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Diagnostic value of cardiac magnetic resonance in occult cardiac embolism
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[Abstract] Cardiac magnetic resonance (CMR) is widely used in the diagnosis and treatment of
cardiac diseases, but its application in the field of ischemic stroke is unclear. As a noninvasive test, CMR
plays an important role in clarifying the etiological mechanisms of ischemic stroke and can identify occult
cardiac embolism. This article reviews the application of CMR in the diagnosis of occult cardiac embolism,
the identification of potential etiologies of ischemic stroke such as cardiac thrombus, left atrial enlargement,
left atrial fibrosis, left auricular morphology and rare cardiomyopathies, as well as advantages and

disadvantages of CMR, which will in turn provide a reference for the early identification of occult cardiac
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embolism in the clinic.

[Key words] Magnetic resonance imaging; Ischemic stroke; Heart; Review
This study was supported by the National Natural Science Foundation of China (No. 82171324).

Conflicts of interest: none declared

i A v g 4 KPR TR AR R 1Y 1 AL PR B A
AR g A5 B DR 2R R DR O 9 IR 9T O 1 X — G RN
T E G HE T i A b 4 B TOAST 43 Al
A3 R R Sl Bk o R A Ak (LAA) B .0 P8 1P 42 22 (CE)
R NSy ik A1 2E (SAO ) 28 HoAth B 8 995 B (SOE) 2L Al
AW JE PR (SUE) B3k 5 R 2 AU AR o 19 1 2 o g A
PEM 7 15 AL 4E MRT.MRA | £8 /% 2 3% 8 #8 75 (TCD) |
2 BB 70 g B (TTE) (& & 48 | 0 3 1 (TEE)
S O ERE AR (CMR) J2& — Fh JC A1 1 w] #4652 14
SR A R HA 1 5 A B[R] R S ] O3 R D K

doi:10.3969/j.issn.1672-6731.2024.02.003
B&TUH < H 5K A RBE R A R B H (9 H %5 :82171324)
R B : 450052 K5I 27 5 — Bt Ja 25 e 1t 25 P B
HIRAEE : K P, Email : feesongh@zzu.edu.cn

I 78 20 00 OB, R LA SRS fy e il U 00 a0
SR RN 7 | RN (| B i Y 95 i OV
LR 0 JUEE T R AL B 3 o O LA B e AR Bl
Jok R LA D BE A, A B T 0 U B XUBS: 2 2 12
W5 %02 W U P A S 0 CMR A ALAE L I
AU AR 2 R, T H C R T sl M A
4 PR32 BT, of T3] 0 i P 2 v 9 g AL A U
B Zel B R FE 0 B A AL e BB S KR
O U 25 E A R T, TT AR SIS 22 Y s B
PR 2E © 0 AR SO LR IR CMR 76 B B k0 DM
FEZ W (9 B B 25 4 A A i R - 409 3 )
B RO IR R SE R S

— o JUE T AR A B B A U A SR 2 W R Y
Ji2

LoD BERE SRS O Rk 7.0 3 ke T LS



R B B 2 B 2 o 2024 4F 2 1 4 24 %5 2 )

Chin J Contemp Neurol Neurosurg, February 2024, Vol. 24, No. 2

R AE PRA FE G A " O I L, S SR
Too 760 5 AR 1 F 2 W £ 2R SE .0 B
CMR 1112 W7 i off 11 08 0, 48 3R 3 53 CMR J2& o1
) A2 o0 LR B A bR AE” . — TR X 201 1] R
0 WUBAE 5 220 % 1A kAR R A R B, 17 4
(8.46% ) % JE R ¥4 58 CMR K H 220 = A% , 3B X kb
R A AR F R B R A A 6 ] (2.99% ) F1 9 il
(4.48% ) F£7E 7.0 ML FE (P < 0.05) , & W] 48 38 14 38
CMR AT LA 3R #b R X b 5] 8 75 R0 6T Fb 551 8 P X 220
LM MIEZ D ERR R CMR & A0 A0 % i
T 1) B M O vk (R U 88% S 99% ) , Hik &
CMR L5 7 51 (R B 58% ~ 79% %5 53 & 99% ) il
X H#) TTE ( R 5 23% ~ 61% 7 5 & 96% ~
99%) , B J5 S JEXF W TTE (2 8% 24% ~ 33% . F¢
ST 94% ~95%) . — TN A 60 il A JEL PR A
I A v R A RIS R, R FH B SR 1 5 CMR A
1241 (20% ) 8 % KA 20 % R, & F TTE & 9
141(1.67% , P =0.040) ", A B Ji PR A0 e i, 4 A< o
A BN 0 LA BE B 2 O 2 ) i B B I, SEEGR
B SR CMR A B F 3 50 U5 M 4 ZE B G H 5%, DT K
PUEEIR YT FRAEAH OCAE B .

