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Application of Cardiac Magnetic Resonance in Detecting

Cardiac Involvement in Autoimmune Rheumatic Disease
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[ Abstract ] Autoimmune rheumatic disease( ARD) can affect the cardiovascular system, including coronary artery, myocardium and
conduction system, while its manifestations are often clinically silent or atypical. The cardiac involvement can be one of the main causes of
the adverse prognosis of ARD. Cardiac magnetic resonance has been widely used in the early identification and dynamic monitoring of cardiac
involvement in ARD patients in recent years because of its non-invasive, radiation-free, quantifiable evaluation of cardiac function and
myocardial tissue characteristics, which is of great significance for patients’ diagnosis, risk stratification and clinical decision-making. In

this review, we described the recent progress in the evaluation of cardiac involvement in ARD patients by cardiac magnetic resonance

techniques.

[ Key words ] Cardiac magnetic resonance imaging ; Autoimmune rheumatic disease

E E’ ﬁ'ﬂ @ LT A R fh }VE‘ ( autoimmune rheumatic
disease , ARD ) MAHRN RGEIELE AR H LB , 48t THL
PR R GEANE U X B BB 5 A S I g 3
H %Qﬂ Wi, RREZHE RENEGW R 7 R
it HPETRE S ECO MR E R ARD AUHE: RGipELr
PEIRIE (systemic lupus erythematosus, SLE) 28 XA ¢
798 (theumatoid arthritis, RA) | & G M AF L AE ( systemic
sclerosis/scleroderma, SSc) FiMEIGLES1F ok BB+
R VR R 5 L [ 4R L 4%
DM) \ Z & PELSE (polymyositis, PM) ALK PE LA | 1L
B9 LT (sarcoidosis ,SRC) 45 21, LUMIESZ BAEIN K

( dermatomyositis,

BIEE B LA, E-mail ; chenyucheng2003@ 163. com

7% ARD BT i BB R A 2 — (Hil FHAER S
PRI R R B, 76 ARD Hhut IESZ S0 9 20887 BX
FEH I S O NEREIR 5 A 5 | BRI PR E AL, B A = A
RO RS0 I W ARD F8 35O TS G0 A 2T Be o
AN, ARD (85 2 R AF Lotk FE AR G000 148 XU PPk
*%""“h FRIE T AR " K, 33X ik — 2P A T 0 AR
Hik é\ﬁ Co TS R Wl g R
HIH R VEAS 19 F B (AL 450 W 1 O IR

&ﬂfﬁizj]% CT %) fETEAR KB Jmy PR 4 , G 458 e A
I S REASE IO UL A 7K i L £ 4 Ak DL K B i 78 o A2

U ERE PR (cardiac magnetic resonance, CMR) Tﬂﬁﬁﬂ



DM R 2019 4E 8 HEE 40 B 5 W Adv Cardiovasc Dis ,August 2019, Vol. 40, No. 5 - 677 -

P A IO WLZH 2R 22 R R 2 AS  ZEAG T ARD fR 35 FL A
O FEH BA MR PE . BiE CMR 20 2122 4L %)
e 751 B 30 4k 3R 5% 4k ( late gadolinium enhancement,
LGE) DA K€ S PPN 445 T1 mapping T2 mapping 454
AR K, it AT A 0o LR Kb PR 2T 4 AR o0 LA L
HIE] R RIEAE UK P AT 4E AL, Ry K% BLAIE ST ARD
SRR R DT I 52 3R AT BE 1Y) e AR FRAIL R A T
FEAEA O, Bk CMR ZERR I ARD 30100 I 457
Frh ok R AT LA
1 ARD DR RHRIBEEYT

DMERYBRIFFRRIIFE ARD Hh s 9105 P e Dy g s
15 LR 7 LA Rt 10 Dy e e 0 2 o 3 3 Jok ok A £
AR O I I o T AN AT AR 48
SR I TR AT A RER A, 51 A I A8 PN B T RE R A
T B B et B, I 1 3l ok ok A A A 2o 78 % 3
IR R B AN P e B XU, (s 750 1l 78 S A A=
BN AT A, AL G0 1M A I R R
sy M IR S LA R I B R ARUAE ARD B v
SRy, H ECHE N AR AN 2 LU RE ARD rpu 1l A5
Wl AR 0 IR I A B 5 S Bk A Ak = ] B4
VICRIEA Rtk — 01 5¢

