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[ Abstract ]

excretion, mainly manifestedashepatic and/or neuropsychiatric symptoms, but diversifies with the varying affected organs and

Background Wilson disease (WD ) is a rare autosomal recessive disease that causes impaired copper

severity of the disease. The accumulation of copper in various organs and systems throughout the bodyleads to other (usually
milder ) clinical symptoms such as Kayser—fleischer ring ( K-F ) , hemolytic disease, impaired renal function, abnormal
bone metabolism, myocarditis, arrhythmias, other organ and systemic damage. It has been recently found that WD may result in
varying degrees of cardiac damage and even fatal cardiac disorder inextensive studies. Clinical examination of the cardiovascular
system has not been included in the routine testing of WD patients. Therefore, early attention and intervention of subclinical
cardiac disease in WD patients are of great significance for the treatment and prognosis. Objective To observe the dynamic
changes in cardiac structure and function in WD patients based on real-time three—dimensional transesophageal echocardiography
(RT-3DE) , electrocardiogram ( ECG ) and serological indicators such as myocardial injury markers, so as to provide
objective imaging and serological basis for the assessment of early cardiac involvement in WD and facilitating timely intervention
in WD patients with early subclinical cardiac damage. Methods From October 2021 to October 2022, 60 patients with WD
admitted to the neurological department of the First Affiliated Hospital of Anhui University of Traditional Chinese Medicine were
selected as the WD group, and 60 healthy physical examiners were selected as the control group during the same time. The
included WD patients were divided into the neurologic—type ( mainly manifested as neuropsychiatric symptoms ) and hepatic—type
(' mainly manifested ashepatic symptoms ) groups according the mainsymptoms. ECG, RT-3DE-related parameters and serum
myocardial injury markerssuch ashomocysteine ( Hey ) , cystatin C ( CysC ) , cardiac troponin I ( ¢Tnl ) , amino—terminal B—type
natriuretic peptide precursor ( NT—proBNP ) , and total serum bilirubin ( TBIL ) of the both groups were recorded. Results
There were significant differences in the proportion of abnormal ECG results between the two groups, with 37 abnormal cases in
the WD group and 14 abnormal cases in the control group ( P<0.001) ; compared with the control group, HR, QRS duration,
QT interval were increased and P-R interval were decreased in the WD group ( P<0.01) . There were significant differences in
the proportion of abnormal RT-3DE results between the two groups, with 23 abnormal cases in the WD group and 10 abnormal
cases in the control group ( P<0.001 ) compared with the control group, LAD, E/E’, EDV, ESV, PAP were increased
and E', EF, SV were decreased in the WD group ( P<0.01) . Compared with the control group, Hey, TBIL, CysC, cTnl
were increased in the WD group. Compared with the hepatic—type group, QRS duration, QT interval and QTc interval were
increased ( P<0.05) , LAD, IVST, LVD, ESV, EDV were increased, SV was decreased ( P<0.05) , Hey, CysC, ¢Tnl
were increased ( P<0.01) in the neurologic—type group. Conclusion No features of structural heart disease were found in WD
patients, however, WD patients had a higher risk of developing subclinical cardiac damage than healthy controls. In particular,
neurologic—type WD patients had a higher risk of subclinical cardiac dysfunction, ventricular remodeling, and myocardial
fibrosis than hepatic—type WD patients. RT-3DE technique has high value in assessing cardiac function in WD patients.
[ Key words ]  Hepatolenticular degeneration; Wilson disease; Echocardiography, three—dimensional; Cardiac

