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S ARE8xY 92 A Ael A 2 g BN =2 WA IE5S Futstd, ol it s Ad3al4E(diagnostic
reference levels, DRLs)2 ©H2 35| 952 Aolth, & A= Ul :2 A=57|139 A4 44 HolHE +4 - BAst 43¢
Al 7% die =71 DRLs2 Altd 2 24 &2 v /07 225t 2 AbAd b &2l 8 A 484 712488 AlSsiaa do
U 20249 2-44H27] S ARERRY € SAE Ale AT AR7IH 207145 2R HolHE FAsHA 2AF g &
&M E Y& (coronary angiography, CAG), ¥ & /&M 5 A& (percutaneous coronary intervention, PCI), THd 23 =4
(chronic total occlusion, CTO) 5& 33 dF 7H4] F8 A& FEo|tt. gojg $3-2 DICOM RDSR (digital imaging and
communications in medicine radiation dose structured report) @ ZZA|H BIAE &8tgon, F 1,9807° F& HolHE
SHstgch 24 A2 E F3 A% F(dose area product, DAP; Gy cm”) ¥ FA| A1 7H(fluoroscopy time, FT; %)& AH8819.2
w, A £E9] A3AHE 4 (75th percentile) 32 7 Al&E =7} DRLsZ A4 stAt

Zik B4 A3} 7F A% DRLs (DAP, FT)2 th23t 2ol AF&E ek Ad £2°1 CAGE 18.68 Gy cm’ (440.00%2)& 7Hg ¥
9ttt A1 Aol 3 CAGH+PCIE 63.40 Gy-cm? (1,201.502), CAG+PTCAE 53.89 Gy-cm” (1,284.65%), S4A 2244
(acute myocardial infarction) 58.52 Gy cm® (947.64%), PCIE= 49.94 Gy cm® (1,479.50%)2 Uetyth 53] Ido|: Aj&<l
CTO%: 106.83 Gy-cm”® (2,819.002)2 7} &2 A3} 71 FTE 7|25tk At 9 DRLs 32 73 2 u|= 5 F9 AR gjy]
Ao 2 W +E3 Ytk

Z2E: & A9 = WY FFA dolgE 7o g Sl AR EHEd 2 A8 A&l et 37 DRLs2 %2 At Al
°]9)7} At =& % DRLs2 2 =789 AA1ZQ A o2 & B7F 2 Ast kgo] 7|€0 g &8 4 Jlon, FF AAZA %
A BT A ST SA; - A3to]| 7]oig Ao g ZdiEth

F2 Mol A AR ERRIE SAA Ala A B AR
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=0] 7Fssttte AHollA 9z A 2 Ale F9el
FEoIt3]. 2y EHx 3 SAE Al
ST UPIE] YA B FAIE 7RISR Sho] Al
o] o]RojA B gxtoA AEE = WA Aol Aut
Al vlE] Aoz rh2,3]. Aol TH
3t 20239 =9 =AM F7F AR EE =1 9w

WAL ol8re PEd ST g, 1 5 BEd

2
EQ,
2
2

Ab= 202099 Hlsf| 20230l 9F 21.3% S7FoF T 2023
F AA AZYAA o]
9] 0.2%° E3stA|gt, T2} m]EMAFo) A 2R oh= HE2
2.3%% o8] FAF F 3e9E w2 FETFS UL ot
[4]. =9 1993 &

4 lzoz uEIAAY o8
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Fom, o] T HFEE=E A~} 39.3%
£ ZA)5to] 7pg woky, EAT 7R 26.4%F B2
"oz SRRIF U2, 4].

A E A 7]7+(World Health Organization, WHO), =

o] AA dH=xF

A 42+ 7] +(International Atomic Energy Agency, IAEA)
5 oA i 7|4 TFOE 19964 A 7|E kA&
&3l A AT
TR, FAGAE 2

(basic safety standards) No. 115%&
< TEot=S HFista U5l
¥ 3] (International Commission on Radiological Protection,
ICRP)= S} 19 22515 9Jsf A3l (diagnostic
reference levels, DRLs)] 277} €82 A5t 9lom, o]

2 7oz g Ak Hele A sh= Zh=o] B0 g 4 Ao
ME 583 848 A Uth6,7]. DRLsS = 7iE
27|l A AHESHe A FAHAL] e A RS £
Afsto] AwF £ F A3ARERI(75th percentile) FO= A%
sto] AAIst= gheltH6-9l.

