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EE W S L 2 B S B E N AN IR UEZH, DAL TS RS ) R M o i) 32038 CARARRAE b 42, diacd v A5 il 42T T AR R A 5 A6
R TR B, VP AL TR AR () R G T R e . BE SR AR AR AL, 2 TR 3 2R Mk 1m0 U5 3 BT 327 , MWIT /& LGE% 1) Ak a2 TR A
T, 1A N LGE%=-10.009+0.832xMWT(r=0.466, P < 0.001), i LVOT f# ¥l 3 2535 5 LOE% LR MEAR e 1tk . £EAM TG AIE
b, A MWT 5 CMR MWT 5 &5 2 IE AR (,=0.856, P < 0.001) , H. P4 #5563 A AR I6 AT 9 LGE% W 4 5 52 PR LGE% 72 7
TG 27 3 240 AF CMR MWT=30 mm B A MWT=25 mm i, 2 LOE%=15% R 73 58 82.6%F181.7%. 45it:
TEVEAE HOM O ILEF4EALRT , MWT Eb LVOT fif ) 2 2 508 4 T 8 -

[XBEiIE]  MEIEBRLCHRN; fo 2 &7 K AR 0N U R BE )5 5 72 Z 0t s O IR LAR s 1R ik,

[FESES] R542.2;R445.2 [CEfiRERS] A [XEHS] 1007-4368(2025)09-1286-08
doi: 10.7655/NYDXBNSN250189

A comparative study of maximal wall thickness and anatomical parameters of left

ventricular outflow tract for evaluating myocardial fibrosis in hypertrophic cardiomyopathy
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[Abstract] Objective: To comparatively explore the value of left ventricular end - diastolic maximal wall thickness (MWT) and
anatomical parameters of left ventricular outflow tract (LVOT) for evaluating myocardial fibrosis in hypertrophic cardiomyopathy
(HCMDby cardiac magnetic resonance (CMR) and propose a prediction model. Methods: Seventy-seven HCM patients who underwent
CMR examination were retrospectively analyzed. CMR data included partial anterior mitral leaflets length and total anterior mitral
leaflet length. During end-diastole and end-systole, the diameter of LVOT and the thickness of basal anteroseptum were measured.
Additionally, left ventricular end - diastolic MWT was collected and the percentage of late gadolinium enhancement (LGE% ) was
analyzed. LGE% was used to assess myocardial fibrosis. Seventy percent of the samples selected randomly by statistical software were
assigned to the modeling group (n=54) for establishing a prediction model of LGE% through univariate and multivariate analysis. The
remaining thirty percent of the samples served as the internal validation group (n=23), and parameters of the echocardiogram of all
patients were used as the external validation group to assess the accuracy of the prediction model. Receiver operating characteristic
curves were plotted, and the predictive efficiency of the prediction model was determined by calculating the area under the curve. The

sensitivity and specificity of the prediction model were also evaluated. Results: In the modeling group, multivariate analysis indicated
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that MWT was an independent predictor of LGE% with the linear equation LGE%=-10.009+0.832xXMWT (r=0.466, P < 0.001) , while
no anatomical parameters of LVOT were correlated with LGE%. In the external validation group, MWT measured by echocardiogram
was highly positively correlated with MWT measured by CMR (r=0.856, P < 0.001). Additionally, the predicted LGE% values from
both internal and external validation groups showed no statistically significant difference from LGE% . The accuracy of predicting
LGE% =15% was 82.6% with MWT=30 mm measured by CMR, and 81.7% with MWT=25 mm measured by echocardiogram,

respectively. Conclusion: When evaluating myocardial fibrosis in HCM, MWT has more predictive value than anatomical parameters

of LVOT.

[Key words] hypertrophic cardiomyopathy; left ventricular end-diastolic maximal wall thickness; left ventricular outflow tract; cardiac

magnetic resonance; late gadolinium enhancement

I JE 2 .0y L9 Chypertrophic cardiomyopathy,
HCMD 83 10 ILEF 4R A0 7] 3 B0 R0 O TR
PEHE (sudden cardiac death, SCD) &5 I R HAF 2, O
JE 1 3 4R (cardiac magnetic resonance, CMR) ™ {2 W
FHF o0 JUE 45 K6 A0 3y 58 EA S Ry ) 2 ZE 3B 52 4K (late
gadolinium enhancement, LGE) {14 /& IR A1) /2 % /&y kb
B4 ESARHET . LGE H 43 L (percentage
of late gadolinium enhancement, LGE%) FJ 3R HL 75 EL1E
SSPELNS BT, T AL — BRI B i R ik e R 4t

e BRAEET ST T CMR “F43K45 1) Native T,

HZVRHE R IN LGE% , SR 1T 8 75 A 48 me AHE 1)
— 2R Bl F B, A REIRTS Native T AH, RLFR | T 1%
SRR 72 K AR W (end diastole, ED) L
WU K EE )& (maximal wall thickness, MWT) Fl 2 % It
18 (left ventricular outflow tract, LVOT) fi# i 22 S 4
ByrlidEId P4 CMR A 3R, (8 Tl .