involvement; Real time three—dimensional echocardiography
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FHEAREE, OHEE (electrocardiogram, ECG ) FliH
PRI PR 13 W TR O AR BRI AR 1
S = 4k B 7 0 38 B (real-time three—dimensional
echocardiography, RT-3DE ) 1 [5) 5 2 & 68 75 22 2745
B R, A TG A O EHER, RT-
3DE HAEHE, @i, SR g s 2, R ar
DA 7R H O I =2 AR IR, PRt R A
OEIIRE . BRI EEE S EU L, Tk
HANMEMIRRTH, B, AT RT-3DE BRAYH!
BN RS WA AR T S b i AsfE -
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H S5 RAR G — “ShriE” FEERE DR SEA—
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1 X&E57HE
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B (WD) , 284, % 324l; 4% 18~45%, F
¥ (294+69) %; A 2~104, FH (62+16)
iE, % (AR LW SR Em ) ™, W)
PG WD I FRIEIR 5> A HFR WD (AL 552 i v 5 & il
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WARMEAE FIIZ R GE . KGR 5 At/ DL i
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s, s CREEEE (TC) « =®EHM (TG) |
R NG A E R (HDL-C ) | % B IR 4K 1 I [
i (LDL-C) ) . =Z5 M8 b R Bk im 2125 1 (HbA,,)
tbig, ZREGIFE L (P>0.05) , Wk 1. RIF5
O AR B = 24 R 22 5 — B s s B A 3 22 2 S 4t
(2021MCZQO07 ) , BFFEXF G52 8 A R 45

12 2WiksifE  kdlE CIF R A TE2I7 T/ (2022
AEML) ) HEFER T 2001 4E3E L5 8 Ji WD EIFRZs i
B2 WibRifE ( Leipzig VE 240 ) 6. B1 M= 4 4]
W2, 35 WEERISWT, < 2 AWIHERRISWT . i tisi g
HiZWime . BB, —H 5= 4 5 RmT
N WD, W2,

1.3 WD B9 A S HERR bR
WD VG2 WibnifE;  (2) BEXSNIHZ S A 4R 6 4
A RITHFEMERYY s (3) SRBUERF A/ s W A
R (4) LU0NEH 2 NRHE IR R, HIME
fALC ARG AREAR . HEBRARME: (1) 224 R 2L
W\ (2) BIFEMRMIT RS (3) BEE2K
DR E B A RGEAHICRER s (4) FFREfL IR
AT, BIFA 8 B RH KT sk m A i . 1 AR
& (5) BIFAMRARG YR .. B 25542
P | SR R B A5 (6) B EMR T 22,
WRAME,

14 JrEROWE s dr RT-3DE: RJHAT 22 KRN
F) 1 PhilipsEPIQ7C ¥ {8 Z 5 8y 68 75 12 Wi { ( B4
BOYSW7) , #&Md X5-1 %3k, M 1~5 MHz, P4 5E
B =4 R R G, NE A ST, Kaairs
NG RBAEMEME , W8 HAFE AP, R 0%
DL EE R, BT JR R GRS A 8 e B D 58 03 i
DB, RS, B =4S E T5 5 R A i a4k
P 0.5~1.0 em Ab, BEBUSAGIE W0 DU R DT AT,
R BEALEE R E TERG O S AE, A S

MASRME: (1) 58

R 1 WD A5 R B M AL PRIELE DR} LA

Table 1 Comparison of clinical baseline information between the WD and control groups

415 Bk M (/%) AR (%) BMI (kg/m’) BSA (m’)  SBP (mmHg) DBP (mmHg) WiAHS(J2& /%)
fEEEXT IR 60 31/29 29.5+6.8 21.26 +1.02 1.79 £ 0.06 115+9 73+6 26/34
WD # 60 32/28 29.4+6.9 21.27 +0.90 1.78 £ 0.05 117 £ 10 716 27/33
t(x*) M8 0.033" -1.070 0.081 -1.041 1.150 -1.867 0.034"
P{A 0.855 0.915 0.936 0.300 0.253 0.064 0.854
251 s (&/74) TC (mmol/L) TG (mmol/L) =M mmol/L)  HbA,, (%)  HDL-C(mmol/L) LDL-C(mmol/L)
fRERREXT A2 27/33 4.61+0.36 1.13 +0.06 5.04+0.43 4.34+0.35 1.13 £0.06 2.29 +0.08
WD 41 25/35 4.49 +0.36 1.14 0.10 5.09 £0.49 434 +0.30 1.14 0.10 231£0.10
tCx*)1E 0.136" -1.775 0.675 0.516 0.056 0.675 1.251
P1H 0.713 0.078 0.501 0.607 0.955 0.501 0.214

