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Assessment of Coronary
Stenosis Using Coronary CT
Angiography in Patients
with High Calcium Scores:
Current Limitations and
Future Perspectives
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Coronary CT angiography (CCTA) is recognized for its role as a gatekeeper for invasive coronary
angiography in patients suspected of coronary artery disease because it can detect significant
coronary stenosis with high accuracy. However, heavy plaque in the coronary artery makes it
difficult to visualize the lumen, which can lead to errors in the interpretation of the CCTA re-
sults. This is primarily due to the limited spatial resolution of CT scanners, resulting in bloom-
ing artifacts caused by calcium. However, coronary stenosis with high calcium scores often re-
quires evaluation using CCTA. Technological methods to overcome these limitations include
the introduction of high-resolution CT scanners, the development of reconstruction tech-
niques, and the subtraction technique. Methods to improve reading ability, such as the setting
of appropriate window width and height, and evaluation of the position of calcified plaque
and residual visibility of the lumen in cross-sectional images, are also recommended.

Index terms Coronary Artery Disease; Coronary Artery Calcium Score; Computed Tomography
Angiography; Artifacts; Atherosclerotic Plaque; Coronary Stenosis
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Fig. 1. Agatston calcium scoring in a 53-year-old male patient.

A. Non-contrast CT shows calcification at the proximal segment of the LCX artery.

B. Calcium scoring software shows the calcification and reveals a calcified area of 8.67 mm?.

C. The peak HU number of the calcification is 481 HU, which is registered to a density factor of 4. The calcu-
lated Agatston score is 34.66 (8.67 X 4).

D. Curved multiplanar reconstruction does not show significant luminal stenosis at the proximal segment
of the LCX.

HU = Hounsfield unit, LCX = left circumflex, ROI = region of interest
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Fig. 2. CCTA of a 63-year-old male patient shows good image quality with high calcium scores but even dis-

tribution of calcified plaques in all three coronary arteries.

A. In this case, the Agatston calcium score is notably high at 2047.

B. 2D map image shows multifocal calcified plaques evenly distributed across all branches of the coronary

artery.

C-E. Curved multiplanar reconstruction images of the LAD (C), LCX (D), and RCA (E) do not show significant

luminal stenosis because of calcified plaques.

F, G. Coronary angiography of the left coronary artery (F) and RCA (G) shows no significant stenosis.

LAD = left anterior descending, LCX = left circumflex, RCA = right coronary artery, ROI = region of interest
) aEY v
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Fig. 3. Theory explaining the partial volume averaging effect.

A-J. In a small object, when a pixel (A) lies completely within an object, it (B) reflects the density of that ob-
ject. If pixels (C) are located at the junction between the object and background, the densities in these pix-
els (D) reflect average densities of the object and background. In a larger object, if pixels (E) on the edges of
the object include both the object and background, the densities in these pixels (F) are the averages be-
tween the object and background. In this example, the edges of the object are blurred, making the object
appear larger than its actual size. If the spatial resolution increases and the pixel size (G) decreases in half,
the blurring of object edges decreases and the size of the object (H) appears more similar to its actual size.
Ideally (1), the calcified plaque shares pixel space with the blood in the lumen and remains distinct and true
to size, demonstrating no significant stenosis of the lumen. In a real CT image (J), the calcium with notably
high density (approximately 500 HU) shares the pixel with the blood, which has soft tissue density (approxi-
mately 50 HU); therefore, the average density is 275 HU. Collectively, the pixels do not reflect true densities
and the lesion, therefore, appears to significantly narrow the lumen when in fact it does not. This is referred
to as the blooming artifact.

HU =Hounsfield unit
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Fig. 4. Motion artifacts that mimic non-calcified atherosclerotic plaques or thrombi in coronary arteries.

A. Calcified plaques are present in the distal right coronary artery, and low densities (arrows) are observed in the lumens.

B. The straightened multiplanar reconstruction in another cardiac phase shows that this low density disappears.

C. There s no significant stenosis coronary angiography; therefore, the intraluminal low density observed in (A) is likely a motion artifact.
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Fig. 5. Beam-hardening artifact.

