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Cardiovascular calcifications can occur in various cardiovascular diseases and can serve as a https://

biomarker for cardiovascular event prediction. Advances in CT have enabled evaluation of cal- orcid.org/0000-0003-0247-8932
cifications in cardiovascular structures not only on ECG-gated CT but also on non-ECG-gated Cherry Kim

. . . https://

CT. Therefore, many studies have been conducted on the clinical relevance of cardiovascular orcid.org/0000-0002-3361-5496

calcifications in patients. In this study, we divided cardiovascular calcifications into three class- Young Joo Suh
https://

es, i.e., coronary artery, thoracic aorta, and cardiac valve calcifications, which are closely asso- -
orcid.org/0000-0002-2078-5832

ciated with cardiovascular events. Further, we briefly described pericardial calcifications, which
can be found incidentally. Since the start of lung cancer screening in Korea in the second half of
2019, the number of non-enhanced, non-ECG-gated, low-dose chest CT has been increasing,
and the number of incidentally found cardiovascular calcifications has also been increasing.
Therefore, understanding the relevance of cardiovascular calcifications on non-enhanced, non-
ECG-gated, low-dose chest CT and their proper reporting are important for radiologists.

Index terms Tomography, X-Ray Computed; Incidental Findings; Coronary Artery Disease;
Aorta, Thoracic; Heart Valves
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AR (0]3F CT)OlA = A40] Tps, o, 5o, ol % wa el E}%‘-—HXMI
SIS R 4 U olef MESHE WIS AL dHoR el el B 9
T

g o2 . o5 5ol =57 A% CT (oI5t ECG-gated cardiac CT)o]
A %@5_} 1%%”—'1 Agleke g de Exel 9 ERet nlel R ES dSshet =
o] Hrh@3). =3t tisH Ajehs WEH A A, HEF 1 wRiE () A w4
35h= HEY A AGEY A Ao g dEA ST, 6)

B CT F/doll= = olejoll= A7, B3, 28, i 52 thyst 2 Wf 2Eo0] 28=| 1, CT
9] 4 47t solidol whet Zeafle] HAo] opd B4}l A E(incidental findings)e] Hil
7kt S}, CT 71<so] 'rdstHA] 33t ARl G =7 7 FobA| il A7/ 9 &4 2] 4
At whet ool Hlsl CT B/de] Ao] A5t Fokxlth(7). 55| 270 AlXto]
Zolx]| 11 €2 9] o1 Z-E(motion artifact)o] Zo]SHA], FA YHHA 0 & AFEE]= CT A7 AL
oA 243t H] A =57 (non-ECG gated) §5 CT GACIA = o= A= AW L2EE
< ekl 7ok Aol 7HsSiFITHE). S2AM S} 500 2] §5 CT 5 40375(80.6%)°l
H o)A A7lo] 5] WA 15 W5 A3]sh= 957(19.0%), tha A

949}— 73%5(14.6%), Tat A 3] Sk= 2875 (5.6%) ©I ATHO).

H

vt o] glao] e meie] Felxjolx] A4l FR CTE o] 84 vlek o] f-8airhe

ol

5
| of| Zghent }“]E'Jr Al gt H J=rt ”EHXtE 1=.01(11), National Lung Screening
Trial (o]} NLST) 4+ 4AE2 HYEote A AgoZ o wo] AFGSATH?24.1% vs.
24.8%) (10). w=pA H|F He] th/dol B AT A Aol thet /A= JA &2
B2E0]7] wfiZol wiek X CTollA] $-8] W= NPT 3]s}t Tt 17] ob5 20 = of
asl=g

ol FMojE 8] PS5 B HHEE7] FH CTollA £3] SEl = A3|shso] ofugt
WA ou)E 7HA] AL Ql=A], 12| al of YA SAstal Halshs Zlo] F2A15 A Bzt st

)

s M2lghs A =571 CTolA S7gstoiof shAIRE H] A =5 7] CTollA e vlwA] 4
5HA £74% 4= Aot The Genetic Epldernlology of COPD (°]st COPDGene) & E.°] 50‘33
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0.902.2 =7 UePth(17). th2 Atof| A= 483750 thgt 2| A3 H] AHE=%7] CT (120 kVp,
20 mAs)2F EEAZ AHES7] CT (120 kVp, 150 mAs) HAPIA o7 tAE 42 A3)517} A
&t A= 2 4712)(0, 1499, 100~399, = 400)2 575190 uf] T 7Ake] 7h} U] E7}0.892 =
UFERSTH(18). HIEF Aol M = = HAME &5l Al3]elrt A3t H =& flof o] 47Hx] 2 ER/5I
< ol 7t AX == 0.89% A UEREAL, H] A =57] CTollA] 8.8%2] 915/l e
19.1%9] H47F Atz o 2 WA 24 =|qlckal SHATH19).

Ttz M35t Grloll = ol kAR H4r 429] <4 (ordinal scoring), S9F 7k So] 91Tk
(Table 1). o7 kAR 4= Bef A3 257 CTollA] 220]d BP0 2|9 8] A = 57| CTo| A=
SUSHA 2 4= U} o tAE 4= F A3] 0] WA It A3] o] 2o W & (maximum density)
of ;e 7 }“F 42 AFESHH20). A1) 130 Hounsfield unit (o138} HU) o442 7HA1H 1 mm?