. WD=Wilson 5, BSA={AF [, SBP= 45/, DBP= 475Kk, TC= MAHEEL, TG= =@t Hh, HbA, = Bifkii£r &1, HDL-C= &%

FEARAR IR, LDL-C= {IR%5 BEAR A A IR B s 1 mmHg=0.133 kPa;

CRR
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HIGHERENG, W ESE 5 A0 sh ARG i i iy
YRR . AR b E R R RO Bl R A
B )OS SR AR IENAR (RVOT)
FEhkNEE (AOD) | AL EHiE#R (LAD) | £
ZEFE(RAD ) A O FEMR(RVD ) EHFREE(TVST ),
ELENE (LVD) | ZEO0EFREERE (LVPWT) | fifi
Bk AR (MPA ) =4EIRLOIRE: S s34 (EF ) (A,
Bporpi R (SV) | &FkoRINA S (EDV) | I
AWIZE R (ESV) 5 Bk 288 B0 22 5 = 0 E 0
A VB | B U BT (PAP) H A E/A A
E/E {H. VA L3RVER 4 A S AL MRS BRI ST

T RBGOHEE: R CRNHA ] 12 S B
HL RN (FS. EPIQ7C) MEATKGAY, #8403
JE K 25 mm/s, HLEAE 10 mm/mV , BFFE 5T 4 BOEAARA
FEOr R EENRTTAL, THEER R, EH RS, KRR
TAE . SRRSO H RN, (O sRIEAD A DR
& 5 P A S5 235 5 K P IR PR IR R SE . PR, QRS ANl
QT . QTe ZE Lo B4k M H A 39K, H T H4MA.

LB bR PRSI .t B % BRZH A1 WD W4 A 41 5
24 h N2 BB NEFR KL 5 mL & T EDTA HUEE
FEIRCE 30 min, 3 500 r/min, 2504 10 em, B
10~15 min, JGH FI5W, -80 CARIRARAE, ELISA Kl

(GJP Chinese General Practice
October 2023, Vol26 No.29

TS (1) 58 S 3 F 0 5 9 ST-T Brile 48 (n=1) 5 fi
FEXTRE 4 b BECG 45 58 1% A 46 ], 14 ] ECG 45
KRB DR, ISR OEATT (n=6) ,
WO % (n=3) , EHOHEHE (n=5) . WL
ECG Z5 R 54 L b, 2R A %1% L (P<0.001 ),
2.2 WD 5N ECC M XS5 5B xt
W& ZH A b, WD 4H HR. QRS B BR. QT [a] . QTe [a]
¥ EFEAE K, P-R BIAS R, ZRAEGIFEE X
(P<0.01); PILH P LbE:, 227 Tei 242 L (P>0.05 ),
L3 3.

23 WD 45 filt BE X BE4H RT-3DE 453 60 1] WD &
# RT-3DE Z5 522155 A 37 i, 4583w A 23 1,
FLIG 22 GFIRINAE T M n=6 ) 2% 22 B3 MR n=6 ).
REMBKEE (n=5) . BREMSIIKGRTE (n=2) | H
A EMRERI (n=1) | BEEIIKIERIE (n=1) |
Sk FERM (n=1) | JoOPEZERBEEA (n=1) ; 60
Bl Z i # RT-3DE 45 R 58 2 1EH A 50 ], 455857
WA 100, GIEAEFKIEENE (n=4) | BELR

F2 2001 AEF LA 8 JE Wilson Ji [ PR 2 W A9 Wi bRl ( Leipzig
WoaiRs) (4)
Table 2 Diagnostic criteria of the 8th International Conference on Wilson's