4, 9, v 5 A-F2 7L A DRLsS 5
71H o8 BAFOZH WAATY T d FAS TR
ofa ek Ejuehs 20089 A1E O FE A A oA =
O2 20139 4F °]
T ol¥ A= PN 359 F712 JagAd A
ATHS8,91. AF7HA 9] =7}

% (computed tomography,

AL F7E =7} DRLsS A Aokl

RLsZ 49 9 AAstaE&
CT) & 8 AAE SHA2 s AAEHA o SA4 FAA

& Hof, 53] A44EH A&l et DRLE 35| 755
A7goltH8-101.

AT Aol thgk DRLsO] FAD 3%, w7 1t E
= AlEA 7 A mAo] dig A3E] 7]%o] Wi EA| ghot
SR AR w20 B Qg SUHE 29
WA A stehe A UE g vhete A9 2
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2 % DRLs 440] Wasitt. olo] £ AT)AE F 34
2 A&0) YAt
2 ANFoEH
A o

oJm7lHeld 498 AFBREGE L FX
A% vl 44 - BA3to] A4 D

5 94 L 3 7% ko] 7| 2A4ES

o
=1y EH
o (=]
1. 47 Tt

1) ZAL CHes AR AlE

ICRP publication 135°] @EZW DRLsZ A4 dfof of=
AA A AT o A HoA HHA o g $8%= HAR
7P ¥IHs] e EAY M w2 A B EATE 25k
At 45 FHof 26,71 15T 8 Ha= 44
BHE o e FozA 7hsotd AARlA AH S7E5HA
u =G 71710014 7H8-eE FTARI )0l ooF g6, 71. ol
2 A4 IR 2 SAA AlE RorollA 7HE wi
SHAl == g 7HA AAF FES ARSI & A7
A 3447 M (acute myocardial infarction, AMIT} THJ <
¥ A (chronic total occlusion, CTO)S < Agtgo| ofy
o W EACE Q) Al dolk ¥ FA - G4 E5T0]
1 A "FEA, T HH digt F
A Algo] AR $+PH BE HEY A& 2 & Fo53l
ot ARE A E Al o Zok (1) e dE
(coronary angiography, CAG); (2) #4452 F&d} 414
35S & (coronary angiography and percutaneous cor-
onary intervention, CAG+PCI); (3) ¥sHxd&y} A1
7451 d P& (coronary angiography and percutaneous
transluminal coronary angioplasty, CAG+PTCA); (4) ¥/
W2 et s U5 AH(coronary angiography and
spasm provocation test, CAG+SPASM); (5) AMI A& (6)

CTO Al (7) A3 2835 W5 A< (percutaneous coronary
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intervention, PCI).

2) o] oz 7| MY
ICRP publication 135°]4]= DRLs& A75t7] 3t &
FAE S U 229 HolHE ¥ 5 WS UF
grEstojof s, 7k Aol 54 HA
|4 207 o442 Ao] diste] e A Falskal ot

QHE mzoE A5

T= T

TS EEAE S

A3 % Qo BAIEo] AH6,7)
FAABBEAFEY doleHo|AS T HFARE
9% 9 344 Aol 5T A% Jwsno] BHL Ho}

stk olF g AR/ WES o Fol B 2AE
B3t dlold $1e 95 FAOIA 92§ o

Al F(digital imaging and communications

>
&
_.114
)
)
_\_4
nich

Ad G2 5
in medicine, DICOM) HWAMA = F 23} X 1A (radiation
dose structured report, RDSR)®} Al& T T2 A AH(pro-
cedure) B4 0] Eo] 7}53t FAE B w7 20
NE A7sto] DRLs A7 91t A% ¥ JEE +HsH3

o

2. HOje =& 2 &4

ICRP publication 135°4= B#2Y 2 SAE Al&o]
o5l DRLs A7go] g3t o2 AegFH = F(dose area prod-
uct, DAP), 25 7]#"Hcumulative air kerma), FA| A7+ L
¥ 3Hcine) = HAETAFE T2 Y= (digital subtraction an-
giography)9] @4 & 5-& AAISIAL ATHG]. £ A+ Hlo]

B e A8 2 o] omride] A" da2YFA =T

B £3%E= DICOM RDSR i} Z2A|A BIAE &8
SH3TH RDSRS DICOM Tf-Zof wzt gojd Fxohe Az
HIAMZ A2 5, 82 A&, Yo, A%, 574, AN,

