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Abstract In recent years, cancer immunotherapy, particularly immune checkpoint inhibitors (ICIs), has emerged as a significant
breakthrough in the treatment of malignant tumors, substantially improving patient outcomes. However, the potential of ICIs to trigger
immune-related adverse events (irAEs), including cardiovascular toxicity, poses a significant challenge to cancer immunotherapy.
Although the incidence is low, the mortality rate is high. With the increasing use of ICIs, cases of cardiovascular irAEs are on the rise,
necessitating the attention of both imaging and clinical physicians. MRI, with its high sensitivity and resolution, plays a pivotal role in the
detection and assessment of cardiovascular irAEs. Early diagnosis and evaluation of cardiovascular irAEs through MRI are crucial for
patient treatment and prognosis. However, there is currently a lack of unified standardized consensus in China regarding MRI
examination and diagnosis of cardiovascular irAEs caused by ICIs. To address this issue, the Molecular Imaging Group, Magnetic
Resonance Group, and Cardiothoracic Group of the Radiology Branch of the Chinese Medical Association, in collaboration with the
Editorial Board of Chinese Journal of Magnetic Resonance Imaging, have developed a consensus on MRI examination protocols and
diagnostic reporting for cardiovascular system irAEs induced by ICIs. This consensus aims to provide a scientific basis for imaging and
clinical physicians and to promote the application of MRI technology in the diagnosis of cardiovascular system irAEs.

Key words magnetic resonance imaging; immune checkpoint inhibitors; cardiac events associated with Immune checkpoint inhibitors;
clinical application; expert consensus
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EREJE RIS R, O LA B A PD-L1 #2839 .
DAL, 7E 8232 ICIs ¥R 97 I, e & 42 ] g e A O LA
JEL O Sr A R R AT g% Bk AT 51 R0 LA A
G IR b O L5 B2 2 B KR A . irAEs B0
L5 B, 29 19% & 3RO R H , 16% & I 0 32,
21 46% (1) 3 G F HoAh R 48 irAEs", o B H LT
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FE 2 Wi F1PFAf ICIs AH 5% F) 00 JIE 2 458 irAEs J5 1T
i I 5 L 3R 1% (cardiovascular magnetic resonance,
CMR) K A% EREZIEM™. CMR & —F 2 ik
Iz WO WL B TR e n] DL AR 41 1 2H ZRRHAE
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JISCHF o AE— TR XS 136 4] ICTs AH < o L% R85 1Y
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T2t . HeAh, Native T1 #1E B 2 F 3 B )
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PREPARE) [ HJE N, 11 M1 4 5 9 PREPARE-2024CN
580. L FAMBANIE T IRAGHE , H13T 1 5 % 1)
G5 R R T IR S T AT S S L BT AR
RS I (A 26 BT B ISR 5 B SRR, D3
T2 B B e HE DL AIE A 5 LR R i % S
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Fig.1 Consensus writing process flowchart.
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Tab. 1 Definition of levels of evidence in this consensus
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Tab. 2 Definition of the strength of recommendations in this