200 MEREIR S A0 R i v A v BA S
WFIE 7, v 58 A0 o 1 KO B R MO R
FE RN B2OUR PR AR b g il 57 fE B B E (HR = 1.065,
95%CI:1.006 ~ 1.128;P =0.029) ¥, Z&.0> b H ARG K
SR R A b KRS 3 Y Al ST fE B R & (HR =
1.390, 95%CI: 1.060 ~ 1.820; P = 0.003) ', — i
Meta ZF BT 40 A 6 01 56 T £2.0 s HLAR SR Hh X R
I A M BB B 55 31 66 007 1] 52 38 3, v 3549 1] &
A A 25 B R 8 0 B B KRR I A H XU
B8 (& IE HR = 1.680, 95%CI: 1.360 ~ 2.070; P =
0.045) "', TRAEREE BN KK LD HEAEBR SR
TR I 5 A BB AL R FR A G, TE I8 S R AR IE (R IE
S AR WE R OE RN A S O RE A0 P B ) B A (B =
0.018, P = 0.002) i /& & 1E & # (B = 0.024, P =
0.001) , 7c.0> 7 25 B 5 0 B30 46 1) A 50 A AR R 1 A
A, HLIC R S I P 5 L 2 A 0 R 2 e S S K TR
FEWMB AL I, IR IEIE R
— T O, B T A% B N DN & e AL Cn B )
O B0 LGt mT B2 O JR M A ZE SRR . 20 7
BLT 4 A0 B 5 S5 A0S B0REHL 1 P [ B A
WK B 72 O B B A TTE A8 I 22 .0 s 45 ¥ 77 78 3k
fif e CMR AT LA 220 b i A7 i B[] R 23 [ 43

B SN = O Wy 1R aRINg = = I ol e o
WE” Y, — 5 Meta 43 BT 40 A 14 3001 R BIF 52 11 395 1]
B8R &, B 7R i CMR B E = 4688 75 .0 3l )
200 b 2 R O 25 B M 25 P B L 25 R OR , =4
0 B A 2200 7 4581 9.40 mI(P < 0.00 001) ',
A I IA A CMR 2 PE A 22 0 By 45 #4163 o
CMR PPl 220 B D Re i 3 Hag & 7 iz b H a0 1l
B

3O MERE IR 522 0 DR e b TR WoR L A
O B 2 4 A 67 0 T B 5 0 A< v XU 38 A o6 e (R
FLAE L 3 AT 4 o A DE o0 3 38 i B 22 0
ASPEAR I3 Bl ) 2 R A AR 2 O B e 41 4 4L 4
1) s B 55 257 g 2 v XU 388 ) v FE AL, & B R
LT 2 AL DX AR L, 25 2 Ak DX 3 P 2 40 B 35 1k Ha £ 38
5 (P =0.001) FH X455 84 B ] & 1 (P = 0.002) 5 £F 4k
A B FH A T Y A R T K Y R A T A
FL AV X3 5 B i e B 41 4 AL 1 E B B B R A
FE 22 1 IR i DX, R v A I IR O AR T 2
A7 A5, 0 TS0 A A v AR T S = BEAR H o0
P BE T, DR AR AT A2 68 3 B 56 10 [ DA 2 WL i
A A 0> B 1 2 A6 A 2 B R HE A, CMR ) 2 i —
T =JE 42 AP S A O i 2 AR A i, RTLAORS
P LT AL X Y CMR 2 T i 1k 0 L2 4
TRy E bR, B B i D WU 2URAERE S
A X 22 A By R AT S [) R 23 ) 3R AR . B
I B A BT UE 52 0] G A R 4 5 CMR A & I A2
O 5 K 1 1 A AR XSk ) AT 2 Ak . CMR AR
AL DA O WL 4E AL 2E 47 R, 3 w] LA 21 44k 7%
PEAT 43 9%, 3 T HE R 39 5 CMR A 2 0 By 21 4 Ak 815
PRRGI 4D 1 G, < 5% W2 0> B B GE IR 1
58 5 11 9% ,> 5% ~ 20% 1) /e U iz BE JE IR 3 58 5 M 9%, >
20% ~ 35% 1Y) 220 oy BE AT IR 3G 5 5 IV 4%, > 35% W /2
O s BE JE R 3 0