AA AALS] 4 DAP, ZF 9749 DAP, FAAZE 5 ohgst
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S ATE & JA=F St EY, Q=) Aol wet
Fsgt 7138l disiA= Ale &
& 5 AHe ZeAA BiA9 £3S HYSIAT. 2
AA HIA glo]8 =42 9 (Microsoft) Hlo|8 &2 &-&
Sto] FEE g WL 3]t F AA| B wlolE 3 A
of drsto] EA4o &gttt & 2070 ol =8 F
147} 7132 RDSR 7|9k A7 HE o2 g 5
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3] Bgh(average), AFEAG(QL, Q3), FUFk(median)S
ARSI AFEE AT i F AIBARESIE 712 E DRLs
ESH A TAREY(25th percentile)= 319
EHAZOZ A A5

72 DAPS} FAAIZE 5]

A A AR ERRY 4 SAE Ale dF ) e o
3f 2024 24427
B ojLo] B4

et 3= dolHe F 1,980710]¢.
&)= A& 138](procedure)o|, +2 DAP 2
FEAATE] 8l 7hs3 RE AT ZFoIGITh HE o]
7|4 Ha BE $ 71201HT 204 oVhHE S
ol& Tlo[HE HIFOE 7} HAF FHERE AZAES ¢ 7]
&5 2 AHESHT 11 23 DAPE CAG 18.68, CAG+PCI
63.40, CAG+PTCA 53.89, CAG+SPASM 25.44, AMI
58.52, CTO 106.83, PCI 49.94 Gy - cm’& YEtsith 1 9

DAPO| A|IARE?, S94E, Boat> & 13 Z.

FIHPUAMI Y EAIE

_— usspia
T e T 0~ W S
pE)
S - = . waea s &l EH?} ﬁ%k glo] 1 7& BAE
S2HOIAE SW HI=#2 o 2hiie) ALY DICOM=digital imaging and com-

munications in medicine; XA=X-ray
angiography; RDSR=radiation dose

| structured reports; SW=software;
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=l DRLs=diagnostic reference levels.
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EA A7) ABAME Y] S CAG 440.00, CAG+PCI Adaizy

o&‘i %,

1,201.50, CAG+PTCA 1,284.65, CAG+SPASM 341.26, Aol BrArA

ro,

T Q) AT ANAMESY], FU4gh, BAGES H 29k 2t I A
A& DAPSF FAIAIZES] A3ARE RS #h& A2 u=x

42 stel BY7|® A7 @

FAA Algof Higt /29| =7} DRLs AHgS
glolElE o2 o7 7]TollA] S ste] HAF &
AMI 947.64, CTO 2,819.00, PCI 1,479,502 Uehdth, oz BAg 48d724 1 227t 9ok

01Z oz 7|9 thr|# A e suto
£ 2ok, An

=2
A SAH Ale dE A I gt =7 DRLs= dAst o fRAdd} 94 B3Eg HU0. E3F DICOM RDSROA]
F AT

= g DAPS} BAATHE B4 Wsz Agsierh. AA] il

2] dhef M LE A
24 7% 7} DRLs @
o8 44 AAE

U dYsEor dHx Y 9 A Alsd tg % 3AHEYSE F7F DRLs&E A%
7F DRLs> 201283} 20199 23]o] 24 AAH = 9oy ol vlsf| Er} EESHE tlo]E 7|9t
(121, A7gE ol dsfx= = i AAol] o AAE AR FollA 297k Sl
A7 B o] XA EOITHI0L. o] & dFe FW A AL 323 AHEE DRLsY] v

A®E ZEsHH, 718 2 vl 7S

TR 4 7hed FF

A3 CTO7} 7V &2

H1.AAEH2Y 2 A4 Ay HAMG T Bx

AAE HMIALE S 2 YU HIBALE? 2 Hrat
CAG 6.22 10.17 18.68 14.92
CAG+PCI 24.20 39.13 63.40 48.78
CAG+PTCA 25.20 33.84 53.89 42.89
CAG+SPASM 10.89 17.90 25.44 18.68
AMI 29.13 43.10 58.52 56.38
CTO 48.98 73.56 106.83 78.95
PCI 11.74 21.82 49.94 34.13

©@9: (Gy-cm?). CAG=coronary angiography; PCI=percutaneous coronary intervention; PTCA=percutaneous transluminal coronary

angioplasty; SPASM=spasm provocation test; AMI=acute myocardial infarction; CTO=chronic total occlusion.

