 kattir.

* Modern sistemlerde, goriintiide onemli Slgiide bir bozulmaya yol agmadan ve
Ilave radyasyona neden olmadan canh zoom 6zelligi mevcuttur.



PRATIK IPUCLARI

» Kolimasyon

Kolimator, X-151n kaynagimin ¢ikisinda X-1smn alanini siirlamak i¢in kullanilan
kursun levhalardan olusur

Goriintiileme gorevi i¢in uygun kolimasyon kullanilmalidir
Bu hem hastanin dozunu hem de personelin dozunu diisiiriir
Modern sistemler sanal kolimasyon ile donatilmalidir

50% FOV 100% FOV




PRATIK IPUCLARI

e Sistem Ayarlari

 Sisteminizi ve se¢eneklerini tanimaniz dnemlidir
* Miimkiin oldugunda en diisiik doz ayarini kullandiginizdan emin olun

» Baslangi¢ doz ayarimi, diisiik doz modu olarak ayarlamak icin firma/teknisyenle
gorlistilmelidir (Gerektiginde diistirmek yerine gerektiginde artis (Uunutmak igin
daha az sans)

* Uygun goriintii hiz1 kullanilmali ve miimkiinse diistirtilmelidir
« Uygun goriintii toplama modu kullanilmalidir
* Yeni bir sistem satin alirken uygun filtrasyona sahip oldugundan emin olun

* Cu, diisiik enerjili x-151n fotonlarini durdurarak, cildin dozunu diisiiriir



Ozet

Patient Operator




Doz Izleme

* Recommendations stated in NCRP 168:

| Recommendation 14

Interventionalists shall be responsible for patient radiation lev-
els during FGI procedures and shall ensure that radiation dose
accumulation is continuously monitored during the procedure.

NCRP REPORT No. 168

RADIATION DOSE
MANAGEMENT FOR
FLUOROSCOPICALLY-
GUIDED INTERVENTIONAL
MEDICAL PROCEDURES

NcrpY

Recommendation 15

Patient dose data shall be recorded in the patient’s medical
record at the conclusion of each procedure. This shall include all
of the following that are available from the system: D, .
K., Py, fluoroscopy time, and number of fluorographic
images.

Recommendation 19

Facilities shall have a process to review radiation doses for
patients undergoing FGI procedures.

Advisory data based on measured dosimetric quantities (in par-
ticular Py, or K,, to manage overall performance, and K, to
manage deterministic effects) should be used for quality assur-
ance purposes.

Framerate
Dose mode
Fluoro time

DAP
Cumulative K,




Cilt Doz Haritalamasi ile Doz Izleme

Cilt dozu haritalamasi, asir1 ¢aba gerektiriyordu ve hasta bazli uygulanamiyordu.
Gilintimiizde hasta dozunu ¢evrimigi veya prosediirden hemen sonra izlemek i¢in
araclar mevcuttur

Bu araclar radyologlarin ve medikal fizikc¢ilerin hasta takibini iyilestirmelerini
saglar

Tekrar tekrar radyasyon dozuna maruz kalan hastalar i¢in doz yoOnetimi,
radyasyondan korunma amaciyla biiyiik 6neme sahiptir (risk analizi ve 1sinlanmis
cildi bulma konusunda yardimeci olur)

Pik cilt dozu haritalamasi, olas1 deterministik etkileri ongoriir

Cilt Dozu Haritalamas1 (ger¢ek zamanli veya sonradan islenmis) optimizasyon
isleminin tetiklenmesi i¢in ¢ok 6nemlidir. Ihtiyaci gosterebilir!



Cilt Doz Haritalamasi ile Doz Izleme
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Tetikleme Seviyeleri ve Hasta Takibi

* Cilt hasarlarii 6nlemek i¢in tetikleme seviyeleri ayarlanmalidir

 Literatiirde tetikleme seviyesi olarak 2-3 Gy'lik tipik esik degerler (cilt dozu)
bulunabilir.