Hop 2 H2lg 2= 4 ALt Alg]e) 7574 4= 130 HU ©)/ 200 HU B|RHS- 1, 200 HU
©]/g-300 HU 1|92, 300 HU ©]/g 400 HU ]9 3,400 HU ©}/d-2 42 Alxtato], A5] o] HA]
I 745 B8 F B Tisto] obAE H4E SAFITH2L, 22). 9] A= 19 8

/&5 W= (left main, left anterior descending, left circumflex, right coronary artery)ol| thsf

22 WSS o AAJ3] 10749) H(segment) 2 Lhrol A 2424 Brlsta BE A4S
/1\_]'6‘} A= 1:

o Y4 HI5ict Z2to] TS WK o) ABIE) gl B9 0, A=) 49 1, 55
7492, 0] 495 3302 Hhsle] 145 AN 4 2UTH15, 23). 8 WK Bl
AmEgolrt MRk ghe by 1hekeh ol Rt THIZS) W7} 7)ol nhislo] 914 e,

CTollA A2laks 7k wioll= CT 4] Al4(attenuation)ol] Y& = 4= A= 2] 714

-

Table 1. Studies Assessing the Value of CACs on Non-ECG-Gated CT

. Methods of CAC -
Study Population CT Protocols Findings
Assessment
Rasmussen 1945 subjects Agatstonscore 120 kVp, 40 mAs Prognostic factor of fatal/non-fatal CVEs in
etal. (13) from DLCST current and former smokers, independent
of traditional CV risk factors
Jacobs 958 subjects from Agatston score  According to BW Independent predictor of ACM and CVEs
etal. (14) NELSON < 80 kg: 120 kVp, 30 mAs,
>80 kg: 140 kVp, 30 mAs
Shemesh 8782 subjects Ordinal score 140 kVp or less, 80 mAs Significant predictor of CV death
etal. (15) screening for
lung cancerin
New York State
Chiles 1575 subjects Visual score, 120 kVp, 40-80 mAs Visual assessment can make risk
etal. (23) from NLST Ordinal score, (depending on body habitus) stratification, which is comparable to
Agatston score Agatston score and CAC was strongly
associated with outcome
Sverzellati 1159 subjects Agatstonscore 120 kVp, 30 mAs Better predictor of CVE, ACM than FEV1,
etal. (61) from MILD emphysema extent

ACM = all-cause mortality, BW = body weight, CAC = coronary artery calcification, CV = cardiovascular, CVE = cardiovascular event, DLCST =
Danish Lung Cancer Screening Trial, FEV1 = forced expiratory volume in first second, MILD = Multicentric Italian Lung Detection, NELSON =
Nederlands-Leuvens Longkanker Screenings Onderzoek, Dutch-Belgian Randomized Lung Cancer Screening Trial, NLST = National Lung
Screening Trial
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RIAES Jreslof gtk CTE 29T Wi ARG ¥Qfo] Y245 439 CT 7 L4—]7ﬂﬂT(a’rtenu—
ation)+= =7 S ECH 22 WS AR&ste] 80 kvp TSdollA 578k A2]e] CT A=
120 kVpollA S5 dalAl4 Bt =7 S Eth24). 79 2] 7t A7d Wil mapa = A
3]9] okAE A o= GEkd 4 Atk Zdolu A o] ’ie] @] keol2E ST A
Q2 opIAE @4—% Z715tct, Toshiba® filter convolution (°]5} FC) && % FC022}F FC082
H] 51315 w FCO80llA Al3]at 247} o] =] S| JATH?25). Field of view (FOV)= 7E 45
7 (slice thickness)= FH24% oA E At o WAl SAHETHR5, 26).
ofwdk W5 A3)e 7t WhH S AR R0l wek A3]Et 4= thE 4 AT M E T
WS ko] M2)et Yr g HrH melle w2 Y| =5 Eolth NLST #H4F A& & o] &
to] A= A5]312 S0k HUlo} ol tAE M2 o) Qe ZHzt AlE A3 9 T2 47}
1[31&(none), A= (mild), 5% (moderate), 1= (severe)| 2 EF5IAS W, 7hat 2| ==
0.75%2 YUERHD B57F Fes| YA|shs A2 73%, St @A 25 2fo|7t s 27| 25 11
1S mi= 99.7% = =& X =& HArk16). ¥HH f-2juete] gkt oot 2% AlRIARY X
Zlof] Tzt A 25} g 7toll Al 7kt 7 Ax]| o)l thigh ol 2 Q=5 A& olsiet F5
oo 2 WS wf 49 4% (ordinal scoring)2 A3t 7huk A= (0.67~0.70)2 B
A Y7h= 0.45% HHE {Rgoll Hsl thas 2] YERgtT), o] A-tollA= of2] A2lst grivl=
Q WS 47HA 20 U] 7L 242 o] AlEste] B7E 89 7 FolA s e
471 2 U 7ohs w9 7|9k b o] 7t AJgto] Bl 7k} 2F AX| =Tt 22 ’iRol2t
SHATH27).
WA 07 40| ol S| v] 2T §F CTollA e Agjstrt das™ 2016
The Society of Cardiovascular Computed Tomography and the Society of Thoracic Radiolo-

gy (°I5F SCCT/STR) 7tol =l s A3]ets H7botal Hudk 21 HAslt) Al3]st
H7h= Q1S 4E(mild), 5= (moderate), 5= W 1= (moderate to severe)2] THA|Z L+
Ao ofFtAE 4ol A A 1499, T5 T 100~299, 6= Y I 300 o[/ R
A7gskelth(16). U] H AX AT FF CToﬂ*i WeeH Ajgte w9 52 a4
s-modifier® 3Z3tE|o] 9lom &t HrHE Fofl S5 olde] A2|etd uf B st E 3o
=] ATH28).