consensus

T v 020 filiik

A HERE  UEHE A R GIESE S5 200 1 90

B AR S A R CUEA 35 200 2 M 3 480 , T e 78
H R BT v 5T R (TR AR T AR

C UEYE AL — 5 26 AT F A R GIEYE 55 200 4 200 5 Bt AR R
ERTISIESE S

D UE 1A 280 B R PR GIEHE S5 208 5 90, RAER
A Y A 2L

AR A, R0 B T 5 (0.04%~2.46%)"7;
B AR BE TC F ¥ 5k 25%~50%"", {5 B & I IR XF
ICIs-MC W iR 42 my , o st 2 2 8 B 35 (14%~
18%)™, Oy L % Y w2 & 5 B 18] N 25 25 )5 17~
34 KW, 6 JH N RN T6%", 3N H N KA
81%", (B IR KA OHLK CHEJE 1 E L4
IR IE . ICIs-MC 95 F_E 2ot 30 26 B 00 UL TA] o
o2 b 2 MG IR, LA CD8T T 4l i o X, 3 iE AF
1E CD4" T 41 2 B 2 /2% 41 B AN S92 0 R 30 s Sk
W9 T 1B S5, O LR A3 X AT B AT 4 2H 4L 2 R
T BT A B IR . TICTs-MC 5 = 5 4E 7 ) 1
PRIEAR , HFRIUA — , B0 FE B O 12 P P f L 5%
O RGN R R A S, 7 5 2 A H B
PR T =M O R T , LRI 2937% B
HH IR 9 5 L RTRE g AE i R, 7 B A0 I At T 208 9
e IUbR EV T S R A
2.1 B ik

ICIs-MC H A3 48— 2 Wikn i , 530k DL
E O UL 28 THI G B BRI o 12 W7 00 JUL 26 1) 4 s o A2 o0
P 50 LTS A (endomyocardial biopsy, EMB) , [
FRNPER S, HoB e 5 2 b 24 N EMB
A& 12 W ICIs-MC 1 I R & iE - o0 B B2
ICIs-MC il Z 5 5P, 78 QU PR AN ML K | 5 &
A B R A% S B L O O L ST-T Be 4%
S0 P IR W AN REHERR O LA o S =5 kG I 4 A
£ 5 UL 45 & 1 (troponin, Tn) « UL BR ¥ % (creatine
kinase, CK) %% , DA Tn fiz 802 , £ 94% [1) & # Tn J+
e K ILICIs-MC % 8 5. 11 5 ¥4 2 O i B 5 i 7
VA & R 2, o L 0 A 5 A B L Y.
LB ST ICTs-MC MME A BR™, K21 50% 1) &4 H
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P A 0 2 S 1My AU PR ART . ICIs-MC B8 35 7 o0 38 B A
O 17 AR 35 B BRAIG , FL AR 5 AE N ICIs-MC B2
Wr it e bR A R M. CMRAEN—FREER AR 5
Tor A5, BE % PO O M R 285 44 L D) e A O LA 2RI AR
X O L 98 10 55 A 5 T B 2 M 0 DA R S0 JUL 8 XSz
BA#EZEME . 55 % H % B (fluorodeoxyglucose,
FDG) - 1E M F & 4 Wi )2 & 14 (positron emission
tomography/computed tomography, PET/CT) 1E i£ W
ICIs 5] A2 ) ICTs-MC J7 THI (4 4 fELAH A7 B, W 3R B K
O LA 5 8 P B8R 4 14 “F-FDG $8EHCH i. fn Bf
CMR i £ 77 76 25 & , FDG-PET/CT ] LA Jy 4 B F
B, AR Y, B B FDG-PET/MRI AE 0
WL 2 W i SR B AN, A N ICTs-MC $2 L 38
KRS,
2.2 WhEaERAAE T E

FHE FE (004G 7 B[] 55 TCTs-MC [ R 975 B[] 5
62% I 835 K AE T ICIs ¥R T 38 — N B AN A
G AL AR I R 30 KPR BE K AR ICTs-MC
B, W& ICIs1RIT , R HBR O 12 M. BRiEl
)[R EPRATAA S A 2 A, HE R 58 B0 L P LB S 0 B
K \Mb 5 CK.CK-MB.cTn.BNP fll D- RS54 75
TH o G bk g R IR 4 T8 i B AR AL, AN HE
7 — & CMR BUS K2R =k A . 0 b A i A 1
HERRHE, FiEomEAREMESE. SEpioil
R, 75 B 563 2 DU 30 A 2 (I H # L iyt C =
N ED A A WS R 58 B CMR, 4 2 ) S i
EMB™,