JeE ED I MWT 45 S 56 B I B =
(American Heart Association, AHA) 16 75 BURE Y {1 s
JUUJEE PR e K15 B, AT DI I P-4 B 5 CMR AR 7
PG BEAERE AR BT MWT B, O WLE 2 KO AL
LR YA R B 2R T LVOT fif 35 2% 2 £ 5 8 BE
Pk HCM 205 LGE% 2L PSR R P, MWT
K LVOT fifg ) 2+ 285 v e 5 O UL 4EARE k1,
BT 5a A 5 2P 4EAG IO AR O ME B B DL S 8 B
RE 713 52 /= TN R R 30 75 BE — 2D W1 . ORI R B
FEX L CMR 7% ED [ MWT #1 LVOT fift ] 2% 248
TEAL HCM O ULEFHEAL IR TN A f, 2 32 FROIASE Y 5
LB PR S HUAE AL RE, I ARIR AL 245
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1 A —2022 4 8 H 47 CMR Hli#8 /5 0 3 & 44 15 1)
HCM B3 . INARHE: /2% ED I MWT=15 mm B
HHCM Fik LR B 2 E MWT=13 mm; #7557
L5 CMR A6 25 i 18] 18] B <3 /N B s CMR B 52 % HLi
EAE. HEBRPRAE : A5 O URE FE 8 Ath 0o I 55
O I TR B 5 7 00 0 LA JE B0 U 47 £ S5 BAR
W 51 .

AW I g N 77 ) HCM 2 3% , 38 it SPSS 26
BAFBENERE T0 MR B EBH, R T
30% A PR IGAE AL s BT 6 191 56 3 0 s R e /D
MWT {H, #7168 75 MWT 1 A 2 5836 1F . AR
R 54, B 4101, L 1301, FE# (50.8+17.1) %
P IE 4H R 23 B, 5516 i, Lo 7 B, AR
(51.8+15.1) % ; AhEp I UE 2 & 71 49, 3 52 491, %«
19 6], SE 84 (51.4+16.4) % . @ B4 kKB
LGE% ) To0il #5278 , 4 F A5 70 23 0ot 5 LGE % T
1B (LGE %) 5 560 UE 47388 28 P 3508 565 41E 1 40 350 563 41F
VAl LOE% e 5 LGE% 1) — E50 1, 56 0E T A% 4
P mrEEE

AHI 5T B BT 7T, LI Rt R 2 2R
— it JeE = e A PR R x4tk v (2021-SR-452) ¢
12 Fik
12.1 CMR#% 7k

X FH Siemens 3.0 T MR 341 (Siemens 2~ @] ,
8 ED IRHL CMR R, BLHE MBS IR 2 O R IR I A2
50 A P s MR DA B % s o0 R 1D ) A 3 Kl A
HLR2 IR o W R WSOR B, SR B O FL T
UL KPR S B BB R A AT . S
0N : L 340 mmx380 mm, E & B A] 3.4 ms, A%
5 TE] 1.4 ms, %6 % 208 mmx 188 mm, ##% i 47°, ZE
8 mm, JZ AP 2 mm. UBbAL, SRECLGE BRI 75 & ik
41 0.2 mmol/kg 7 & [ EL T 1R 1 %, 5545 15 min
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J& 5 AE 2 28 J A Al ) 18 3 P A A R S e R
FPAIEAT REE . S H09: E 340 mmx380 mm,
AN [H] 2.88 ms, [B1 I [A] 1.24 ms, 7 [ 256 mmx
220 mm, # %% #1 55°, 2 )5 8 mm, JZ[A]FH 2 mm.
122 B#HR»H5ELHE

K H CVI 42.0 # {4 (CV142, Circle Cardiovascu-
lar Imaging A &), INZE X A F H 1) CMR E& . 1
T A7 R ) 8y /e 2 0 9 IR S AN IBE R R S 5 I
THESER MR L= 0TS . K
oh T RO R T, A B KA B i R AT
T TR AN e 2 0 B B, ST AR K R A
i AT 5 AL FB 2 T A BT 4G BE (partial anterior
mitral leaflet length, PAMLL) #1151 — 42 #§ §if - 4< &2

(total anterior mitral leaflet length, TAMLL)"™ . 7£ =
i 0 J2 THT ) ED A Wi R 11 (end systole, ES) T3 3))
IR T 1 em A0 5 7 % 970 HH 78 FLAE (left ventric-
ular outflow tract diameter, LVOTD) LVOTD, Al
LVOTDes; 7E ED [ ES f) 20 3 Fa il oz L, 008 2 )
U 18] % )& B (basal anteroseptal, BAS) BASy, Fil BAS;s.
BEAL, B IE SR 1 Tl RS2 R4S I A2 0 ED )
MWT. X2 6] WA 1.