E5F W A3et Wrke S A Ak grte] o= Fa3 s & 4 9l
(Table 2). 10 S35} @ Ag A =7t BE(5~7.5%)°1M F-55(7.5~20%) %1 ErAtellA]
A3ert gle 22t Qe 2 BlasklS o, A3et Qe ol iE}EJ(statin) | Age 4
AR Y ES FelnlshA YR Felt. 28 s A3]ste] o et Ak, S50 =
£ 7H ghatof A= Akl %347} 2ebd 4 ot 22l A3jet gle 49 Bk, EE%‘”E
9] ghab= AEfEo] FHE|R] Fout A3]abrt Q= 79 74 =0 FrAfol| A= AR O] ARgo] AL
HE 4 9l S50 Satoli= A O] ARg-o] FETH29). AE]ake] f-7iEto] ofa}
OFZFAE 4ol weba = ghate] whel= b 4= Ut 2018 E5 FeAEHE ol oigh
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA 7Ho| E1R12 e

ru
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Table 2. Role of CACs in Primary Prevention of ASCVD

Study Findings
Greenland et al. (29) 1. 10 year ASCVD risk percent = 5-<7.5%
Statin therapy guide using 10-year ASCVD - If CAC score =0, statin not recommended
risk estimate + CAC score - If CAC score > 0, consider for statin

2. 10 year ASCVD risk percent = 7.5-<20%
- If CAC score =0, statin not recommended
- If CAC score > 0, recommend statin
Grundy et al. (30) On primary prevention (statin initiation)
2018 AHA/ACC/AACVPR/ AAPA/ABC/ACPM/  Age 40-75 years, LDL = 70-< 190 mg/dL, without DM, 10 year ASCVD risk percent
ADA/AGS/APhA/ASPC/NLA/PCNA Guideline > 7.5-<20% “Intermediate Risk”

If risk decision is uncertain:

Consider measuring CAC in selected adults:

1. CAC = zero (lower risk; consider no statin, unless DM, family history of premature CHD,

cigarette smoking)

2. CAC = 1-99 favor statin (especially after age 55)

3. CAC = 100 and/or = 75th percentile, initiate statin therapy
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA = American Heart Association, American College of Cardiology, Ameri-
can Association of Cardiovascular and Pulmonary Rehabilitation, American Association Academy of Physician Assistants, Association of Black
Cardiologists, American College of Preventive Medicine, American Diabetes Association, American Geriatrics Society, American Pharmacists
Association, American Society for Preventive Cardiology, National Lipid Association, Preventive Cardiovascular Nurses Association, ASCVD =
atherosclerotic cardiovascular disease, CAC = coronary artery calcification, CHD = coronary heart disease, DM = diabetes mellitus, LDL = low-
density lipoprotein cholesterol

o] gl dF AUx 2k Ao] 70~190 mg/dLR] 40~754] A7 10 43735t
2 A7t FE5E(7.5~20%) 2HA 99 ekl (risk enhancer)o] YEAIES 25}
Breo] ARt AR 4= JUThaL ShgiTt. SEA|RE 2ol whet of2gt o E A7 o]
o A2 E 2T 4 ok A31st 47001
71 A7 Agho) 7t5 22 ) FA= ] SR itk SId =g W] AR A8 E
& 4= )tk T3t 554 o) 4de] ol A Ag)e} 47t 1~998HH AEHH ARS-S TS 4 9o,
A 3|5} 244> 100 o1/, B2 75 WE-Q] 4= o)/l #Rte] Holl= AEH X85 AYE A S HY

SFATH(30).

ko] A5lsh= 34 Wuk(intima) 2 (media)S 2 HH5H= 2714]9] JEiZ e
Atk S75HE-2 BWF FHETto] obd tiE it 22 & FHio] yitoll A vHd A Ql FFat
A ok

7|m 2§ 7ishto] welge] wet T2 Qe WAAHZo] LeRd 4 L1, Foho) Aslsts u
2 WS WS S8 iAo R AFAITHEY
B2 B SRS By AU 2 Yk TR B A5 &
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of tisl H] - E=E7] CT2 AMEE7] CTollA 242t 71st 7 tie A3|3Hs vl astile

] = M35} o folu)eh AduAle 52 U E(0.94)5 B S Ao HIS5 S5k

H5/d (median variability, 8% vs. 9%)< Egltt. wehA ojzigh Aut= ohA A E ydE

3]skt 7 A 2 8] A E57] CTE 53 A3l B7Hs Ball 714 Q1 ZAE §lol = $hate]

375 A P e g BRT 4 Ak AS BolFUnk(17). ol2ish AE g o g 2xpso)
A

F CTollA Hol= 51 o] vt A2)ehs risto] &xte] A8 Ae AP =S 50}

© AF7F Eol FYE L Ut

tisH A3]eks S4she WL WdEH o A2lehs grishs R AT Sl Bl
2~o0| 11 QIth thEA 0 2 opFfAE 47} Wo] ARRE] 11(Table 3), £1] Z4>(volume score), 5
7} AeF 22 A 4 (equivalent mass or mass score), A H7jel 22 ofg] W Eo] &
et Ha] M= A3)e] RulE Aststo] 145 vi7lE 2ol 1(32) 57t W 3 W ot
A3]o] Hulet g HUE Jesto], sHelofj A Aol w7 Q1RK(calibration factor)E &5l A&]
o] AFe S7gsh= g0tz 33).

o WT

¢

olF QIAkzA F thE Aslabrh AU halol siie g ApSol ik Alde 13
3} gretslo] o5 AJSISH g WA BjolN AR 0e AR Y 2 AFEES ol
SlRIAtolch(34). Eat o]2ie] 2 el Lol g, ek, Yt HAY 5o Y2 91
Qo] fsfo] Luk Q7oA thEH Mgjshe HEFe) WAES HITH3S). THE AP
W5 Hajake Teisteete ool o5 Halabl nlgf HE A% SPES Fe
B3| ol Eal9la(36), S5 MBS 25 F 457 BT Blo] 910w o]t 53] HEE
2 sk QIASATkEY). 5 Bt ek W A5 thEuie WX Bl o5 A3
SR 24 A7 ob Bl o2 clSSHe QAITHES), T ShyhE o] Algjsh Wk ¥

