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Progresses of cardiovascular MR in diagnosis of myocardial
inflammation: Based on "Expert Recommendation of
2018 Update of CMR Criteria for Non-ischemic
Myocardial Inflammation"
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[Abstract] The Consensus on Magnetic Resonance Imaging of Myocarditis, published in 2009, has played an important
role in diagnosis of myocarditis. Cardiovascular MR (CMR) is expected to further improve diagnostic accuracy of
myocarditis with the development of MR software and hardware, especially the introduction of T1 mapping, T2 mapping
technology based on absolute quantitative myocardial tissue characteristics. Based on an expert recommendation ( Expert
Recommendation of 2018 Update of CMR Criteria for Non-ischemic myocardial inflammation) based on the new MR
technology (mainly T1 mapping, T2 mapping) published in JACC main issue, the research progresses of CMR in diagnosis
of myocarditis were reviewed in this article,

[Keywords] magnetic resonance imaging; myocarditis; expert recommendation

DOI:10. 13929/;. 1003-3289. 201903042

DB MR ZETODALRARIFRE . E T 2018¢IERL M4
ALK EIZET CMR fREBBDEREEENR

Bl . e, R AR
CFR 0 L EP A L L STE RN BE 27 e o [ B 2 B B S 8h B B 36 R AE R B 5T 100037

[ FE] 2009 4F KRGO LI 0GR A 09 O TE.O LR I RS W B BUS WAL h R #8 T EZME ., MR B
R R 2 5 T 4 8 it 10 LA 2L AR T1 mapping. T2 mapping $ AR 09t 3, A 2 i — 2L 2 7.0 ) MR(CMR) 75 .0
MR LW M, ASCHT 2018 4F JACC ETIREMIET MR HiH R (FEZE T1 mapping. T2 mapping) i % FKHETE
UL B 2018¢ AR B MO LA 2 W CMR A3 HEAE 20 & G FE T UL BB CMR 7E.0 LR 2 Wi vh (9 0 (5 5 15 .
[REIE]  RESLIR G D LR s L K ILR

[(hESES] R542.2; R445.2 [XEEFRIEE] A [XEHS] 1003-3289(2019)10-1574-04

VE R 3 A1 2% L B e A3 1 JC B S AR 5 O ik o0 i B LA O M 48 0 e R A A 0y R0, BB B 34 80 A
& MR (cardiovascular MR, CMR) 7E1i2 Wi .0 L B WE A B A R R 2 W L&, T1 mapping., T2
Je VAR R B AR VR T B OSON IR AR I2 B0 LR 5 mapping $E A DLH 2 X6 € 5 6 2 A BUS A AL A
KRR EEF B, B R CMR 3T 2009 4 &% # IR T 5T TIWILL T2WI (4% 45 & AR 0 Jm R

[(E€THE] HEAKRP#EEE (81771811,81571647.81971588) (AU H AR BI 4 5L 4 (7152124) (1 &I R4 (451 H (Z151100004015141) ,
[E—1EH] AH Q996—) & GEE L TR FERM L, B9 O MR, E-mail. 1430658330@qq. com

CEEEE] BN, B0 MR O st PRI B o R B B4 B B f e 4R 2 AR FH, 100037, E-mail: coolkan@163. com
(¥R EHI] 2019-03-06 [f&E BHI] 2019-08-31



H [ BE A AR AR 2019 4E58 35 %5 10 ] Chin ] Med Imaging Technol,2019, Vol 35,No 10 e 1575 -

PEHE— D& T CMR 7.0 ML 12 W 5 %5012
M. % T, 2018 4F JACC &R T 4T MR Hid
AR(FZEZE T1 mapping. T2 mapping) i & F#HE1F =
UL B 201 8¢ A B i P 0 L2 AE 12 B CMR A 1 A& 20
L FAMEAE L F B G W bR AT T T
ARICFEETF I RABEITH CMR 1E.0 LR 5 F 57 3t @ i
TEik .