FEFLHIALIN LGE UG /A e = DA 44k 1)
A, THE AR O O LR & E 2 L, BT
193 OV LU RAE S B LGE% , e £F 4L L
(34 5815 5 20 P b 1E 50 IUE 5 s 5 A br ik
ZE R A OB B AR il S A MWT fH.

B

Male, 61 years old, HCM. A: In the three-chamber view at the middle of diastole, PAMLL is defined as the length from the hinge point of the mitral

valve to the tip of the valve leaflet (the red line segment) , and TAMLL is defined as the length from the insertion point of the mitral valve under the aor-
tic valve to the tip of the valve leaflet (the length shown by the sum of the red and yellow line segments). B: In the three-chamber view at the end diasto-
le, LVOTDyy(the red line segment)is measured 1 cm below the aortic valve plane(the yellow line segment). C: In the short-axis view at the end diastole,
BAS:y is measured (the red line segment).

1 MEFETEE

Figure 1 Schematic diagram of the measurement method

13 %itrik NEFRERITHE L.
K FH SPSS 26 Bt #E AT Ge it 40 . i fe] R 3 ) B
ZA

S R -HR IR U Rk S BRI - R SEEEAT IEZS
PRI . TEZS 0 A0 O E B BB U E AR HEE (v £ 9
RN 1A HUBUR I MSEREAS ¢ Rar 56 « i 25 20 A1 1 78
OB A A B S DY 53 AL B LM (Pas, Prs) 1327, 4
8] L %5 K H Mann-Whitney U K565 . >R H 3K & K&
% DRI 3R 2 1 (Rl VA2, AR T S B4 LGE% ¥ M 57 il
AT o ARYE MBS, 1157 LCE%=15% ) MWT
1B, HPEAL 1 MWTE P LGE%=15% K1 #EM 1. %4
] %2 30 TAEHFAE (receiver operating characteristic,
ROC) il £ , J8 i 11 50 il 28 1 1f0 X Carea under the
curve, AUC) #f 52 T 2% fig , R 4% LGE%=15%
MWT {E 15 HH TN AR (1 R B R 57 EE P < 0.05

21 #FHRFHEBLE

7E HCM 20 A Py RS iE e, A2 =0 TRES
BLVOT 5| % 250 £ Z ED I MWT & LGE% %
mITGHFEL(E D,
22 BEBMLCE%L £ F 48X M3 F
=] )3 57

AL W Z 1 B A 2 B R, A ED [ MWT
5 LGE% 2 1A] 17 1£ & 3 1E #H 2% 1% (r=0.466, P <
0.001, & 20, A4 [ =143 B7 1 R ELED v 45 B 4 1
#H LGE%=-10.009+0.832xMWT. 1 LVOT fi#3 %%
A BASe I — @ B # . 7EH R R [H AR

PE - SoF- Xl
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Table 1 Comparison of imaging parameters between the modeling group and internal validation group in patients with HCM

Imaging parameter Modeling group (n=54) Internal validation group(n=23) P
CILL/(min+m®), % * 5] 3.0+09 3.1+08 0.567
LVEF[%; M(Pys, P15 ] 63.0(54.4,66.3) 62.2(51.3,67.6) 0.991
SVI(mL/m*, % + ) 46.5+12.8 477 +10.8 0.680
LVMILg/m®, M(Pss, Pr5) ] 73.0(59.1, 100.8) 77.8(68.4,93.8) 0.772
PAMLL(mm, X + s) 26.0+4.2 26.0+5.8 0.880
TAMLL(mm, X + 5) 31.2+53 328+7.8 0.375
LVOTDw(mm, % * s) 18.4+49 17.6 £4.0 0.480
LVOTDis(mm, % + s) 146 +3.6 134+38 0.177
BASe(mm, ¥ + 5) 185+59 185+5.0 0.930
BASis[ mm, M(Ps, P5s) ] 21.6(16.7,26.2) 21.3(16.0,23.2) 0.348
PAMLL/LVOTD e[ M(Pss, Pr5) ] 1.4(1.1,1.9 1.6(1.2,1.8) 0.705
PAMLIL/LVOTDu[ M(Pss, Pss) ] 1.8(1.5,2.4) 2.0(1.6,2.3) 0.336
TAMLL/LVOTD e[ M(Pss, Pis) ] 1.7(1.4,2.2) 2.0(1.7,2.3) 0.163
TAMLL/LVOTD[ M(Pss, Pss) ] 2.3(1.7,2.5) 2.4(2.0,3.0) 0.186
MWT[mm, M(Pas, Pss) ] 22.1(17.1,26.2) 21.2(17.1,28.0) 0.802
LGE%[ %, M(Pss, P+s) ] 4.2(2.0,8.8) 6.7(2.8,13.5) 0.259

CI: cardiac index; LVEF': left ventricular ejection fraction; SVI: stroke volume index; LVMI: left ventricular mass index; PAMLL: partial anterior mi-

tral leaflet length; TAMLL: total anterior mitral leaflet length; ED: end diastole; ES: end systole; LVOTD: left ventricular outflow tract diameter; BAS:

basal anteroseptal; MWT: maximal wall thickness; LGE%: percentage of late gadolinium enhancement.

