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Features of left ventricle fibrosis in the patients with hypertrophic cardiomyopathy and the
current status of clinical evaluation for the late gadolinium enhancement cardiac magnetic

resonance
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[Abstract] Hypertrophic cardiomyopathy (HCM) is the most common genetic heart disease, attracted much attention because of high
mortality. The features of pathology, clinical progress and imaging of myocardial fibrosis in HCM patients are unique. Several studies
have shown that the poor prognosis of HCM patients is closely related to the degree of left ventricular fibrosis. The late gadolinium
enhancement cardiac magnetic resonance (LGE-CMR) is the gold standard to assess the degree of left ventricle fibrosis. Effecive
utilization of LGE-CMR in the assessment of myocardial fibrosis in HCM patients is expected to be an important means of diagnosis
and treatment of HCM.

[Key words]  hypertrophic cardiomyopathy ; myocardial fibrosis ; late gadolinium enhancement cardiac magnetic resonance

[J Nanjing Med Univ,2019,39(11):1676-1680]

BRE R AR ARG R BT — 2 D B REJR E=15 mm,

L HER HA T 5 RO 2 BEBS T JF R . HCM (9 A

11 RAFHmE FER A 1:500, K #5720 1:200, JE 50 L

A JE A0 (LS (hypertrophic cardiomyopathy, A0 BRI AE TR . HCM B3O 1 il 18 & A

HCM) & —F DO WU E N RRE RO ILERE 20 R 50%, Ds B & AR 22.5% ", 22 il kA %

H 6% o ENFEEIRILEN 29%0~4%"", o 1/3 58

(BETE] % A AR A T (81530015); [ 000 ST ASCRBEACIRFERSE (sudden

H B EE 5 2 T 0> (16CR2019A) cardiac death, SCD) 19 WL JE K 2 —"5 5 H 1/4 19

il % /£ % (Corresponding author) , E-mail: yuying@xinhuamed. ~ HCM S EIET O™ . 2T A M, HCM &1
com.cn; liyigang@xinhuamed.com.cn ARG 52503 4R B A e

1 EEROIRAOEFENST R

S\



3955 111
20194F11 H

TERkL, BREATT, T, 4. MR AL UG B 22 O B A AR 2 SR AL s O R LR 1Y
IR FHERAR (1], mE at R R 2254 (A ARBLA ) ,2019,39(11) : 1676-1680

<1677

1.2 JERERLS LR A T A YEALAF &5

LILEF 4E 4L (myocardial fibrosis ) 450 JILAH L 2
(i) Je PR TR AT B, I Dk B A R B d T v, 1
T S B ) SR R AN HES TE A, B AR O LT 2
A 220 I 200 55 75 93 1 36 [ B3 i 5 (0
JEHCM B A A2 O B L EALTE G BE I RS RN
G A R

HCM f8 35 700 38 2R 4EAL A BRE i 228 4
R R A — R S A A G
PR A BRI R : D72%~96% M R HAFAEA
[FIRERE () A S LF e s @72 3 254 1 Beer ik
FEBERI 5], AT N TCET AL E 71 % £ AL s BZF
YRR &, WA 20D D U R ) 4%~ 19% 1
S I O AR R RS 1 3 A5 DL IR 4 44k
AL v (VR ) & HOM SR i 2 A
DALY, B A LA 8 11, it 45 A R 47 4
AE HOM S I TRA i 2 s O IR AR 4EHES 25 L
B JEL A £ 4 n] 15800 LA T 1 25 4 I 2T 4 ©
SO JULTES JEE A ™ B (1) 210 BT AL R ™
DA 5.0 NHEF ZE LR B TCC, 7E.C LA A
HEF I 0 AE R/ A AR R 2 U 1 Berh 4 2 H B
W I 5T , £ 24 3 (AR5 RS B ke e
1.3 HCM %% £ S EH fib 5 R R UG

HCM B A D E L defb it et , H 5 R RS
AR, ER R BT : OZF 2 fb 72 B 8 v 1Y)
R T s T A v R R R B (26% ~
50% )5 % R A R A @8 D B L LAk
BT R R, AU 2 4l 1 35 BT A A
SN, i B S BEA 2F 4R i T Be £ U N £
HEb 5 U ILETF Z Al AR B 2 1) R 3 LA e &
WAL 45 D BE AT 1) S8 2, 28 4 Tk i 2 b 5 @
BH T R R ] DR B B 2 = A
A1 @ SR AL JE R LIS 8 5 2 A Atk Jre 7 1 1]
AT AP AL @ GEL R EEANMUE
M 22O S EF R DR, 1 H 2R ARAL R 1 B i e 2
RE , FE1 L AE O 2 SRS ] (R Qe B ) B2t

