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Advances in pediatric cardiovascular MR and CT technology :
Toward low-sedation and low-dose

YANG Lixin, PENG Yun"
(Department of Radiology, Beijing Children’s Hospital, Capital Medical University,
National Center for Children’s Health, Beijing 100045, China)

[Abstract] Pediatric cardiovascular imaging faces unique challenges due to poor patient cooperation, fast heart rates and
complex disease anatomy. This article focuses on the latest advancements in cardiovascular MR (CMR) and cardiovascular
CT (CCT) technologies, elaborating on the technologic breakthroughs for achieving low-/no-sedation, low-/ultra-low-dose
imaging, also the value for detection of anatomical abnormalities and quantitative functional evaluation of complex pediatric

cardiovascular diseases, in order to provide evidences for early intervention and lifelong management, and looking forward

to an intelligent future centered on artificial intelligence.
[ Keywords ] child; cardiovascular system;
artificial intelligence

DOI:10. 13929/j. issn. 1003-3289. 2026. 01. 001

magnetic

resonance imaging; tomography, X-ray computed;

JLMOLME MR 5 CT H#A#HRK : BEAEFRSRAE

(R -7

2
=Y

(EZILEE L EMER R W E I s LEEBE AR AL 100045)

[ ZE] LR MAT AR N B LEC & 22 L0 3P LB i 51 5 20 T T i 2 R A . AR SCBR B0 il A MR (CMIR) 450 I
H CT(CCT) itk 7 - P 3t H Sy 52 A B / 0 B e AR /0 U] 50 10T 52 R ) 0 R 9 e e T 174 1 42 2 JL 280
LA 92 995 igp ) K ik TA T RE R0 A 8, 5 AE S 40T TR 4 Sl 2004 R AR AT L O LG T RE S A0 B RE AL R Ok T

I AT

(KA JLE; LM RS BIREG RZE02AR . XLl A TR R

[FESZES] R54; R445 [XEHRIZFE] A

JLBRL L5 S AR XS T2 Wi 5 48 B 2 K 1 0 I s
CHea) 0 IV 55 28 OC T 2 H R e i i AR LTS &
JIE 25 0 MR K it F) S5 A0 O AR SR A R PR, MRS IOR
To ] AR, ¥ 4F Sk 0 1L MR (cardiovascular MR,
CMR) 5.0 M4 CT(cardiovascular CT, CCT)7E Pk
JRAG R o3 B - A ) A T TR — R SR
Bl 7 LREC 158 AR B AR i IR B L R UE T Y
BB,

[(XEHS]

1003-3289(2026)01-0003-04

1 CMREFER:NEHIEELEAHER

LA JH T H, 8 L ) R 2 G R i K
) 2 808 1 A8 71, CMR 85 7 HAe JL 30 i 48 92
W2 YT RO A
L1 PRESBEE AR SC8 A H PR AR R
BEXE L # O AR T A BE 25 KO B/ RR B B 75 0K
CMR HAR NN % fe . | il T 51 25 5 TR 40 28
(compressed sensing, CS) 5 3 17 W 14 ( parallel

[EE&TB] ek M k5 EY7 804 E T 8 5080 % 9 H (YGSKL-SHTech-2025-KF01) ,
[E—1EE] HAH (1989—) 2o, b AL 4, FIR B, BF5E 7 . LB 22 W, E-mail: yanglixin817@163. com
[EfEEE] 25 BHEILEE SO, o 8B E AR M8 L LE E B 215 FH, 100045, E-mail: ppengyun@yahoo. com

[ HHE] 2025-12-16 [f&mE B H] 2026-01-02



s 4. v PR R R 2026 4RSS 42 3255 1 1 Chin ] Med Imaging Technol 2026, Vol 42,No 1

imaging, PI) 45 il 3 5 AR G QW 4 50 = 4 420 L 52
(Cine) . £L X E& 5 4 iR 5% b (late gadolinium
enhancement, LGE) % 1y p A% B[], i 76 [ SR Bl B 5§
TR 5 A T X 2% % 17 L 258 iR T A Rk ]
BB FEVPAN IR LG IE S T 02 B g S5 R R
550/ KA T T EHOR IR )L CMR af 72 76 i 25 5
SYETHR T PRANPEAG G LA 24 O IE S5 4