4.0 WEREICIR S A0 HIES T ONECTA
FCMR ¥ 260 BB 28 43 g XL ) 5 AL Al A
SEARUSEAERL A FP AL, 220 BB MR85 5 8
SRR A I A T A G Y 5 R R A0 HE A
Eb L 3 XS 30 AU (SR A6 A Al N % B R ) A D) A2 0
RSN (1 R SR | S N e o N N 4
TR R I s 8D & A it ot A AR v i i s I &
PE B KU 3 31 J2: 3 38 79 (% 8 £5 (P = 0.056) ,4.10 fi%
(P=0.046) F14.50 1% (P =0.038) ', £z £ 0> B4
B (LAAC) A B T 0B by B8 & & AE A b, i



e [ A 28 0 24 7 2024 4F 2 ] 4 24 455 2 48]

Chin J Contemp Neurol Neurosurg, February 2024, Vol. 24, No. 2 .77 -

T HOE A R R /INAE A 3R, 75 A P Al I ik )
2G5 R AR I Tk 0 1R B A PR AR, X LR
TEE & % F 8 7260 B R B AR, (B L5 HEBf PR IR 5
T =4k CTA M9 220 B-0T-A B R B, (01 o 4 38 A
XF BGFA) ACHE  AF S W, R CMR AL 22 .0 B R KR
B A5 A Hp S 0 5 R R A A — Bk A — b
T3 A AR FRS A i

SO BERE IR S R EE O = ONE BRI
A ok Y0 LSS AT R 1 R il A e T T Y T RS R
B U T 5 ¢ B, R JEE A0 LS o0 WL 3K 1B R 42 A
BEL ) 80 AL 24 T 3 o e i P A v DRSS 38R R 0
AERHE (EBIE P E) O P FL A5 5 B 175 & fo
DAL I A T B, S B0 0t 1 A rp P, CMR 1] 5w iR TTE
149 )R BR A, B Ay B B R o WIS 114 5 056 A5 2 S A
PIETZ N TR IR . Fonseca 55 *°'7E 132 {4l &
FUAT AR G R 2 4 Y ol i M A b BB 2 bl g
CMR 51 & 12 190 WL L 7 6] 28 CMR % i2 .0 L
I, B 5 A JEE RO LS 4 491 | B o L LS 2 491 Lo
WLECE AL A 42 161, o 6 61 28 4 i s X 2 0 A5 12
W o B TRk A v 19 A O U T e B 3R B R R
I A e B R BEAEAE W AE O L, JF T SE i CMR
K th o CMR 2 A I 0 % JUL S5 A4 RN T R 1) e 4 v
AL i DU 0 5 T R U RN R R R B
HC I 100 0 25 Ak I o B R AR VR AE 0 ILAE 4k T
AT AGE 00t R e S LAY Sfe IR R R T o AR
SO 2 58 ok I W i A e PR BB A

