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The Impact of CARE kV Technology on Radiation Dose in
Coronary Computed Tomography Angiography

SHEN Xinnan, ZHOU Zhuohang, WANG Yiting, WANG Meiqi, YANG Yajing, ZHANG Zhiwei"™

Department of Radiology, The First Affiliated Hospital of
Chongqing Medical University, Chongqging 400010, China

Abstract: Objective: To investigate the impact of CARE kV technology on radiation dose in coronary computed tomography
angiography (CCTA). Methods: This retrospective study analyzed data from 1,529 patients who underwent CCTA at The First
Affiliated Hospital of Chongqing Medical University between December 2023 and December 2024. All scans utilized CARE kV
technology, with patients stratified by automatically selected kV values. Radiation dose metrics recorded included the volume CT dose
index (CTDI,,), dose-length product (DLP), size-specific dose estimate (SSDE), effective dose derived from DLP (ED_DLP), and
Monte Carlo simulation-based effective dose (ED_Radimetrics). Dose ratio differences were characterized by SSDE/CTDI,, and
ED Radimetrics/ED DLP. Group comparisons were conducted using Kruskal-Wallis H tests with Bonferroni correction, while
associations between kV and dose metrics/ratios were assessed with Spearman correlation analysis. Results: Patients were categorized
into four kV groups: 70kV (n =815), 80kV (n =541), 90kV (n=67), and 100kV (n = 106). Significant intergroup differences were
observed in all dose metrics (CTDI,, DLP, SSDE, ED DLP, ED Radimetrics) and dose ratios (SSDE/CTDIvol,
ED_Radimetrics/ED _DLP). Spearman analysis revealed moderate positive correlations between kV and CTDI,,, (tho = 0.53, P <0.05),
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DLP (rho =0.49, P < 0.05), SSDE (rho = 0.54, P < 0.05), ED_DLP (tho = 0.49, P < 0.05), and ED_Radimetrics (tho = 0.46, P < 0.05).
A weak negative correlation was found between kV and SSDE/CTDI,,, (p =—0.30, P <0.05), while a negligible positive correlation
was observed between kV and ED_Radimetrics/ED_DLP (rho =0.07, P <0.05). Conclusion: CARE kV technology effectively
reduces radiation dose in CCTA. All dosimetric metrics exhibit moderate positive correlations with kV, underscoring kV selection as a
critical determinant of dose control. Conventional metrics CTDIvol and ED DLP systematically underestimate actual radiation dose
levels, with the extent of underestimation showing minimal dependence on the CARE kV-selected kV values. We recommend
integrating SSDE and ED_Radimetrics into standardized dose management protocols to enhance patient-specific radiation protection

and risk stratification.

Keywords: CARE kV; coronary computed tomography angiography; tube voltage; size-specific dose estimates; effective dose

jeb IR B ik CT il & 1 #& ( coronary computed
tomography angiography, CCTA) fLAEPLE . #HEAf.
TCONRE R, TR 07 2 RS O L5 2 05 1 — 2k
AR FEBY BRI, CCTA I RN A7 76 5 i 2%
FRI RPN S, SR AR T2 R

WFFC B, R R 48 W R O B IEAE G,
A BRUA A i Hs n 7R CRAE PG o R T4 T B
B, CARE kV HRAeMEEL T BH AR, 441
PP PE X G R Bk, H A AR
HLR AL S S50, O Bm S 7)o RS o T
BEIE R AT

i CARE kV A A7 5 £ LA 1 A4
MEFE PN AR, HFEEN R RAR T
B CT HE 54 (volume CT dose index, CTDIL,) -
7] B K B e B (dose-length product, DLP) DL A F
T DLP )5 %7 & Ceffective dose, ED) ™", D)
b FER TG S AR R R P 1) S5 DR 200 S o S )
s

BN BB R PR, ABFRAEAL G PP FR bR
Fenli b, A NAR TR S R B Al VR Csize-specific
dose estimates, SSDE) FI3& 55K DN ED,
G W AN R S8 550 B DR T) 22 e S 5 48 P R B L )
FHOPE, T84 A7 A TR 4 P Hs e T i 7 PR
Fa bR SR LU AR ) 22 5ok, R CARE kV R
X CCTA H& 5§ 7L (R Wi, I WA AN [3] 570 4 335
(R IR Y AR, A RS A 5 7] B PR R A P R
WA
1 #ERERE
1.1 ERNWESH4E

AHEFCA FEPERE T, 28R R 2= M S 5
—BRBEAG B sl (RS K2024-222-01),
bR B E R R AR 2023 4F 1 H A& 2024 4F

12 1 T R R IR 58— BE B AT CCTA Ko
B AR VR

PN HE: OFER >18%; @ 7145 W .
A T DX 5 I DA R PR B0 I A 95 05 o S DA 3R
@ BB aImKIZHEK . HFRbrfE: @O 28
MA@ FIEA A S B A Y 4R
HMEEY): O IR TR T

&N 152900 &, Horp 55 ¥ 727 4
(47.55%), SERYHAIE 59 (49, 68) %; ik 802
B (52.45%), FEhAiE 62 (55, 700 % . R
CARE kV £ AN H J5 & % B 2hik$er) 4 ik (70,
80, 90 F1 100kV) X & HEAT 404 .