H AR B 22 B 58 IA  DAAIE Sl i 1 1 487 A0 L
P AR I ARE R A2 2 R B ARD R E RBLO EZ
SRR R Y B O WL 1 S R
RILOIUE A B B 5y i B 02 T B0 JJE AR AE FL
FrpEvE Rt R RN Y S A W AE O WU
PRI A ) Bl A AR RS 0 LA 43 T LA B i &
G, SO WK SE LA KU WURR S S8 0 L B 50
BEPEC LI ARZEARL, 0 ILIRFE A A= AR 25 4 A i
AR, () BT P 8 i s v 35 ) Jo 27 i Ak, 4% ARD
BB IO K R R X FBOL B Y . R
PO WUs LA 4980 240 A i) 92 31 LA KO WL A %) 8 4
IFCNFHE , 76580 ARD W0 E5Z 2 b (VR R4S BBk
ML P E L R A 0 L2 R R
FERTTIZWIRGR | T B0 AT 0 4.0 U 55 i o ™ o
Ik

AR, BT ARD SB35 G I i (8] BT £F 4E Ak LR it
U SEL A5 5 T - 35 M 20 ok v s o 2 L0 I 32 R Y
R PR R — . 5% ~15% B9 ARD F3% 7T i i
Bk F, HAR YT SO R A VI 2l ks R 22, TS
RAEDS
2 CMR Xf ARD LBEZ ZRFEITFMEFR

CMR 2 —FhE R APE AT —F T B  TCHR 55
A HEAETF BT PPAL O WU SUE R AR B O R B AR
CMR AT FF PG T Hh 0B S O LRI O ) 08 |
DR AR LAY ARD F8 35 .0 JUE 0 AR F S0,

AT B B PO U 5, B4 0o LK e 0 WL B 1
BT SRR LA BRI R ] R LT Aefb T A, R
THLUSH ke i ARD S35, CMR 1O IR 8 AH X
F CT HAHE KW S B ME " .

CMR $Ffk ARD .0 IE 32 209 F 27 51 5 4 ST
REH I S R A5k 1, Hrph CMR 2210
(steady-state free precession,SSFP) Hi 5 FF 51 0] ik 7 0>
ez 3y, I HERR I & 22 A7 0 A AR S A B L S A
O,

&1 CMRITEM ARD BF OHEZRHEEFMRIEREEL

BRSO EER S A X
LE AR LVEDY, LV f/a RV Kk
R LVESV -
RVEDV .
RVESV
wwrs CEEE e Rver St
Wegi e
LERW DERW EshRE,
Wi EoMER RS
e o 2 \
INIE S CUIE ;Eiz
Kl 2 He
LGE [k, N
| Lo gy OV
LGE SFoefl Y
LR Th LU
RN 4 T
. LA,
TI mapping LU Native LS
PP o TI, ECV S
LR
T2 mapping DU KHE T2 LA K
BUSEHERER RGN
BRI 0
- Sk o OV
Pl TERSIKEE OB 3R
SRS R FRAR
R
SR e e

i :LVEDV. £ ¥ 47k K &4 LVESV: £ ¥ Ik % K & #; RVEDV ;
A E AR R B AR; RVESV: & &0k 4 K 2 #; LVEF: £ % 4 e 5 34
RVEF : & £ 4F #2540 ; T1 mapping: 2k &) % 7% 0 18] £ & ; T2 mapping : 4% 6]
o7 0t 18 52 & ; Native T1 ;3% % %) 47 T1 mapping,

AR, B T0 NE SSFP HL 52 4 1 R AR 38 15 4 R
(feature tracking, FT) 3 15 38 E5 0> N AMEFE L 311 5 A 1)
AIRFIZ B PEAN O U AR, T T PEAS O J0E 38 2 RE 2L
A%, CMR PETE BAG G H 2 57 i 0 JULTE 70 D00 AT P A 2
BAAERE SO NLEIN ., BT CMR &% WAL 1.0
WLZH 22 02 O LK b AL ILEF 4E 4k, T2 AR
FE e PRI UK B i AR AR 55 5 50 AL
HANMF KB, MU L EKEI MBS, T2 (8



