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Abstract Objective: To investigate the diagnostic value of genetic testing for the genetic etiology of cardio-
myopathy in children, and to analyze its clinical features and genotype-phenotype relationship. Methods: The clini-
cal data and genetic results of 32 children with cardiomyopathy admitted from January 2018 to December 2020
were retrospectively analyzed. According to the genetic results of the children, they were divided into gene muta-
tion-positive group A(17 cases) and gene mutation-negative group B(15 cases), and compared the left ventricular
ejection fraction(LVEF) at the first diagnosis and the 1-year follow-up outcome(death or not) between the two
groups. Results: The positive rate of gene mutation was 53.1% (17/32), of which de novo mutations accounted
for about 35.3%(6/17). The percent of unknown clinical significance(VUS) were 46. 9% (15/32). The mortality
rate one-year follow-up was 28.1%(9/32), of which 47.1%(8/17) in group A and 6. 7% (1/15) in group B, with
a statistically significant difference(P =0.018). The mutated genes of the 9 dead cases were GAA of 4 cases,
TTN of 3 cases. LMNA of 1 case and TAZ of 1 case. Among them. 1 case of GAA(c. 875A>G) gene was cur-
rently classified as VUS. Among the 32 children with cardiomyopathy, abdominal distension and poor appetite
were the most common symptoms, and only a small number (6.2%) of children presented with syncope and
shock. The LVEF of 32 children was(49. 9418.1)%. The LVEF of group A was(50.8+17)%, and the LVEF
of group B was(48. 94£19. 8) % , with no significant difference(P>>0. 05). Conclusion: Children with cardiomyop-

athy lack specific clinical manifestations. The short-term prognosis of children with positive gene mutation is rela-
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tively poor. Especially in children with cardiomyopathy associated with GAA, LMNA, TAZ, and TTN gene vari-

ants, most of them have poor short-term prognosis.
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Table 1 Genetic results of the 17 gene mutation-positive children
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Figure 1 sanger sequencing of dead GAA gene mutation-negative children and their parents
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Table 2 Clinical data and genotype-phenotype relationship of the 17 gene mutation-positive children
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Table 3 Clinical data of the 15 children with negative genetic testing

ERZES U s BEDT 14 IR ERZAIN)
I 1] o W2 0 IR A & xS B e LVEF/%
1 144 ‘a5 () [ 494 VR L 0 e bR kL 3 i 2 ik e B 5 7 HCM 83
2 8 25 [0) B % 7 2 S RE S R 0 PR B T 7 3 i ¥ P HCM 72
3 156 e By 5 (0] B B4 43 70 25 ) B 34 R b 7w HCM 74
4 132 ELER 7t 7 DCM 66
5 6 ERER EENERE ¥ & DCM 30
6 48 L B R A R R B A ¥ & DCM 30
7 108 TE BRI L B 0G0 L ES FA R B A b = DCM 63
8 120 Lo B ARG R e B R 410 WLES #4 B A b = DCM 63
9 96 20 KA 0 B P B R L0 AR O AL ZH 4 45 K g A " = DCM 55
10 120 Je 0 KA B P A JEL R 0 UL A S R & 7 DCM 29
11 7 e R IR B AR LT 21 25 # i s | 4 5 GiERES & DCM 42
12 7 LD BER EDEONAL GBS SR LN E K ¥ 7w LVNC 32
13 132 Ze K78 B AR LA R EE MR s b LN B K o 7 LVNC 25
14 24 e 0 R R4 O LA ZUEE K b LN A AL 2 AT 7 LVNC 30
15 6 SR FEE ISy O WAL BUE AN I LN G R ¥ 7 LVNC 40




IR LA 32 il LB LA 22 DR A 0 5 e A 4 AT 20 A

e 570 « ZHENG Kui,et al. Gene detection and clinical characteristics analysis of cardiomyopathy in 32 children