o - Table 1
Table 1' SuggeSted Vﬂlues fOf ﬁrat ﬂnd BUbSBquent I'IOtIﬁGEtIOHS E.I'Id Trigger levels in terms of total KAP, corresponding to a peak skin dose of 2 Gy, for
thg SHDL several interventional procedures in Belgian hospitals.
Subsequent Trigger levels KAP Gy cm?
H r . TIPSS & chemo embolisations of the liver 330
FIrSt NOtlflCﬂthﬂS Cerebral embolisations Mono-plane 175
Dose Metric Notification  (Increments)  SRDL ) Bi-plane 240
RF ablations 180
Peak skin dose (Gy) 2 05 3 Biliary drainages Conventional 160
g PTC 180
Air kerma at the reference 3 1 5 Embolisations vena spermatica 270
point (Gy) ERCP 295
- " CA & PTCA |16 125
Air-kerma product (Gy - cm?) 300 100 500 1ol
Fluoroscopy “me (mln) 30 15 60 ;‘:?:‘nzd KAP values corresponding to a peak skin dose of 3 Gy.
Note: SRDL = substantial radiation dose level. Corresponding 1o Dakin peat of 3 Gy
. . : T : . . K. (Gy) KAP (G 2y
Assuming a 100-cm? field at the patient's skin. For other field sizes, the air-kerma Oy (Cy o
. . . . MNCRP 168 All procedures 5 500
product values should be adjusted proportionally to the actual procedural field size Belgian study TIPSS 2 500
. . - Cerebral embolisations 4 300
(eg, for a field size of 50 cm?, the SRDL value for air-kerma product would be 250 Chemo—embolisations of liver | 400
G RF ablations 3.5 250
b sz)‘ Biliary PTC 4 300

Struelens L, Bacher K, Bosmans H, Bleeser F, Hoornaert MT, Malchair F, Balter S. Establishment of trigger levels to steer the follow-up of
radiation effects in patients undergoing fluoroscopically-guided interventional procedures in Belgium. Phys Med. 2014;30(8):934-40.
National Council on Radiation Protection and Measurements. Radiation dose management for fluoroscopically-guided interventional
medical procedures. (NCRP Report 168: Bethesda MD); 2010
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Tetikleme Seviyeleri ve Hasta Takibi

« Karaciger kemoembolizasyon (chemoembolization (TACE) of the liver), ndéro-
embolizasyon (neuro-embolization (NE)) ve perkiitan koroner girisim
(percutaneous coronary intervention (PCI)) i¢cin 9 Avrupa iilkesinde yapilan bir
calisma

e Tim MSD (Maximum Skin Dose (MSD)) degerlerinin yaklasik % 20-30'u 2 Gy'yi,
sadece % 2-6's1 5 Gy'yi agsmustir.

Table 5
Suggested generic alert levels for MSD of 2Gy and 5Gy, based on mean alert levels of selected countries (countries which had roughly consistent alert levels).

Procedure Suggested alert level, DAP (Gy cm?) Mean alert level DAP (Gy em?) Number of countries included
for MSD = 2Gy for MSD = 5Gy for MSD = 2Gy for MSD = 5Gy

TACE 300 750 323 746 5

PCI 150 250 138 240 ]

NE 200 400 189 389 7

Jarvinen H, Farah J, Siiskonen T, Ciraj-Bjelac O, Dabin J, Carinou E, Domienik-Andrzejewska J, Kluszczynski D, Knezevi¢ Z, Kopec R, Majer
M, Malchair F, Negri A, Pankowski P, Sarmento S, Trianni A. Feasibility of setting up generic alert levels for maximum skin dose in
fluoroscopically guided procedures. Phys Med. 2018 ;46:67-74
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Tetikleme Seviyeleri ve Hasta Takibi

 Jarvinen H, Farah J, Siiskonen T, Ciraj-Bjelac O, Dabin J, Carinou E, Domienik-Andrzejewska J, Kluszczynski D, Knezevi¢ Z, Kopec R, Majer M,
Malchair F, Negri A, Pankowski P, Sarmento S, Trianni A. Feasibility of setting up generic alert levels for maximum skin dose in
fluoroscopically guided procedures. Phys Med. 2018 ;46:67-74

Table 6
Comparison of alert levels in terms of DAP for MSD = 2 Gy suggested in this work with similar levels published earlier.