Disease, Leipzig, 2001

I R R (Hey ) . BEADE C (CysC) o B Wik Stflto e
1% (TBIL) A (I ORIESOCHERMITE g TR R (T RREET)
A B RIAGHRIK (NT-proBNP ) /K35 fh2f %06 (+) ) A <50 pefe (08 pmollg) -1
PR AUESEE 1 T (eTnl) K AR & i gL () 0 50249 1 o/l 08-40 wmolle) 1
%ﬁi%ﬂ'&ﬁgﬁ/!}ﬁl%{ﬂ:, [JJ:?ST%VE}]E*%@HHU‘E%:BE Pp 28 22 SR A/ aly >250 pg/g (>4.0 wmol/g) 2
KittAT. i MR 523
15 Geil2irik 51 SPSS 26.0 XEURHEFT AT, 4 P 2 PP TRE RERTRL !
BRI RYERLL (F+s) Fo5, P4 AR i L R (R REOT )
ST REAS ¢ AGIE ¢ Kaes PSRRI SR R S L 0
AILEORFT xC H0%0. Lh P<0.0S e St oy, IPRIRERI Gl 2t ‘
) m=® EH(>0.2) 0 >2 x ULN 2
2.1 WD 41 5 BT R 4] ECG 45 5% WD 41 /i & 0102 : i’?fuﬁﬁ D IR 2
ECG Z5 S5 & 1IEH A 23 ], 37 il ECG 45 R Bom £/ <0.1 2 |
FE—Ab %, AFEEEOEAST (n=12) , FEMLB) Coombs BIMEVRILPER ML | T 42 o fAH i 3 25 4
W% (n=5) , EMLEEHE (n=11) , FEHEOLFREIE ) 1 11 S e il 21 525 1
BE TSR (n=6) , HEZEMHIETIRY (n=2) , I 0 PN A EE 0
R3 WD A SEHEMNIEA ECC BHHLH (X +s)
Table 3 Comparison of ECG parameters between the WD and control groups
215 %% HR (X /min) P (ms) QRS (ms) QT (ms) QTec (ms) P-R (ms)
e X} AR 21 60 76 + 14 95.10+£5.97 85.43 + 14.46 382.88 +23.56 383.02 +23.59 114.98 + 14.00

WD ZH 60 86 £ 21 94.83 £7.05 105.05 + 13.56 419.65 £ 25.82 435.50 £ 20.16 94.98 + 10.00

(H 3.355 -0.140 7.664 8.148 12.852 -9.005

P1E 0.001 0.889 <0.001 <0.001 <0.001 <0.001

TE: HR= %,
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FIERI (n=2) | BEMSIKEE (n=2) , BELFE
FIERM (n=2) 5 WidlE RT-3DE 45 5 5% (1 & k3R
Feie, ZRAGIEEL (P<0.01) , L3k 4.

2.4 WD 2H 5{@Rext BE4H RT-3DE 28 S{athe st i
A, WD 4% LAD  E/E', EDV ., ESV ., PAP 28715,
E'. EF. SV IR, ZRA%01%E L (P<0.01) ;

W #1 RVOT. AOD. RVD. IVST. LVD. LVPWT,

MPA . E. A E/A SHE, 2257 G148 L (P>0.05 ),
W5,

2.5 WD 5@ A= 48hr  SEERET R AL
o, WD 4 Hey, TBIL. CysC. cTnl KF/, Z546%
T2 L (P<0.01) ;5 Pigl NT-proBNP HL 8¢, 2%
GiitEm L (P>0.05) , W6,

2.6 K% WD 5HFE WD B ELHEESE IR WD
5 wD SRR, AER . MR, 2R st
R (P>0.05) o HHFA WD AH L, K& WD B

R4 WD ALSHFEXTHZL RT-3DE G5 AL (61 (%) )
Table 4 Comparison of RT-3DE results between the WD group and control
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QRS. QT. QTe i, ZERAGZIFE L (P<0.01) ;
JF% WD 5% WD #3% HR. Pk, P-R [L#, R
TGRS (P>0.05) , W#E T,