F 5T L FE O LSS 3 PR 78-3R 78 1) ¢ R R A5 Bl
TR ALY TS DA Ko B AR S R R B0 4 2K
BT L O U B a5t % 5 otk a L BB L AT [R5 9
LA R R -R A G A B EE D R
o5 AT W8 AR 1) A 8 R AR A TR AR o e
HA-RRZ M E D) R, AR R WES, 3t
Rl 17 61 (53. 190 RAEFE . Quiat 5 WF5Y
KWL BA AYE DCM K% 800 8L, HAe 17 3
PRI 00 9 A R 00 0 AR DG B0 A8 5. AR ST 3
) 5L AT PH A 20 s 8 RO A R A T A G B0 AR
SR RABENEURE R RE W BB &k
M. T WES X K Bk 2k /E 2  45 DEUR:
B (CNV) AR g i X 5 5 46 47 & DNA (mtDNA)
AR SERT I BE J) A R L ] BB W Bk 4 3 A AL )y
(whole-genome sequencing, WGS) 8 — U5 =
3 M 7+ R (The third generation sequen-
cing, TGS) & it — A 0 5, WGS Al 1] 44 4%
CNV EUm 1Y 8% 1 TR A8 5 R (B0 2 5k 46 B0
A SSH T R AR, AR BT NGS
R A (150 ~ 300 bp) » 14 22 5 W s A1 R
B NGS 52 212 Wi, a0 55 45/ 728 5+ (SVs) \ & T
P B F40Y ) TGS £% - PacBio V& % H
B B S (SMIRT) 4 A, H 78 56 R 4 0 5 F 5
D7 NGS Re 2 At P O o | 4w 9 3 B0
I AM I R AGHI A, 45 e WL 35t 44 48 A L IX o0l 2k B L
R4 DY ROk MEE TGS By & J& f . AT
A R I 2 5 )L 2.0 WL AH G I8 e B0 A8 5= .

AW Z BT 3 6l MYH7 .4 il GAA %
H A M S i HCM L, Horp 4 il GAA P %
AL PG 25, W AERE 2 1 4AEINBETS. Rupp
L0t 36 ) )L HCM s AL 8F 58 % 1 20 80 %6 11
JL AT 3 g A DR ARG DN B i 352 A% 12 8. e B UL YT 2R 1
B MYH7 1 MYBPC3 3 [H Sk Hf5 # UL 356 R A5 S5
FEH L AN 50 % ~60 % ) HCM & L7E 7 & ) uk
T LUG A I WL B 3 A% s B A O IR IR
FEAR L [RA BIE 5T & B g R LTS AR R TR A
Ky HCM BB LB AR T 5 AH X 8848 Al 11 5 B4
R 80 %0 o H Z5 A AiF P 5 s 55 22 LB B & 9 1Y
B BARTG  2200 GAA KL AR 5 a] 53R g
DU (Popme ) » XCRRBEJE I BUEE [T #4 (GSD 1) /&
JLE Lk K HCM e WA . GAA P %
AT B T o A M B CGAAD 2 X Bl AH X ik
Z o DT SA 375 T A PR B D RRL 22, R D) 2 7 i % UL
FLC LA 2 MR o A1 0% | 98 s ™ o 2 B AR 4l
VI RBR B8 GAA B 1% ¥, 7T 43 22 L7 Popme i
(I0PD) Fl# & % Popme %5 (LOPD)Y!' . TOPD ##
SR TS 22 H B 3 R AE & HCM, GnoAR i A7
AN AT AT LR & 1 B NS
T2 L SR LB Popme 5 Y L5112 W L B

BT e R B ILF A ENC EE AR L,
AN ARREFRIE KB T 1 61 HCM, H i H: GAA JE A
H I VUSH AR U 1 FENET,
AT R BE 1% F K 28 A8 7T fig O BUw AE 5, H sanger
TE UL L1, o ok Bl 4 1% 28 728 SO Moy R 5
HBORE R Re S kAL,