39| frokE dmElE ARk,
o5 Malste B ABIshe AR 3 JRUAE AP ol £ BB B Zyet
59| 5T iAol 2| uhgolrhto). F MBjshe BT AP A 53] 25

Ol'

Table 3. Studies Assessing the Value of TACs on Non-ECG-Gated CT

Methods of TAC

Study Population CT Protocols Findings
Assessment

Eisen 361 patients with Binary, 120 kVp (peak), 210 mAs Increase risk of death and CVD

etal. (34)  stableangina agatston score

pectoris

Jacobs 7757 subjects Agatston score  According to BW Stronger association with non-cardiac events than

etal. (41) from NELSON < 80 kg: 120 kVp, 30 mAs, CAC

>80 kg: 140 kVp, 30 mAs

Lessmann 5718 subjects Volume score, 120 kVp, 40-80 mAs CAC is strongly associated with CHD, whereas TAC is

etal.(42)  from NLST agatstonscore  (depending on body habitus) especially associated with extra-cardiac vascular

mortality

BW = body weight, CAC = coronary artery calcification, CHD = coronary heart disease, CVD = cardiovascular disease, NELSON = Nederlands-
Leuvens Longkanker Screenings Onderzoek, Dutch-Belgian Randomized Lung Cancer Screening Trial, NLST = National Lung Screening Trial,

TAC = thoracic aorta calcification
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A% Akt Ao Q= o2 BaH HE 9ITH36, 41, 42). MultiEthnic Study of Atherosclero-
A5 dtoll mham of ol B s A2lete wiE A5)e)
BES B e e A Aee] JFES 2.158 EHTH36). shAIRE oh A

oA ol ARl UIAET BAE MBiBtE BE BAT Folt F2 s A2l
© g A A8 IRk Qekol

ATk B 1sl7| = S1oITh43, 44). 12| B g FxE
Y s A3EhE B el o IdE
A% 22k Batol] sl o] 37141 o] 5o] Y=Rol| thaliAls A7} oFF] BEskal At o

.

U M2lshe e A2latEnt A% o AEd Ag dis] o =2 ¥Rl 2e
the Qthe A5-50] Qltt Dutch-Belgian Randomized Lung Cancer Screening Trial (°]
NELSON) A& 2413t il k2 o s A3]sh= A% o] I A (<55, tiedw, 22
‘&e A3kt o & HEAE BUH41). A NLST A5 =A%
ZolM = A At o] AE Agho] AFYE-S s A2latEnt s A58k} of e

Oll
SE

NI

|r
_|==
o
?
o
_\|1_
ol
El
gi
_\.L
rlo
il
o
> o
1o
>
0,
J‘,L
=
ol
=
P
&
[
)
=
£
oz

oM 5
=)ol AOM 0:115} %}Am olf= miﬂﬁoﬂ Xlg]—o] MJEM 7 CTE Z9et 4¢ thsmo]
Aglets Hasks Zlo] 528 Zlolt. 9-2luzte] uﬂoP AR ARIoIA F5 thes A28k b
A o] T2 A0 & HusHof Bl ti/dol| I X| = FQITH29).

Azmat Mgt

S M35k iﬂ] 5 7= “H‘—IEH] f‘dl(leaﬂet) A35)1gke}t 112 (annulus) Al&)gtolct
o A3)eh= FotE| A S Hake] E7Jo]m(48) 1te] A3]sh= F= vHd A B9y
T 202 FefA] ATH49). Adso|ut ol 59 et Sol e M35kt kb 4= QUA|e 1Rl

ako] M3)3te Heks] 4ok W o2 AHMEE7| CT GAolA o tAE A4S ALe
; 57] CToll A = WH% 45 0|83t A7t Qa1 (Table 4),
Sebd o7 M35t 1%@% e o] Tl Wl S5 E Y71 = fhek(s]). Syt

A 2138 633878 2] 75 AL S 0] 2= EAlA *l Rt AT H| HX CT A+ 23
bl
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Table 4. Studies Assessing the Value of Cardiac VCs on Non-ECG-Gated CT

cHﬁl_I-oélel-Qlﬁ_lFEIXI

. Methods of VC L
Study Population CT Protocols Findings
Assessment
Cowell 157 patients with AS ~ Agatston score Multi-slice helical scanner, 2.7 mm AVCis closely associated with severity of AS
etal. (47) slices, pitch of 0.7, increment of 1.4
mm during held inspiration, No
specific mention about kVp or mAs
Willemink 311 subjects from Volume score According to BW AVCis a predictor for future CVE, No added
etal.(54)  NELSON < 80 kg: 120 kVp, 30 mAs, prognostic value beyond age, number of
>80 kg: 140 kVp, 30 mAs pack years, current smoking status, CAC

and TAC

AS = aortic valve stenosis, AVC = aortic valve calcification, BW = body weight, CAC = coronary artery calcification, CVE = cardiovascular event,
NELSON = Nederlands-Leuvens Longkanker Screenings Onderzoek, Dutch-Belgian Randomized Lung Cancer Screening Trial, TAC = thoracic

aorta calcification, VC = valve calcification

A7 CTe A EE7] CTo| oOZFAE o A2 et AATIAI S BITH52). 8] AHE57]
25k CTolA tisaiut A3]3h= 7Ex 7 A =7} 0.942 =7 deRd oy 51t A5 35}e]
742 7R} 7 X 27 0.56 5] 0.977H4] H]aA @l thekelA] U=t o] B] AHES
7] CTollA St A35)3} g7p7} o s utat v e uf ofgiths 218 Hoj= Ao|th(53).