2.7 WAY WD 5HFA WD B E W4 RT-3DE S8 b %
S5HFR WD A, % WD #3# LAD. IVST. LVD,
ESV. EDV 2507t 5, SV HXSEEIL, 2Ra5%0T
2 (P<0.05) 5 H% WD 5HFR WD B H ARG

SHE, ZFIGI#E X (P>0.05) , W% S8,
2.8 N WD 58 WD & I AR R 5
A WD AL, MK WD A Hey. CysC. ¢Tnl %L
THEr, EZRA%HFE Y (P<0.01) ; K% WD 578
WD #3# TBIL }2 NT-proBNP 048, 2RS¥ X
(P>0.05) , W9,
3 iTig

WD AR “HFGARAZ AR R HEE 14w 1 X &
REIVE RE A EIRE, oz 2, B
FEWFFE N WD GO BES 35 AU 500, HAd A ™8
OV FLO UG S 3 WD BE T s (Rl (20, ix
W BB WD B E AT R A S A & T

groups
403 % ™ P KUAN 7 3 vk 6 53 4] WD &8 30 1L %5 7 T8 9 3FAik J2
fit N A2 60 10 (16.67) 50 (83.33) FEAFgE, Horp 18 ) H & 0 IR H B A5 Rl S, 10 4l
WD 41 60 23 (38.33) 37 (61.67) KA TOAT AR e PRAH SR 0 B SRR, 17 ] %
X’ i 7.064 Valsalva i35 (+) , 21361 (1 H3E T O =8ish, 1
Pt 0.008 GIFETDHWG ) , ¥ LRSS IR 845 WD 0
R5 WD SEEENEA RT-3DE S5 (X +5)
Table 5 Comparison of RT-3DE parameters between the WD and control groups
o " AOD LAD RVD VST LVD LVPWT MPA E
gl B RVOTCmm) L (mm) (o) (mm)  (mm)  C(mm) Cemls)

{RERRE T R 2H 60

18.23+0.98 23.22+4.35 27.52+7.22 25.82+5.56

10.68 +1.67 37.45+8.76 10.08+0.93 21.13+4.98 86.77 +11.61

WD 24 60 1837+ 1.49 2448+394 33.10+6.33 2545+4.43 10.70+1.64 3550+8.88 10.30+0.94 21.58+4.14 83.17 +13.37
({8 0.684 1.672 4.504 -0.399 0.055 -1.211 1.269 0.538 -1.575
PAE 0.496 0.097 <0.001 0.690 0.956 0.228 0.207 0.591 0.118
bl A Cemfs) E/A E' (em/s) E/E EDV (ml.)  ESV (mL)  EF (%) SV (mL)  PAP(mmHg)

fFEATIRZ] 46.63£10.16 1.96+0.52 12.88+128 6.80=1.13 9643+ 11.74 42.35+11.25 68.05+11.10 64.00 + 8.74 22+3

WD 41 4495+10.19 1.98+0.69 1092+121 7.67+127 109.18+15.66 51.68+7.57 62.62+10.28 57.63+9.23 35+4
{8 -0.906 0.182 -8.655 3.983 5.047 5.331 -2.781 -3.880 19.578
P1H 0.367 0.856 <0.001 <0.001 <0.001 <0.001 0.006 <0.001 <0.001

TE: RVOT= 470 il e, AOD= FFIIkA4E, LAD= 2.0 BraifE 42, RVD= 470 % /48, 1VST= %R f)5E, LVD=
LVPWT= Zi0 3SR e, MPA= filigh ik afe, EF= SHiis%k, SV=4p0ahiif{E, EDV=4TikRIAR, ESV= IRgiRMIE R,