AWFFEH DCM 9 56 K 2290 42,9 % (6/
14),2 i TTN.1 fi] LMNA.1 ] FBN1 1 1
CTNNAS3 [, if 45 4% 1 ] SCNSA RHRE 5
DCM #E R MK QT LA EIL. it Ly
B AN M R 2R A 1 R 22 AR O L E DCM. i B
LR AR AL, Horp L TTN A e A 2 WL, R
Al S A a0 R R 5 R IR R AR A G, RE
MW TTN %€ 28 fil LMNA %€ 48, 48 TPM1,
TNNI3 Fl CACNA1C i [H 2248 58 DCM 1y & L
WEHFAR . ARBFFEHAA 2 ] TTN HEF A
Xf DCM, Horp 1 4] TTN 728514219 DCM L
18 HHIIET., B H LMNA % [H 45 7] F 5
DCM, #47 iZ N R B ILZ 05 A R[5 i) A]
PEA O NEAL 5 3 58 T e BB B B AT Kk A 0 TR PR A
B KBS, SCNSA J R 2 48 7] G 80 DCM., K
QT &1k . Brugada ZE &4, i L R RS EHH
DCM 57 H A7 08 AR5 11 41 (b 55 R Bl 4 0% 3% K 1Y)
TR G EN B EEOBRE A L R
Az a0 5 B B = MO Bl ad A I U 3 1 2 AR
) A LA I E N A7 R A X B B T M R T
ZEILLLO B EER L . H ik & 800 B
PRAFRIM, O B R = B AL S B A
PR 1 R 5 A DR e R O — 2 AT A R A
PEN 0 IR F R IRIT .

AN A B 5T R 2 W T 2 B RCM, 43 3 R
BAG3 F1 TNNI3 2245 ,i% 2 ] 8 )L H fj #ils B 4.
RCM 7EJLE O AL 1 20 5 R 2] 5%, 11 IR AE R4
Fo P B0 3 B R SCDL, HilE AR LW
5 H A0 LR A9 2 A E &L BRI HCMY , 4 fid
WL/NT RN 20 i 23540 2 B AL TNNI3 . MYH7,
MYBPC3.,ACTC1, TNNT2 & RCM # W, ¥y 28 48
B R Hoh BAG3 %8 28 R WL 3R AR
DCM, (AR 5T % 8 # 2 o RCM, ot JJE 8 75
R FE 2, LVNC 2 B AE Ry — o Al 19
FE SAPAFFE S B0, FLRRAE 2 D2 0 2 1 BURL R L/
SRR /INGE ] BR B B oes L w R B E AT HF LB K&
Az A R O R R LI A 2 L 2 0 = 4 ) R R A
LD 5 B LFE TR B AHSC . AR5
LVNC il DCM Wi R KW 2 A HE S, L2 W T 2
il 53> TNN fil TAZ &4 S850% LVNC, 2 i B &
WEA R HEWISE Y 1 FNET,

Zr bk JLEE O WL B I R E AR B 7, gt
e S S PESR L B ETE A5 A B2 B0 U RO



A4 32 B L L A5 PRS0 455 1 PR A5 A8 0 A

ZHENG Kui,et al. Gene detection and clinical characteristics analysis of cardiomyopathy in 32 children « 571 =

AT B K2 Wik Ar AE 3, A WF STl L 2 R E
PE DCM 5 L AT 951 i i DCM s R
RIUAH B A S, e o Bl G B R YT B
AR K I F 5% FH 08 R ARG X BT A8 12 W8 1Y 0 LG

BILIAT B R I A AT RE S B M. A BF o

TTN.TAZ 3N 5+ T 51 DCM £ 5 LVNC i

IRE AR B &, W) % L GAALLMNA, TAZ,

TTN &5 35 AR SR ¢ 10 AL 8L A s 2R

K. EETEENEANTE A 3 0] 5 5 % L0

FEiEE WES A H AR OC B 56 F S 5, $2 75 7T fg

AWTEBN L mf 2t — PR kB, KRR

JEZ A SR A B i 2D 5 Ik A s AR I BH P Y — 2R

)8 B ARAT HE DR IR T 2 5 AR AR R 9T LS

SEM R, [R) B H A BE 7 B 1), 3 PR - U X AR

JURY I I S PEAL A TR — R R, R A X

AR AR T O WL B OL Y st AL Rl A B TR =

I ERARIR ST IR WAL L — Z 58 190 IEPE A

I8 AL ) DL B Ok 1 L PRIR T BF ST

MM A EE I PR TE R 25 vh 58

5% 3k

(17 fEsr 2, 5k, AHA JLIEDWUR B 5 52 Wi Bl 2% 7=
WD, o EAE 3R 4 ik, 2019, 34(S1) 1 49-53.