L2 EEHASA SRR R LR 55517
fli CMR & & £ K & # 2. T1 mapping, T2
mapping M 40§ 7 25 B Cextracellular volume, ECV)
AL TG B R A DO LK i, £ 4 A R B G AR SR ik
AR R LB LA, JE TR SR F X B AR 3R AT 5
T T1/T2 5 T+ B ol R 47 8 S0P Al 35 48
FE T2 WrUEE , DL GE T A 4F A Lake Louise #i
e AEFE AL S UE LS . XTI . CMR Al JE 4
VEAR e AR 2 Bk 98, 5t B2 B (8] mapping & LGE B
ot PP A 96 A Bk L/ A5 0o LK i, Sk 2 00 45 3 4
e B0, FH ECV T dER AP PEAR 1085 L
O WVEF AR BT, I35 K 00 B 17 725 % U BB 46
SRS ECY T s A A LB U0 LR 18 21
efb, H 5B O EIREAN 2 O R KU SO B
Ja BEA LN T2 mapping 134212 Wi i w52 1 4%
A AR, TR SRR RS R WA
MEwALHhL T 6 %L EJLETE 1.5T s N Y T1/
ECV % u @™ it 0~3 % LK 3. 0T 14 W
A2 R BRIE N2 B L0 R A B 25 L T R
I 1E] mapping A FRbnifiEfl . BRoE S 41 800, O
JULHETE CMR 2 JUBH0UB Y 5y — O B 9 i, T ve 1 Pt
SRNZ W 00 A S AR RE 42 SEI T GBI A O UL I U
L MO H T 6 A4S H LA B JLEE Ui 5 1R 3
Jk e B | 2l R S AR gl kR L0 LR B
HERSHE 5 VPAS 0 5 2 A b e 3 2 2T AT

1.3 U4kl MRI(AD Flow MRD  4x 5 fi7 i ¥ ifi
Wish F12% 4D Flow MRI A3l 33 — U $ 1 3% O A
A JUE RN L A = 4 I AH 23 98 1l A B L R R Y
L3 3 77 2 280, FEVEAl 52 2% 56 .0 (AN Fontan 736
T 1% WU B RE A I il sl kOS2 i/ e A T S T AL
MRS B L A SR Can 3 sh bk 45 28 L S i
PO A RIS .

L4 PHEOIU A AT REPE A CMR $3#1E 6 B
(CMR-feature tracking, CMR-FT) 1] F 45 # Cine &
& B 3hia ER 0 LIS Bl S B AR 43 A, 7E S 143 X
(ejection fraction, EF) T FEHTKL H 0o AL G R 4545

Xif TR 12 W R JEE RO L 0 L i PY (Duchenne) flL
BIRAR T R ks 4 B BRI R L,
1.5 AN L% fE (artificial intelligence, AD) K zf $& 7}
MG ALK 2 T B % 2 (deep learning,
DL) IEZEIN5# LR CMR A F 52 19 1 R 2 3 92 BLALR
A HTRE A RE KR DR 5 B4, DL & ]
TILEE CMR 7] 45 5225 80 U6 44 i [] , Gk 25 18 /3y 4 A 4K
R AR Lt AT SRR F R L ARG AT B0
B¢ A FR T R AR L SR A i D B 4y L R
WO HEAN S5 2y R NS i T R RE s © A s kg
Fr SEEL A BharELO /O WL T RERN S ) EF O LB
RS R O R AE I R 2h BE PEAY K B CMR-
FT, 52340 34O LN S 538 o 58 T A BE &2 17
VI A By RE VA fik - 70 2 27 5 @) 2 7 11 PR 9000 A 764
METZHRE CMR £l /9 AT BT 50000 WL
Fontan 71 ¥ %£ 38 71 55 T iF A G PRI E B B
2 CCTEH:ERBRAESFHE