T R SR A A A R

CMR 75 B B P O 5 1 e 2632 W 7 i B A B
e, ¥ TTE 1 TEE 88 B AT — E L #H . S8 TTE &
H i A v R 3 AT O R PR AR i D L (H
CMR AJ Kt TTE A< 18 50 /9 20 U8 P 48 ZE 9 [ . — 0
WEFE AN A 85 1 ke 1 P4 75 v SR K, 28 TTE 12 Wi oAy e i
PEAS Y 23 4] f 35 P 6 1 4 CMR B 42 26 i TR, 5
700 2 A 201 52 Z PR T E S ke 1 s [E]
b 20 JikcRg 2 491 . s 1) B 2l JoRg £ B (8] L A PAT 1)
CMR 5 TEE R Jil .0 I v 7 18 28 R U5 09 18 45 7 1 A7
Gl — TUER XF 2 B i PR A b R 5T R
CMR F1 TEE I & fr A 3= 20 ik 15 Be , =35 I 3 1) de K
= B JORE JE B T I 25 S, {H CMIR A H 1 5 XU 2R
Ye$ H £ F TEE; I 4b , CMR 1E 30.77% (8/26) 1
U5 M 26 b g % WA B TEE A 3R 51 9 32 30 K 1E
AR PSR S — TR X JE B B A AT R I BF 5
7R, CMR 76 B #% ZE R U5 7 11 25 F TEE ™ Rl

WF 58 0 & B, CMR TG 2 85 AR 20 e o 1 25 rp S 1Y)
TEE K45 , AU AT 1~ TEE fAT Rk 78, — 3 B #f 0 I
1 Bh kR ok A S8R A XY AR AR Y AR
% JE 3| TEE & — Mz AVER: & )7 ik, 5 ZAH I CMR
JoA HAEHE . L, CMR BE 75 76 Bl it 25 v o o
AL TEE AR MR B, i fF it — P oe . 4
IR B GR CMR 2 0] A 16 2 Ak O LT 2k b B9 JG A o
A J5 35, B8 R EL R L RT3 2 AL AE 3R 1
58 CMR A9 78 X880, A B8 A e 4R Bl ik 922 5 v X4 1E
O WURTC IUSEIR 100 JULET 2 4k 52 5 0 1 L BRE
AR /NG R, (56 75 8 7 X L 790 A9 187 A7 7 Bk k2o
SRMT, CMR IRAF 76 — 28 1 Jmy B, A 2 2 FH oy R
B[] 45, — R CMIR A6 38 5 75 22 30 40 b, A i
ST 1N T E MRTAS A 23 [7] 2 A1 X 26 F /9, i
Z A ) AR X AR R /N B0 BUIR AS R Y
BB AR AN, CMR H T 0 U 0 3 v 5tk
thie 5 % & @ g, SR A 48 R 9 1Y)
SRR IEAT CMR A 2, 02 2 2 4 g 0 U Al 4 24
R

25 L RTR , CMR ] LA BH o e 1t 1 A vh i v 76 9
PRI, G JUE I A | 20 B 3G K 220 B AR Ak A2
HOE A B W0 U 55 0 58 . Aok, R CMR
R A X T 88 16 9T BT I /N AR TR T 0 i AR v 2 T
Biife 3 HA EEE L,
Flzgm=R

& £ x

[1] Guo R, Weingirtner S, Siurylé P, T Stoeck C, Fiietterer M, E
Campbell - Washburn A, Suinesiaputra A, Jerosch - Herold M,
Nezafat R. Emerging techniques in cardiac magnetic resonance
imaging[J]. ] Magn Reson Imaging, 2022, 55:1043-1059.

[2] Wang JL, Wang YH, Shi L. Relationship between evaluation
results of LGE-CMR and serum myocardial markers in patients
with acute myocardial infarction [ J]. Tianjin Yi Yao, 2022, 50:
393-398.[ E A, EBRAE, & . Zbk.0 WUAEZE B E LGE-
CMR P 45 28 5 0 O WUAR S R S RO KRR 24,
2022, 50:393-398.]

[3] Fonseca AC, Ferro JM, Almeida AG. Cardiovascular magnetic
resonance imaging and its role in the investigation of stroke: an
updale[]]. J Neurol, 2021, 268:2597-2604.

[4] Allard L, Bernhard B, Windecker S, Valgimigli M, Griini C.
Left ventricular thrombus in ischaemic heart disease: diagnosis,
treatment, and gaps of knowledge [J]. Eur Heart J Qual Care
Clin Outcomes, 2022, 8:496-509.

[5] Weinsaft JW, Kim J, Medicherla CB, Ma CL, Codella NC,
Kukar N, Alaref S, Kim RJ, Devereux RB. Echocardiographic
algorithm for post - myocardial infarction LV thrombus: a
gatekeeper for thrombus evaluation by delayed enhancement
CMR[J]. JACC Cardiovasc Imaging, 2016, 9:505-515.