Procedure Publication Alert level, DAP Gy cm® Number of procedures MSD measurement device
TACE This work 300 91 RC film
SAFRAD [26] 500
Struelens et al. [27] 330 30 TLD
D'Alessio et al. [28] 530 15 RC film and micro MOSFET
Miller et al [29], Stecker et al. [30] 350 709
PCI This work 150 49 RC film
SAFRAD [26] 300
ICRP [24] 150-250
NCRP [31] 300
Bogaert et al. [32] 125-250 318 TLD
Domienik et al. [33] 345415 27-54 RC film
Trianni et al. [34] 140 33 RC film
NE This work 200 104 RC film and TLD
Struelens et al. [27] 240 30 TLD
Sandborg et al. [35] 300 50 LD
Sandborg et al. [36] 430 71 LD
Moritake et al. [37] 185 35 FLD
Moritake et al. [33] 300 28 FLD

DErcole et al. [39] 700 21 RC film
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Hasta Takibi

» Steve Balter: “Obez hastalar ile iyi bir Klinik uygulamada deterministik etkiler
icin esik degerler bazen asilabilir. Obez hastalarin uygun sekilde tedavi edildigi
anlamima gelir. Ancak deri yaralanmalar1 asla prosediir sonrasi bir siirpriz
olmamalidir

Recommendation 16

If a substantial radiation dose level (SRDL) (Table 4.7 and Sec-
tion 4.3.4.2) is exceeded while performing an FGI procedure. the
interventionalist shall place a note in the medical record, imme- '
diately after completing the procedure, that justifies the radia-
tion dose level used.

Recommendation 17

If an SRDL is exceeded for an FGI procedure, the patient and
any caregivers showuld be informed. prior to discharge. about
possible deterministic effects and recommmended follow-up.

If fluoroscopy time exceeds the SRDL., but other measured dose
metrics do not exceed the SRDL., patient information and fol-
low-up may not be necessary.

National Council on Radiation Protection and Measurements. Radiation dose management for fluoroscopically-guided interventional
medical procedures. (NCRP Report 168: Bethesda MD); 2010



Diagnostik Referans Seviyeler

DRL, diagnostik ve girisimsel incelemeler i¢in hastalarin medikal 1sinlamalara karsi
korunumunun optimizasyonu i¢in kullanilan bir aragtir

Referans seviyeler, belirli bir doz 6l¢iim protokolii kullanilarak genis bir hasta dagilimi
icin tipik olarak ortanca dozun 75'inci (ve 25'inci) yiizdelik degerine ayarlanir

Diagnostik referans seviyeleri, mesleki degerlendirmeye destek niteligindedir ve iyi ile
kotii uygulama arasinda ayrim c¢izgisi saglamaz. Halk yada medikal personele
uygulanmaz sadece medikal 1sinlamalar i¢in uygulanir. Bir doz limiti degildir

Dozun uygunlugunun arastirilmasinin baslatilmasini gerektiren doz seviyesini temsil
ederler. Cok yiiksek yada cok diisiik

Yeni referans seviyeleri olusturmak icin doz taramalar1 periyodik olarak
tekrarlanmalidir

ICRP 135, etkin DRL protokolleri olusturma konusunda bir¢ok 6neri icermektedir.



Diagnostik Referans Seviyeler

e Siiskonen T, Ciraj-Bjelac O, Dabin J, Diklic A, Domienik-Andrzejewska J, Farah J, Fernandez JM, Gallagher A, Hourdakis CJ, Jurkovic S, Jirvinen
H, Jirvinen J, Knezevié¢ Z, Koukorava C, Maccia C, Majer M, Malchair F, Riccardi L, Rizk C, Sanchez R, Sandborg M, Merce MS, Segota D,
Sierpowska J, Simantirakis G, Sukupova L, Thrapsanioti Z, Vano E. Establishing the European diagnostic reference levels for interventional
cardiology. Phys Med. 2018;54:42-48.