HCM B F 2R K5 A 0 WUEE ; &7 5k )
e LG T REZ PR, ™ E A ) H B T 5 B B L A
PAS PO

2 FEIR£L3E3% (late gadolinium enhancement, LGE)
1O AR IR TE HCM B9 I PR Rz A IR

2.1 REERLGE S IR I 69 45 5,
TE LGE D ARG IR | HCM 35 1 LGE H ¥RAE

JERE=10 mm Y0 & B, HFEZA T AL EFLK
WK B B AR LGE %5 BE 3 25 G 3 1
SR [A TR ) HH BT ILIE JEE A Ao (32 1) oy 22
) DL B S A7 OB R AL A BRI
5RO £ AR A T AR AT X 0 Y
JE, B s AL LSR8 TR S k1B M o A TR
2oL LR 2 T e I N Bl kA 5 Ak Y
A ENLREAR D LB IR

2.2 LGEREEIRAIFMEHCM £ £ L AL AR

O LA HE A1 2 T FIE B 60 HCM A8 #50 7 i
JiE R TR A A B HINAE ] . LGE (O IR A4k
SEVEAL HCM S35 200 S 4 e AL R T 10 S ™
SR EL- M — e LR (GA-DTPA) g% 1 Hh
I M AERE | HR AN BRI A TR A IR
BUT 38 52 ) DI AS i A 2 0 38 A B 4 i [
JBT, - [ 3] afn 465 DA T R b 1 o U %) o ) 2 A
1, T H R AT . BT HCM B & A D LA 4
A, TEH 80 BTN B9k J5e D e I ST, o JUL &t i
G ZE L, AH L %) 240 i A ] B R, X G 5 7 40 L Ak
FRHR B T AL RO L EL R EE R, Jie S A
IR 23 SIE IR 3 52 70 IO JIEHETE: RS2 AR 3R Jm)
RO UER AL AR . B AE R R Ak R
TR AR 4 BRI 5 20 2 BT RR Y A 40 U o e
ELAEIR 5 5 434 (LGE%) ™ o BRI, XA
YRR H 52 3] [ (B8R U (520
2.3 LGEREF&IR A HCM * 89 5
231 EEEIRRNGAEHCM 8 52 )

AR T 70 s P8, iR A5 mT B v A
INZE A ZEMRE | J5 RE B2 Co S 1) B JEE T R 5 AR
H AT SR B LN RS 5, R0 RE 5 O LA s 72
TNZS 1995 BRI O U S5 8 AH S0 = i T
ARG T, LIRSS T HOM A2 A
PR A AR B I VEAR o AN TR A 1 iR R T
I3 HCM AN [RIHEBR ARSI RS2 I HBESE R (steady-
state free precession, SSFP) F| F .0 LN L 1 A # XF
Ll B85 R e B (1] 3 9 258 T DA 9 T o 3 B T2 5 ML
WUBT &L, X8 ORGSR AT IE 25 PEAr LA KU D RE
i, A LUE CHCM A 3R T2 Ik & e s 5
HCM fE 35 e 58 BRAH S YO WK I a S RE S 40 5
WG LR AR IR IR UG AT LA E 13 2 BE T Y 1
SFNAZRE ST RPN O WA B2 S HETE R
AR LA v IO A i AL U PR O 2
PR HCM A THE R U5, e a2 e e 28 3kt 1
(left ventricle outflow tract, LVOT) 8 BH m¥; Ifil. & 28 4%



1678+ [ S N

553965 111
20194F 11 H

AR 5 T1 T2 WS 1A R BB % 7F TC 1 5% 51 i 1
B BUN HOM A O WU B 5 20, O LD 4 T
(HALRETE LGE X B33k , A 7E TG LGE X (%
35, T1 WS A% AT X 2 HOM GO WL IR 18] 5 2T 4
fbo ELTVESTRIIS 14 T1 W5 BLAR R 20 M AMA R 3 4
PRAFE R, 5O NEEE R KA IEA DG, R R
S HUTT AU TE R LB AR L, LGE 5 HCM .G
WUB AR GE S5 R R Y], T2 WL sl
A B2 O WUFE T2 AU AZ Hh i 58k B F A7 7E
H A 1k, TR T2 B AR HCM 16 B 43 2= 1 i
PR SGARARIN
2.3.2 LGE#33k4 HCM 69 Ik