LGE%=-10.009+0.832xMWT
(r=0.466,r'=0.217, P < 0.001, n=54)

R2 BRAEZEEXBIFSUNBEZRRE BAELM

40.00 EPEECES
30,004 Table 2  Univariate and multivariate regression analysis of
i:: 20,004 anatomical parameters of LVOT in the modeling
z . group (n=54)
= 10.00 - Univariate Multivariate
04~ : . . . . . Parameter B P . B P .
190200 238 S0 330 400 430 PAMLL 0319 0381 0.123 - - -
2 EKEALCE%S MWT B & TAMLL 0.095 0.743 0.046 - - -
Figure 2 The relationship between LGE% and MWT in LVOTDe 0.050 0.873 0.022 - - -
modeling group LVOTDgs 0.406 0.343 0.133 - - -
PAMLL/LVOTDy  0.566 0.848 0.027 - - -

iR PO 2 b0 -
7 LGEG A TR 1 (2 2). TAMLL/LVOTDss -1.363 0511 0092 - - -
2.3 RAUEAMEARRIER SR INIE BAS,, 0432 0088 0234 - - -
ENTBIUEA S, HEMEA X ESHD BAS: -0.032 0758 0.043 - - -
LGE% i 55 LGE% Z 18] ) 22 7 L G 1 5 5 L (P= MWT 0.832 <0.001 0.466 0.832 <0.001 0.466

0.808) o A% & il I A 7Y 1 5, 4 MWT=30 mm i,
LGE% yeie=15% ; MWT=30 mm i LCE%=15% ]
HER R, 1 A2 PN 85.2%, 15 N 38 6 IE 20 /R oy
82.6%(%3).

Pearson #1 J¢ P 43 ¥ s 7~ « A0 35 06 IF 2H 78 75 B
MAS ) MWT 5 CMR Frilll 75 (9 MWT £ 551 5 1EAH %
(r=0.856, P < 0.001, & 3A) 5 T b 56 1iF 25 i

For the abbreviations, please see those in Table 1.

MWT tb CMR 45 ) MWT /) 4.63 mm, 2% 1E, # =
LGE% pesi=—10.009+0.832x ( # 75 MWT+4.63) . H
2R AR H B A LGE%,wa 5 LGE% 2 [H]
()2 F TGt 2 & L (P=0.099) , H.Ah B 56 iE 41
A MWT=25 mm i I LGE%=15% ] #E 1 2 A
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81.7% (£ 3) . APFE 56 E 20 i 7 LGE% e A1 CMR
Fir il LGE% F) AH 5% 14 WL 1] 3B

3 4t it

AT T 25 H R 1R HCM (1 78 %5 i 1) % 2 4

i, MWT 5 LGE% 2 26 1% 1F A5 ¢, 261 A 0N
LGE%=-10.009+0.832XMWT (r=0.466, P < 0.001) ,
MWT & LGE% H) 3 32 A5 R 5~ , MWT 880K, oG JULEF
AL R . BRTE HCM ZE RS AL (1 25 1 [a] ) 4>
Bref, 28 BASw 5 LCE% A — & A &1, (B 351

&3 EEE. NARIELAE R SMARIGIELA TN LCE% By R 14

Table 3 The accuracy of predicting LGE% in modeling group, internal validation group, and external validation group

LGE% Sensitivity Specificity Accuracy
Group LOE S 1590 =150 AV (%) (%) (%)
Modeling group(n=54) <15% 43 6 0.744 333 95.6 85.2
=15% 2 3
Internal validation group(n=23) <15% 18 3 0.868 25.0 94.7 82.6
=15% 1 1
External validation group (n=71) <15% 55 9 0.792 25.0 93.2 81.7
=15% 4 3
30.00 B 20.00
g 5 . 15.00-
2~ 25.004 & oz 1D
2 2 20,001 5 5 10.007 -
= Y=1.380+0.732X £3 e Y=6.968+0.189X
= = 15.00 27 P <0.001 S 3009 e P <0.001
10.00 r=0.856 01, i i r:0-45|2 i
150 20.0 25.0 30.0 35.0 40.0 45.0 0 1000 20.00 ~30.00  40.00
CMR MWT (mm) CMR LGE%

