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As fluoroscopy-guided interventional procedures gain popularity, the associated health threats from radiation exposure to intervention-
alists during these procedures are increasing. Therefore, an understanding of the potential risks of radiation and careful consideration
on minimizing exposure to radiation during the procedures are of paramount importance. The Korean Pancreatobiliary Association
has developed a clinical practice guideline to minimize radiation exposure during fluoroscopy-guided interventional procedures. This
guideline provides recommendations to deal with the risk of radiation exposure to interventionalists who perform fluoroscopy-guided
procedures, and emphasizes the importance of proper and practical approaches to avoid unnecessary radiation exposure. (Korean
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Table 1. Definitions of Categories for Levels of Evidence and Grades of Recommendations

Levels of evidence

A Meta-analysis or systematic reviews of RCT or RCT with a low risk of bias

B High quality systematic reviews of cohort studies, high-quality or well-conducted cohort studies
C Non-analytic studies (e.g., instituitional case series)

D Expert opinions

Grades of recommendations

| Strong evidence for efficacy with a substantial clinical benefit, strongly recommended

Il Strong or moderate evidence for efficacy but with a limited clinical benefit, generally recommended

1l Insufficient evidence for efficacy or benefit that do not outweigh the risk or the disadvantages (adverse events, costs, etc.), optional

I\ Moderate evidence against efficacy or for adverse outcome, generally not recommended

RCT, randomized controlled trial.
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Fig. 1. Proper wearing of radiation protection equipments including

protective wrap-around apron, collar, and glasses.
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Fig. 2. Various types of protection shielding devices ([A] a free-standing
shield, [B] a shield hanging from ceiling, and [C] a shield suspended
from patient table).

A

A 9l o] 54 ?}ﬁﬂ A, k- A XW
F2] L?L°1W 2mm g 5

7%4~°*o1 o5

3 3 A4S A 4, 28
A oS wiet vjmwste] AleAte] HAMA L&gFo] A
2e HojFL "

Y C-arm FAE ZSE XA o] X5 HolE ¢l ¢
A 8l= FEA] AH](over-couch system)E AMESH= 9, XA
o] Az HolE9] offjol §jA8k= FA] AH](under-couch
system) Oﬂ Hsto] AlgAtolA o B AN kas §E
% glo] #5329l Au7} 3] Padc*#* ¢ Phantom
S 910}“4 over-couch system FA| AH]of XA F3t
Algt Atole]l A AXE HAGS o, HA kEe

90% oA+ £ 4= 9ot o]9t H|&EHA TE A3FH o]
2 71e] 22 v A AL AR =4 Ale Eot XA 3

B AR Aol B sl A ANAE ) Aol o
B A mEel ol as BIS”

ol ATES FU B ul, A Y Ao} o] 4
T AIE A 1 AL Aol NI ol 5
A5l A, 513 A 4 59 Aol AL, XA
3} of5 WAPH F4) A&} Abolel 05 mm ol Fle] A
¥ ZAX]E over-couch systemoAE= X ZHOIE 99, un-

O

der-couch systemo A= X R o5 ofzfe] H X8 Aol
EELRS

Fig. 3. Different stationary fluoroscopy systems with X-ray tubes located under ([A] under-couch system) or above ([B] over-couch system)

the patient table (adapted from Oh and Son).
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tf Al BAHA FAR A PAFFHTHimage intensifier)
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AulE o] 89t A Al Bt 1t B A AA AR Buslgeh? mebd, Ae F A s g FE3t A]
9] 10-30% 5 AHASt= Ao® Huwglon, ot Mo] &7t 73t ol d 4= o AR k&2 FUIEER AL

Fig. 4. (A) Balloon-occluded cholangiogram obtained using the last-image-hold method. (B) Taking a radiograph does not provide any
additional information. (C) Taking a radiograph with image enlargement gives no additional information with the most radiation exposure
compared to last-image-hold method.
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A HAag o8 Faole Hes 7Fest WA d4sa, ¢ B AN ksl S7FE 4 o AlES ARl b
S8 Ve A BRA Al o mt ARg-Stofof gt ol vt E uf AH AL Fasch® maba, 9
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318 = glo] AFA 07 AMgsHE Ao] Tk AT dose) 7|eo® 5WESE A Bt 20 mSv (| A7t
WA ARG ] 710 HFBIE R, AlEs F RAE 50 mSv)= At}
= |astetd AR 9 olof whE Abek WARARFo] A
sHA Fok™ B9, AEE B9 XA dE7](X-ray detector) PA == QI 24 gl 7|9 &4 AR Rt
of =gl Akt PAKS A QAR dE & ozl ke ARE B4 229 AN IR, /i1 £A4
AT o5 Bol, T4l 49 Qo] SN YEIL 2 H5O e Sol Bokaow A-g3teh WA s R QI3 AR
B At A7 WEEE =Y & e, 9 S 24 YA Sor Q% Al AMEE FEtte 2AHEA
Wl 2k e 8715 AlEstol AlAsHd #da7]e dg4 Y F(deterministic effect)¥ A4} Ho] 55 ool oF
Ql ook E4E5o] o AdgstA #EE 4 ot vk, WOl YIS ST BB A YW stochastic effect)
Aol EFEA b= ol AT FEHA, sHEE e o= e AuE ¢ QUh AHEA S AT A
59 W3} wefo] AlekE 4= 9ot Al Al F=ofsfof dttk 3 &Y ZEo] HFEt ofd YA A(threshold)E HOH
Al AL Gl W] AR A AseEAloEA S BAde SA] Uthie AR ui gHh Iy 2, A
Table 2. Standard Definitions of Technical Terms
Terms Symbol Unit Definition
Scattered radiation ) i Radiation arising from interactions of the primary beam with patient tissues or other
scattered medium (patient table or other).
Absorbed dose D Gy Amount of energy imparted by ionizing radiation to unit mass of absorbing material.
Gray Gy Gy Energy absorption of 1 joule per kg.
Equivalent dose Value obtained by multiplying the absorbed dose by a radiation weighting factor, to
- Sv take into account the degree of biological damage produced by a particular type of
ionizing radiation.
Effective dose Average of radiation doses received by the different organs or tissues, weighted for
E Sv the relative biological effectiveness of the types of ionizing radiation as well as for
the sensitivity of the organs or tissues.
Kerma Ratio of the kinetic energies of all charged particles which are generated in a
K Gy volume element by indirectly ionizing radiation (y rays or neutrons) to the mass of