A. Low attenuation (arrow) is visible in the coronary lumen behind the calcified plaque of the mid-LAD in the curved MPR.

B. When the curved MPR is rotated, this low attenuation (arrow) appears to reduce the contrast enhancement of the coronary lumen.
C. No significant stenosis is observed in the mid-LAD in CAG.

D. Low attenuation (arrow) is also visible in the coronary lumen behind the calcified plaques of the mid-distal LCX in the curved MPR.
E. When the curved MPR is rotated, this low attenuation (arrow) appears to reduce the contrast enhancement of the coronary lumen.
F. No significant stenosis is observed in the mid-distal LCX in CAG.

CAG = coronary angiography, LAD = left anterior descending, LCX = left circumflex, MPR = mult|planar reconstruction
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2 SHRlTS 53 2] FZoltk(5). De Santis 5(30) 34l °lF FE, o]F olvA],

19243 CT 27U E o] 83to] BB A= 90 kVpoll A 145 71% mA= A5H1, £H BE 150 kvp
o|4 103 7]& mA= A5t Y= LA F/d2 ALollHA] H|ofE|(FE A) 60%2}F Aol A]
tlo]E|(FE B) 40%E esto] Alt/gElo], M-8 Tt AT EQol= MLt Za At &

NP E2 g3 Ed=olA x4 W Qo & oQlof g5 A39] Y] SR QAL At
goto] 2FA o g Zg 7t J/do] ThEof it T2y o]2fgt o]F RE, o]F A&7 M W
Alof] &J3t o]F: o4 A] CT= F ol A] tlo]E]2] 25 Atolof] A7k 2}7} Qlof -F-Fo] M4
Ak 28y HE7]-718F o]F-F AHER] CT (detector-based dual-layer spectral CT)
SHE2) f1R]oll Aol |qz] et Aol A HE7]7F Bl EE|o] Qlof A7 ella5 WA|ekL R 55
AE ZAIE sidste ZAbS B o DT 4= UTHG). 12y AAdolA A3t Zahdto] of
St o]% = A4 EE—] CT—J 7PA}7]§_,] A]-B__ o]-xl HyE H]— 041;]. an (31)0 o]% = AuﬂE
d CTE ol-gsto] Wds AHE 7hito] -85 Asioitt). ol5-5 AHEY CTE AMES
o] CCTA AAFE #2439 H|o]E| & o]-&ato] 5UTH A Aol A 7]< ¥4 (conventional),
50-keV, 100-keV 2 7H4} H] 29 (virtual non-contrast) GA-S ATLA3 kAt 1ok ZF2e] At
oA 7Hg Bl F/d-S atste] ARIEZF AAE convew, 100-keV, 2 50-keVand] ZAF F4
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T oE= TR Of L X| & 718
(Monochromatic or Monoenergetic Imaging Technique)

M2} FepRta} HiE MAsHs 2 XA19] ohl S]] ofsh EARtTh(33). ©]F ollvA]
CCTAONIA] mHAYl 7H T of i 2] §/H(virtual monoenergetic image; ©15F VMI)o| A1743}5]
IS AaAA Aelet Aepte] BAS siEsks Hl 7191E & 4> ATH34). Boll 5(35)2 #H
ATE Bl M2 FERte] 5132 Folal 94 B 7Hdsk= Bl Qlof o]F-F ol oLl
CT9] o] U533t

ol ollvA thF HE7| CTe= AHER 242 Bl ofdet ko] B3Rt R o 1
Sh iz % Xfol& a5ttt o] 24 0 & keV7tF oW T2 =7t S7ksHAIRE /gt B 514
& S716hs W, keV7F w00 ti2erF SAHARE /RS B o2 Attt oyA] &
o] L2 o] of| %] CCTAE W= ot 20| tf 2= S H|(contrast to noise ratio) = 71
A 4 o s Zahete] 842 of 7Kt} A3)3} Z3ketol| of st W™ kS aat
20 2 7}5}17] 95k keV 4222 YHEAQl goj= Qict. Stehli 54(36) 114 A o] & TS