A7kat A 3)she AETA A3 ARo] Qlis AlollA|IA gl Absol] B]al o Hol 2hAH

.41

NELSON ?1719] 518 0] Sl= 2hxltol] thsl] 2ALSH uiof] wh=rd A A Agh Aol QI1H
2 31.7%, m&’itd 739 20.4%7} tis et A3]EHE 712 AU SEe] B A EvA A
—‘@JPJ ARZI0l AAE - 5.9%, JIAT 49 2.5%7F G2 AlB]2hE 7FA| AL QAT s o]

Ag)els o 2 rlskobd Aldyt é_‘ 2ol AFFE-S ol Y dxtolA|T
o A3)5t 28] chs AS)shE R VS uls T AS]shs 271401 o & QlxtE A &
84o] gl= 707 BE|QIrh(54). ¥HH MESA Lol 45~844] Atoe] 66857 2] Skate] il

ARG o] wh2ul thEuEel Asishe B Aslslel melyd YIS BASLE

i

re

2
ABRL AFES olSshet 3714 Q) 88492 HATHo). 3t Srut 483k 79 e
U et W Mslshs SYH oz Fo JFuA At A A AbgEol dis]

AL QI Ao Basgicke).
A QAo NP FANE thgo SHe we FAolN A et Hsjsts s

=

748 Bko] EA2olLt T 53, chig e A3]spr} oln) Brb} gic E84e wold 4 9l
THG4). AT AH019) S} WEA) ek UAPAQ] YA B Deid of el 15
A A s, SR Aishe Wako] PHolut 23 A3 B30 Ayt 2o et
A7L 8 4 917] ahol wte] AlalE RSk o] xfe) Bejo] £go] B 4 Urk5l, 55)
olefat putol Alg AslotE MusH AS 2F AHST AN BT 22 AASH ol

A ake] M3lshs 7ksheE Al o] ol o] & E3lsto] A2 o2 -5
o] M3|sts Hrteh= o] Fake] Hejol] =32 & 4 Utk MESA A Sxlol] thal] -1
Q] M3]sHfsuah Srah R s, chs 8] (aortic root) A3]SHo] 75 H7EINS

https://doi.org/10.3348/jksr.2020.81.2.324 331



Bl ZB5 b| NHEST| S CTOI LS| 4a) Salsiel Qars 7H

Fodako|Shux|

- O

u) o] AT Wkol BT 2 ATEAZ Belon(56), Z/RISE WA, A HEE
vofm el ) M B Liebtck 7). TP S5 o] ASISIE Bl

s % Slo] AR5 JHEES BISAL B2 AR AL st Yol £3S F 4 9
o
=

WsH, T s, vk A3 ofo = o] Aol M= A5]7E e 4 Qi o]2{gh A
2H AR5 Ul 4 e %o 2 Aol Hiol2]A oi o3 A4 uted (constrictive peri-
carditis), 213, A& &, AR 218, Bek22]" (connective tissue disease), -2 2 TF &

ok

of2} 919lo] 912 4= QUTk(58-60). A1zt AB|SHE Tt Zato] glxw B} @abaletelo] o]

o[ FMojx= Ade A3EHE I WEH, tied, Aldwate] A3lsta Uil 7&
313l CTe] 7|&o] HdsHA H] HH=%57| CToME of= F= A3 L2E9] 20| 7t
SaliF o M3lste] 2w 7hsaizich = djY A% AFdo] 201949 SHREZ1RE] AJ2F ol w}
2t Al Agke] 1R wel 1E SRS H] A 57| H|2 YT AT §5 CTe Y
H=7} Z7ke Aotk wkA, o] 2]t /dollA] Hol= A3 A3l5k o) 7HA) =
A] olsfistal 45| @7ksh= Zio] Eate] W] g fiste] 523 Zlolot.

+
i
@T

Author Contributions

Conceptualization, Y.H.S.; data curation, K.C., SY.J.; investigation, C.T.S.; methodology, all authors;
project administration, Y.H.S.; supervision, Y.H.S.; visualization, C.T.S.; writing—original draft, C.T.S,;
and writing—review & editing, Y.H.S., K.C., SY.J.

Conflicts of Interest
The authors have no potential conflicts of interest to disclose.

REFERENCES

1. Wang Y, Osborne MT, Tung B, Li M, Li Y. Imaging cardiovascular calcification. J Am Heart Assoc 2018;
7:e008564

2. Zhu D, Mackenzie NC, Farquharson C, Macrae VE. Mechanisms and clinical consequences of vascular calcifi-
cation. Front Endocrinol (Lausanne) 2012;3:95

3. Kavousi M, Elias-Smale S, Rutten JH, Leening MJ, Vliegenthart R, Verwoert GC, et al. Evaluation of newer risk
markers for coronary heart disease risk classification: a cohort study. Ann Intern Med 2012;156:438-444

4. Iribarren C, Sidney S, Sternfeld B, Browner WS. Calcification of the aortic arch: risk factors and association
with coronary heart disease, stroke, and peripheral vascular disease. JAMA 2000;283:2810-2815

5. Owens DS, Budoff MJ, Katz R, Takasu J, Shavelle DM, Carr JJ, et al. Aortic valve calcium independently pre-
dicts coronary and cardiovascular events in a primary prevention population. JACC Cardiovasc Imaging
2012;5:619-625

332 jksronline.org



CHerE AROISHS| X| 2020;81(2):324-336

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

cHﬁ‘_I-oélAOI-QIZFEIXI

. Hoffmann U, Massaro JM, D’Agostino RB Sr, Kathiresan S, Fox CS, O’Donnell CJ. Cardiovascular event pre-
diction and risk reclassification by coronary, aortic, and valvular calcification in the Framingham Heart
Study. JAm Heart Assoc 2016;5:e003144