FUAT CCT ATy 2 45 4 PG L 30 JEE 1A I A5 fige i)
SER Y T B AR TR S AR AR B /MBI B 3
PRsE el o) B 22 4x % 58 0 RS HEDEAG F 5 Tk
2.1 R DU e 0P A S O RERE S SRR L
1 23 (] 73 B R AP R AEBE J7, CCT X 7 B7s JLE L
LA A% 77 4 A8 B AT AR AT AR e 3 . O AR FT— R AL 1T
ik 52 2 56U I % F0) 5 D3 B < X T 0 3 Bk A A A it )
SCHRFR | I8 PR 45 52 R W, CCT RE B2 AR E 1Y ik 731
“HMRERE R T M A A A ] 0GR KR R S
W5 Al 3UEE CT (dual-energy CT, DECT) fiti #E Vi 1%,
1 RE AT AE — YA A v [R] 20 AR A5 il 5 0T il 3 E T AR
B XA — 0 RS A+ DR PE AR X T TR
PRl i & B K A i 0] S A BRI & OG
@ VEAR AR 3 Jik o - 38 2o A MG AR i 401 R BE 1R
(40~70 keV) . DECT F| A8 K 31 25 300tk 2% $2 Tt
155 L2 20 /N bR 2l ko % B B 55 AT R Al 7
O PR T 2 (1 ) B A 880 g AU R0 0, ok
BIVTA TR B KA I8 5 E AT S W R G T 2 QAR F
KB U5 5 3P4l : CCT J2& 35 3 W HKAE L Fontan AR J5 55
BE KIS HNZ.O0 R85 T B R DAL E
W B Wil 3h ik & B e R
2.2 B RS TR RR RO B R
ZEWE IETEMIR e AR LA CCT W R, AR N Atk
£ A, T it % CT (photon-counting detector CT,
PCD-CT) 7E 3R H] #if B 4 0 H fih L AR W R (i
80 kV) b L >R B ) [) B 2% 48 T mIORE 4 2 5] B 2



o PR 2 R R 2026 4E55 42 B4 1

Chin ] Med Imaging Technol, 2026, Vol 42,No 1 .

[@2]
.

W mSv 2%, [ I S B8R 5 25 8] 4 BE AR Oy B A L 4

AR ST T FARIES X TS I R R

BRIP4 48 5 O A PRI AR [ S A% T B, T ORI

BEOOUJR CT 4% AR CI2EE AT 35 3. 2~3. 4 mm) LB FP

G4 B B R A L AR VR S RS T L TR A

700 T TR A0y JL R AT M R AR A B T AT O TE A i

W AR S T 52 PR L TG P 52 0 WIE B K Il 4 B AR B8 5

T, FERY 16 om BRI & 98 BE L SR A% CT AJ

T2 1~ 2 WCié e W 35 40 B4 o, B 1 LR

TR S RS A T FE JC T AR AN E R OIR AS TR PRE SE

s BRI T A AT ISR S R T R,

3 NEERE
CMR 5 CCT W HEARZE Al JLRLO 48 5 15 BE

T F A1 PR B AR 5 4 S XU, T Xk 7 2 UL ik #0) RAOWL 20

2 B SR 3h 25 D RE HEAT RS E B SE BERAL . ROk

PL AT g #Z 0 B HOR Bil5 5 8008 20 Arofs ik — 20 5 T4

AR AR HEAC TR T 52 W 58 7, HE S LRRO 48 R

TS IT [ R RE AL AT Al 4 A PR
H B R AhEHEEFRARA YR,

BHE TR AT LG BELF; $EHA

Fo L,

(5% k]

[1] KOCAOGLU M, PEDNEKAR A S, WANG H, et al. Breath-

hold and free-breathing quantitative assessment of biventricular

volume and function using compressed SENSE: A clinical
validation in children and young adults [J]. J Cardiovas Magn
Reson, 2020,22(1):54.

[2] AKCAKAYA M, RAYATZADEH H, BASHA T A, et al.
Accelerated late gadolinium enhancement cardiac MR imaging
with isotropic spatial resolution using compressed sensing: Initial
experience[J]. Radiology, 2012,264(3):691-699.