83t ol ofl#] CCTA F/d= *# |2 (50 keV-140 keV) = AH5-/dstal 74 W H3=
2k

keVoll A Ai1/d2 5h 22| o] s o], T Z}HWOI CCTAJ qE=E %%W%_‘ 7Fs7/gol
US2 BT Xu 5(37) 727 9] gHatoj|A] 0]F-F ABEY CTE ARSI 71229 120 kvp
2} 70-140 keV ®H2JollA 10 keV 7HA 0 2 8710] 713 & o] 9, Z & FF 2 8oE 74
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= 70% F2H= =Rlsh| Hé e, Bolr oS E, A0S E Y A=+ 217} 84%,
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VMIE Z & 94 ’é;%}w‘ LI/ B0l 13710l|A] 871 AR, ZH 4= = 1000Q]

)

Shafe] 79 9ol M 472 7asto] T BT S 710004 80062 FAHAIZ & ik,
AZH pEEIOL Z

=
o
o

KVp 5= 80 kVp = A7chs 22 A AR 47125 w|RH] fhajol| A AR RS F0]7] %’4
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Mg 7[Eef 71

High (Edge-Enhancing) Convolution Filter (or Sharp-Kernel)2 0|23t A x4

270 2 dloje] Sx{2] 2 HAS/J-E Fo]7] AgH ¥R 22 high convolution filter (or sharp-
kernel)& A8 LOH"PEJ G7tee g datgjEo] ok o2t o] w2 I k-Fukg I
7P BE Ay darelEe Hysidol feldt &bt slom, A7 el Sg Aol wket

olgo] th=t}. o] # ‘i‘iH HHo® o] bR v e Fv Ul 2954 vHE A
T8 71R ol W tH(Fig. 6). &2 S7He] HHE F5] Qo vt w2 2= 29 i

£ =9 IR 7P E BESAAY Folohs BAlol, 7PdAte] 25 E HojA gl v
4SS A 4= Q= HAY 719 (non-linear technique)S AFE-sh= 22 A7Hd W]
TH(5, 39). Steckmannt Kachelriefs (40)< blooming artifact reductione|2h= 4
12EE o]-85to] RS2 AAstA|T FE CCTA AT 5YUSH A4 w78 F+= A4

<]

7198 43Tt A= (B26f kernel)2t 11514 E (BSOS kernel) & 712 7142 A4 b
702 shof, gt o] WErt 2 w2 tiRE JL AV g2 tiA|H o HAs]

Fig. 6. Convolution filter and iterative reconstruction.

A. Image noise of reconstruction with the FBP and soft kernel is 31.34.

B. In the curved MPR image with this parameter, the calcified plaques show blurred boundaries and the size appears exaggerated by the
blooming artifact.

C. Image noise of reconstruction with the FBP and sharp kernel is 76.23.

D. In the curved MPR image with this parameter, the calcified plaques exhibit clear boundaries and the size appears decreased compared
with that of (B). However, the image noise is severe and interferes with the accurate interpretation of the image.

E. Image noise of the IR with the soft kernel is 21.86.

F. In the curved MPR image with this parameter, without an increase in image noise, the calcified plaques exhibit clear boundaries and
the size is decreased compared with that of (B).

G. Image noise of IR with the sharp kernel is 39.61.

H. In the curved MPR image with this parameter, the calcified plaques show more clear boundaries than those of (F).

FBP =filtered back projection, IR = iterative reconstruction, MPR = multiplanar reconstruction
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HHE XM (Iterative Reconstruction)
HHE 27432 A (slice == 94, image) tlo|E], & B]7FHraw = 9, projection) H|
olEje} A tlojg|o] £33} = HI7}E Hlo]E BhE o]-85te] £-3E 4= QUrh(41). EH wlo] Tt
AR&Ehe BHE A4 /O 2 jterative reconstruction in image space (IRIS)7F 912, #] of
2% 77 s SRS 3A WAEA] s Aol Utk B]7H lolE|et AH HolE &
%= ARg-Sh= W O 2 adaptive statistical IR (15} ASIR)O| 1o 2] iz = 37 5E3t 5
H5|4o] ezt 7iAEet, H|71g Hlo]ERhE AREShe HEE A4 7]l model-based IR (©]
3} MBIR)©] %1.2H, ASIRY} 2] MBIRS Y=Hanode)ol A AE7|2 7= XAlo] 422 1235t
bz A AREE o1& S7HI BEA Y 5 (filtered back projection)} H| w5}k
ASIRE B/ A7toll 2 2bol7} gl WA MBIRS AMS5HH 4/ 27be] 44det xbol 7k vpehdtt.
HEE A 71 ARGS9 ol AAStHFig. 6). o1& &ofl tlolEl= Yetdo s
A= T F(350-580 mAS)HETF -2 I F(0): 60-200 mAs)E- AHESto] 55 4~ glon
2 AN S £ 4 AH15). B2 BHRE ARSSH Aol ol EAgshd, vk A+t
g ST 72 ek %m% ASHAZ]A] il oﬂ’}ﬁﬂ e oAU AAS. sl A5t
7 AT (42)0lA HhE:
PUEDEISIDE| Q 9}
of| TafiAl=