H2 AZERARY 4 A8 Ael S7E FAAL X
AAIH MIAL2 S 2k SYU HIBAHE R 2 Bt

CAG 135.00 22453 440.00 395.84
CAG+PCI 520.00 817.50 1,201.50 938.28
CAG+PTCA 469.72 673.84 1,284.65 1,091.80
CAG+SPASM 174.80 232.12 341.26 298.52
AMI 439.00 671.41 947.64 874.69
CTO 1,203.18 2,143.22 2,819.00 2,099.02
PCI 555.99 982.00 1,479.50 1,192.61

@9 . CAG=coronary angiography; PCl=percutaneous coronary intervention; PTCA=percutaneous transluminal coronary angioplasty;

SPASM=spasm provocation test; AMI=acute myocardial infarction; CTO=chronic total occlusion.
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Uelygth £3] CAG+PCIQ] DAPE CAG tiH] oF 3.48) &
7Feton, FAAIZEE 3ul® oF 12,74 71 § 71 Azt &
Qb T FE= 2 0= FRIF It
7} 2o} o] FojA A A& AA7t
of 71Iet A= s HH3].
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H(whisker) 58 E 5=} 958 L 9|5 & YEPHATE. CAG=coronary
angiography.
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ABSTRACT

Objectives: This study aims to establish national diagnostic reference levels (DRLs) for coronary angiography (CAG) and
interventional procedures in the Republic of Korea (ROK), providing objective standards to optimize patient radiation exposure.
Methods: Data were collected from the second through the fourth quarter of 2024 from 20 certified medical institutions.
A total of 1,980 cases involving seven major procedures—including CAG, percutaneous coronary intervention (PCI), and
chronic total occlusion (CTO) procedure were analyzed. Using digital imaging and communications in medicine (DICOM)
radiation dose structured reports (RDSRs) and procedure reports, the dose area product (DAP) and fluoroscopy time (FT) were
evaluated. The DRLs were defined as the 75th percentile of the dose distributions.

Results: CTO showed highest values with a DAP of 106.83 Gy-cm® and an FT of 2,819.00 seconds, reflecting high
procedural complexity. In contrast, diagnostic CAG showed the lowest values with a DAP of 18.68 Gy*cm’ and an FT of
440.00 seconds. The DAP and FT for combined CAG+PCI was 63.40 Gy-cm® and 1,201.50 seconds. Overall, the derived
Korean DRLs were generally lower than those reported in major developed countries.

Conclusions: This study presents the first national DRLs for cardiac interventional procedures in the ROK based on
multicenter clinical data. These findings provide a foundational baseline for the management of radiation safety and dose

optimization in clinical practice.
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*Corresponding author: Jungsu Kim, Tel: +82-53-320-1318, E-mail: rtkjsO1@dhc.ac.kr
Hyemin Park, Tel: +82-55-230-1275, E-mail: hmpark@masan.ac.kr

Introduction interventional procedures for the diagnosis and treatment of
these diseases has been steadily increasing [1,2]. Angiography
Cardiovascular diseases in the Republic of Korea (ROK) are and interventional procedures can be performed with rela-

among the leading causes of death, and the use of image-based tively low invasiveness compared with conventional invasive
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Key messages
(D What is known previously?

Coronary angiography and interventional procedures
involve high radiation doses, and diagnostic reference
levels (DRLs) has been recognized. However, no nation-
al-level DRLs have been established in the Republic of
Korea.

(@ What new information is presented?

This study presents the first national DRLs for seven car-
diac procedures based on clinical data collected from 20
Korean hospitals, using dose area product (Gy - cm®) and
fluoroscopy time (seconds) as reference metrics.

® What are implications?

The established DRLs can be used for institutional dose
management, practitioner education, and benchmarking,
and they may serve as practical reference standards for
future radiation optimization.

treatments and therefore constitute an indispensable compo-
nent of medical diagnosis and treatment [3]. However, because
angiographic and interventional procedures are performed
based on high-resolution imaging and prolonged fluorosco-
py, the radiation dose delivered to patients is relatively higher
than that received during general imaging examinations [2,3].
According to the 2023 annual report on medical radiation
exposure of the population published by the Korea Disease
Control and Prevention Agency (KDCA), the use of medical
radiation among the population has been steadily increasing,
with angiographic examinations increasing by approximately
21.3% in 2023 compared with 2020. As of 2023, angiograph-
ic examinations accounted for only 0.2% of the total use of
medical radiation, but they contributed to 2.3% of total patient

radiation exposure, ranking third among medical examinations

568

in terms of radiation dose [4]. The effective dose per capita
from angiographic examinations is 0.07 mSv. Among these
procedures, coronary angiography (CAG) accounted for the
largest proportion (39.3%) of all angiographic examinations
and showed a relatively high contribution to radiation expo-
sure (26.4%) [2,4].