. Eijsvoogel NG, Hendriks BMF, Park HB, Altintas S, Mihl C, Horehledova B, et al. The role of standard non-ECG
gated chest CT in cardiac assessment: design and rationale of the Cardiac Pathologies in standard chest CT
(CaPaCT) study. Eur Radiol Exp 2018;2:9

. Secchi F, Di Leo G, Zanardo M, Ali M, Cannao PM, Sardanelli F. Detection of incidental cardiac findings in
noncardiac chest computed tomography. Medicine (Baltimore) 2017;96:e7531

. Kuetting D, Mller A, Feisst A, Luetkens J, Dabir D, Schild HH, et al. Incidental cardiac findings in non-electro-
cardiogram-gated thoracic computed tomography of intensive care unit patients: assessment of prevalence
and underreporting. J Thorac Imaging 2018;33:168-175
National Lung Screening Trial Research Team, Aberle DR, Adams AM, Berg CD, Black WC, Clapp JD, et al. Re-
duced lung-cancer mortality with low-dose computed tomographic screening. N Engl J Med 2011;365:395-
409
Kucharczyk MJ, Menezes RJ, McGregor A, Paul NS, Roberts HC. Assessing the impact of incidental findings in
a lung cancer screening study by using low-dose computed tomography. Can Assoc Radiol J 2011;62:141-
145
Greenland P, Bonow RO, Brundage BH, Budoff MJ, Eisenberg MJ, Grundy SM, et al. ACCF/AHA 2007 clinical
expert consensus document on coronary artery calcium scoring by computed tomography in global car-
diovascular risk assessment and in evaluation of patients with chest pain: a report of the American College
of Cardiology Foundation Clinical Expert Consensus Task Force (ACCF/AHA Writing Committee to Update
the 2000 Expert Consensus Document on Electron Beam Computed Tomography) developed in collabora-
tion with the Society of Atherosclerosis Imaging and Prevention and the Society of Cardiovascular Comput-
ed Tomography. J Am Coll Cardiol 2007;49:378-402

Rasmussen T, Kgber L, Abdulla J, Pedersen JH, Wille MM, Dirksen A, et al. Coronary artery calcification de-

tected in lung cancer screening predicts cardiovascular death. Scand Cardiovasc J 2015;49:159-167

Jacobs PC, Gondrie MJ, Van der Graaf Y, De Koning HJ, Isgum 1, Van Ginneken B, et al. Coronary artery calci-

um can predict all-cause mortality and cardiovascular events on low-dose CT screening for lung cancer.

AJR Am J Roentgenol 2012;198:505-511

Shemesh J, Henschke Cl, Shaham D, Yip R, Faroogi AO, Cham MD, et al. Ordinal scoring of coronary artery

calcifications on low-dose CT scans of the chest is predictive of death from cardiovascular disease. Radiology

2010;257:541-548

Hecht HS, Cronin P, Blaha MJ, Budoff MJ, Kazerooni EA, Narula J, et al. 2016 SCCT/STR guidelines for coro-

nary artery calcium scoring of noncontrast noncardiac chest CT scans: a report of the Society of Cardiovas-

cular Computed Tomography and Society of Thoracic Radiology. J Cardiovasc Comput Tomogr 2017;11:74-84

Budoff MJ, Nasir K, Kinney GL, Hokanson JE, Barr RG, Steiner R, et al. Coronary artery and thoracic calcium

on noncontrast thoracic CT scans: comparison of ungated and gated examinations in patients from the

COPD Gene cohort. J Cardiovasc Comput Tomogr 2011;5:113-118

Wu MT, Yang P, Huang YL, Chen JS, Chuo CC, Yeh C, et al. Coronary arterial calcification on low-dose ungat-

ed MDCT for lung cancer screening: concordance study with dedicated cardiac CT. AJR Am J Roentgenol

2008;190:923-928

Xie X, Zhao Y, De Bock GH, De Jong PA, Mali WP, Oudkerk M, et al. Validation and prognosis of coronary ar-

tery calcium scoring in nontriggered thoracic computed tomography: systematic review and meta-analysis.

Circ Cardiovasc Imaging 2013;6:514-521

Callister TQ, Cooil B, Raya SP, Lippolis NJ, Russo DJ, Raggi P. Coronary artery disease: improved reproduc-

ibility of calcium scoring with an electron-beam CT volumetric method. Radiology 1998;208:807-814

Blaha MJ, Mortensen MB, Kianoush S, Tota-Maharaj R, Cainzos-Achirica M. Coronary artery calcium scoring;

is it time for a change in methodology? JACC Cardiovasc Imaging 2017;10:923-937

Deprez FC, Vlassenbroek A, Ghaye B, Raaijmakers R, Coche E. Controversies about effects of low-kilovoltage

MDCT acquisition on Agatston calcium scoring. J Cardiovasc Comput Tomogr 2013;7:58-61

Chiles C, Duan F, Gladish GW, Ravenel JG, Baginski SG, Snyder BS, et al. Association of coronary artery calci-

fication and mortality in the national lung screening trial: a comparison of three scoring methods. Radiology

2015;276:82-90

Thomas CK, Miihlenbruch G, Wildberger JE, Hohl C, Das M, Glinther RW, et al. Coronary artery calcium scor-

https://doi.org/10.3348/jksr.2020.81.2.324 333



Bl ZB5 b| NHEST| S CTOI LS| 4a) Salsiel Qars 7H _l' él Abo |15‘_,|'i|x|

ing with multislice computed tomography: in vitro assessment of a low tube voltage protocol. Invest Radiol
2006;41:668-673