rE

o

i

El

ro
fr

UN
o rE
or |

d <

2 Qlst St Hd%‘%i SE=s E.Pi/\l7l7l tqi ot} 1 M MBIRZ} ¥
9] of2)7} Qlof, Y Aol A= HAF el 2 2H47t I oLH43, 44),
Ak ZHa7t AAJTHA42, 45). Renker 54(42)- Z<5 A4 > 40001 EH2ke] 4t Hlo|e|S ZEjA]2] <
At v A S ARESto] AL, o] F 71A] Aid JiRe] S ol nxl= 9
g7kt el Zae] -84 SsIqinh R A& ARSoH a2 Rl I 542 d
A Hrheo, DEjx)2] 95 (B26f kernel, 54.5 £ 69.5 mm?; B46f kernel, 56.3 & 72.5 mm’) 2
O} HhE 214 (126f kemel, 3 £ 64.7 mm?; 146f kernel, 46.2 & 68.8 mm?)ollA] Z& -82jo] &
A o WA A= Q) EoF 9oldt A& AZS Q5 CCTAS] B4 -7|HF 2tk HEhe 7} A g
ATH95.9% vs. 91.8%).

2 O
fru
re
ey
2
>
rlr
rE
o
ol

volution kernel)S 7|8Fe. 2 7] E3Hblooming effect) & HEF
ot 27dol A HEMIeRert /g et B AEAEE o2 574 (de-convolution) 3F1 &
7 2700 tis A3] 3} F et

E
(46). Ol-2=F4 Z2A|20] B4/ w2l dare|52 iAoz HiRAoln, A5/dE 9
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I} Hehitghaeel S B3 B A 1He] Aol g Hadlete 1 Fhrk(32). Li 5(46)2 A
S5-S Bshe ST G WEe EEwh sk BEe) £k AERM AR 7 B
& g S H-E5 galglES o&5to] F 7k B JT T 7] ek 9/ A8
sieich O-529 daeES ARSS 3 S0l o A2 WS WHF oW (BEE B/ viololA
24.6% vs. 15.0%, 154 G4t HEo|o] A 17.9% vs. 11.0%), -3-2J5F @2 (> 500 F2H) AT 9J5h

Am

o] (EF PA:: 75.0% vs. 45.8%, T3HH A4} 83.306 vs. 62.5%) Z FACIESE(EFE Ak
83.3% vs. 69.8%, 1512 94t 88.2% vs. 76.9%)7}+ 57 51T BHH 25 842351 + 26.5 mm’
ol 19.3 = 15.8 mmP*= 48.1% =+ 10.3% 2431k,

& F49 7lez vl 219 g 2okl ’efdS &8sk el )itk ’efd HEH A=

=
2ol ALSElE 4 Sl met 242 AL s AfSlE S Eud
ks

Mol
[

e BE G4 Held 7IeS EEstol Zuol AAE Fde B 29et vkl
A

o 1
o, B2 932 F2 HE=E 2F 20% g7t Wi, Zsgo] A E F/d2 Ao PE sl
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=
rm

Jas
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=
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Jas
Hir
o