E;iol:::]:din‘es for which the data were collected, number of procedures and Coronary Angiography (CA)’
characteristics of patient distributions. Data for PI was evenly distributed be- Percutaneous Coronary Intervention (PCI),
tween SCH, DCH and CRT procedures. Pacemaker |mp|antati0n (p|)’
Procedure n Mean age  Sex Mean mass Mean height Elec‘[rophysiological procedures (EF)
> () em Transcatheter Aortic Valve Implantations (TAVI).
CA 4319 67 §535 M: 8l 171 Chronic Total Occlusions (CTO)
o oer o8 5535 s 7t Pacemaker implantations were further divided into
CTO 192 64 g?}ﬁ M: o 82 172 single (SCH) and dual chamber (DCH) procedures and
oI 1587 72 F:33% M: 81 171 implantations of cardiac resynchronization therapy
EF 1462 57 12?206% M: 54 173 (CRT) pacemaker'
64% Electrophysiological procedures were divided
TAVI 895 82 ﬁgfl Mo 74 164 into atrioventricular nodal reentrant tachycardia

(AVNRT), atrial flutter (FL) and atrial fibrillations
(AF).
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Table 2

The median total Py, values (in Gy em?) for each procedure and each country. The last two columns are the 3rd quartiles (without and with weight restriction) of the
data on each row. The median Py, values that are based on less than five data points are given in parentheses. DRL was calculated from medians with at least five data
points. “Includes ablation. The 3rd quartiles in parenthesis are calculated without this values.

Procedure BE HR CZ FI FR GR IR LB PL RS ES SE CH 3rd quartile 3rd quartile (restr)
CA 35.6 355 21.2 22,0 - 35.3 12.8 141 422 34.2 17.5 65.7 35.5 36.8
PCI 87.3 35.9 80.8 45.7 57.6 445 73.0 37.7 285 08.1 63.4 31.7 135 87.3 68
CTO - - - - 120 - (271) - - - - 143 - 137 -
TAVI (305.4) (55.4) 130 89.4 134 193 87.1 99.2 - - 25.9 B7.2 96.8 130 140
PI SCH - - 2.18 1.86 - 5.60 2.63 2.40 - 2.97 - 1.43 - 2.80 3.8

PI DCH - - 2.28 3.20 - (25) 2.53 3.84 - 5.16 - 0.86 - 3.65 4.23
PI CRT - - 18.4 31.4 14 6.63 15.8 4.96 - 19.2 5.82 413 - 18.4 20.8
EF AVNRT - - 0.97 3.67 - - (2.26) - - - - 2.73 - 3.2 4.75
EF FL - - 0.96 14.5 - - - - - - - 6.58 - 10.5 -

EF AF - - 251 20.2 - - 4.84 - - - - B.41 - 13.6 16.0
EF ALL - - 1.09 14.5 35 5.28 35 109.1° - - 13.7 6.53 - 14.1 (11.9) (13.5)

The data was collected from 12 European countries (Belgium (BE),Croatia (HR), Czech Republic (CZ),
Finland (FI), France (FR), Greece (GR), Ireland (IE), Poland (PL), Serbia (RS), Spain (ES), Sweden (SE) and
Switzerland (CH)) and Lebanon (LB).
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Table 3

The median cumulative air kerma Cy values (in mGy) for each procedure and each country. The last column is the 3rd quartile of the data on each row. The median
Cy values that are based on less than five data points are given in parentheses. DRL was calculated from medians with at least five data points. “Includes ablation. The
3rd quartile in parenthesis is calculated without this value.

Procedure BE HR CZ FI FR GR IR LB PL RS ES SE CH 3rd quartile
CA 478 178 359 299 274 - 416 186 271 486 578 - - 463
PCI 1170 747 965 736 803 661 1631 602 626 1481 1320 - - 1245
CTO - - - - 1467 - (4352) - - - - 2204 - 2020
TAVI (2123) (537) 826 1292 894 1550 866 932 - - 269 1196 810 1196
PI SCH - - - 19 - 53 35 20 - 28 - 10 - 33
PI DCH - - - 28 - (238) 26 30 - 48 - 6 - 30

PI CRT - - - 205 99 63 150 43 - 176 - 34 - 163
EF AVNRT - - - 36 - - 23) - - - - - - 36
EF FL - - - 150 - - - - - - - - - 150
EF AF - - - 374 - - 70 - - - - - - 208