the volume element.
Air Kerma Kair Gy Kerma in air.
Kerma-area product Air kerma multiplied by the X-ray beam cross-sectional area at the point of

KAP Gy-cm® ! ) X
Y measurement (this can be displayed on the equipment as dose-area product).
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Fig. 5. Schematic diagram of Diagnostic Reference Level (DRL). (A) DRL is established using the 75th percentile of radiation dose
measurements collected from various institutions. (B) New 75th percentile value can be set as a new DRL to further reduce overall

radiation doses.

Table 3. Radiation Dose Limits for Interventionalists According to ICRP 139 Recommendation

Type of limit Dose limit in exposure, mSv

Effective dose limits

Annual equivalent dose in:
Lens of the eye
Extremities and skin 500

Pregnant woman

20, averaged over defined periods of 5 years (maximum of 50 per year)

20, averaged over defined periods of 5 years (maximum of 50 per year)

2 (measured at the abdominal surface for the whole pregnancy)

ICRP, International Comission on Radiological Protection.
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A PAAFS TAaA7EE kgo] BRdrkFig. 5.7 WE A A E AHESh S & &b, veof T2 A

first dosimeter

r————dosimeter at finger or wrist
{in cases of over-cough system
without appropriate shielding)

flFess

second dosimeter

Fig. 6. (A) A schema showing proper wearing sites for dosimeters. Dosimeters are attached on the outside of the protective apron at neck level (B),
and under the protective apron at thoracic level (C).
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Table 4. Deterministic Effects and Threshold Doses of Radiation Exposure by Gestational Age

Threshold dose (mGy)

100-200

Gestational age (weeks)

34
4-8

Deterministic effect

Embryo death

250-500
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Table 5. Recommendations for Interventionalists to Minimize Radiation Exposure

Recommendations

1. Interventionalists should wear wrap-around (not front-only) protective aprons with a lead-equivalent thickness >0.25 mm and protective collar

with a lead-equivalent thickness >0.25 mm.

2. Interventionalists are recommended to wear protective glasses with side panels having a lead-equivalent thickness >0.5 mm.

w

protect against scattered radiation.

. Minimize fluoroscopy time during procedures.

© 0 N O O M

10. Collimating the X-ray beam during procedures is recommended.

The use of radiation shielding devices (e.g., vertical shields suspended from the patient table, ceiling or movable shields) is recommended to

. Using under-couch systems can reduce radiation exposure compared to over-couch system.
. Pulsed fluoroscopy is recommended to use instead of continuous fluoroscopy.

. Maintain the maximum possible distance from the X-ray tube of the fluoroscopy equipment.

. Use the last-image-hold method instead of taking additional radiographs.

. Minimizing image enlargement during procedures can help reduce radiation exposure.

11-1. The effective dose limit for interventionalists should be restricted to 20 mSy, averaged over defined periods of 5 years (maximum 50 mSy,

per year).

11-2. To prevent eye lens damage, the effective dose limit should be restricted to 20 mSy, averaged over defined periods of 5 years (maximum

50 mSy, per year).

12. Measurement and collection of radiation dose data at each institution are essential for establishing Diagnostic Reference Levels (DRLs).

13. Interventionalists should wear dosimeters to measure radiation exposure levels.

14. Interventionalists should undergo health check-ups, including hemoglobin and white blood cell counts, every two years.

15. Pregnant female interventionalists should maintain an effective dose of less than 2 mSv to the abdominal surface, beneath the protective
apron, during the pregnancy period to ensure the healthy birth of the fetus.

16. Female interventionalists planning pregnancy are recommended to maintain an effective dose of less than 5 mSv to the abdominal surface,

beneath the protective apron, over three months.
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