A: The scatter plot and the linear equation between MW'T measured by echocardiogram and MWT measured by CMR. B: The scatter plot and the

linear equation between LGE% predicted by echocardiogram and LGE% measured by CMR (n=71).
3 AL EIEF CMR AN BT MW T B4 X 14 F0 Z & 42 B9 LCE%AYHE X 1t
Figure 3 The correlation between MW T detected by echocardiogram and CMR, and the correlation between LGE% detected by

echocardiogram and CMR

4 i1 % = X (=0.234, P=0.088) . H 5 MWT &
LGE% i A Sz 7 K -1 (7=0.466, P < 0.001) . %%k
RRW, 7E VR Al HCM O WLEF 4E L i, /2 % ED
MWT Lt LVOT fif i) 2 Z 508 A e . th&h it
L BRAE A ST AR B A AR, i ) AR B AR
FERAE HCM 1, LVOT fi# 1% Z 40 BASw N LGE%
(1) S F0 B 5, T AR 9 R LVOT 2 85038 9 91 1%
0. FE R RT AR AE TPV 5 AR BE 1% HCM 2R
HEMWT I EAFE . ERAMEHCM Y, BASH 2 5
MWT {5 — 2, 1 %F T JEHE B 1% HCM, MWT 5 BAS
A= B, RIMAHF T 45 R 5 BEAE 0T 78 45 A pf
Ko MWT 5 LCE%AH IR AE FH T FH 1% HCM, [F]
INF & P T AR B HOM, AR HF 7045 it — 59 @
T MWT ()38 Gl . Shah, i T4 BE M 5 R 4 FE
PEHCM JEJERR SOAN R B sh % — e 2 5%, 7F

A JE W T FR T AT A e, 3 — D AR A ) T
MEKRE -

BEAE T 70 R W], LCE%=15% ) HCM & % K £
SCD (147 JRUEE 1 528 38 0= s 75 1 4 LA XUR R K
LGE% =15% ) HCM £ % K& 4 SCD 1) K B, b
LGE%<15% 1) 838 1 3 5 fEARBE A, @A
H PN LGE%=15% [ % 85.2%, P 5 E 21
T LGE%=15% (1) #E 11 22 5 82.6% , 747 KW T
CMR T3 5 MWT £E i & SCD i /& v i 72
WA . AR Te R HERR 1 — B U T B, SR
B 5 T KA B MWT (AL, R 7 {#
FBE V5, AW 7 R AR IR R T8 75 0 3h B A5 1)
MWT (1 000 R, 285 S o« B 5 il A3 M MW T 55
CMR Fr Il 43 (1) MWT £ 15 B 1E £ 2% (7=0.856, P <
0.001) . Spiewak &5/ 5T 1 4 7 #5003 B A
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CMR £ £ 7F HCM 3 1) MWT U & B & % —
Wk, H5AME R AT I T A
MWT=25 mm T LGE%=15% W UEH 3~ 81.7% .
A, 2 BCKs Z2 % ED 9 MWT 90N 5 0 3 IR A
H58 CMR 1R A BE V7 H , DB A a7 48 v ff b 97 ik
t LCE%=15% 1) SCD &= f& (35 5 F¢ a2 4 F 3
CMR il 73 ) MWT=30 mm oK # 7 J 75 () MWT=
25 mm B, B AEFE HCM &35 17 14558 CMR A A, 1 —
A WIRA O VAT AEARR B, DT i 2 2 2 () i PR A
mEvRIT R R E .

Spiewak %5 PR 75 28 S R, 5 CMR W15 1)
MWT A Lt , 8 7 0 2 A0 Ak 1Y) B KA 13 mm GEE 7S
O F) B3 MWT 24 19 mm, i CMR Il 753 MWT A
32 mm) . UG R, AR, A MWT L
CMR MWT /N4.63 mm, J&f [KI AT §E A2 i A5 00 3)) & 52 42
B R AR 2 T PR ), TGRS i B B A O LT B
HHE CMR S A MWT. 11 Maron 25273 B« L AT
e 5 B R T 2 () R PR 528 63000 40 2 HOM o 25 B
B JE ) B H LXK k. ASHIE 7T 2% W T A SR A
MWT B #f% 4%, H 5 CMR MWT % & 1EAH 54,
M4 A X IE G 8 & MWT B0 LGE% (147
B SR BA I PR

T HCM B34 £ = ES W &% & A O i, il
T MWT A8, B AHE LR B 7E ED U & MWT.
BE A WF 72 A BESE £ T ED [ MWT, Jf H & £&4IF 52
LGE% 575 Z ED I MWT A% (r=0.486, P < 0.001D",
AR RS R