EF ALL - - - 150 - 47 42 8047 - - - - - 150 (73)
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Table 4 Table 5
Suggested DRL (Pxa and Cy) for selected procedures. For electrophysiological Summaly of publishe d DRL studies from the past ten years

procedures the DRL is given for the pooled AVNRT, FL and AF data. "Without

ablation. Country Diagnostic reference level for Py, (Gycm?)
Procedure CA P TAVI PISCH PIDCH PICRT EFALL
N CA PCI CA + PCI Pl EF TAVI
Suggested DRL (Pga, 35 85 130 2.5 3.5 18 12
Gy em) . SENTINEL study [7] 45 85 35
Suggested DRL (Cy, 460 1200 1200 30 30 160 70 !
mGy) Sweden [22] 80
UK [8] 29 50 11
Belgium [9] 71.3 106
Ireland [10] 42 84 107 21
Table 5 Diagnostic reference levels® Croatia [11] 32 72
DAP per exam Fluoroscopy time per Bulgaria [12] 40 140
(Gy em?) exam (min) Switzerland [13] 102 125
Coronary angiography 31 43 USA [23] 83 193 199
Coronary graft angiography 47 13 Greece [14] 53 129 36
Percutaneous transluminal coronary 40 11.3 France [15] 38 80
angioplasty (single stent) Finland [16] a0 75 3.5 25" 90
Pacemaker (permanent) 7 6
DAF, dose area product. * Does not include CRT.

Williams MC, et al. Heart 2019;105:798-806. doi:10.1136/heartjnl-2017-312493 ** AF only.
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Personel Dozimetrisi

» Hastalarin DAP degerleri var, personelin ise doz olgeri var! Girisimsel radyoloji
incelemelerinde medikal personelin maruz kaldig: yiiksek dozlar, personel igin
saglam Ve yeterli izleme diizenlemelerinin kullanilmasini gerektirir.

» Peronel icin kisisel dozimetreler tipik olarak Termoliiminesans Dozimetrelerdir
(TLD'ler)

« Iki dozimetrenin takilmasi 6nerilir (bazen zorunludur):

» Meme veya bel seviyesine giyilen onliik alt1 dozimetre, etkin dozun bir tahminini
verir ve kursun onliigiin dogru sekilde giyilip giyilmedigi gosterir

» Yaka diizeyinde tiroit koruyucu tiizerinde tasinan dozimetre, goz lensi dozu
hakkinda bir tahmin saglar

« Izleme siiresi bir ay olmali ve ii¢ ay1 gegmemelidir



Over-apron
Under-apron

Personel Dozimetrisi
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Gercek Zamanh Personel Dozimetrisi

« Kateterizasyon yada Cath laboratuarinda ger¢cek zamanli radyasyon dozu izleme,
personelin herhangi bir zamanda radyasyon doz seviyelerini gormesini saglar ve doz

seviyeleri yiikselirken onlar1 uyarabilir
 Giinliik uygulamada kullanilmasa bile yine de faydali olabilir:

 AKktif, elektronik kisisel dozimetrelerin optimizasyon izleme, egitimsel amaglar, ve
doza gore 6zel doz galismalari i¢in yararli oldugu kanitlanmustir.
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Personel Dozimetrisi

» Personel Dozimetrisinde Kullanilan Algoritmalar

Table I. The five algorithms used to calculate the effective doses (E).

Name Algorithm

NCS E1 = Houtside'(5

NCRPd E> = 0.5H nger +0.025H,tside
NCRPs E; = H,yisige/21

Clerinx E4 = 1-64Hunder + 0-058H0ulside
Niklason Eg = 0.02(Houtside — Hunder) 4+ Hunder

Notes: NCRPd = NCRP with double dosimetry, NCRPs = NCRP with single dosimetry,
Hunder = dose measured under the lead apron, Houtside = dose measured over the lead
apron.

Clerinx P, Buls N, Bosmans H, de Mey J. Double-dosimetry algorithm for workers in interventional radiology. Radiat Prot Dosimetry. 2008;129(1-
3):321-7.

Niklason LT, Marx MV, Chan HP. The estimation of occupational effective dose in diagnostic radiology with two dosimeters. Health Phys.
1994;67(6):611-5.

National Council on Radiation Protection and Measurements Use of personal monitors to estimate effective dose equivalent and effective dose to workers
for external exposure to low-LET radiation. NCRP Report 122 (1995).