Six international organizations, including the World Health
Organization (WHO) and the International Atomic Energy
Agency (IAEA), jointly recommended the management of
patient radiation dose through the international basic safety
standards No. 115 in 1996 [5]. In addition, the International
Commission on Radiological Protection (ICRP) recommends
the establishment and use of diagnostic reference levels (DRLs)
to optimize patient radiation exposure, and dose management
and optimization based on these levels have become important
components of healthcare systems worldwide [6,7]. DRLs are
defined as the third quartile (75th percentile) of the radiation
dose distribution obtained by surveying the radiation doses
used in diagnostic imaging examinations at individual medical
institutions nationwide [6-9].

Developed countries, including those in Europe, Japan,
and the United States, promote radiation dose management
and quality improvement by periodically updating national
DRLs. In the ROK, national DRLs were first established and
announced by the Ministry of Food and Drug Safety in 2008.
Following the transfer of responsibility in 2013, the KDCA has
been presenting national DRLs for various types of medical ra-
diation examinations every 3-5 years [8,9]. To date, national
DRLs have primarily focused on major examinations such as
general radiography and computed tomography (CT), while
DRLs for interventional radiology procedures, particularly

cardiovascular interventions, have not yet been sufficiently
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established [8-10].

In the absence of DRLs for high-dose procedures, objective
criteria for variations in radiation dose between medical insti-
tutions or operators cannot be established, which might lead to
unnecessary increases in patient radiation exposure. This situ-
ation may contradict the radiation protection principle of dose
optimization [6-8]. Therefore, the establishment of objective
standards for interventional procedures is urgently needed, and
the development of DRLs based on real clinical data is essen-
tial. Accordingly, this study collected and analyzed radiation
dose data from CAG and interventional procedures performed
at major medical institutions in the ROK and aimed to propose
procedure-specific DRLs, thereby providing baseline data for

the establishment of future clinical and policy standards.

Methods

1. Study Population
1) Examinations and procedures

According to ICRP publication 135, when determining
which examinations or procedures should have DRLs estab-
lished, priority should be given to procedures that are com-
monly performed in the region, particularly those performed
most frequently or those associated with the highest patient
radiation exposure [6,7]. The main variables to be recorded
should be quantities that can be easily evaluated and, if possi-
ble, should be radiation dose metrics that can be directly mea-
sured during the examination or obtained from the imaging
equipment [6,7]. Accordingly, this study selected seven exami-
nations that are most frequently performed in the field of CAG
and interventional procedures. In this study, acute myocar-

dial infarction (AMI) and chronic total occlusion (CTO) were

www.phwr.org Vol 19, No 13, 2026

treated not simply as diagnostic labels but also as representative
clinical categories wherein lesion characteristics might increase
procedural difficulty and the amount of fluoroscopy and im-
age acquisition. Therefore, cases wherein interventional pro-
cedures for these lesions were actually performed were defined
as separate procedural groups. The selected examinations and
procedures were as follows: (1) CAG; (2) Coronary angiogra-
phy and percutaneous coronary intervention (CAG+PCI); (3)
Coronary angiography and percutaneous transluminal coro-
nary angioplasty (CAG+PTCA); (4) Coronary angiography
and spasm provocation test (CAG+SPASM); (5) AMI proce-

dures; (6) CTO procedures; (7) PCIL.

2) Selection of participating medical institutions

According to ICRP publication 135, sample surveys con-
ducted to establish DRLs should collect sufficient data to obtain
a representative patient sample, and it is reccommended that at
least 20 patients be collected for a specific examination from
a single facility. Furthermore, it is stated that when a sample
survey is conducted by randomly selecting a subset of facilities
from all facilities, results from 20-30 facilities are sufficient to
estimate national DRLs [6,7].

The status of accredited medical institutions capable of per-
forming CAG and interventional procedures was identified
through the database of the Korean Society of Interventional
Cardiology. Subsequently, the institutions were contacted to
confirm their willingness to participate in the study. To facili-
tate efficient data collection, 20 medical institutions equipped
with systems capable of generating digital imaging and com-
munications in medicine (DICOM) radiation dose struc-
tured reports (RDSR) and procedure reports after the comple-

tion of procedures were selected, and radiation dose-related
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information was collected for the establishment of DRLs.