A FAFAE R PR . B 5, X — U AL
T, B BCE AT, T CMR 45 1A 5 2 W48
Rk A& 7 1 82 ma) , AN (5] 22 e D45 1R B0 22 e 1 48
K AR TT BE RS M 4508 (O HERR DR LA T HE S IR TR
B ZHARE . IR, A DI LVEF<50%11)
B, OO T REA — A, (HiZ R R O
YA ARE, KB FEMWT 5 LGE% —# A
K, A 15 23 5 P Rk RE, 475 75 B 22 00 gk — P
WEe BUa LGEAMY S MWT A%, ik 5 0oL S5 fir
BT BB L = B — 52 IR S
I, T RAY KR A &, B0 AN [ HCM Y2 f i i,
B BRI, FR FOZ TR 1) S e VR

&2 FEVEAL HCM O LA 4E AL, /2 ED [
MWT L6 LVOT fif 5 2% S 508 A WA i . CMR &
D) MWT=30 mm 558 7 f il 7 MWT=25 mm Tl
LGE% =15% 1) #E #i 1% % &, 70 0 9 82.6% Al
81.7% . FEILAE HCM Bifi Ui 16 25 5 B & A2 % ED

(1) MWT, A0 LA 4E TR B AR AR 25

T2

I 3 30 78 B TE A 2 b 2%

Conlflict of Interests:

All authors declare no conflict of interests.

{E& SImk A AR :

BRIEE 15T L0, B BRIy BT A SO S . iR
AT T, Z B EME IS BOLA T E R AL,
ZHBEGME B NEREEOR, 585 0
X RS SREME R, £ AT R aR,
Z HBEGRE W RGBT FCE B, BT AT, 58
B YRR B S

Author’ s Contributions:

W

QIAN Zhijun was responsible for the experiment, data orga-
nization and analysis, and paper writing. SHI Xiayun was re-
sponsible for software analysis and participated in writing and
reviewing the paper. YIN Fan was responsible for image process-
ing and participated in writing and reviewing the paper. LIU
Wangyan supervised the research and participated in writing
and reviewing the paper. XU Yi participated in writing and re-
viewing the paper. WANG Yunfei was responsible for obtaining
research funds and participated in writing and reviewing the pa-
per. ZHU Xiaomei designed the research idea, supervised the

research, wrote, edited, and reviewed the paper.
(5% 30k ]

[1] YAZDANFARD P D, CHRISTENSEN A H, TFELT-HAN-
SEN J, et al. Non-diagnostic autopsy findings in sudden
unexplained death victims [J]. BMC Cardiovasc Disord,
2020,20(1):58

[2] PAN J A. Late gadolinium enhancement in hypertrophic
cardiomyopathy: is there more to it than size? [J]. JACC
Cardiovasc Imaging, 2024, 17(5): 498-500

[3] CHENGSN,CHOE Y H,OTA H, et al. CMR assessment
and clinical outcomes of hypertrophic cardiomyopathy
with or without ventricular remodeling in the end - stage
phase[J]. Int J Cardiovasc Imaging, 2018, 34(4): 597-605

[4] HABIB M, ADLER A, FARDFINI K, et al. Progression of
myocardial fibrosis in hypertrophic cardiomyopathy: a car-
diac magnetic resonance study[J]. JACC Cardiovasc Tm-
aging, 2021, 14(5):947-958

[5] KIAOS A, DASKALOPOULOS G N, KAMPERIDIS V, et
al. Quantitative late gadolinium enhancement cardiac
magnetic resonance and sudden death in hypertrophic car-
diomyopathy: a meta-analysis[J]. JACC Cardiovasc Imag-
ing, 2024, 17(5):489-497

(6] B U, Bt 5, X FBR, 55, Aol % = W] B RN /2 3R
SCEFFAR ST RSP RN ). F R RER 5
P CHIARIERD 2024, 44(10): 1377-1382



*1292- [T

VS PN

545559 1
20259 A

(7]

[8]

(9]

[10]

(11]

[12]

[13]

[14]

YIN F,SHIX Y, LIU W Y, et al. Effect of ventricular sep-
tal scars on the capture of left bundle branch during left
bundle branch pacing [J]1. Journal of Nanjing Medical
University (Natural Sciences), 2024, 44(10): 1377-1382
MR 7, KIGet, 28 B, S5 BE T R4 BRI O T SR I
R BORTE PP 20 b5 DhRE ALY . B B RER
AR CH AR, 2021, 41(2): 252-257

CHEN Y, ZHU X M, QIN J, et al. The value of com-
pressed sensing cardiac cine magnetic resonance imaging
for analysis of left atrial function[J]. Journal of Nanjing
Medical University (Natural Sciences) , 2021, 41 (2) :
252-257