National Council on Radiation Protection and Measurements. Radiation dose management for fluoroscopically-guided interventional medical procedures.
NCRP Report No. 168. Bethesda, Maryland: National Council on Radiation Protection and Measurements.
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Personel Dozimetrisi

O'Connor U, Walsh C, Gallagher A, Dowling A, Guiney M, Ryan JM, McEniff N, O'Reilly G. Occupational radiation dose to eyes from
interventional radiology procedures in light of the new eye lens dose limit from the International Commission on Radiological
Protection. Br J Radiol. 2015;88(1049):20140627

« Ug tecriibeli ve sadece alt1 aylik tecriibeye sahip girisimsel radyolog incelenmis

* Yillik 50 hafta ¢alisilmasi durumunda ortalama sol goz dozu 7.1- 44.9 mSv ve
sag goz dozu ise 4.1- 29 mSuv.

 Prosediir basina, sol ve sag g6z ortalama dozu ise 55 uSv
 Birim DAP basina ortalama goz dozu 1.2 uSv Gy-*cm-

« Dort girisimsel radyologdan ikisinin sol g6z dozu, yeni ICRP'yi doz limitini
asacak sekilde doz almistir. Bu sonuglar korunmasiz goz i¢indir.
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Padovani R, Rodella CA.Staff dosimetry in interventional cardiology. Radiat Prot Dosimetry. 2001;94(1-2):99-103.

« Inceleme basina kardiyolojist etkin dozu 4.7 (0.2 -18.8) uSv
* Inceleme basina hemsire ve teknisyen etkin dozu 1.3 (0.07 — 3.7) uSv

Hasta DAP degerine normalize edilmis inceleme basina dozlar ise

« Kardiyolog i¢in 0.11 (0.006 — 0.41) uSv Gy-lcm
* Hemsire ve teknisyen i¢in 0.016 (0.008 — 0.038) uSv Gy-icm2

Inceleme basina gdz lens dozu 75 — 400 pSy,
Inceleme basina el dozu 5 — 680 uSv


https://www.ncbi.nlm.nih.gov/pubmed/?term=Padovani%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11487853
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodella%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=11487853
https://www.ncbi.nlm.nih.gov/pubmed/11487853

Personel Dozimetrisi

Vano E, Fernandez JM, Resel LE, Moreno J, Sanchez RM. Staff lens doses in interventional urology. A comparison with interventional
radiology, cardiology and vascular surgery values. J Radiol Prot. 2016;36(1):37-48.

« Uroloji prosediirleri i¢cin medyan ve 3. ceyrek degerler :
 Hasta dozlar1 30 ve 40 Gy cm?;

» Apron iizerindeki kisisel doz esdegeri Hp (10) (uSv / prosediir): 393 ve 848 (i¢in
trologlar); 21 ve 39 (hemsireler i¢in).

« Urologlar i¢in apron iistii prosediir basina medyan doz degerleri, uygun koruma
ile (tavan asili kursun ekranlar) kateterizasyon laboratuarlarinda c¢alisan
radyologlar ve kardiyologlar i¢in o6lgiilenlerden 18.7 Kkat, ayn1 hastanede calisan
damar cerrahlari i¢in 6l¢iilen degerlerden 4,2 kat daha yiiksek bulunmustur.

* Yazarlar, en azindan ana cerrahin girisimsel {roloji prosediirleri sirasinda
koruyucu gozliik kullanmasini 6nermektedir.
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Vano E, Sanchez RM, Fernandez JM. Estimation of staff lens doses during interventional procedures. Comparing cardiology, neuroradiology and
interventional radiology. Radiat Prot Dosimetry. 2015;165(1-4):279-83.

* Ayni hastanede calisan 204 IC, 274 IN ve 220 IR incelemesi ig¢in Onliik tstiinde takilan aktif
elektronik kisisel dozimetreler ile inceleme basina 6l¢iilen medyan/ii¢iincii geyrek degerleri
sirastyla, 21/67, 19/44 and 24/54 uSv'’tir.

* Operatorlerin ¢ogu, tavana asili koruyucu ekran kullanmustir.
 Hasta doz degerleri (ortanca / tigiincii ¢eyrek) sirasiyla, 75/128, 83/176 ve 61/159 Gy.cm?,

« Tavana asili koruyucu ekran kullanan operator i¢in Onliik iistiinde takilan dozimetreden olgiilen
medyan doz degerinin, hasta medyan doz degerine boliinmesinden elde edilen oranlar IC, IN ve
IR i¢in sirasiyla 0.36; 0.21 and 0.46 mSv Gyt cm?.