[6] Roifman 1, Connelly KA, Wright GA, Wijeysundera HC.

Echocardiography vs. cardiac magnetic resonance imaging for



[21]

5 - B B 2 B 2 o 2024 4F 2 1 4 24 %5 2 )

Chin J Contemp Neurol Neurosurg, February 2024, Vol. 24, No. 2

the diagnosis of left ventricular thrombus: a systematic review
[J]. Can J Cardiol, 2015, 31:785-791.

Takasugi J, Yamagami H, Noguchi T, Morita Y, Tanaka T,
Okuno Y, Yasuda S, Toyoda K, Gon Y, Todo K, Sakaguchi M,
Nagatsuka K. Detection of left ventricular thrombus by cardiac
magnetic resonance in embolic stroke of undetermined source
[1]. Stroke, 2017, 48:2434-2440.

Quan W, Yang X, Li Y, Li J, Ye W, Zhang O, Zhang X. Left
atrial size and risk of recurrent ischemic stroke in cardiogenic
cerebral embolism[J]. Brain Behav, 2020, 10:e01798.

Guo J, Wang D, Jia J, Zhang J, Peng F, Lu J, Zhao X, Liu Y.
Atrial cardiomyopathy and incident ischemic stroke risk: a
systematic review and Mela—analysis[ﬂ. J Neurol, 2023, 270:
3391-3401.

Xu Y, Zhao L, Zhang L, Han Y, Wang P, Yu S. Left atrial
enlargement and the
prospective cohort studies[ J]. Front Neurol, 2020, 11:26.
Homssi M, Balaji V, Zhang C, Shin J, Gupta A, Kamel H.
Association between left atrial volume index and infarct volume
Front Neurol, 2023, 14:

risk of stroke: a Meta - analysis of

in patients with ischemic stroke [1l.
1265037.

Lupu S, Mitre A, Dobreanu D. Left atrium function assessment
by echocardiography: physiological and clinical implications[J].
Med Ultrason, 2014, 16:152-159.

de Groot NM, Schalij MJ. Imaging modalities for measurements
of left atrial volume in patients with atrial fibrillation: what do
we choose[ J]? Europace, 2010, 12:766-767.

Shimada YJ, Shiota T. Underestimation of left atrial volume by
three - dimensional echocardiography validated by magnetic
resonance imaging: a Meta - analysis and investigation of the
source of bias[ J]. Echocardiography, 2012, 29:385-390.

Shi R, Jiang YN, Qian WL, Guo YK, Gao Y, Shen LT, Jiang L,
Li XM, Yang ZG, Li Y. Assessment of left atrioventricular
coupling and left atrial function impairment in diabetes with
and without hypertension using CMR feature tracking [J].
Cardiovasc Diabetol, 2023, 22:295.

Larsen BS, Bertelsen L, Christensen H, Hadad R, Aplin M,
Hgst N, Christensen LM, Havsteen I, Prescott E, Dominguez H,
Jensen GB, Vejlstrup N, Sajadieh A. Left atrial late gadolinium
enhancement in patients with ischaemic stroke[J]. Eur Heart J
Cardiovasc Imaging, 2023, 24:625-634.

Paliwal N, Ali RL, Salvador M, O'Hara R, Yu R, Daimee UA,
Akhtar T, Pandey P, Spragg DD, Calkins H, Trayanova NA.
Presence of left atrial fibrosis may contribute to aberrant
hemodynamics and increased risk of stroke in atrial fibrillation
patients[ﬂ. Front Physiol, 2021, 12:657452.

Craft J, Li Y, Bhatti S, Cao JJ. How to do left atrial late
gadolinium enhancement: a review [ J]. Radiol Med, 2021, 126:
1159-1169.

Zhu L, Wang Y, Zhao S, Lu M. Detection of myocardial
fibrosis: where we stand [J]? Front Cardiovasc Med, 2022, 9:
926378.

Mahnkopf C, Badger TJ, Burgon NS, Daccarett M, Haslam TS,
Badger CT, McGann CJ, Akoum N, Kholmovski E, Macleod RS,
Marrouche NF. Evaluation of the left atrial substrate in patients
with lone atrial fibrillation using delayed - enhanced MRI:
implications for disease progression and response to catheter
ablation[ J]. Heart Rhythm, 2010, 7:1475-1481.
Dudzifiska-Szczerba K, Kutakowski P, Michatowska I, Baran J.