1 DX BENIRRRR

O WU I PR 3 B AL 45 DA 128 B AR e 1 i i 5
() 8 AN 35 B 450 B0 L FL B ST Bedf s, DL R0
LA B IR BEAR 259 T s VLS 28 F1 L LR 8wt ) 55 2
55 2V 0 U ZE AR BL 1 FE R 57 I DR 5 AE , o v] SR B
AUME FE RO 7 S I A B PO R IR B B AT
PO T, XTI R BE 2 0 LR B UG T
B35 CMR O HL O LA SR SR SE AR 3R ) 75 0 3l ]
kA 1 CMR JE B Z 2 Wk Z —,

2 2009 FEESHMIRARN CMR 2R EREF
PR 1%

2009 4F #% 5y 7 W0 A ok = T A% 40 i 2 M (CT1IWIL
T2WD 5 & AR O B 7 3 580 XT 0 LR 45 1 &
AR 0 LA U AL AT IPAS . o0 WLAK b . 388 im i) 2
UK E B OKM) SECL AL T Jo H & T2 fE K, K
T2WT 3Ry Jr 30 sl 8 1A 8 15 5« (HL 3 6 52 A e LU AIR
X 2K 8 iz s AU R T A 2 W R R AR
N s LY 4 B P 80 VR T BE S BUR I . @0
WL7E i e 6 4 i 45 8 U - E 2L i AEXT I 9 TIWI
FELHA XF 1 57 48 5% (early gadolinium enhancement,
EGE) TIWT #EA7 3%l o X DL AR AIE PR 5T 7 i) — Bk
H 5 ZEARXS TE 0 L/ WU AE g 222 i IR 52 Prae A
AN . Q0 WL B8 F1 £ 4 Ak . 6 LE 3R] 42 38 3 58 (late
gadolinium enhancement, LGE) B #H X} %5 7 1 ik
AR JE L UL e 0 2 A0 BE T v B0 A T i Ak B BLARAE
PE AR TE S AE 54 Bl 2R A2 G S Rk, BT M 0
1R SRAE , JCHAFTEC UK B s B LGE B2 5 5,
AR5 | 20 A A0 25 R I Can WLAR M YR BE | &1 4k 1k sl K
FiO B0 LR SR AT B LGE™ . @0 WLTh g5 % .
S22 WO LA AE 10 T SRR A 1 o (H U e o e S
Bk, © 0 A0 5 s 2 B R A IE ] )k
TIWI RO 2 3 T2WT 7% DAL 8 5 5 L0 f FE R
SEAE L T A IR IR S O AL R L 2 0 LR 1Y
BRI
3 CMR #HEAREF-OANK PN E

AEA , LA T1 mapping Al T2 mapping A fCE A

CMR #r#i R &A@, T1 mapping 1 T2 mapping
A E R HAR LR T1 A T2 (1 R K
T T A T2 (B3 A DR BT AR A AR BT 2 X 4k
OLE T A T2 fH. esh, A X e 58 A0 /5 19 T1
mapping &, 455 140 Lo . 7T 3155 240 i A1 18] 5t 25 F1
(extracellular matrix volume fraction, ECV)MI i[>
Wk A RAERT, T1.T2 A1 ECV {37+ ; T1 mapping
1 T2 mapping AT A X5 5 58 BE 19 48 16 i 15 4%
AT HARH LU T1 A1 T2 {8, W] 5 5 2 5 1 2H 2L RALE
FHAR(TIWI. T2WD 9 J5 B

T1 mapping & ECV A% . T it Stk ik 2 18 HE
1, T1 mapping X5 A6 .C WL A P B 7K 55 185 sy 22 455
S PRI 5T T2WT M HE RIS L 42 w2 WO LT
M R RE K b 0 5 S B2 5 [ B T1 mapping X 4
IS PR R A4 A/ 2 K I A ORI R
9290 JEIE I THERR O MR SE. 5 LGE ML,
ECV UG T 1E 0 WUAE R 2 2%, w] 55 i b
PEAG WAL, P AR LGE Y 5 24 751, Hoal H
TR R M O LS 4E AR KR, R TR P T
mapping Z5 R 5 MR 58 #1 5¢ . ECV # 52 T MR
S, S P B R