LGE W JLRAAUZPEA HCM 35 £ O E 474
FERERE () 4 bR i, 4 HOM TS A 5 ., 20
W92 &M, LGE FHYE 5 LGE B HCM 52 SCD 14
R RN 1.28% ,0.32% , 52 OR{H } 3.40, LGE
XTI A A 2 JUE A 1) B AR AR S My 0.83 T
0.45. LGE BH: 83 54F N &4 SCD I HER A
6.4% , [Al i, LGE PH 1 £ & 0.0 U PR FE T 1 4 K BE
TR LA, LGE L RAE REHUN HCM &
HEMEOH R R HOM AR PO 3 R AR
1 LGE /0 A 3532 , HCM .3 LGE FHE > 44
A5 BB AT LAAT R 2= O AR R A, AR
ER R BB O 2 I IO L RIS 5 A
AR R0 L) VB A 5 A DX B B X s ), 333 L
A G AR AT 2 AR A 5 R ST 34 (AR o
2 (standard deviation,SD) o i & & % B{E 1% 2
FI 4555 1 B - {E +2SD . 4SD 158D, A K 2F b4
% (full width at half maxima, FWHM) i 5. PIME
50 B SF- EI(E +2SD S ], BB A 1 e LA R
XI5 55 SN 2SDAE M B, 220 E 454
7B TIZ R 0 X I8 O LGE X3k, 22
0% LGE G 3 M 1 B i T Ry A 20
FEHAIE 5. FTE FWHM, BlE5 2 g )G
4 LGE s i 2 XS 555 BB A — 1A R 1)
{HIEFT LGE% (I, PRI, X [R] 161 HCM 8
POEA R R AR LOE% e AR 2 B %
B, LOEQUBRAR . Fh ] UL AE S A bmifE”
1 LGE fEHARAE AT HCM 2T AR 78 B BTt A
TEEAMEARGE— FIZERASREZ LA PR .

Flett & > F| A5 5 98 & 7 4 {5 +2SD . 38D,
4SD 55D 6SD FlIf: 06 4 g A Ay [ {8 5 N T 4 719
LCE%ZERAE HCM B L ilbty T i, 45 R A LA
FWHM 4 B {8 BT 34519 LCE% -5 A\ Tl & A 4% B dx

R BB G R 5 SR {E+5SD/6SD
5% {5 BT 1 A5 B9 LGE% K ff 1k 1 38b T FWHM 7% ™,
{E2, FH FWHM FE N BB T 2ok R 22 0=
WA AE 3 5 ISR BEAL , 3OANSE FH T 22 % 100 £ 4
Sk sl 3 51K BERG L, B0 VR A SR I F AR
KEJmBR M. ZHMFE Z, X DME 5 8T
{H+2SD VE K BIE FIr k45 1 LCE% & FWHM {555 5%
JESF-HAE+6SD i T T Ik T A B 1 2 £i5 A
R A LGE-CMR 45 X7 Lo K L (55
58 PS4 (B +4SD 5k 5SD A R {E RS 1) LCE% 59
PRPTHAR 0[] B A A +RR 5 Ao O & i H 43 i
R 5 DG 5 58 B F- 3 (B + 10SD Ay 13 {EL I 45 119
LGE%feReinf S i 35 2 O S IR AREE

B2, LIAT 5 5if B SF- Y {H +2SD Ay B {E 2K A5 1
LGE% B 1Y @Al T HCM S35 14 22 0 28 £F Y AL A
N7 Moon 438 2 Jp5 B ZE I & N, {55 0 71
{EL+2SD B4 BB I8 12 7 3 o] ARSI 3]0 2271 B P I
JEEE i > 15%I0) X0, BRI TR B P 2 i A 1
INFEARSER FLF b, (F , 50 I L w34,
1A T RN IV AR e I, ] 52 O 25 AU R 5K 1Y)
PR LY, WAL, 91% ) HCM 5B & 1 AEET
skTIfE S BFE R UG SR {E+2SD
R R 3545 1Y LOE Qe MVFAE S il 220 AT K T fig
b fE R A +5SD AR, TR A, 2
I B 1O LET 4 AL B2 3K 60% Y IS, LGE (U IE
IIRFIRE S m T AR i b R, R, ] DAk
WOFH4(5 5 5 B +5SD AE A (A, FSRAGHI 8 3 52
LT AR B S 27 Y Ak R AR T LASF- 2445 5 0
JE+2SD 1B b A, Sz e £ 3 A A e T 5 e 75 1
T, DA 2 75 75 B R R 7 T4 it
2.4 LGE#Z3tIxI HCM #9 & &1