[3] ZUCKER EJ, SANDINO C M, KINO A, et al. Free-breathing

accelerated cardiac MRI using deep learning: Validation in
children and young adults[J]. Radiology, 2021,300(3):539-548.

[4] DONGSZ, ZHU M, JI H, et al. Fetal cardiac MRI: A single
center experience over l4-years on the potential utility as an
adjunct to fetal technically inadequate echocardiography [J]. Sci
Rep, 2020,10(1):12373.

[5] HARIS K, HEDSTROM E, KORDING F, et al. Free-breathing
fetal cardiac MRI with Doppler ultrasound gating, compressed
sensing, and motion compensation[J]. J Magn Reson Imaging,
2020,51(1):260-272.

[6] MESSROGHLID R, MOON J C, FERREIRA V M,

et al.

Clinical recommendations for cardiovascular magnetic resonance

(7]

(8]

(9]

(10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

mapping of T1, T2, T2" and extracellular volume: A consensus
statement by the Society for Cardiovascular Magnetic Resonance
( SCMR )
Cardiovascular Imaging (EACVI) [J]. ] Cardiovas Magn Reson,
2017,19(1):75.

DASTIDAR A G, HARRIES 1,

Native T1

endorsed by the European Association for

PONTECORBOLI G, et al.
mapping to detect extent of acute and chronic
Comparison with late gadolinium

myocardial infarction:

enhancement technique [J]. Int ] Cardiovasc Imaging, 2019, 35
(3):517-527.

CORNICELLI M D, RIGSBY C K, RYCHLIK K, et al.
Diagnostic performance of cardiovascular magnetic resonance
native T1 and T2 mapping in pediatric patients with acute
myocarditis[J]. J Cardiovas Magn Reson, 2019,21(1):40.
DORFMAN A L, GEVA T, SAMYN M M, et al. SCMR expert
consensus statement for cardiovascular magnetic resonance of
acquired and non-structural pediatric heart disease [ J]. ]
Cardiovas Magn Reson, 2022,24(1) :44.
MUTHUSAMI P, LUINING W, MCCRINDLE B, et al.
Myocardial perfusion, fibrosis, and contractility in children with
Kawasaki disease[]J]. JACC Cardiovasc Imaging, 2018,11(12):
1922-1924.

CHEN C A, DUSENBERY S M, VALENTE A M, et al.
Myocardial ECV fraction assessed by CMR is associated with
type of hemodynamic load and arrhythmia in repaired tetralogy of
Fallot[]J]. JACC Cardiovasc Imaging, 2016,9(1):1-10.

BAKSI A J, PENNELL D J. T2" imaging of the heart:
Methods, applications, and outcomes []J].
Imaging, 2014,23(1):13-20.

PAGANO ] J, YIM D, LAM C Z, et al.

Top Magn Reson

Normative data for
myocardial native T1 and extracellular volume fraction in
children[]J]. Radiol Cardiothorac Imaging, 2020,2(4):e190234.
DOAN T T, PUELZ C, RUSIN C, et al. Anomalous aortic
origin of a coronary artery in pediatric patients[J]. Curr Pediatr
Rep, 2024,12(3):69-80.

HERNANDEZ L E. Myocardial stress perfusion magnetic resonance
in children with hypertrophic cardiomyopathy [J]. Cardiol Young,
2018, 28(5):702-708.

HUSAIN N, WATANABE K, BERHANE H, et al. Multi-
parametric cardiovascular magnetic resonance with regadenoson
stress perfusion is safe following pediatric heart transplantation
and identifies history of rejection and cardiac allograft
vasculopathy[J]. J Cardiovas Magn Reson, 2021,23(1):135.
ISORNI M-A, MOISSON L, MOUSSA N B, et al. 4D flow
cardiac magnetic resonance in children and adults with congenital
heart disease: Clinical experience in a high volume center[]J]. Int
J Cardiol, 2020,320:168-177.

OYAMA-MANABE N, AIKAWA T, TSUNETA S, et al.
Clinical applications of 4D flow MR imaging in aortic valvular
and congenital heart disease[J]. Magn Reson Med Sci, 2022, 21

(2):319-326.