2. Data Collection and Analysis

According to ICRP publication 135, several metrics may
be used for establishing DRLs for angiography and interven-
tional procedures, including dose area product (DAP), cumu-
lative air kerma, fluoroscopy time (FT), and the number of
images acquired through cine imaging or digital subtraction
angiography [6]. In this study, DICOM RDSR files and pro-
cedure reports generated from angiography systems installed
at participating medical institutions were used for data col-
lection. The RDSR is a structured dose report defined accord-
ing to the DICOM standard and quantitatively includes vari-
ous exposure-related information, such as device type, patient
sex, age, height, weight, examination name, cumulative DAP
for the entire examination, DAP for each image, and FT [11].
Therefore, the RDSR is suitable for use as an indicator for esti-
mating DRLs. Depending on the network environment of each
institution, RDSR files can be transmitted to an external server
through linkage with the imaging equipment server or the pic-
ture archiving and communication system [11].

Accordingly, for data collection, the research team con-
ducted on-site inspections of the participating medical insti-

tutions. Depending on whether network access was available,

Anonymization and DICOM standard dose
information extraction

XA modality
Encrypted
— e transmission
(.. Y n XARDSR, m F_I_, -
/2| gy - order
( ,L—-__ information Firewall
< 3 waj LR
Client SW Network
\ Participating medical institutions /
t

institutions were allowed to provide data using one of two
methods: real-time transmission of data or local storage fol-
lowed by subsequent collection. In addition, for institutions
where opening the DICOM network was not possible due to
institutional constraints, procedure reports generated after the
completion of procedures were collected in parallel. For proce-
dure report data collection, an Excel (Microsoft) data form was
used to receive the entered information, retrieve the completed
forms, and upload them to the study’s internal data collection
server for analysis. Among the total of 20 participating medical
institutions, data from 14 institutions were obtained through
an RDSR-based real-time transmission method, while the re-
maining six institutions used a procedure report-based data
collection method due to network limitations. A schematic dia-
gram of the data collection process is shown in Figure 1.

Data collection was conducted from the second quarter
to the fourth quarter of 2024. Considering the consistency of
the data and the feasibility of data collection across participat-
ing institutions for each examination type, cumulative DAP
(Gy - cm?) and FT (second), which were available from all in-
stitutions, were selected as the final analytical indicators and
collected. Cumulative DAP and FT are procedure-based indi-
cators calculated at the completion of a procedure and reflect

the level of radiation exposure delivered to the patient during

National radiation dose
information center

Figure 1. Schematic diagram of
radiation dose data collection for
coronary angiography and inter-

National radiation dose
management system for
angiography and
interventional procedures

ventional procedures

DICOM-=digital imaging and com-

Establishment of DRLs
| angiography; RDSR=radiation dose

munications in medicine; XA=X-ray

Feedback on DRLs

establishment by region or medical institution
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structured reports; SW=software;

DRLs=diagnostic reference levels.
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the procedure. The collected raw data were aggregated on the
study’s internal server and organized into an integrated data-
base. To prevent the leakage of sensitive personal information,
technical security measures were implemented, and all institu-
tional identifiers and patient information were removed during
preprocessing to ensure that the data were fully anonymized.
To analyze the collected data, descriptive statistical analysis
was performed for each variable. For each examination type,
the mean, quartiles (Q1 and Q3), and median values were cal-
culated for cumulative DAP and FT. DRLs were defined based
on the third quartile of the calculated dose values. In addition,
the first quartile (25th percentile) was defined as the lower

DRLs, and the median was defined as the target dose.

Results

A total of 1,980 cases were collected during the second to
fourth quarters of 2024 for the seven types of CAG and inter-
ventional procedures included in this study. The unit of analy-
sis in this study was a single procedure, and only valid cases
wherein cumulative DAP and FT were available were included.
All participating institutions satisfied the minimum sample

size criterion (at least 20 cases per institution). Based on these

data, the 75th percentile values were calculated using descrip-
tive statistics for each procedure type. The results showed that
DAP values were 18.68, 63.40, 53.89, 25.44, 58.52, 106.83,
and 49.94 Gy - cm” for CAG, CAG+PCI, CAG+PTCA,
CAG+SPASM, AMI, CTO, and PCI, respectively. The 25th
percentile, median, and mean values of DAP are presented in
Table 1.

The 75th percentile values of FT were 440.00, 1,201.50,
1,284.65, 341.26, 947.64, 2,819.00, and 1,479.50 seconds
for CAG, CAG+PCI, CAG+PTCA, CAG+SPASM, AMI, CTO,
and PCI, respectively. The 25th percentile, median, and mean
values of FT are presented in Table 2.