550 WIEHR PSR A A B, RN REE 28
U JIE A5 B LAY AR EEFR B 205 HCM (1)
HIZWRR BRI TR IR . W5 R, LGE%
5 HCM B 1O B 2 AL T M0 LA 35
PERET RBEYIAH I LCE% M , B AL JXUG:
Ko X LCE%LF] 10%, Bl 5 B35 B R A5 %
FIRZR™ R, HCM A £T 4EAb ik R 2 S350 BT
JeE B E R R, LGE BRI 10% , U AR FE A JRURG: 184
h40% >, FE HCM 35, HU3 SCD Ay XU %8 G
F, AW IE AR A BRI (implanted-cadiac defi-
brillator, 1ICD ) S22 254 13 i 7 N B A L FitB SCD
(R ME— YR SR, 1T LA sk 38 B R RS , [
R HCM SBT3 K B E ™, HCM A&



3955 111
20194F11 H

R, BT, T

R, 2. NIREIRC WL B 2 0 38 AL R 1 R SR AL 8 I L R 110
IR FHERAR (1], mE at R R 2254 (A ARBLA ) ,2019,39(11) : 1676-1680

+1679-

HAE R — G W % Y B ICD B & A RN
4% NEH Z G B R ICD B9 AL K 10% , LGE 7]
£ HCM & — S T b7 LA TCD 19 3 £ bR 1fE
iz JH LGE BE 4R v XF HCM #E47 &% 43 /2 : LGE%=
(33+19) % K 5 KUK s LGE%=(15+16) % XU 5
LGE%=(10+11)% MRS . % HCM #E47MAAL 7
BrRIfE R 73 )2 , A B T olsE HOM (3R RIS Y
I, LGE%=10%47 2 1 HCM R ICD il
R Z—
2.5 HCM &g 3 A5 57 7 ik

Haiy 1k, HCM B 13697 FEAEH A IR,
FEANE ICD | B 8 G 4513 Rl A R T AR B3 I T UL
SEIRYT TCIE PARAS - AR g E R | 300 5 I JE2
ol 21 A AL SR IR PR TR T I ) AR R AIF 5 T 1)
LT LAl A 5 38 B B30 B DL B ILET e A Y & A=
AR IR 2R B AR , J DA B e R B PR HOM AR
FME 1 AYETAER C o FiT A K EL (C-terminal propep-
tide of type 1 procollagen, PCIP) 7K F & H 1IE # A
31%, 1 HI% FRLE B 2T AL 1 AN BERI AR G A
Bk, W Z B, BAT RO NUIE R & A= Z iz
Z AU IIETT AT LAV HCM ()0 WUAE R B A
WRZR LT AR B LS D RE R A LGE Jr
ks AT AR SR S AT VE S HOM (835 51 27 4k
oA B i R it — 25 FE

2 LR HOM (B 2 D B b kA%,
XTPIR B MR A o PRI, 200 B £F 2 AL RE JE ) 1
fliXE T HCM BB # Bi2ia Ak W H 2R, R4 LGE
O ERE IR B RS I HOM 58 20 LET 4 A 15
() G b e, LI PR A7 & 223845 T2 B9INTE] (B A8
SE T AP SRAFTE ) B, A9 2 D55
S8 JE+2SD VR I, I ok Bk B 22 A iR N B3R H
SEYE SR EE+SSD AR A, X ANMGE W T R
FELE I PTARAT I HOM SR £ Ak & AR R IR B 1Y
25 WX LGEQ I R B S0 A g i, 52 52 MR
9 (1 1 77 1 T A5 1 LCE %o e A1 Wl RE I b 48—
FIBRAE , A o B 22 I R AIF S IR SE
(&% k]

[1] Semsarian C, Ingles J, Maron, MS, et al. New perspectives
on the prevalence of hypertrophic cardiomyopathy [J]. J
Am Coll Cardiol ,2015,65(12) :1249-1254