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

. o B 2 AR HOR 2026 AESR 42 4550 1 3

Chin ] Med Imaging Technol,2026, Vol 42,No 1

BERHANE H, SCOTT M, ELBAZ M, et al. Fully automated
3D aortic segmentation of 4D flow MRI for hemodynamic
analysis using deep learning [J]. Magn Reson Med, 2020, 84
(4):2204-2218.

BOGARAPU S, PUCHALSKI M D, EVERITT M D, et al.
Novel cardiac magnetic resonance feature tracking (CMR-FT)
analysis for detection of myocardial fibrosis in pediatric
hypertrophic cardiomyopathy[J]. Pediatr Cardiol, 2016,37(4):
663-673.

ORETO L, VITA G L., MANDRAFFINO G, et al. Impaired
myocardial strain in early stage of Duchenne muscular
dystrophy: Its relation with age and motor performance []J].
Acta Myol, 2020,39(4):191-199.

EARL CC, SOSLOW ] H, MARKHAM L W, et al.
Myocardial strain imaging in Duchenne muscular dystrophy[J].
Front Cardiovasc Med, 2022,9:1031205.

BRATIS K, HACHMANN P, CHILD N, et al.

Cardiac

magnetic feature tracking in Kawasaki disease

convalescence[J]. Ann Pediatr Cardiol, 2017,10(1):18-25.
KOECHLI M, CALLAGHAN F M, BURKHARDT B E U, et

resonance

al. Accelerated cardiac magnetic resonance imaging using deep
learning for volumetric assessment in children [J]. Pediatr
Radiol, 2024,54(10):1674-1685.

GHANBARI F, MORALES M A, STREET J A, et al. Free-
breathing, highly accelerated, single-beat, multisection cardiac
cine MRI with generative artificial intelligence [J]. Radiology
Cardiothorac Imaging, 2025,7(2):e240272.
KARIMI-BIDHENDI S, ARAFATI A, CHENG A L, et al.
Fully-automated deep-learning segmentation of pediatric
cardiovascular magnetic resonance of patients with complex

congenital heart diseases[]]. ] Cardiovasc Magn Reson, 2020,
22(1):80.

(27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

WANG Y, SUN C, GHADIMI S, et al. StrainNet: Improved
myocardial strain analysis of cine mri by deep learning from
DENSE[]]. Radiol Cardiothorac Imaging, 2023,5(3) :¢220196.
GEARHART A, ANJEWIERDEN S, BUDDHE S, et al.
Review of the current state of artificial intelligence in pediatric
cardiovascular magnetic imaging [ ] ]. Children

(Basel), 2025,12(4):416.
SIEGEL M J, RAMIREZ-GIRALDO J C. Dual-energy CT in

resonance

children: Imaging algorithms and clinical applications [J].
Radiology, 2019,291(2):286-297.
YU L, CHRISTNER J A, LENG S, et al. Virtual

monochromatic imaging in dual-source dual-energy CT:
Radiation dose and image quality[]]. Med Phys, 2011,38(12):
6371-6379.

ATES O, HUA C H, ZHAO L, et al. Feasibility of using post-

treatment

2021, 94

pediatric radiation

Br ] Radiol,

contrast dual-energy CT for
planning and dose calculation [[]J].
(1118):20200170.

SCHULZ A, OTTON J, HUSSAIN T, et al. Clinical advances
in cardiovascular computed tomography: From present
applications to promising developments[J]. Curr Cardiol Rep,
2024,26(10):1063-1076.

HORST K K, CAO J Y, MCCOLLOUGH C H, et al. Multi-
protocol guidance for pediatric photon-counting
CT[J]. Radiology, 2024,311(2):e231741.

TABARI A, PATINO M, WESTRA S J, et al. Initial clinical

institutional

experience with high-pitch dual-source CT as a rapid technique
for thoraco-abdominal evaluation in awake infants and young
children[J]. Clin Radiol, 2019,74(12):977.€9-977.el5.
KANG E J. Clinical applications of wide-detector CT scanners
for cardiothoracic imaging: An update [J]. Korean ] Radiol,
2019,20(12):1583-1596.