The 75th percentile values of cumulative DAP and FT de-
rived from these data were established as the national DRLs for

the seven CAG and interventional procedures.

Discussion

National DRLs for angiography and interventional pro-
cedures in the field of radiology in the ROK were established
twice, in 2012 and 2019 [12]. However, for cardiovascular
procedures, available information had been limited to radia-

tion dose data reported by individual researchers in the ROK

Table 1. Distribution of dose area product for CAG and interventional procedures

Procedure name 25th percentile Median 75th percentile Average
CAG 6.22 10.17 18.68 14.92
CAG+PCI 24.20 39.13 63.40 48.78
CAG+PTCA 25.20 33.84 53.89 42.89
CAG+SPASM 10.89 17.90 25.44 18.68
AMI 29.13 43.10 58.52 56.38
CTO 48.98 73.56 106.83 78.95
PCI 11.74 21.82 49.94 34.13

Unit: Gy-cm’. CAG=coronary angiography; PCI=percutaneous coronary intervention; PTCA=percutaneous transluminal coronary

angioplasty; SPASM=spasm provocation test; AMI=acute myocardial infarction; CTO=chronic total occlusion.
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Table 2. Distribution of fluoroscopy time for CAG and interventional procedures

Procedure name 25th percentile Median 75th percentile Average
CAG 135.00 224.53 440.00 395.84
CAG+PCI 520.00 817.50 1,201.50 938.28
CAG+PTCA 469.72 673.84 1,284.65 1,091.80
CAG+SPASM 174.80 232.12 341.26 298.52
AMI 439.00 671.41 947.64 874.69
CTO 1,203.18 2,143.22 2,819.00 2,099.02
PCI 555.99 982.00 1,479.50 1,192.61
Unit: sec. CAG=coronary angiography; PCI=percutaneous coronary intervention; PTCA=percutaneous transluminal coronary angioplasty;
SPASM=spasm provocation test; AMI=acute myocardial infarction; CTO=chronic total occlusion.

[10]. Accordingly, this study is meaningful as a policy-oriented
study that collected radiation dose data from multiple medi-
cal institutions and analyzed them by procedure type in order
to estimate the first national DRLs for CAG and interventional
procedures in the ROK.

In this study, multicenter clinical data from accredited
medical institutions were analyzed, thereby overcoming the
limitations of single-institution studies and increasing the rep-
resentativeness and external validity of the results. In addi-
tion, while utilizing quantitative dose indicators derived from
DICOM RDSR, cumulative DAP and FT, which could be com-
monly collected from all institutions, were selected as analytical
variables in order to ensure comparability among institutions.
By establishing the third quartile of the dose distribution as the
national DRLs for seven procedures frequently performed in
clinical practice, this study presents a more standardized, data-
based, and consistent estimation framework compared with
previous national DRLs studies.

A comparison of the calculated DRLs by procedure
type showed that CTO exhibited the highest DAP (106.83
Gy - cm?) and the longest FT (2,819.00 seconds). This find-
ing reflected the characteristics of CTO lesions, which are

chronically occluded and often involve long lesions or severe
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calcification. These factors increase procedural difficulty and
are associated with complex procedural processes and a ten-
dency toward prolonged FT [3]. These clinical characteristics
lead to prolonged fluoroscopy and repeated image acquisition,
ultimately resulting in increased patient radiation exposure. In
contrast, because CAG is mainly centered on simple image ac-
quisition for diagnostic purposes, it showed the lowest DAP at
18.68 Gy - cm?, and its FT was also confirmed to be the sec-
ond shortest among the procedures at 440.00 seconds.

In the case of combined procedures such as CAG+PCI,
CAG+PTCA, and CAG+SPASM, radiation exposure was
found to be relatively higher than that of purely diagnostic
procedures. In particular, the DAP of CAG+PCI was approxi-
mately 3.4 times higher than that of CAG, with three times
longer FT, indicating approximately 12.7 minutes longer ra-
diation exposure time. This finding might be attributed to the
structural characteristic that the procedural process becomes
more complex as interventional treatment is performed con-
secutively following diagnostic angiography [3].