[2] Maron MS. Contrast -enhanced CMR in HCM: What lies
behind the bright light of LGE and why it now matters [J1.
JACC Cardiovasc Imaging,2013,6(5) :597-599

[3] Maron BJ, Olivotto I, Bellone P, et al. Clinical profile of

[4]

(5]

(7]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

stroke in 900 patients with hypertrophic cardiomyopathy
[J].J Am Coll Cardiol ,2002,39(2) :301-307

Spirito P, Bellone P, Harris KM, et al. Magnitude of left
ventricular hypertrophy and risk of sudden death in hyper-
trophic cardiomyopathy [J]. N Engl J Med, 2000, 342
(24):1778-1785

Maron BJ, Ommen SR, Semsarian C, et al. Hypertrophic
cardiomyopathy: present and future, with translation into
contemporary cardiovascular medicine[J]. J Am Coll Car-
diol ,2014,64(1) :83-99

Shirani J, Pick R, Roberts WC, et al. Morphology and sig-
nificance of the left ventricular collagen network in young
patients with hypertrophic cardiomyopathy and sudden
cardiac death[J]. J Am Coll Cardiol ,2000,35(1) :36-44

Nazarian S, Bluemke DA, Lardo AC, et al. Magnetic reso-
nance assessment of the substrate for inducible ventricu-
lar tachycardia in nonischemic cardiomyopathy[J ]. Circu-
lation,2005,112(18) :2821-2825

van Putten S, Shafieyan Y, Hinz B, et al. Mechanical con-
trol of cardiac myofibroblasts [J]. J Mol Cell Cardiol,
2016,93:133-142

Rudolph A, Abdel-Aty H, Bohl S, et al. Noninvasive de-
tection of fibrosis applying contrast - enhanced cardiac
magnetic resonance in different forms of left ventricular
hypertrophy. relation to remodeling[J]. ] Am Coll Cardi-
0l,2009,53(3) :284-291

Almaas VM, Haugaa KH, Strgm EH, et al. Noninvasive as-
sessment of myocardial fibrosis in patients with obstruc-
tive hypertrophic cardiomyopathy [J]. Heart, 2014, 100
(8):631-638

Todiere G, Aquaro GD, Piaggi P, et al. Progression of myo-
cardial fibrosis assessed with cardiac magnetic resonance
in hypertrophic cardiomyopathy [J]. J Am Coll Cardiol,
2012,60(10):922-929

Moon JC, Reed E, Sheppard MN, et al. The histologic ba-
sis of late gadolinium enhancement cardiovascular mag-
netic resonance in hypertrophic cardiomyopathy[J]. J Am
Coll Cardiol ,2004,43(12) :2260-2264

Moravsky G, Ofek E, Rakowski H, et al. Myocardial fibro-
sis in hypertrophic cardiomyopathy : accurate reflection of
histopathological findings by CMR [J]. JACC Cardiovasc
Imaging,2013,6(5) :587-596

Choudhury L, Mahrholdt H, Wagner A, et al. Myocardial
scarring in asymptomatic or mildly symptomatic patients
with hypertrophic cardiomyopathy[J]. J Am Coll Cardiol,
2002,40(12):2156-2164

Lamke GT, Allen RD, Edwards WD, et al. Surgical pathol-
ogy of subaortic septal myectomy not associated with hy-

pertrophic cardiomyopathy: a study of 204 cases (1996 -



1680 - Mo

BE Ok ¥

553965 111
20194F 11 H

EE

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

2000)[J]. Cardiovasc Pathol ,2003,12(3):149-158
Varnava AM, Elliott PM, Sharma S, et al. Hypertrophic
cardiomyopathy : the interrelation of disarray, fibrosis, and
small vessel disease[ ] |. Heart, 2000, 84(5) :476-482
Raman B, Ariga R, Spartera M, et al. Progression of myo-
cardial fibrosis in hypertrophic cardiomyopathy : mecha-
nisms and clinical implications [J]. Eur Heart J Cardio-
vasc Imaging,2019,20(2) :157-167

Choi HM, Kim KH, Lee JM, et al. Myocardial fibrosis pro-
gression on cardiac magnetic resonance in hypertrophic
cardiomyopathy[]]. Heart,2015,101(11):870-876
PRGN, mooAE & . O WU P R LR LR 2
[T, e B 22, 2008, 10(5) :321-325