[22]

[24]

[25]

Association between left atrial appendage morphology and
function and the risk of ischaemic stroke in patients with atrial
fibrillation[ J]. Arrhythm Electrophysiol Rev, 2022, 11:e09.

Di Biase L, Santangeli P, Anselmino M, Mohanty P, Salvetti I,
Gili S, Horton R, Sanchez JE, Bai R, Mohanty S, Pump A,
Cereceda Brantes M, Gallinghouse GJ, Burkhardt JD, Cesarani
M, Natale A, Gaita F. Does the left

appendage morphology correlate with the risk of stroke in

F, Scaglione atrial
patients with atrial fibrillation: results from a multicenter study
[J]?2 J Am Coll Cardiol, 2012, 60:531-538.

Bertsche D, Metze P, Luo E, Dahme T, Gonska B, Rottbauer W,
Vernikouskaya I, Rasche V, Schneider LM. Cardiac magnetic
resonance imaging for preprocedural planning of percutaneous
left atrial appendage closure[J]. Front Cardiovasc Med, 2023,
10:1132626.

de Freitas GR, Barreira C. Stroke of undetermined cause and
cardiomyopathies: another piece of the puzzle [J]? Neurology,
2020, 94:14-15.

Chung H, Choi EY. Multimodality imaging in patients with
hypertrophic  cardiomyopathy —and atrial  fibrillation [J].
Diagnostics (Basel), 2023, 13:3049.

Fonseca AC, Marto JP, Pimenta D, Guimardes T, Alves PN,
Inacio N, Viana-Baptista M, Pinho E Melo T, Pinto FJ, Ferro
JM, Almeida AG. Undetermined stroke genesis and hidden
cardiomyopathies determined by cardiac magnetic resonance[]J].
Neurology, 2020, 94:¢107-e113.

Pambianchi G, Giannetti M, Marchitelli L, Cundari G, Maestrini
V, Mancone M, Francone M, Catalano C, Galea N. Papillary
muscle involvement acute infarction:

during myocardial

detection by cardiovascular magnetic resonance using TI1
mapping technique and papillary longitudinal strain[J]. J Clin
Med, 2023, 12:1497.
Baher A, Mowla A, Kodali S, Polsani VR, Nabi F, Nagueh SF,
Volpi JJ, Shah DJ. Cardiac MRI improves identification of
etiology of acute ischemic stroke[J]. Cerebrovasc Dis, 2014, 37:
277-284.
Harloff A, Dudler P, Frydrychowicz A, Strecker C, Stroh AL,
Geibel A, Weiller C, Hetzel A, Hennig J, Markl M. Reliability
of aortic MRI at 3 Tesla in patients with acute cryptogenic
stroke[ J]. J Neurol Neurosurg Psychiatry, 2008, 79:540-546.
Zahuranec DB, Mueller GC, Bach DS, Stojanovska J, Brown
DL, Lisabeth LD, Patel S, Hughes RM, Attili AK, Armstrong
WF, Morgenstern LB. Pilot study of cardiac magnetic resonance
imaging for detection of embolic source after ischemic stroke
[J].J Stroke Cerebrovasc Dis, 2012, 21:794-800.
Mohammad Y, Alhogbani T, Alfagih R, Altamimi L, Alotaibi A,
AlMousa A, El Shaer F, Al-Hussain F. Cardiovascular MRI: a
valuable tool to detect cardiac source of emboli in cryptogenic
ischemic strokes[J]. Brain Behav, 2020, 10:¢01620.
Pagourelias ED, Alexandridis GM, Vassilikos VP. Fibrosis in
hypertrophic cardiomyopathy: role of novel echo techniques and
multi - modality imaging assessment [J]. Heart Fail Rev, 2021,
26:1297-1310.
Lee SE, Nguyen C, Xie Y, Deng Z, Zhou Z, Li D, Chang HJ.
Recent advances in cardiac magnetic resonance imaging [J].
Korean Circ J, 2019, 49:146-159.

(Wi H 41:2023-11-08)

(A SC 55 52— ML)