- 678 - OB AR 2019 4E 8 A5 40 B85 5 ] Adv Cardiovasc Dis ,August 2019 , Vol. 40, No. 5

]S RN ] ) SE A, 7R EMR B R B T2 AR & 15
7, NS JE B E R 811X 43 CMR |19 LGE BA% ]
A=A F W70 LG ARG DO AL 2 4 b 5500 WL
SR I AR K B 20 21 %% 5 it T1 mapping Fl T2
mapping £ R % Wiz T 0 UL 3 89 P o Tl
mapping £ R 3 8% Hi8 2 A 2 8 E K T 5
(modified look and locker inversion recovery sequence,
MOLLI) , 73 51 7 38 52 570 i f5 AR IS =K SCR% I [R] %k L
HEFTRAE UG TE L T1 s g th £, A5 21 5 5/ T1
{1 FE AR GA T1 SRASS T1 LA K40 51 IF)
B3 (extracellular volume, ECV) , T2 mapping
ARIZEFET T2-prepared SSFP 741, 44 =R A [R] T2 e
i ) T T %) ETAR A T 5 1, 2B 1 T2 sl 2, AT
FERITE A AL ZUR T2 {6, T2 mapping £ AR
TR T T2 AL R AATE R 2, o 75 B %
WL I 8O ILPE SR %k B, AT 2 d DA O LA i
{HHHET CMR HEUE S H AR AL Z 08 P51 O %
G R, H k= Ew S8, Hilk Ry A
frift—2P Y.
3 CMR #ill ARD /i3 R R 3R
3.1 SLE

Seneviratne 25 " BT & ITE SLE BB F 2 37%
FETEIE R Ak, Hie 2 B RIRRE 20 L. 53 A 5
KIJLE SLE B35 1) LGE F 2R IUMHME sk, M
N SLE (8 ¥ e Z2 3R NI T 8 BEsi Ak, H CMR
K JLFE g (6/25) HVBE LGE BYMERAL T i N B &
(12/25) ' Ishimori %5 " F] ] CMR .0 JJL 67 i 34 v
R BAE IR 9 i R i T W 8 et IR B0 Jhk B € 1) SLE
AR BT R S S s AT IR 3h kG B
Bl . 7EAIH CMR B #E dEXT b SLE 38 e 0
R DL SE 8 BR Y e R 3l Bk ik Ak i B 92 & B, SLE
S RI R IR AR Bh ks Ak, et 0o A8 2 R I
F Rkt R S koA, P2 7R SLE f o VR 18 P 5k 3
JK M 4 A B9 A7 22 Ak, BT R BROG E 2 B
SEARAY SLE g3 B H 30 Native T1 . ECV DA Az T2 {H /Y
FhEr, $&7R7E SLE £ 5 FU01H 3.0 UK i B R i M 21
Hedk '™ . Hinojar % ZE LB IRAE MO LR 1y SLE
BEPIEFATHRIEIRIT IS, B0 L Native T1 A1
T2 {2 E FEAIG, #2758 CMR H4UERE AR M A H4%
PEPE L WLIIGIT 1) S B B 80 W I 7 B
3.2 SSc

5T KB SSe f8 35 T 2 1) g B A 2 48 A HE L
LGE *', HLLGE 4 SSc & HUSHIE ™ . 1esh,CMR
VEVE UG R PRAE TOREAR SSc 8 B A7 7 T VE B S Ak
TG UESEAE SSe (835 W47 7 W0 BF B 1 S0 L
fI&4."*" . T1 mapping Fl T2 mapping £ 415 &% A [

FERTREIN JC A 00 k32 REILAY SSe B IO AL
P, PR T e A7 76 O LR 18 1 18] 5T 245 4E 1k e R
Jit ' Kobayashi 25 ' 3£ F CMR-FT # AR 1€ To 0 lIF
FEARIY) SSe B KM WUN AR, & BLFHA SSe B R
PR LS AR B RA , 3 O E 2 B T RE RS .
3.3 RA

RA &P & B IE W X IR A 152 TH 5 8 Native
T1 .ECV DL J& T2 {i, H5 LGE Jo X, #¢ /"7 RA ¥
L LSS RE B 2T Ak i e 0 L R B k&
B RA B E T FHE Y Native T1 & ECV {H 5.0 WL 28
AR .