» Kursun onliik iizerinde gogiis hizasinda dl¢iilen doz degerinden tahmin edilen lens dozu 21
MSV’tiI‘ (ICRP Publication 85. International Commission on Radiological Protection. Avoidance of radiation injuries from medical interventional
procedures. Ann ICRP 30, 7-67 (2000). Dolayisiyla yeni goz lens doz limitine ulasilmasi i¢in, 3 girisimsel
radyolog icin olctilen kursun onliik tizerindeki medyan degerlerden yaklasik yillik 800 inceleme
yapmalar1 gerekir.
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F. Vanhavere, E. Carinou, J. Domienik, L. Donadille, M. Ginjaume , G. Gualdrini , C. Koukorava, S. Krim, D. Nikodemova, N. Ruiz-Lopez,
M. Sans-Merce ,L. Struelens. Measurements of eye lens doses in interventional radiology and cardiology: Final results of the ORAMED
Project. Radiation Measurements 46 (2011) 1243-1247.

Vanhavere ve arkadaslar1 ORAMED projesinin sonug¢ raporunda, girisimsel
radyoloji ve kardiyoloji incelemeleri i¢in TLD ile inceleme basina o&lgtiikleri
medyan g6z lens dozlar1 40 uSv’ten diistiktiir.

Kardiyoloji incelemeleri i¢in o6l¢iilen DAP degerine normalize lens dozu ise 0.7
uSv/ Gy cm?dir.

Vanhavere ve arkadaslar1 géz lensi yillik doz limitinin ( 20 mSv) bir¢ok girisimsel
radyolog/kardiyolog tarafindan asilabilecegini rapor etmisler.

ORAMED (Organization of RAdiation Protection of MEDical Staff)
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Seals KF, Lee EW, Cagnon CH, Al-Hakim RA, Kee ST. Radiation-Induced Cataractogenesis: A Critical Literature Review for the Interventional
Radiologist. Cardiovasc Intervent Radiol. 2016;39(2):151-60

Table 2 Lens doses seen in various interventional procedures

Procedure Reference Dose Wariation
Embolization [14]" (General) 2. 3E-3 (mSv/Gyem?)© 1st/3rd Quartile: 2. 1E-4/1.9E-3
[33]" (Liver) 1.0E-3 (mSv/Gycm™)® NA
[33]" (Brain) 1.2E-3 (mSv/Gycm™)* NA
[38]" (Brain) 11.20 mSv? Range 1.38-11.20
[38]" (Pelwvic) 3.43 mSv" Range 0.41-3.43
[38]" (Liver) 2.14 mSv" Range 0.27-2.14
Pulmonary angiography [38]* 1.49 mSv* Range 0.19—1.49
Tliac angioplasty [38]" 2.22 mSv* Range 0.25-2.22
DSA/PTA lower limb [14]h 4.7TE-3 {11]5\.-'}’(3_\’(:111:)“ 1st/3rd Quartile: 1.6E-4/1.3E-3
[331° 0.25E-3 (mSv/Gycm™)© NA
DSA/PTA renal [14]h 3.0E-4 (1115\,-'1’(3}*:;111:}“ 1st/3rd Quartile: 1.0E-4/4.2E-4
DSA/MPTA cranial/carotid [14]1’ 5.8E-4 {11]S‘\,-’.f’lf:'x:«.*c;n]:jL 1st/3rd Quartile: 1.9E-4/6.8E-1
[33]1" 7.5E-4 (mSv/Gycm?)® NA
(271" 13 psvd NA
Cerebral angiography [40]" 2.1 puSv*© SD: 2.2
MNeurointerventional (various) [40]1’ 2.0 uSv© SD: 1.6
Nephrostomy [33]1’ 0.9E-3 (11]S\rJ'rG}’Cl1]2JL NA
TIPS [36]" 0.403 mSwv*© SD: 0.328
381 3.72 mSv" Range 0.41-3.72
[271° 8 pusvd NA
CT-guided biopsy [42] 3.9 puSv© Range 0.5-218.9
CT-guided drain [42] 1.9 puSv© Range 0.03—-52.6
Vertebroplasty [41] B4 nSwv*© NA
[27]1* 1129 pnSvd NA