Weng Z, Yao J, Chan RH, et al. Prognostic value of LGE-
CMR in HCM: a Meta-analysis [J]. JACC Cardiovasc Im-
aging,2016,9(12):1392-1402

Moon JC. What is late gadolinium enhancement in hyper-
trophic cardiomyopathy? [J]. Rev Esp Cardiol, 2007, 60
(1):1-4

Flett AS, Hasleton J, Cook C, et al. Evaluation of tech-
niques for the quantification of myocardial scar of differ-
ing etiology using cardiac magnetic resonance [J]. JACC
Cardiovasc Imaging, 2011 ,4(2):150-156

X B T R A O AN SR AL L I PR
FHIEATUG Mo e 2 5 5 B2 W E L) ). f st R R
AR (A ABLARR) ,2018,38(2) : 225-229

Amano Y, Kitamura M, Takano H, et al. Cardiac MR Im-
aging of hypertrophic cardiomyopathy : techniques, find-
ings, and clinical relevance [1]. Magn Reson Med Sci,
2018,17(2):120-131

He D, Ye M, Zhang L, et al. Prognostic significance of late
gadolinium enhancement on cardiac magnetic resonance
in patients with hypertrophic cardiomyopathy [J]. Heart
Lung,2018,47(2):122-126

Amano Y, Suzuki Y, Yanagisawa F, et al. . Relationship
between extension or texture features of late gadolinium
enhancement and ventricular tachyarrhythmias in hyper-
trophic cardiomyopathy[]]. Biomed Res Int,2018,2018:
4092469

Kitamura M, Shimizu M, Ino H, et al. Collagen remodeling
and cardiac dysfunction in patients with hypertrophic car-
diomyopathy : the significance of type III and VI collagens
[J]. Clin Cardiol ,2001,24(4):325-329

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Avegliano G, Costabel JP, Huguet M, et al. Influence of
dynamic obstruction and hypertrophy location on diastolic
function in hypertrophic cardiomyopathy [J]. J Cardio-
vasc Med(Hagerstown) ,2014,15(3):207-213
Maron MS, Appelbaum E, Harrigan CJ, et al. Clinical pro-
file and significance of delayed enhancement in hypertro-
phic cardiomyopathy [J]. Circ Heart Fail, 2008, 1(3) :
184-191
0’ Hanlon R, Grasso A, Roughton M, et al. Prognostic sig-
nificance of myocardial fibrosis in hypertrophic cardiomy-
opathy[J]. J Am Coll Cardiol ,2010,56(11) :867-874
Doesch C, Tiiliimen E, Akin I, et al. Incremental benefit
of late gadolinium cardiac magnetic resonance imaging
for risk stratification in patients with hypertrophic cardio-
myopathy[J]. Sci Rep,2017,7(1):6336
0’ Mahony C, Akhtar MM, Anastasiou Z, et al. Effective-
ness of the 2014 European Society of Cardiology guide-
line on sudden cardiac death in hypertrophic cardiomyop-
athy : a systematic review and meta-analysis [J]. Heart,
2019,105(8) :623-631
Spoladore R, Maron MS, D’ Amato R, et al. Pharmacologi-
cal treatment options for hypertrophic cardiomyopathy :
high time for evidence [J]. Eur Heart J, 2012,33(14) :
1724-1733
Green EM, Wakimoto H, Anderson RL, et al. A small-mol-
ecule inhibitor of sarcomere contractility suppresses hy-
pertrophic cardiomyopathy in mice [J]. Science, 2016,
351(6273):617-621
Kim JB, Porreca GJ,Song L, et al. Polony multiplex analy-
sis of gene expression (PMAGE) in mouse hypertrophic
cardiomyopathy[ﬂ. Science,2007,316(5830):1481-1484
Ho CY, Lopez B, Coelho-Filho OR, et al. Myocardial fibro-
sis as an early manifestation of hypertrophic cardiomyopa-
thy[J]. N Engl J Med,2010,363(6) :552-563
Teekakirikul P, Eminaga S, Toka O, et al. Cardiac fibrosis
in mice with hypertrophic cardiomyopathy is mediated by
non-myocyte proliferation and requires TGF-B[J]. J Clin
Invest, 2010, 120(10):3520-9120
Axelsson A, Iversen K, Vejlstrup N, et al. Functional ef-
fects of losartan in hypertrophic cardiomyopathy - a ran-
domised clinical trial[ J]. Heart,2016,102(4) :285-291
[WFmBH#A] 2018-10-08