T2 mapping A% : 319 5 I A WF 581101 3 3IF 52
T2 mapping A B Hb 1 5] 20t 0 WLAK M, 5 1% 4
T2WT AH He BA 5 = A9 HE 8 K 3 T2 mapping & B A7 H
e {7 W LG L A I ] R 3 PR R D RR]
AL A AT AR 2 3 A 0 WL 4 4 (] 9 28 S
4 2018(JEHR MM 4O ALK SE 2 BT CMR #REE )Y
EXREEFEER
4.1 FOH K S Wil AR MERY B SC 2009 4 B 5 i A
W T 5 M (TIWIL T2WD 8 5 i AR Of 5
RSO HA  RILO LR SOz 2 BEF L BT
EELIERNSH, 5 REREZ. 55, TIWI &
T2WI 25T B e % T 51 2R 4, 3 1 B (R4, %42 3
Ph 52 UG R AR B HL TR B RS I T
s g D JE AR A R 2 W B0 1R . % T 4R
L F P B AL 48 X E B A9 T1 mapping., T2
mapping £/ JJLAE A9 LT #ER 832 . 2018 4L K4
LT T1 mapping. T2 mapping 760 LK 3 89 5 L HE
T IR R L AE 12 B CMIR AR AERE B 1 & %
HEAE .
4.2 HERMERE RBIT 2018 4F #5305 o X 4%
it CMR AR K H4H 512 WO LS 19 R0 RE 847 X 1
RIS O UK U T2WI 8 T2 mapping £ A



+ 1576 - i [ BE 2 AR R 2019 R4S 35 %45 10 81 Chin ] Med Imaging Technol,2019, Vol 35.No 10

Hx/pMET T1 WAL R ARG, 7T 8 #F
REZRER R, BT EGE M LU IE K5 & 1) —
Btk , % R @ BB AR Sy A R AT HERE .
WF5E " & B EGE MR % 5 357 i1 4 o rh i 5% 5 5 A
ERACOD LR Iz W %, 540 T LGE Hik
P Ao S e b A DU 9 s 1 JRE 51 ) 0 M A A FRLE R
X 8 1 A Rl 7 AN R BT 1) B S i TR
MAEH LGE # 2 .0 W R %E. M E T LGE, Tl
mapping Ml ECV e fE# it b KAl #8245 vE B3 B A
T T 1 0 = I 1 I R M D7 N o
L R AU T A WG R WA e
T2(T2WI 5 T2 mapping) 9.0 LK B F1 T1 (LGE.
T1 mapping & ECV) 8.0 WL 45 P > A o A FH A )
CIROY S E=X ANy

5 2009 4F #% 5 W W A5 1 AH L, 2018 A0 L%
CMR 12 Wi b5 #E I\ 5K 19 3 45 b5 (T2WIL EGE J
LGE)2 4 BHVE A oy BB i 2 bR 2 S5 B 4 5 1
N T T1 mapping A1 T2 mapping PP H ) CMR € &t
HAR, HIA T1 mapping £ 2Pk 048 M0 UL i
K i 3G 0 A U SO BOR AR S EGE 9 AR
bR, BARIEET T2 A T1 A H AR 2 A BH M Bk 338
W 2O LR IR S B B2 T2 A T1 rp i) —Fh 3
IR PHPERS T AE— R L SR A O LR iz W,
5 K328

XTI PRAS [\ IR0 L6 O B . A B S Pk VB
20 ML B 50 LA AH S 500 14 5 9 (A 45 15 995 L PN 43 b
PESIR) B B VT hRE 73 B T A SCARR FE B . D26
RlCs URE BB 1 2k 0o L 58 -« I PR 3R 30 R 7™ J .0 LR A
ST Bedfivm FILAS &5 K Ih i, 20 TR A
PRI 5RO LA B3, A 0= B M s LGE B AT WL 1]
TR K I RN BE IR AT S 3 L Sl R AL TR O BELC A
R AT HE — s PR EE A B s AR B ki R A
@7 KU 7% vy 0> 7 35 0 1R O JUE WA T RE A 5 R
] 8 RO 2 R T 18 0 5 300 I ) Be 2 B L AR AT AR T
LK, LGE 38 5 5 BEAE O JUBE Y, T RO LR 3
LT AR . Q0 AR O LR FC WL IR AT
@ Ui = Wi RIS R OB )20 s 15 i e o 50
BRI RE B B O AR R L ),
PRI I 3 1) s o 22 80T L RS B ) 2 8 R A
it H W AL A5 O LA AR R, BF TIWI, T2WI
T1 mapping.T2 mapping X LGE,