When the DRLs derived in this study for CAG and PCI
were compared with values aggregated by continent [13], the
DRLs were found to be relatively lower (Figures 2, 3). This

finding suggested that medical institutions in the ROK are
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Figure 2. Diagnostic reference levels of CAG published for
different regions

When several works were compiled, the boxes represent the quartiles
and whiskers show the 5% and 95% percentile. CAG=coronary
angiography.

actively adopting advanced equipment and radiation dose-re-
duction protocols. A previous study by Lee et al. [14] compre-
hensively analyzed the status of DRLs establishment for inter-
ventional procedures in the ROK and other major countries
and reported that radiation dose levels vary substantially across
procedures and that differences exist among countries in terms
of the criteria and numerical values used for DRLs establish-
ment. In particular, interventional procedure DRLs in the
ROK were generally lower than those in the United Kingdom,
Germany, and the United States for most procedure categories,
which might be attributed to radiation dose optimization ef-
forts and the use of advanced equipment in some leading med-
ical institutions [14].

The establishment of national DRLs is not limited to the
simple presentation of numerical values but can also support
various applications in clinical practice. Medical institutions
can perform self-assessment of radiation dose levels using

DRLs as a benchmark and can use them as reference materials

www.phwr.org Vol 19, No 13, 2026

PCI (no total occlusion)

250
200 - —
o 150 - 5 G
o
&
100 —
——
]
0 T T T T T T T 1
3 S @ @ S @ S
K R S I I S
& & <& c &
N N &
éo \/'b

Figure 3. Diagnostic reference levels of PCIs published for
different regions

When several works were compiled, the boxes represent the quartiles
and whiskers show the 5% and 95% percentiles. PCI=percutaneous

coronary intervention.

for equipment performance evaluation and the development
of operational guidelines. In addition, DRLs can be used to im-
prove operators’ awareness of radiation dose and as education-
al materials, thereby contributing to the establishment of a ra-
diation safety culture. Furthermore, at the national level, DRLs
can support comparative analyses among medical institutions
and the development of feedback systems, and in the mid-term
to long-term, they can serve as baseline data for the establish-
ment of radiation dose optimization policies.

For the effective implementation and operation of DRLs,
continuous and systematic data collection should be conducted
in parallel. In this study, the validity of DRLs establishment was
confirmed through DICOM RDSR-based data, suggesting the
potential for the future introduction of an automated radiation
dose monitoring system. However, during the pilot operation
process, some medical institutions experienced practical dif-
ficulties in applying computerized workflows, and the specific

characteristics of procedures, such as changes in orders during
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the procedure and the occurrence of emergency procedures,
acted as factors that hindered system integration.

In addition, the fact that data collection was concentrated
within a specific period should also be taken into consideration
when interpreting the results. The data collection period of this
study partially overlapped with a period during which clinical
care and procedural operations were subject to change due to
collective actions within the Korean medical community, and
thus, the number of procedures performed at some institutions
may have decreased compared with typical years. Therefore,
the DRLs derived in this study might reflect the clinical opera-
tional conditions during that period, and future re-evaluation
and updating based on accumulated data over a longer period
are needed.

In this study, because the focus was placed on deriving rep-
resentative values for national DRLs using RDSR-based mul-
ticenter real-world clinical data, detailed stratified analyses ac-
cording to device characteristics, patient characteristics (sex,
age, height, and weight), and operator-related factors were not
performed. However, ICRP publication 135 states that appro-
priate DRLs quantities can be recorded using automated meth-
ods and that, in sample surveys where a sufficient number of
patients (>100) is secured at each facility, restrictions related to
patient factors, such as body weight, may be relaxed [6]. In ac-
cordance with these recommendations, this study adopted an
approach to derive representative values based on large-scale
multicenter clinical data. In addition, given the characteristics
of angiography and interventional procedures, radiation dose
variation may occur depending on equipment configuration,
procedural difficulty, operator proficiency, and lesion charac-
teristics, and the results of this study are subject to some limi-

tations in interpretation in that stratified analyses according
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to these factors were not performed. In the future, additional
detailed analyses reflecting patient characteristics, equipment
characteristics, and procedural difficulty are warranted.

In conclusion, this study was significant as it presented na-
tional DRLs for CAG and interventional procedures based on
multicenter real-world clinical data and proposed their poten-
tial utility and the importance of their clinical application. In
the future, additional efforts will be required, including the es-
tablishment of a real-time feedback system based on national
DRLs, expansion to comparative evaluation indicators among
medical institutions, and the establishment of more detailed
criteria for high-difficulty procedures. Through such efforts, it
will be possible to contribute to the creation of a patient-cen-
tered and safe radiation-use environment and to the realization

of radiation dose optimization.
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