CMR F 2 7 5445 : (D HEE UG, K P
# H W 3 3l (balanced steady state free precession,
bSSFP) A AT 4 . ) A HE I = &
VU i 0o A B DA B AN A IR KT 22000 SR 7K P 1) 42
O Ll HEFE P AUOR B AR BEARL G 2 1)
AE AT LR B B R R o (20 T2 AR i BB
(dark blood T2-weighted imaging, DB-T2WD) , & &
T1 F1 T2 mapping FA% . F145 )2 MGG 7 00 = 28 B
(FEIT Z O /KF IR 1] W 58 2O LA 1 2 1D o ]
B (A8 FLER WU JZ THD A0y 2R B GO figs ] WL i b 11 /2
T ) %5 3l JZ Tl - Native T1 mapping %1% % F o K 1)
Look-Locker Jx # 1% & (modified look-locker inversion
recovery, MOLLD 7 41 . 514 JZ 11 [R] # €0 45 /o =% 5k
JE B H 8] B S0 AR B Bl JZ 1T« T2 mapping BUS
195 J2 THD [ A B0 4 70 3 B L R TR) B 0 R B
HETH o 1K 2 B ARH A O WL 2R e & A0 E VE VR
gt T EERELE. REOME#HILRE &
1, T1 mapping 1 T2 mapping /7 %I N.7F 1.5 T 3.0 T
g AL R b 58 B, I AR U8 1 L 4R AN 2% AL 827 A1 37 9 1)
AN [F A A AR IR TR S B O . i UURYE 15 44
{8 5 32 7 B 20 44 AT T SL AR A8 7 e i L)
1E# AN Native T1 mapping £ T2 mapping (133 %4
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+2x ik 22 N IE W 2 % {E 70 [ (3) 1 il T K
14 (first-pass perfusion, FPR) , 7E F 45414 5 /> 02 3l [
WG, LG BB A, 33 5 BE A 2~3 mL/s, A& N
0.1 mmol/kg, fifi J5 LA [ A )8 7E N 15 mL A L ER
Ko I H 2 T B A DY i o0 K B B e o0 B R R B
F ) BRI A0 2 B Bl 2 THT - (4D LGE , 7E AH 2% HE 5]
FENJE 10 min K0 #3145 B /S 2D AR A R S 5%
Pk & (phase-sensitive inversion recovery, PSIR) J7 41| it
TR BRI A S &K, D
J N ZRPEIA KT 0 R B Ao . BT BE
A 22 1 B TT LICR A2 3/ I H e I ) PSIR
P o GIEPESED : 55 TRE :C)

2.3 BERLEEREZ S

(1) PF Al ICIs-MC #J & L K Bl . 7£ CMR
DB-T2WI. T2 mapping /% Native T1 mapping J7 1| I
O UK 2 22 B0 0 L DB-T2WI & {5 %5 5 T2
mapping {8 % Native T1 {H 3 =",

(2) $F fili ICIs-MC ¥ 0> WL 3K B8 J2 2F 4 £k .
ICIs-MC [ 7™ 50 L 48 di 2% AT B0 LR AE 41 44
ST T 1, LT BRI N 52 45 04 4 Jf P 9 328 3 T
1, CMR-LGE J7 41 R I NS5 5 1 7 5 A X .
£ ICIs-MC "' CMR LGE FH {4 45 & #4837 A 73 A 45 5
TRE TR, AR ARG O E O T 0 A
JEER AGRIEPE A O LA 4E AL I Native T1AE T
fer RO L 4R A 25 B 4 B (extracellular volume,