E MESI0 G4 Y|
33} ZshRte] M7/ FF CCTACA Fzte] S5 E7HssHl shAlRE CCTA /=
SiAShE B9t 3ol U] Bl FizolE 2Asto] Zae] Quh} A7]E A= o R
A DA 4= Qlok(46). A3]3E A3HRto] 9l& uf CCTA B2 27] /g uv]= 4
5] Hofof gttt A2)a} Fehite] HA ] Ads=ol= 1500/300 HUOIH A3t A 2lake] 49
2700/900 HUS} Z+o] uf-9- W& fu]gHeo] S AFESH= 497t Bl o|2fst 29l 4dH
o wWE 27 gt P (LurE o Z 4000/500 HU)Z H]&sht 29kE H2]= okrh(48).
Shmilovich 5(49)-2 538 2] &zt 125719] 5|8t 243 A 714 FAd7gES Al-gsto] 7t
ek, 7125k ] As=0l= 1000/200 HU, S-2 242 1500/200 HU, ZHg-50] Zd7gollA] 1
HlE=2 X (7P @A AE)EE gehte] s HU - WAFsa3e] uke) i HU) + 714 =M
3|5} sute] o HUS] 34102 ol 7Hd 2 M]3}t Zaiete] ¢ HUR A%
SRt Z-5o] FA7ol S 3110/991 HUR 92|17t A4sHs vl W2 Fufu]/Azol
?12700/900 HUSF FrAFSIRATE. BabA 0 2 e 47 8l Zes-5o] o= 78t 50%
njeke] H=HE oA AFEtoto] 50% o)/l foldt HahE HEshs ARl A =E
FAZIAL, CCTASE BdE 29 Atole] 2dale W2 F4Ed 5 Za-50l
SIATHFig. 7). 5 2|5 FAollA Shle] Fiu|E oW 2ol tigh CCTAS] a7}
FI= AT B2 g1t Za-5ol FAA Atololl A= AeFEte] Agheoli= o] 7}
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2% w7te) Hohe BEollA] o akao|ch4).

Fig. 7. Use of the correct WW and WL to view images.

A. Standard window setting (WW/WL = 1000 HU/500 HU).

B. Wide window setting (WW/WL = 1500 HU/200 HU).

C. Extremely wide window setting (WW/WL = 2700 HU/900 HU).

D. Calcium-specific window setting. Extremely wide and calcium-specific window settings significantly re-
duce the blooming artifact induced by dense calcified plaques. However, no significant difference in deter-
mining stenosis severity exists between the two window settings.

HU = Hounsfield unit, WL =window level, WW = window width
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Fig. 8. Method of reading a scan based on the degree to which the lumen is obscured by calcified plaque in cross-sectional analysis.
A.When the calcified plaque is located in the eccentric area and obscures < 50% of the lumen, it is unlikely to cause significant stenosis.

B. CAG confirmed no significant stenosis (arrow) in the mid-right coronary artery.

C. When the calcified plaque is located in the eccentric area and obscures = 50% of the lumen, there is a high probability of having no
significant stenosis (up to 80%); however, the possibility of significant stenosis cannot be excluded.

D. CAG confirmed no significant stenosis (arrow) of the left circumflex.

E. When the residual contrast lumen is invisible and 100% obscured, significant stenosis is highly likely.

F. CAG confirmed severe stenosis (arrow) of the med-LAD.

G. The lumen is 100% obscured because of positive remodeling, and there is a notably high possibility of significant stenosis.

H. CAG confirmed severe stenosis (arrow) of the proximal LAD.

CAG = coronary angiography, LAD = left anterior descending
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Fig. 9. Examples of coronary calcified plague shown using coronary CT angiography. The blood vessel cross-section was divided into four
quadrants, and the degree to which the lumen was obscured by calcified plaques was classified based on an ordinal scale.

A, B. Calcified plaque involves 180°-269° of the arc in the cross-sectional image (A), and CAG (B) shows mild diameter stenosis (arrow) at
the proximal LAD.

C, D. Calcified plaque (C) involves > 270° of arc, and CAG (D) shows moderate diameter stenosis (arrow) at the proximal LAD.

E, F. Calcified plaque (E) involves 360° of the arc and CAG (F) shows moderate diameter stenosis (arrow) at the proximal LAD.

CAG = coronary angiography, LAD = left anterior descending
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