25. Wan YL, Tsay PK, Wu PW, Juan YH, Tsai HY, Lin CY, et al. Impact of filter convolution and displayed field of
view on estimation of coronary Agatston scores in low-dose lung computed tomography. Int J Cardiol 2017,
236:451-457

26. Kim SM, Chung MJ, Lee KS, Choe YH, Yi CA, Choe BK. Coronary calcium screening using low-dose lung can-
cer screening; effectiveness of MDCT with retrospective reconstruction. AJR Am J Roentgenol 2008;190:917-
922

27. Suh YJ, Lee JW, Shin SY, Goo JM, Kim Y, Yong HS. Coronary artery calcium severity grading on non-ECG-gat-
ed low-dose chest computed tomography: a multiple-observer study in a nationwide lung cancer screen-
ing registry. Eur Radiol 2020 [In press] doi: https://doi.org/10.1007/s00330-020-06707-x

28. Yoon SH, Hong J, Hwang EJ, Kim H, Lim HJ, Suh YJ, et al. Significant abnormalities other than lung cancer in
Korean lung cancer CT screening. J Korean Soc Radiol 2019;80:837-848

29. Greenland P, Blaha MJ, Budoff MJ, Erbel R, Watson KE. Coronary calcium score and cardiovascular risk. J
Am Coll Cardiol 2018;72:434-447

30. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, et al. 2018 AHA/ACC/AACVPR/AAPA/
ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the management of blood cholesterol: a report
of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guide-
lines. Circulation 2019;139:1082-€1143

31. Lanzer P, Boehm M, Sorribas V, Thiriet M, Janzen J, Zeller T, et al. Medial vascular calcification revisited: re-
view and perspectives. Eur Heart J 2014;35:1515-1525

32. McCollough CH, Ulzheimer S, Halliburton SS, Shanneik K, White RD, Kalender WA. Coronary artery calcium:
a multi-institutional, multimanufacturer international standard for quantification at cardiac CT. Radiology
2007;243:527-538

33. Yoon HC, Greaser LE 3rd, Mather R, Sinha S, McNitt-Gray MF, Goldin JG. Coronary artery calcium: alternate
methods for accurate and reproducible quantitation. Acad Radiol 1997;4:666-673

34. Eisen A, Tenenbaum A, Koren-Morag N, Tanne D, Shemesh J, Imazio M, et al. Calcification of the thoracic
aorta as detected by spiral computed tomography among stable angina pectoris patients: association with
cardiovascular events and death. Circulation 2008;118:1328-1334

35. Hermann DM, Lehmann N, Gronewold J, Bauer M, Mahabadi AA, Weimar C, et al. Thoracic aortic calcifica-
tion is associated with incident stroke in the general population in addition to established risk factors. Eur
Heart J Cardiovasc Imaging 2014;16:684-690

36. Budoff MJ, Nasir K, Katz R, Takasu J, Carr JJ, Wong ND, et al. Thoracic aortic calcification and coronary heart
disease events: the multi-ethnic study of atherosclerosis (MESA). Atherosclerosis 2011;215:196-202

37. CholJ,Chang HJ, Cho |, Heo R, Lee SE, Shim CY, et al. Association of thoracic aorta calcium score with exer-
cise blood pressure response and clinical outcomes in elderly individuals: differential impact of aorta calci-
fication compared with coronary artery calcification. J Am Heart Assoc 2016;5:e003131

38. Cho IJ, Chang HJ, Heo R, Kim IC, Sung JM, Chang BC, et al. Association of thoracic aorta calcium score with
left ventricular hypertrophy and clinical outcomes in patients with severe aortic stenosis after aortic valve
replacement. Ann Thorac Surg 2017;103:74-81

39. Churchill TW, Rasania SP, Rafeek H, Mulvey CK, Terembula K, Ferrari V, et al. Ascending and descending tho-
racic aorta calcification in type 2 diabetes mellitus. J Cardiovasc Comput Tomogr 2015;9:373-381

40. Takasu J, Budoff MJ, O’Brien KD, Shavelle DM, Probstfield JL, Carr JJ, et al. Relationship between coronary
artery and descending thoracic aortic calcification as detected by computed tomography: the Multi-Ethnic
Study of Atherosclerosis. Atherosclerosis 2009;204:440-446

41. Jacobs PC, Prokop M, Van der Graaf Y, Gondrie MJ, Janssen KJ, De Koning HJ, et al. Comparing coronary ar-
tery calcium and thoracic aorta calcium for prediction of all-cause mortality and cardiovascular events on
low-dose non-gated computed tomography in a high-risk population of heavy smokers. Atherosclerosis
2010;209:455-462

42. Lessmann N, De Jong PA, Celeng C, Takx RAP, Viergever MA, Van Ginneken B, et al. Sex differences in coro-
nary artery and thoracic aorta calcification and their association with cardiovascular mortality in heavy
smokers. JACC Cardiovasc Imaging 2019;12:1808-1817

43. Meissner |, Khandheria BK, Sheps SG, Schwartz GL, Wiebers DO, Whisnant JP, et al. Atherosclerosis of the
aorta: risk factor, risk marker, or innocent bystander? A prospective population-based transesophageal

334 jksronline.org



CHerE AROISHS| X| 2020;81(2):324-336

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

5T7.

58.

59.

60.