KULINNA-COSENTINI C, ARNOLDNER M A, SCHIMA
W, et al. Performance of a new natural oral contrast agent
(LumiVision®) in dynamic MR swallowing[J]. Eur Radi-
0l,2021,31(11):8578-8585

MCDONALD R J, LEVINE D, WEINREB J, et al. Gado-
linium retention: a research roadmap from the 2018 NIH/
ACR/RSNA workshop on gadolinium chelates[J]. Radiol-
ogy,2018,289(2):517-534

TK¥EAE, FREEG B, L IEHBEE O EZEES
PG AL RSO &2 L e O S D RE AL LT ). m A
BERLR 2R (SRR , 2025, 45(2): 240244, 259
ZHANG Y J, WANG Y Y, ZHAO D, et al. Assessment of
early left ventricular functional changes in HCM patients
by multimodality echocardiographic parameters[J]. Jour-
nal of Nanjing Medical University (Natural Sciences) ,
2025,45(2):240-244,259

OMMEN S R, MITAL S, BURKE M A, et al. 2020 AHA/
ACC guideline for the diagnosis and treatment of patients
with hypertrophic cardiomyopathy: executive summary: a
report of the American college of cardiology/American
heart association joint committee on clinical practice
guidelines [J1. J Am Coll Cardiol, 2020, 76 (25) : 3022~
3055

SILAJDZIJA E, RASMUS VISSING C, BASSE CHRIS-
TENSEN E, et al. Family screening in hypertrophic car-
diomyopathy: identification of relatives with low yield
from systematic follow-up[J]. ] Am Coll Cardiol, 2024, 84
(19):1854-1865

NORRISH G, DING T, FIELD E, et al. Relationship be-
tween maximal left ventricular wall thickness and sudden
cardiac death in childhood onset hypertrophic cardiomy-
opathy [J]. Circ Arthythm Electrophysiol, 2022, 15(5) :
€010075

i, AR Ge g, AR, 25 0o I MR e 5337 L T A
AR RERE P NIE JE RO LS 0o LA SR AL A AH SR A2 20
LI ] R SW S A AU, 2023, 32(4):243-249
SHI X Y, ZHU X M, XU P P, et al. Correlation analysis

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

between anatomical parameters of left ventricular outflow
tract and myocardial tissue characteristics in obstructive
hypertrophic cardiomyopathy [J]. Diagnostic Imaging &
Interventional Radiology,2023,32(4):243-249

TR, RIRAE, BR A7, 55, o0 S HH A SR AR 2
SO0 L A OIS MR B 77 22 R R L ). o e 2
A% 28, 2021,29(9): 866-871

XU P P,ZHU X M, CHEN Y, et al. Influence of anatomic
parameters of left ventricular outflow tract on hemodyna-
mics in hypertrophic cardiomyopathy[J]. Chinese Journal
of Medical Imaging, 2021,29(9):866-871

CAPTUR G, MANISTY C H, RAMAN B, et al. Maximal
wall thickness measurement in hypertrophic cardiomyopa-
thy : biomarker variability and its impact on clinical
care [J]. JACC Cardiovasc Imaging, 2021, 14(11):2123-
2134

TOWER-RADER A, KRAMER C M, NEUBAUER S, et
al. Multimodality imaging in hypertrophic cardiomyopathy
for risk stratification[J]. Circ Cardiovasc Imaging, 2020,
13(2):e009026

MARON M S, OLIVOTTO I, HARRIGAN C, et al. Mitral
valve abnormalities identified by cardiovascular magnetic
resonance represent a primary phenotypic expression of
hypertrophic cardiomyopathy [J]. Circulation, 2011, 124
(1):40-47

MAVROGENI S, BRATIS K, KOUTSOGEORGOPOULOU
L; et al. Myocardial perfusion in peripheral Raynaud’ s
phenomenon. Evaluation using stress cardiovascular mag-
netic resonancel J 1. Int J Cardiol, 2017, 228: 444-448
FAHMY A S, ROWIN E J, JAAFAR N, et al. Radiomics
of late gadolinium enhancement reveals prognostic value
of myocardial scar heterogeneity in hypertrophic cardio-
myopathy [J]. JACC Cardiovasc Imaging, 2024, 17 (1) :
16-27

YINY W, HU W J, ZHANG L S, et al. Clinical, echocar-
diographic and cardiac MRI predictors of outcomes in pa-
tients with apical hypertrophic cardiomyopathy [J]. Int J
Cardiovasc Imaging, 2022, 38(3): 643-651

WANG J X, YANG S J, MA X, et al. Assessment of late
gadolinium enhancement in hypertrophic cardiomyopathy
improves risk stratification based on current guidelines[]J].
Eur Heart J,2023,44(45):4781-4792