3.4 $HEMERMEIR

WF5E &P, 249 56. 3% 1) PM/DM 4 CMR 7]
WEEH] LCE ™ Folt fF et & BUAE T Wl B0 ik 3% 22
SR H A2 % 98 i 4 B F ) PM/DM AR 3 AT B
Native T1 DA K ECV {75, H 5 B & IR0 R K F 41
56,488 PM/DM B (9 00 L L S gT
& B CMR fg [R] B K Hy PM/DM BB 35 b i % LR
A T1 T2 ECV [T} SF 4 U R 2270k, X BB
CMR .CoEAN & B0, AT 35 Bl 5.0 LR 28 38 22 8] 1 25 51
LY,

3.5 mE&#

CMR TEPEAS I8 & 8 35 ho 32 By A & 5
BN, 045 B A 3h Bk 48 ) Kawasaki Il 45 48 L
T A EE P 1 45 46 D0, T A R Y 4 AL L D RE
WL A el BeAb, 05T % BLAE PR 28 b o 1l 48 2R
rf, CMR AT i TG00 JE 327 SRR L0 H BT IE # AR 3
S T
3.6 SRC

CMR it & 8 LGE BHA: v 25 SRC B35 Hl
32 2RI BRI Y, B R DA O TR
FET- 45N PR FUS 7 ) BFSE d R REIE S T1
mapping T2 mapping BRI SRC i & 31500 WL % i
T 2R 4l TR I T4 S A 8 A 7 R T 0 MIE 5 405 64
R W T
4 B

WEAZ BAE ARD fE 5 B A7, AR G R AE
AR RREE BBk = ek, O RG22 B
ARD BH L AN RS EEFRHF 22—, JEH
RAE SN S ARD B35, H R TC I 0 2 25E R A0
I R B B £ 3 v i DL s B AR B AR . CMR 1] G
B B PEAL O L 2L R R 2R S A ARD
BFONEZ B W1 R DL S Ag IR T R
F-Bt. RKRANTEHE—L 5T, 45 G52 LB,
o B A HOACAR DL R IR A W b 75 0 5 24> T T M AT
fli B WS ARD B0 S R G052 R AR fe AR 1Y
[



DM 2019 4E 8 HEE 40 B 5 M Adv Cardiovasc Dis ,August 2019, Vol. 40, No. 5

- 679 -

[10]

[11

[12]

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

= % 3wk

Goldblatt F, Neill SGO. Clinical aspects of autoimmune rheumatic diseases|[J].
Lancet,2013,382(9894) :797-808.

Hollan I, Luigi P, Ahearn JM,et al. Autoimmunity reviews cardiovascular dis-
ease in autoimmune rheumatic diseases[J]. Autoimmun Rev,2013,12(10)
1004-1015.

Symmons DPM, Gabriel SE. Epidemiology of CVD in rheumatic disease, with a
focus on RA and SLE[J]. Nat Publ Gr,2011,7(7) :399-408.

Thavendiranathan P, Walls M, Giri S, et al. Improved detection of myocardial
involvement in acute inflammatory cardiomyopathies using T2 mapping[ J]. Circ
Cardiovasc Imaging, 2012, (5) :102-110.

Taylor AJ, Salerno M, Dharmakumar R et al. T1 mapping basic techniques and
clinical applications[J]. JACC Cardiovasc Imaging,2016,9(1) :67-81.

Nadjiri J, Nieberler H, Hendrich E, et al. Performance of native and contrast-
enhanced T1 mapping to detect myocardial damage in patients with suspected my-
ocarditis; a head-to-head comparison of diferent cardiovascular magnetic reso-
nance techniques[ J]. Int J Cardiovasc Imaging,2016,33(4) :539-547.

Soltész P, Kerekes G, Dér H, et al. Comparative assessment of vascular function
in autoimmune rheumatic diseases: considerations of prevention and treatment
[J]. Autoimmun Rev,2011,10(7) :416-425.