61.

cHﬁ‘_I-oélAOI-QIZFEIXI

echocardiography study. JAm Coll Cardiol 2004;44:1018-1024

Desai MY, Cremer PC, Schoenhagen P. Thoracic aortic calcification: diagnostic, prognostic, and manage-
ment considerations. JACC Cardiovasc Imaging 2018;11:1012-1026

Hecht H, Blaha MJ, Berman DS, Nasir K, Budoff M, Leipsic J, et al. Clinical indications for coronary artery cal-
cium scoring in asymptomatic patients: expert consensus statement from the Society of Cardiovascular
Computed Tomography. J Cardiovasc Comput Tomogr 2017;11:157-168

Kanza RE, Allard C, Berube M. Cardiac findings on non-gated chest computed tomography: a clinical and
pictorial review. Eur J Radiol 2016;85:435-451

Cowell SJ, Newby DE, Burton J, White A, Northridge DB, Boon NA, et al. Aortic valve calcification on com-
puted tomography predicts the severity of aortic stenosis. Clin Radiol 2003;58:712-716

Mahnken AH, Mihlenbruch G, Das M, Wildberger JE, Kiihl HP, Glinther RW, et al. MDCT detection of mitral
valve calcification: prevalence and clinical relevance compared with echocardiography. AJR Am J Roent-
genol 2007;188:1264-1269

Nair CK, Thomson W, Ryschon K, Cook C, Hee TT, Sketch MH. Long-term follow-up of patients with echocar-
diographically detected mitral anular calcium and comparison with age- and sex-matched control subjects.
Am J Cardiol 1989;63:465-470

Pawade T, Sheth T, Guzzetti E, Dweck MR, Clavel MA. Why and how to measure aortic valve calcification in
patients with aortic stenosis. JACC Cardiovasc Imaging 2019;12:1835-1848

Jairam PM, Gondrie MJ, Grobbee DE, Mali WP, Jacobs PC, Van der Graaf Y, et al. Incidental imaging findings
from routine chest CT used to identify subjects at high risk of future cardiovascular events. Radiology 2014;
272:700-708

Lee HY, Kim SM, Lee KS, Park SW, Chung MJ, Cho H, et al. Quantification of aortic valve calcifications detect-
ed during lung cancer-screening CT helps stratify subjects necessitating echocardiography for aortic steno-
sis diagnosis. Medicine (Baltimore) 2016;95:e3710

Van Hamersvelt RW, Willemink MJ, Takx RA, Eikendal AL, Budde RP, Leiner T, et al. Cardiac valve calcifica-
tions on low-dose unenhanced ungated chest computed tomography: inter-observer and inter-examina-
tion reliability, agreement and variability. Eur Radiol 2014;24:1557-1564

Willemink MJ, Takx RA, Isgum I, De Koning HJ, Oudkerk M, Mali WP, et al. Prognostic value of heart valve cal-
cifications for cardiovascular events in a lung cancer screening population. Int J Cardiovasc Imaging 2015;
31:1243-1249

Gondrie MJ, Mali WP, Jacobs PC, Oen AL, Van der Graaf Y; PROVIDI Study Group. Cardiovascular disease:
prediction with ancillary aortic findings on chest CT scans in routine practice. Radiology 2010;257:549-559
Tison GH, Guo M, Blaha MJ, McClelland RL, Allison MA, Szklo M, et al. Multisite extracoronary calcification in-
dicates increased risk of coronary heart disease and all-cause mortality: the Multi-Ethnic Study of Athero-
sclerosis. J Cardiovasc Comput Tomogr 2015;9:406-414

Kianoush S, Al Rifai M, Cainzos-Achirica M, Al-Mallah MH, Tison GH, Yeboah J, et al. Thoracic extra-coronary
calcification for the prediction of stroke: the Multi-Ethnic Study of Atherosclerosis. Atherosclerosis 2017;
267:61-67

Nguyen T, Phillips C, Movahed A. Incidental findings of pericardial calcification. World J Clin Cases 2014;2:
455-458

Weiss SA, Anderson AS, Raman J, Jolly N. Postoperative pericardial calcification causing diastolic coronary
compression. Ann Thorac Surg 2010;90:1001-1004

Shaw M, Pandey NN, Sharma A, Sharma S. Pericardial calcification: an uncommon presentation of rheu-
matic heart disease. BMJ Case Rep 2018;2018:bcr-2018-226435

Sverzellati N, Cademartiri F, Bravi F, Martini C, Gira FA, Maffei E, et al. Relationship and prognostic value of
modified coronary artery calcium score, FEV1, and emphysema in lung cancer screening population: the
MILD trial. Radiology 2012;262:460-467

https://doi.org/10.3348/jksr.2020.81.2.324 335



Hl ZEEZ H| HH=S7| 85 CTOM LHE= dE 2t Majsto| A& 7HK| L

EHE%%7WHQIE%-I 2 CToM EAE=
Al AbE

Al Aslshs cherst g kol Uehttel A A waje] Ex3te] ofgt
siek, CT9) 7140 Waige] afe} JHEE7] CTimo] ohd b] AHES7] CToA =
N8 Aslets 7k Zlo] ZRshch o]l S 1] £9E7 1] AMES]
F5 CToM Wrisle Ade Asjshs A A WA deteleick el a7k
s|sHarl s, §5 chsa, sl Ajslshol dis) Apls] AlEm F7hHo 2 eeHo
= Ao} Hzistel thai i = 2keks) 7| &sheitt. Seluetol A 20194 3]

[EUERS = By |

ﬁ,

e
[
il
o P
;:9‘

FE H R Ao] AR A1 FARe] H] 295 8] A=) AT CT I
o] 7k Eojutal QLA ool 5] TR = AEHA A2let= sofual it} d=jEE

}F_‘IOE:]_’ 7:” A—]Q-]S’—]'——] _JD]E O]oHo 31 1‘]7(-]

=
BN
of
o|N
ol
=
—
)
ik
N
o &
s
9)
—
e
>
e
Y
i)
rir L

ﬂ
b
ot
F[F
o
[¢]

tmefchetin ojzfeet meichekn 2239 Yolsa,
*mefolsta ofsfelst mefrhatin Qhhg el Y olstat,
selAleyetan ofsfeist Alxzhael olstat

336 jksronline.org