CHAN R H, VAN DER WAL L, LIBERATO G, et al. Myo-
cardial scarring and sudden cardiac death in young pa-
tients with hypertrophic cardiomyopathy: a multicenter co-
hort study[J]. JAMA Cardiol, 2024,9(11):1001-1008
BOIS J P, AYOUB C, GESKE J B, et al. Ultrasound en-
hancing agents with transthoracic echocardiography for

(F# % 13157)



HEASEH M AT, W Wy, %
20259 A

Bk, 5. PRAMLTE R 2 W R SR e 28R 1 EUARL S 2R 4T 2 7 3 EL P aRe A A
Y2 B RS B IR N ED ). B RS R (AR RERR), 2025,45(9): 1307-1315 2 1315

[22]

[23]

[24]

[25]

[26]

e S S S A B e S o A A e e S S o

dynamic effects of molidustat on erythropoiesis in healthy
cats[J]. ] Vet Intern Med, 2024, 38(1): 381-387
COPUR S, DEMIRAY A, BASILE C, et al. Endocrinologi-
cal disorders in acute kidney injury: an often overlooked
field of clinical research [J1. J Nephrol, 2023, 36 (3) :
885-893

OLIVARI V, DI MODICA S M, LIDONNICI M R, et al. A
single approach to targeting transferrin receptor 2 corrects
iron and erythropoietic defects in murine models of anemia
of inflammation and chronic kidney disease [J]. Kidney
Int, 2023, 104(1): 61-73

SHIH H M, PAN S Y, WU C ], et al. Transforming growth
factor - B1 decreases erythropoietin production through
repressing hypoxia-inducible factor 2a in erythropoietin-
producing cells[J 1. J Biomed Sci,2021,28(1):73

W B, A AT F ML R N SR A 2
Bk B BT A I RS B A E LD ). b R 24 4
F,2024,22(23):109-111

TANG Y, MOU W, HE B. Clinical value of red blood cell
and reticulocyte parameters in patients with renal ane-
mia [J]. Chinese Medicine Guide, 2024, 22 (23) : 109~
111

NABITY M, HOKAMP J. Urinary biomarkers of kidney

(3% 1292 )

[25]

[26]

maximal wall thickness in hypertrophic cardiomyopathy[J].
Mayo Clin Proc Innov Qual Outcomes, 2023, 7(4) : 309—
319

URBANO-MORAL J A, GONZALEZ-GONZALEZ A M,
MALDONADO G, et al. Contrast - enhanced echocardio-
graphic measurement of left ventricular wall thickness in
hypertrophic cardiomyopathy: comparison with standard
echocardiography and cardiac magnetic resonance [J]. J
Am Soc Echocardiogr, 2020,33(9):1106-1115
SPIEWAK M, KLOPOTOWSKI M, KOWALIK E, et al.
Sudden cardiac death risk in hypertrophic cardiomyopa-

[27]

[28]

[29]

[30]

[27]

[28]

disease in dogs and cats[J]. Vet Clin North Am Small
Anim Pract,2023,53(1):53-71
MARTENSSON J, BELLOMO R. The rise and fall of
NGAL in acute kidney injury [J]. Blood Purif, 2014, 37
(4):304-310
GOMAA S H, SHAMSEYA M M, MADKOUR M A. Clini-
cal utility of urinary neutrophil gelatinase-associated lipo-
calin and serum cystatin C in a cohort of liver cirrhosis
patients with renal dysfunction: a challenge in the diagno-
sis of hepatorenal syndrome[J]. Eur J Gastroenterol Hep-
atol,2019,31(6):692-702
MOSTAFA E A, SHAHIN K M, EL. MIDANY A A H, et
al. Validation of cardiac surgery - associated neutrophil
gelatinase - associated lipocalin score for prediction of
cardiac surgery-associated acute kidney injury [J]. Heart
Lung Cire,2022,31(2):272-277
CHENG X, WU B, LIU Y, et al. Incidence and diagnosis
of acute kidney injury in hospitalized adult patients: a
retrospective observational study in a tertiary teaching
hospital in Southeast China[J]. BMC Nephrol, 2017, 18
(1):203

[k BH#A] 2024-11-22

(AR 4wsE: BEWS

B S S S e st SE S

thy: comparison between echocardiography and magnetic
resonance imaging[ J 1. Sci Rep, 2021, 11(1):7146
MARON M S, MARON B J, HARRIGAN C, et al. Hyper-
trophic cardiomyopathy phenotype revisited after 50 years
with cardiovascular magnetic resonance [J]. ] Am Coll
Cardiol, 2009, 54(3):220-228
LI'Y M, LIU J, CAO Y K, et al. Predictive values of multi-
ple non-invasive markers for myocardial fibrosis in hyper-
trophic cardiomyopathy patients with preserved ejection
fraction[J]. Sci Rep, 2021, 11(1):4297

(Wi BT 2025-02-23

(AT R4 BRI 8D