Cohen Tervaert JW. Cardiovascular disease due to accelerated atherosclerosis in
systemic vasculitides[ J]. Best Pract Res Clin Rheumatol ,2013,27(1) :33-44.
Arida A, Protogerou AD, Kitas GD, et al. Systemic inflammatory response and
atherosclerosis ; the paradigm of chronic inflammatory rheumatic diseases[ J]. Int
J Mol Sci,2018,19(7) :1-27.

Esdaile JM, Abrahamowicz M, Grodzicky T, et al. Traditional Framingham risk
factors fail to fully account for accelerated atherosclerosis in systemic lupus ery-
thematosus[ J]. Arthritis Rheum,2001,44(10) :2331-2337.

Chico-calero I, Barreiro O, Lo E, et al. CD69 limits the severity of cardiomyop-
athy after autoimmune myocarditis[ J]. Circulation,2010,122(14) :1396-1404.
Machino-ohtsuka T, Tajiri K, Kimura T,et al. Tenascin-C aggravates autoim-
mune myocarditis via dendritic cell activation and Th17 cell differentiation[ J]. J
Am Heart Assoc, 2014,3(6) :e001052.

Weber KT,Sun Y, Bhattacharya SK, et al. Myofibroblast-mediated mechanisms of
pathological remodelling of the heart[ J]. Nat Rev Cardiol ,2013,10(1) :15-26.
Mavrogeni SI, Kitas GD, Dimitroulas T, et al. Cardiovascular magnetic reso-
nance in rheumatology: current status and recommendations for use[ J]. Int J
Cardiol, 2016,217.135-148.

Ristic AD, Maksimovic R, Simeunovic DS, et al. Cardiac arrhythmias and con-
duction disturbances in autoimmune rheumatic diseases [ J ]. Rheumatology ,
2006,45 Suppl(4) :39-42.

Chaisson NF, Hassoun PM. Systemic sclerosis-associated pulmonary arterial hy-
pertension[ J]. Chest,2013,144(4) :1346-1356.

Mayr A, Kitterer D, Latus J, et al. Evaluation of myocardial involvement in pa-
tients with connective tissue disorders: a multi-parametric cardiovascular magnet-
ic resonance study[ J]. J Cardiovasc Magn Reson,2016,18(1) :67.

Kellman P, Hansen MS. T1-mapping in the heart: accuracy and precision[ J]. J
Cardiovasc Magn Reson, 2014,16:2.

Seneviratne MG, Grieve SM, Figtree GA, et al. Prevalence, distribution and
clinical correlates of myocardial fibrosis in systemic lupus erythematosus: a car-
diac magnetic resonance study[J]. Lupus,2016,25(6) :573-581.

Mavrogeni S, Servos G, Smerla R, et al. Cardiovascular involvement in pediatric
systemic autoimmune diseases: the emerging role of noninvasive cardiovascular
imaging[ J]. Inflamm Allergy Drug Targets, 2015,13(6) ;371-381.

Ishimori ML, Martin R, Berman DS, et al. Myocardial ischemia in the absence
of obstructive coronary artery disease in systemic lupus rrythematosus[ J]. JACC
Cardiovasc Imaging,2011,4(1) ;27-33.

Chowienczyk P, Nagel E, Botnar RM, et al. Coronary vessel wall contrast en-

hancement imaging as a potential direct marker of coronary involvement [ ] ].

[23

[24

[25]

[26

[27]

[28

[29]

(30

[31

[32]

[33]

[34

[35]

[36]

[37]

[38]

[39]

[40]