ECV) T &,

(3PPl ICTs-MC B IEDhRE 59 o 18 ARG
EEHUR (feature tracking, FT) X O UL B AR 2 B ik 47
A3 T 5 5 a2 H AR Ak 2 i B AT UGS I ICTs-MC iR
F 0 ThRE B H Y, ICIs-MC % CMR-FT #6751
Hoo & R AR Y 1) B AE (global longitudinal strain,
GLS) . Ji 171 % 4% (global circumferential strain, GCS) + {%
] . 4% (global radial strain, GRS) ¥4 \& & 52 11, AT
1EH NBE, GLS (- 19.5%+4.4% vs. —23.6%+3.1%, P<
0.001) , GCS (~23.0%+5.8% vs. —27.4%+3.4% , P<0.001)
1 GRS (29.0%+8.5% vs. 32.4%+7.4%, P=0.049) ¥ ! FI,
TR

CMR #4556k AR e afi 12 <0 JIL 28 S5 12 W s o
HATBE, B AR (DO LK BHE 8, B T2
mapping /7 41 T2 {E %1 , B DB-T2W115 5 58 5 38 i1
(2) FE S i O LA 4% UE # 5 BP0 UL Native T1 {5 T+
= ~ECV 8 nsl A7 7E JE G P LGE. $fi Bhbs e : (1D
oL B UE S S ROy LR 55 5 (2D 72 O S YR 4F T RE B
FRAESE , BI Y Bt oo 8 v i = BRI B R 3L VR 5
F G AT KR WA ZE R B LV AR 5, LV
1172 R 2 | (= PTIRE 1= S S R N K 1 RE SN R
CUEHE SR - 5 R : C) o
2.4 #% XA MR

7 AL IR A5 AR L I 30 (UEHE S5 20 - 5 4 75 o
E:D).

B2 Z.,63%. FFAIEREEZESA
T 5 HLEY MROR /2 S WA V& 3 17T
B IR B RN IEH L% BE R LR
JEo T RIER WL S R A Ik
A LS 2 B Ik e S 3y Tk A 8 5
OB G, OB R .
% F [A] B BE WL 2% R OIR Dark-blood
T2WI # % {5 5 , Native T1 mapping
N A RE BE TIAE T o Z iR 4 7R
55 [ B B AL 2% ZRAR e {5 5, 43 A7 v
55 ek Jik g L XA UGG . 0 7 % DR
ZHLANF : EF 65%, EDVI 43 mL/m’,
ESVI 15 mL/m*, SV 28 mL/m’. 1%
JE L T2WIAS #4155 i k. MRT 2
W7 < JFF A BB 25 VR 9T R e 5 1)
B BE O UL AR bl D VR A il , vh il
AR, AT A ICTs S D L2 5
WA A JEI R CMR BV . EF: S
73 % EDVI: & 5K K W %5 FUIR 3
ESVI: Wi AR WA AAEH: SV - A3 4
S ICTs - S A 25 s 4 57

Fig. 2 Female, 63 years old. After
comprehensive treatment for intrahepatic
cholangiocarcinoma, cine MR imaging
shows satisfactory left ventricular
systolic function, normal atrioventricular
morphology and size, and no evidence

of ventricular wall hypertrophy. No regurgitation is observed in the mitral or tricuspid valves, nor is there regurgitation in the aortic valve. The aorta and pulmonary
artery are not dilated. There is no thickening of the pericardium, and a moderate amount of pericardial effusion is present. The left ventricular interventricular septum
shows patchy slightly hyperintense signals on Dark-blood T2WI, and Native T1 mapping indicates an elevated T1 value in the interventricular septum. Delayed
enhancement reveals linear hyperintense signals in the interventricular septum, with a distribution not matching coronary perfusion territories. Left ventricular
functional parameters are as follows: EF 65%, EDVI 43 mL/m?, ESVI 15 mL/m? and SV 28 mL/m?. Additionally, a slightly hyperintense T2WI mass is observed in
the liver. MRI diagnosis: Post-treatment intrahepatic cholangiocarcinoma with myocardial edema and minor fibrosis in the left ventricular interventricular septum,
along with moderate pericardial effusion, consistent with ICIs-associated myocarditis. Follow-up with enhanced CMR is recommended in 3 months. EF: stroke
volume; EDVI: end-diastolic volume index; ESVI: end-systolic volume index; SV: stroke volume; ICIs: immune checkpoint inhibitors.
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WEFE: OIEMRTPH+ 5%
MRI E