ItAh , CMR 6 7] H 12 Wi AS [W] 95 IR 1Y) 2k a0 WL
4. FRIEMED WLR : CMR A X 2 20 M 75 B e

Yk R M e % O, AH AT T S 08 v s w0 LR
SobEE A LR - H W EE UG T B 4EML0 WL CMR
R RFEFT .0 CMR 7] IL.OIUH A T 5 AL 350
WLAS 2 A Bt A0 T Al i 30 (0 P B R0 A7 R K T
BB AR5, W IR Mk 40 it O LR . LGE A UL
VRO N BT X EAE S, LD RN 3, " EH A Y
BOaeH 28, JLE.L LS . CMR ] 42 {1t 2 Wi #1115
5B B LGE 5 AR R WS (ICD A B H 556
TOXEEIAE . B B %REEOHAK: T1 mapping
M ECV 5920905 16 Mk S 55 1.0 LI 46 &7 3k g A2
AR R 255 9« B AR UE SE LGE ] T % 51
W RO, REMELD IR 405 mapping $
ARFEN I CMR A ZURE B AZ wT A 3 53 R etk A
B G 8 B0 T B G AR O LR o 8 B A B R LS
13 i A OGO LR < W 655 240 B R 55 )L 4% T e AH O (9.0 L
eSS 0] i £ 280 CMR (444E T1 mapping) 3
FvPAh . FRBR T RE Tk - 55 ) & B FFOBR R 2 i T
HEEFHRBEIGEIER G 1~3 4~ H, Hd 30% 15/
500 #H CMR RIS L ALR —20: B THR R DI BEIT
it BCE AR A PO ORL AR R e R IR BR & (1 b ik, B
HAR EROMRFRRE B Gyl f X, 3
b« B 45 25 0 BT RN 2 i R s B R S R
CMR # £ 35 J BRAF1E 0 LR RE 2T,
6 NS

T 0 % S T AR v A T B DL, X T I R B
oL B E, HE CMR 54 240 1 BT T2 fts
HEAZ /D 1 WEET T1 (45 mapping) B AR, B #] 2
Wy A 1% Bl O AL 5 WA EF T2 (146 mapping) 8% 3%
T T1Cf4F mapping) Hrr 1 W5 # 76— LIl R IE
TATEHERR DHLR . B2 55 s BT =
W454 T1 mapping. T2 mapping & B A, #E— D4
= T CMR 7.0 ALK 1912 W7 5 55 50012 W i f 18,
R RAZ 6 0 L5 4 4t 75 22 0 1 UIE B 22 TR 4l .

[ 5% k]

[1] Schumm J, Greulich S, Wagner A, et al. Cardiovascular
magnetic resonance risk stratification in patients with clinically
suspected myocarditis. J Cardiovasc Magn Reson, 2014,16:14.

[2] Friedrich MG, Sechtem U, Schulz-Menger J, et al.
Cardiovascular magnetic resonance in myocarditis: A JACC White
Paper. J Am Coll Cardiol, 2009,53(17):1475-1487.

[3] Ferreira VM, Schulz-Menger ],

Holmvang G, et al.

Cardiovascular magnetic resonance in nonischemic myocardial



H [ BE A AR AR 2019 4E58 35 %5 10 ] Chin ] Med Imaging Technol,2019, Vol 35,No 10 .

1577 -

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

inflammation expert recommendations. J Am Coll Cardiol, 2018,
72(24):3158-3176.

Caforio AL, Pankuweit S, Arbustini E, et al. Current state of
knowledge on aetiology, diagnosis, management, and therapy of
myocarditis: A position statement of the European Society of
Cardiology Working Group on Myocardial and Pericardial
Diseases. Eur Heart J, 2013,34(33):2636-2648.

Laissy JP, Hyafil F, Feldman LJ, et al. Differentiating acute
myocardial infarction from myocarditis: Diagnostic value of early-
and delayed-perfusion cardiac MR imaging. Radiology, 2005, 237
(1):75-82.

Ferreira VM, Piechnik SK, Dall’Armellina E, et al. T1 mapping
for the diagnosis of acute myocarditis using CMR: Comparison to
T2-weighted and late enhanced JACC
Cardiovasc Imaging, 2013,6(10):1048-1058.

Chu GC, Flewitt JA, Mikami Y, et al.

gadolinium imaging.
Assessment of acute
myocarditis by cardiovascular MR: Diagnostic performance of
shortened protocols. Int J Cardiovasc Imaging, 2013, 29 (5):
1077-1083.