JACC Cardiovasc Imaging,2014,7(8) :762-770.
Puntmann VO, D’ Cruz D, Smith Z et al. Native myocardial Tl mapping by car-
diovascular magnetic resonance imaging in subclinical cardiomyopathy in patients
with systemic lupus erythematosus [ J]. Circ Cardiovasc Imaging,2013,6(2) :
295-301.
Hinojar R, Foote L, Sangle S, et al. Native T1 and T2 mapping by CMR in lu-
pus myocarditis; disease recognition and response to treatment[ J ]. Int J Cardi-
0l,2016,222:717-726.
Sano M, Satoh H, Suwa K, et al. Characteristics and clinical relevance of late
gadolinium enhancement in cardiac magnetic resonance in patients with systemic
sclerosis[ J]. Heart Vessels, 2015,30(6) :779-788.
Mecglinchey EL, Oyesiku L, Diaz KM, et al. Left ventricle replacement fibrosis
detected by CMR associated with cardiovascular events in systemic sclerosis pa-
tients[ J]. J Am Coll Cardial ,2018,71(6) ;703-705.
Gyllenhammar T, Kanski M, Engblom H, et al. Decreased global myocardial
perfusion at adenosine stress as a potential new biomarker for microvascular dis-
ease in systemic sclerosis; a magnetic resonance study[ J ]. BMC Cardiovasc Dis-
ord,2018,18(1) :16.
Barison A, Gargani L, de Marchi D , et al. Early myocardial and skeletal mus-
cle interstitial remodelling in systemic sclerosis: insights from extracellular vol-
ume quantification using cardiovascular magnetic resonance [ J]. Eur Heart J
Cardiovasc Imaging,2015,16(1) ;74-80.
Kobayashi Y, Kobayashi H, Giles JT, et al. Detection of left ventricular regional
dysfunction and myocardial abnormalities using complementary cardiac magnetic
resonance imaging in patients with systemic sclerosis without cardiac symptoms
a pilot study[J]. Intern Med,2016,55(3) :237-243.
Greulich S, Mayr A, Kitterer D, et al. Advanced myocardial tissue characterisati-
on by a multi-component CMR protocol in patients with rheumatoid arthritis[ J ].
Eur Radiol ,2017;27(11) :4639-4649.
Ferreira VM, Hil DP, Matthews PM, et al. Diffuse myocardial fibrosis and infl
ammation in rheumatoid arthritis[ J ]. JACC Cardiovasc Imaging, 2015,8(5) :
526-536.
Mavrogeni S, Douskou M, Manoussakis MN. Contrast-enhanced CMR imaging
reveals myocardial involvement in idiopathic inflammatory myopathy without car-
diac manifestations[ J]. JACC Cardiovasc Imaging,2011,4(12) :1324-1325.
Yu L, Sun J, Sun J, et al. Early Detection of myocardial involvement by T1
mapping of cardiac MRI in idiopathic inflammatory myopalhy[,]] . J Magn Reson
Imaging, 2018,40(8) :415-422.
Huber AT, Bravetti M, Lamy J, et al. Non-invasive differentiation of idiopathic
inflammatory myopathy with cardiac involvement from acute viral myocarditis u-
sing cardiovascular magnetic resonance imaging T1 and T2 mapping[J]. J Card-
iovasc Magn Reson,2018,20(1):11.
Mavrogeni S, Dimitroulas T. The role of multimodality imaging in the evaluation
of Takayasu arteritis| J]. Semin Arthritis Rheum,2013,42(4) :401-412.
Mavrogeni S, Bratis K, Karanasios E, et al. CMR evaluation of cardiac involve-
ment during the convalescence of Kawasaki disease prosthetic heart valve ring
thrombosis[ J]. JACC Cardiovasc Imaging,2011,4(10) :1140-1141.
Hazebroek MR, Kemna MJ, Schalla S, et al. Prevalence and prognostic rele-
vance of cardiac involvement in ANCA-associated vasculitis; eosinophilic granu-
lomatosis with polyangiitis and granulomatosis with polyangiitis[ J]. Int J Cardi-
ol 2015199 ,170-179.
Patel MR, Cawley PJ, Heitner JF', et al. Detection of myocardial damage in pa-
tients with sarcoidosis[ J]. Circulation,2009,120(20) :1969-1977.
Murtagh G, Laffin L], Beshai JF, et al. Cardiomyopathies prognosis of myocardi-
al damage in sarcoidosis patients [ J ]. Circ Cardiovasc Imaging, 2016, 9
(1) :e003738.
Puntmann VO, Isted A, Hinojar R et al. T1 and T2 mapping in recognition of
early cardiac involvement in systemic sarcoidosis[ J]. Radiology,2017,285(1):
63-72.

WAg B #1:2019-06-06