[2] De Angelis G,Bobbo M,Paldino A,et al. Cardiomyop-
athies in children: classification, diagnosis and treat-
ment[J]. Curr Opin Organ Transplant.2020,25(3):
218-230.

[3] Fadl S,Wahlander H,Fall K, et al. The highest mor-
tality rates in childhood dilated cardiomyopathy occur
during the first year after diagnosis[]]. Acta Paediatr,
2018,107(4) :672-677.

[4] Rupp S,Felimban M, Schinzer A,et al. Genetic basis
of hypertrophic cardiomyopathy in children[]]. Clin
Res Cardiol,2019,108(3) :282-289.

[5] Orphanou N, Papatheodorou E, Anastasakis A. Dilat-
ed cardiomyopathy in the era of precision medicine:
latest concepts and developments[J]. Heart Fail Rev,
2021,14.1-19.

[6] Ware SM, Wilkinson JD, Tariq M, et al. Genetic cau-
ses of cardiomyopathy in children: first results from

the pediatric cardiomyopathy genes study[J]. ] Am

7]

[8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

Heart Assoc,2021,10(9).:e017731.
S 42 L O LR 138t % 2% 40 g e LT ). A AR LR
J 5 ,2021,59(2) : 158-160.
HAE B 2 o LB 2 0 450 I AE 2 AL B8 O WL RS 1
BIRPMELL. 2006 4E % 2018 4F[H N 33 K EBE 4 981
9143 B JL 20 JULG 98 e 43 LT . w48 52 LR I IR
J 5 ,2021,36(13):983-989.
TEIB IR . IR SRR VBRI . 5. GATA2 BRI 2 fildR 45 K& SC
HR 29 (). W PR ML~ 2% 35, 2021, 34 (1) : 41-44.
Quiat D, Witkowski L., Zouk H,et al. Retrospective a-
nalysis of clinical genetic testing in pediatric primary
dilated cardiomyopathy: testing outcomes and the
effects of variant reclassification[J]. ] Am Heart As-
s0¢,2020,9(11) :e016195.
Xiao T,Zhou W. The third generation sequencing: the
advanced approach to genetic diseases[ ] ]. Transl Ped-
iatr,2020,9(2):163-173.
MR 25, /5 7% 40 80 5 R, 45 T M T TR A0 L
MYBPC3 3 R 72 5 K FElf R 2% 280 23 47 [0 1. I 7R 0 1
R .2021,37(6) :557-560.
Norrish G,Kaski JP. The risk of sudden death in chil-
dren with hypertrophic cardiomyopathy[]]. Heart Fail
Clin,2022,18(1) :9-18.
Viamonte MA, Filipp SL, Zaidi Z, et al. Phenotypic
implications of pathogenic variant types in Pompe dis-
ease[J]. ] Hum Genet,2021,66(11):1089-1099.
Wang Y,Han B,Fan Y,et al. Next-generation sequen-
cing reveals novel genetic variants for dilated cardio-
myopathy in pediatric chinese patients [ ] ]. Pediatr
Cardiol,2022,43(1):110-120.
Ellepola CD, Knight LM, Fischbach P, et al. Genetic
testing in pediatric cardiomyopathy[]]. Pediatr Cardi-
0l,2018,39(3) :491-500.
Wilde AAM. Amin AS. Clinical Spectrum of SCN5A
Mutations: Long QT Syndrome, Brugada Syndrome,
and Cardiomyopathy [ J]. JACC Clin Electrophysiol,
2018,4(5) :569-579.
Herkert JC, Abbott KM, Birnie E,et al. Toward an ef-
fective exome-based genetic testing strategy in pediat-
ric dilated cardiomyopathy[]J]. Genet Med, 2018, 20
(11):1374-1386.

Ok A% B #1.2022-05-05)