1.2 ®BEFZE

A FH PE 1] 7 X5 Somatom Force CT 14 {3 13t
AT CCTA K fr . S UM EMY, kel S4E
TRAEKRIESY, WF BRI E, EE O]
o HIEVERDYAEER T T Tem 220 JEIRIRIZK
e, AFHA EE IR BRIB R, W 2 e R B ik
TR =Bk, ARSI  .

CCTA HEFE AR ZH: M B 2 H it i 45
AR (Care Dose 4D, Quality ref, mAs j 80mAs)
J2 CARE kV i AR (RefkV b 120kV), £ %% #E
HON 192 x0.6mm, BREEN 0.15, %k 0.25s/r,
KA Ao /T 14, O B 3k B s A
HHATE . EE R/ 0.75mm/0.5mm, 1
B} (field of view, FOV) 2y 200mm, &5k N
Br36 B %A ADMIRE 5k (5% 3) .

1.3 #HiRWE

W E i 2R A RS 5 (5 R4 (picture archiv-
ing and communication system, PACS) f& #i
Radimetrics 4 HEA7 45 5 ) & oF 55 T A 4%
CBLFR SR B D THE /K 45 B 4% (water equivalent
diameter, WED), Jf{&#i AAPM Task Group 220"
PRI e B D] 1 3R P34 SSDE. il S R %
BLAUh CHE AR . o). AR RS IC A B AR B o
S B OO R, IBCKAT AR i ED, e /E ED_



EE] YOGS CARE KV HARR

ARBRK CT LA RS A5 S 77 B2 R

Radimetrics. %4l SSDE. ED_Radimetrics
SRR FRR o

MBE 25 AR 15 R X CTDI,,» DLP %55 #t
FIERbs, KM kBT DLP iF 5 ED, id
{£ ED DLP, %A : ED DLP=DLP x k (ffi i
k=0.014mSv/ (mGy-cm) "); HFALA[FEF R
fabri 225, ¥—2H SSDE/CTDL,,~ ED_DLP/
ED Radimetrics 0 fH

1.4 ZHESH

i/ R¥AE (V432 BT S, i
Shapiro-Wilk 15 A A 56 VP AN 3% S48 1 (1) 0 AR5
SR BRI TR PRI A IEA i (P <0.05),
R A (DU oA B TR H AR 258

KM Kruskal-Wallis H 56 73 87 A~ 7] 211 17 4 5
Rl FEbs LA SR L 27 CRE MK o= 0.05),
WAFAE G2 22 7 W 4a b it 4T Bonferroni 12 1E [ 2
HHR CRIE 5 B3 M KF «=0.008) o ff 1]
Spearman AH 5 73 B PEAL B HL Hs 55 % )& A FR A
EU AR R FRIAH DG 1 5

2 H#R
2.1 kV S RIESFISYHE

R4 5% B A ) B L RS R R B O 44
70kV 4 (n=775, dyLk 53.78%). 80kV 4l (n=
508, 5H632.25%). 90kV 4l (n =60, L 4.16%)
100kV 41 (n=98, 5tk 6.80%) - FZHAE5FHIE K
AR 1

# 1 CCTA BHHRS I EH (R CARE kV HoR A S #1081 R 4D
Table 1 Radiation dose data for patients undergoing CCTA (grouped by tube voltage)
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70kV (n=815) 80kV (n=541) 90kV (n=67) 100kV (n=106)
CTDI,,/mGy 11.40[4.07] 15.80[7.92] 16.70[10.40] 22.60[10.70]
DLP/ (mGy-cm) 139.00[56.40] 190.00[103.00] 193.00[138.00] 289.00[141.00]
SSDE/mGy 17.10[5.42] 22.90[9.89] 24.00[14.50] 33.50[13.30]
ED_DLP/mSv 1.95[0.79] 2.66[1.44] 2.70[1.93] 4.05[1.98]
ED_Radimetrics/mSv 3.70[2.11] 5.20[2.84] 5.41[3.41] 8.22[4.33]
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Table 2 Differences in radiation dose index and ratio between groups

AR bR S AR

A4 P . . ED_Radimetrics
CTDI,,, DLP SSDE ED DLP ED_Radimetrics SSDE/CTDI,, 7ED_DLP
70 kV 815  11.40[4.07] 139.00[56.40]  17.10[5.42]  1.95[0.79] 3.70[2.11] 1.52[0.12] 2.25[1.19]
80 kV 541 15.80[7.92] 190.00[103.00] 22.90[9.89]  2.66[1.44] 5.20[2.84] 1.46[0.16] 2.19[1.20]
90 kV 67 16.70[10.40] 193.00[138.00] 24.00[14.50]  2.70[1.93] 5.41[3.41] 1.44[0.19] 231[1.28]
100 kV 106 22.60[10.70] 289.00[141.00] 33.50[13.30]  4.05[1.98] 8.22[4.33] 1.45[0.16] 1.70[1.18]
Kruskal-Wallis H 2 805.54 701.79 463.17 701.79 569.02 152.22 131.91
ot P <0.05 <005 <005 <0.05 <005 <0.05 <0.05
Bonferroni K iF P <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008
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Table 3 Correlation between tube voltage, dose
index, and dose ratio
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P P
CTDI,, 0.53 <0.05
DLP 0.49 <0.05
SSDE 0.54 <0.05
ED DLP 0.49 <0.05
ED_Radimetrics 0.46 <0.05
SSDE/CTDI,,, —-0.30 <0.05
ED_Radimetrics/ED_DLP 0.07 <0.05
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