R 6 WD A 5T I LI FAEFR L (R £s)

Table 6 Comparison of serological indicators between the WD and control groups

ZEbE AL,

2H 5] %k Hey ( pwmol/L) TBIL ( pmol/L) CysC (mg/L) NT—proBNP ( pg/L ) ¢Tnl ( pg/L)
fE BT AR 4 60 13.80 £2.70 12.40 + 4.58 1.86 +0.60 68.55 +9.96 0.68 = 0.46
WD 21 60 15.53 £2.49 18.60 +3.59 2.17+0.56 69.35 = 11.09 1.04 £0.30
il 3.659 8.255 2.876 0.416 5.120
P <0.001 <0.001 0.005 0.678 <0.001

T Hey= [AAEREZR, TBIL= SHHLZLER, CysC=JEilER C, NT-proBNP= 2455430 B BUFBAIRIK, oTnl= UE5EM 1.
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Table 7 Comparison of ECG parameters between the hepatic—type and neurologic—type groups

gt B MR (%) R () Fif (FF)  HR (W/min) P (ms) P-R (ms) QRS (ms) QT (ms) Qe (ms)
7 WD 32 15/17 299+69 1544 +7.18 85+21 95.59 +6.35 93.53+9.27  111.09+£11.02  426.97+23.63  439.63+18.01
JFE WD 28 17/11 28.7+7.0 15.89 + 8.62 8820 94.18 +7.81 96.64+10.71  98.14+13.02  411.29+26.07 428.64+21.18
t(x*) & -0.805° 0.664 -0.223 -0.454 0.773 -1.207 4173 2444 2.170
P 0.421 0.509 0.824 0.652 0.443 0.232 <0.001 0.018 0.034
T xCES
RS TEISHEE WD % RT-3DE ZHLAEL (X +5)
Table 8 Comparison of RT-3DE parameters between the hepatic—type and neurologic—type groups
A B LN ) e e ) G e () Come)
fii#d WD 32 1844 +1.29 2441+4.06 35.66+6.29 25.69+3.99 11.31+1.18 40.50+7.02 10.31+0.93 21.44+440 85.53+12.10
JIFAS WD 28 18.29+0.98 24.57+3.86 30.18 £5.07 25.18 £4.95 10.00+1.83 29.79+7.22 10.29+0.98 21.75+3.88 80.46 +14.43
tfE 0.517 -0.161 3.680 0.441 3.351 5.821 0.109 -0.290 1.479
P1{H 0.607 0.873 0.001 0.661 0.001 <0.001 0.914 0.773 0.144
2153 A (emls) E/A E' (em/s) E/E EDV (mL) ESV (mL) EF (%) SV (mL)  PAP (mmHg)
MG WD 41 46.06+10.79 1.99+0.69 11.00+1.22 7.85+129 115.13+16.32 53.81+5.57 61.78 +10.14 53.72+8.82 35+2
FRIWD 41 43.68+9.50 1.96+0.70 10.82+1.22 747+124 10239+11.70 49.25+885 63.57+10.54 62.11+7.62 35+5
LN 0.902 0.212 0.566 1.163 3.487 2.352 -0.670 -3.915 -0.100
PiE 0.371 0.833 0.573 0.250 0.001 0.023 0.506 <0.001 0.921

R TEIGHR WD B SRR L (R 25)

Table 9 Comparison of serological indicators between the hepatic—type and neurologic—type groups

gl B NT—proBNP ( pg/L) Hey ( pmol/L) TBIL ( pmol/L) CysC (mg/L) ¢Tnl ( pg/l)
I WD 32 66.94 = 8.21 16.75 +2.20 19.06 +3.93 248 +0.45 1.17+0.30
AT WD 28 72.11+13.28 14.14 +2.05 18.07 +3.15 1.80 £ 0.45 0.89 % 0.21

{8 -1.838 4727 1.068 5.768 4.078

P{E 0.071 <0.001 0.290 <0.001 <0.001
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