Phantom study
P Shielding used
Mean/median dose

Maximum dose (average not provided)
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Seals KF, Lee EW, Cagnon CH, Al-Hakim RA, Kee ST. Radiation-Induced Cataractogenesis: A Critical Literature Review for the Interventional
Radiologist. Cardiovasc Intervent Radiol. 2016;39(2):151-60

Table 3 Lens protection factors seen in various protection modalities

Technique Reference Dose reduction factor
Leaded eyeglasses [55] 1.8-5.3

[57] 1.5

[56] 3 (Left); 1.8 (right)

(611" 54-10.2

[53]* 1.2-4.5 (Left); 1.0-1.1 (right)

[52] 2.1 (Left); 0.8 (right)

[521* 3.4-8.3 (Left); 1.5-2.3 (right)

[5171* 1.4-5.1
Ceiling-suspended shield [59] 19

[61]* 132—(=1000)

[14] 5-8 (ERCP, tube below table); 3—7 (embolization);

none (various)

(601" 1.3-5.0

[33]* 50

[52] 5.7 (Left), 4.8 (right)
Radiation attenuating drapes [65] 12

[66] 4.3

[617* 52-24.6

[607" 1.5-3.3

[67] 1.2

[64] 22

“ Phantom study
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Vano E, Kleiman NJ, Duran A, Romano-Miller M, Rehani MM. Radiation-associated lens opacities in catheterization personnel: results of a survey
and direct assessments. J VVasc Interv Radiol. 2013;24(2):197-204.

Girisimsel kardiyoloji kongresine katilan 58 hekim ve 69 hemsire ve teknisyen ve
1sinlamaya maruz kalmayan ayni yastaki kontrol grubu tizerinde yapilan ¢alismada;

Iyonize radyasyona maruz kalma sonucu, kardiyologlarin % 50'sinde ve hemsire ve
teknisyenlerin % 41'inde karakteristik posterior subkapsiiler lens degisiklikleri
gozlenmistir. Kontrol grubunda ise benzer lens degisikliklerinin gozlenme oraninin %
10’dan daha az oldugu bulunmustur.

Tahmini kiimiilatif goz dozlari, 0.1 - 18.9 Sv arasinda degismistir. Cogu lens yaralanmasi,
g6z korumasi olmadan birkag yil ¢alistiktan sonra ortaya gikar.
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e Ozet

= Girisimsel prosediirlerdeki doz, geometri, koruyucu donanim, isinlama parametreleri, inceleme basina
radyasyona maruz kalma siiresi, yillik inceleme sayist, Islemin karmasikligi ve operatirlerin deneyimi (Ciraj-
Bjelac ve Rehani, 2014) gibi bircok faktore baghdur.

» Goz lens dozu, tiroit seviyesinde tiroit koruyucu iizerinde yerlestirilen dozimetreden bulunabilir. Martin
bunun i¢in Goz Dozu= 0.75 x Yaka dozu formiiliinii énermistir. Operator 0.5-0.75 mm kursun esdegeri
koruyucu gézliik kullanmas: durumunda, lens dozu sagilan radyasyona ve gozliik kalitesine bagh olarak 8-10
kat daha azdir.

Ciraj-Bjelac O, Rehani MM. Eye dosimetry in interventional radiology and cardiology: current challenges and practical considerations.
Radiat Prot Dosimetry. 2014;162(3):329-37.

Martin CJ Personal dosimetry for interventional operators: when and how should monitoring be done? Br J Radiol. 2011;84(1003):639-
48.
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https://gbiomed.kuleuven.be/apps/pentalfa/site/assets/files/1881/radiation safety.pdf

The Essential Physics of Medical Imaging, Third Edition., Bushberg J. T., Seibert J. A,
Leidholdt E. M. Jr., Boone J. M., Lippincott Williams & Wilkins, Philadelphia, PA, USA,
2012. 1048 pp

http://amos3.aapm.org/abstracts/pdf/137-41795-446581-136249.pdf
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