Ti 4 SC, Rt 0 JE A e R L X L 500 A SR 5 Ak B I R B S R A
W TS BB o R BE AR R, 2012, 28(8) :1600-1603.
Bogaert J, Francone M. Cardiovascular magnetic resonance in
pericardial diseases. ] Cardiovasc Magn Reson, 2009,11:14.
Thavendiranathan P, Walls M, Giri S, et al. Improved detection
of myocardial involvement in acute inflammatory
cardiomyopathies using T2 mapping. Circ Cardiovasc Imaging,
2012,5(1):102-110.

Radunski UK, Lund GK, Stehning C, et al. CMR in patients
with severe myocarditis diagnostic value of quantitative tissue
including extracellular volume imaging. JACC
Cardiovasc Imaging, 2014,7(7):667-675.

Ferreira VM, Piechnik SK, DallArmellina E, et al. Native T1-

markers

mapping detects the location, extent and patterns of acute
myocarditis without the need for gadolinium contrast agents. ]
Cardiovasc Magn Reson, 2014,16:36.

Lagan J, Schmitt M, Miller CA. Clinical applications of multi-
parametric CMR in myocarditis and systemic inflammatory
diseases. Int ] Cardiovasc Imaging, 2018,34(1):35-54. .

Nadjiri J, Nieberler H, Hendrich E, et al. Performance of
native and contrast-enhanced T1 mapping to detect myocardial
damage in patients with suspected myocarditis: A head-to-head
comparison of different cardiovascular magnetic
techniques. Int J Cardiovasc Imaging, 2017,33(4):539-547.
A A e I RARORT H R PR B A SRR

2017,33(8):1125-1128.

resonance

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

Lurz P, Luecke C, Eitel I, et al. Comprehensive cardiac
magnetic resonance imaging in patients with suspected
myocarditis the myoracer-trial. J Am Coll Cardiol, 2016, 67
(15):1800-1811.

Luetkens JA, Doerner J, Thomas DK, et al. Acute

myocarditis: Multiparametric cardiac MR imaging. Radiology,
2014,273(2):383-392.

Luetkens JA, Homsi R, Sprinkart AM, et al. Incremental value
of quantitative CMR including parametric mapping for the
diagnosis of acute myocarditis. Eur Heart J Cardiovasc Imaging,
2016,17(2):154-161.

et al. Cardiac magnetic

Sujino Y, Kimura F, Tanno J,

resonance imaging in giant cell myocarditis intriguing

associations with clinical and pathological features. Circulation,
2014,129(17) : E467-E469.

Shonk JR, Vogel-Claussen ], Halushka MK, et al. Giant cell
myocarditis depicted by cardiac magnetic resonance imaging. J
Comput Assist Tomogr, 2005,29(6):742-744.

Azarine A, Guillemain R, Bruneval P. Different focal delayed
gadolinium-enhancement patterns using cardiac magnetic
resonance in a case of diffuse giant cell myocarditis. Eur Heart
J, 2009,30(12):1485-1485.

Bozkurt B, Colvin M, Cook ], et al. Current diagnostic and
treatment strategies for specific dilated cardiomyopathies: A
scientific statement from the american heart association.
Circulation, 2016,134(23):E579-E646.

Sachdeva S, Song X, Dham N, et al. Analysis of clinical
parameters and cardiac magnetic resonance imaging as predictors
of outcome in pediatric myocarditis. Am J Cardiol, 2015, 115
(4):499-504.

Greulich S, Deluigi CC, Gloekler S, et al. CMR imaging
predicts death and other adverse events in suspected cardiac
sarcoidosis. JACC Cardiovasc Imaging, 2013,6(4):501-511.
Mavrogeni S, Markussis V, Bratis K, et al. Hyperthyroidism
induced autoimmune myocarditis. Evaluation by cardiovascular
magnetic resonance and endomyocardial biopsy. Int J Cardiol,
2012,158(1):166-168.

Rochitte CE, Oliveira PF, Andrade JM, et al. Myocardial
delayed enhancement by magnetic resonance imaging in patients
with Chagas disease—A marker of disease severity. ] Am Coll
Cardiol, 2005,46(8):1553-1558.

Luetkens JA, Doerner J, Schwarze-Zander C,

et al. Cardiac

magnetic resonance reveals signs of subclinical myocardial

inflammation in asymptomatic HIV-infected patients. Circ

Cardiovasc Imaging, 2016,9(3):e004091.