BEMRIR A E (RAREINL: 7 5500 R/ 0 38/ 00 30 /i B/ 2 1)
FRBE/ T EEMNEE) URZRVEENIRGT, BERSRAPNERE. ZERIESR.
T SRR, ERNRGEAR IR, KRB . O
ARTHE, LOEDE/PERERBRR. 5 (BAEHALD 04
JEF /0L B AR AR/ 45 4IR/ Fr R Dark-blood T2WI {55, Native
T1 mapping. T2 mappingfFt&, WRMRESES, HETEEEER/
g, WFNER/AE, SAATEE SN XORITAES. Ak = ThEE S
WF: EFxxx%, EDVIxxxmL/m?, ESVIxxxmL/m?, SVxxxmL/m2,
MRI 2 ¥

= (BARRAL: 1745 B B URAEIE 357 PO ALK i K 2T 44k,
S5 5 IR AT 75 S ICIs-AH R R LA R

B3 ARG AR . EF: 55 L7 0 EDVI: & 7K R W& UG 0 ES VI
WA AR ISR AL SV < B HY s ICTs « B R 2 1l 79

Fig. 3 Format template for report. EF: ejection fraction; EDVI: end diastolic
volume index; ESVI: end systolic volume index; SV: stroke volume; ICls:
immune checkpoint inhibitors.

5 KR4

ICTs-MC B2 B #:5K 2 21 R 18 e 15 4k 4
F2 52 1CIs ¥R 9T , HoAZ Wy (%) TE A 12 1R ] e 52 el fi Jg i
H UG o 1M ICIs-MC ¥ & il = R 7t 1 I R 22 AL SE
FEAEAZ S WbR e, R 7 EEHERR O 00 I 5%
Jod B O L8 3 T g e 1B SRR BRORS: 56 A 7 Y
S . EEEENNZWI R : (D Sk AR B Bk £E A AE
(acute coronary syndrome, ACS) : 43 ICIs-MC & &
) W PR 2 T o F, ST R JOEE 437 1 A 75 4 28 A 55 7 T
5 ACS CHLHE AT 8 AL 0 800 2 1 FE ST Budh v A
O JULBEZE AN Z i ST Bt v 24O URE B AHALL , 40 e i
X7, g O ME BRI . OB EREEMST
Bt a0 JUUBEBE Iy 75 g o0 gk AT S92 T ki
S WTHRIZ T o (2) HoAth J5L R B B0 0 Dl e AN 4 B0 7
T < T AR RO L 2 R O I  BOR A O L 9
BE R AFAEH A T B0 ) 395 B 259 55 = (A
ARG KRS 45D , 38 % BNP 5 NT-ProBNP H i
T, T T Jo T sy B FE T ey, 456 2K 58 AN R
P A CMR A BT %8 51 o (3D HoAth Jit R e £ 1) o L
R IRTEVANR EE VRBEAR L ORI g
TR O L8, B 4 2H 2R3 54 O WL AR B Y
AR O . BT BFLZICIs1HITIX—
A B SO0 WL R 38, BR AR B A W U0 1) s Bk e s
Bl RS B A7 HoAth J5R ERT i 00 UL 28 AT RE 75 UG 75
i 0 ) JH At JER T P SR Lo UL

3 LE%

ICTs AH 5% 008 28 J& 8 7218 A ICTs ¥6 97 Wi [l 5 2.
J& R AR B Oy L JERY, 3K 98 0E T DA 3R IR 00 L 3
JE AR, RS 2 FE Y. 1CTs 41
Fe UL % B R AR LN 0.36% , 1B ICTs #H 550061 K 5
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Tab.3 CMR signal characteristics of pericardial effusion of
different natures
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