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Fenestrated Closure of an Atrial Septal Defect for Left Ventricular Diastolic
Dysfunction in an Early Infant with Hypertrophic Cardiomyopathy
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Hypertrophic cardiomyopathy (HCM) is generally accompanied with left ventricular diastolic dysfunction,
leading to a poor prognosis in patients with congenital heart diseases. An atrial septal defect (ASD) rarely needs
surgical intervention in infancy. However, we report a case of HCM-complicated ASD that required fenestrated
ASD closure in early infancy. A 5-month-old girl with cardiofaciocutaneous syndrome was transferred to our
institution because of severe lung congestion triggered by fever and convulsions. Echocardiography revealed
right ventricle enlargement secondary to left ventricular diastolic dysfunction and severe pulmonary hyperten-
sion. She was intubated and supported with mechanical ventilation, with nitric oxide inhalation. Immediately,
her ventricular interdependence and circulatory dynamics improved. On hospitalization day 18, cardiac cathe-
terization showed pulmonary hypertension improvement with high pulmonary blood flow and low cardiac out-
put. However, she had severe lung congestion triggered by a repeat convulsion on day 60. Thus, we performed
ASD partial closure with 4 mm fenestration. Postoperative cardiac catheterization showed a good control of pul-
monary blood flow, with a Qp/Qs of 1.3. In conclusion, fenestrated ASD closure is a safe and effective treatment
option for left ventricular diastolic dysfunction in early infants with ASD and HCM.
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DEHRKRIE (ASD) I FIUCHIHREINCEELT 22 2B 5. FEKELLEHE (HCM) &/
FEIREREZ Y, ERMEMEESHHICB O TR FRARE I NS, 50 HCM 256 L7z ASD I
WU TR NGB AR L L, FRMNEASEMDERN TH > O TRIET 5. EFNIEE
BRI Cardio-Facio-Cutaneous JEMERE, ORI ASD, HCM Z & D 5 WHLIRT, FEAL i&iE 7z
FRRICZZ L, EZEPREFIC K M9 - e THERA 2 LW Uz, FIRAIRG O H TEdEEE
F, —REEZFERAIC K > THLORMNE ORI SN T Lic/zd, MliEfiUEAE D 2
MDZEMBERIC X B SRS EREPZT 12T U, AR O EIC X 2 0D
Rk Uiz eER U, ARt 18 HHICHEFT Uz Ol A 7 — 7 )URE T, Ififkiiiitt (Qp/Qs) =
6.1/2.4=2.6, ST 2.1 Wood unit-m® #5288, ASD %19 % & 7% fi A ks & DI H B O —[A
LEZONIT28, 4mm BEA ePTFE /3y FIC &K % ASD B FASHA HifT U C AR OB 21X 5
Teo Wit&EH A 7 — 7 IUME T, LHETEFTFEHPT, LARHEED> &Ml EENZ R TR
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FHLREEZ S ASD XRINTIRBRMADNRELBED TN D

D, Z95 LEIGEICHEN ASD HEHifiE Zeh DA TH 2 LEZ 5.

&

DEHRRE (ASD) 13, FLRHIC 3 MeE R TR
i U T ILIE ISR T AT % C ENZWIRETH
20, FNICHRMRINCEELT 2 ENH 5.
TSR OEREBICERELOAE (HCM) Z&0Fd
BE, FRAVTSAT VAKE VY RERFHKEH
Hx & OBEHDIMD L THAREEN TS Y. 5
[, HCM % &f L7z ASD i<xf U CELIE I
FHREEN ADRETH % Lk L, BHZEA ASD BH
HINTDERNTH > THEBZREBR L 72 DT 5.
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5MMHL, AE43kg. FFEMNESIZA L, B
T 17 T Cardio-Facio-Cutaneous (CFC) JE &7t &
ZWrE N, OJEEE ASD, HCM ZiEh iz, FHEA L&
e FARICRZZ L, KOBRLOZR CriEIC AR LTz
B, PERESEEIR 2 7D T T O Yok & e o 7z,

KBy, REEEIL/IHRE T T SpO, 70% A,
FHR MR & MR TT ) — B 2D, W
HXFRTH S o MR & Ohk K& #BS Tz (Fig. 1.
DI I—"TASD % 15mm Kk (. XRILKRIE, W51
vy b)), MEE=ZRAYR (EKAE  TRPG
57mmHg), WHiAIC A B KRIC K 2 EEIEH
(Fig. 2) Zilsh, MiEENEZ SNiz. WL ARG
BERUNWIS > 2588, WS &l EOE A
KD T DICKETEN N W Uz, SUEHE I
WHEIER & B EPEDBIE & NEERDHE S % FTHE

I LD, FERMKRA XDERF{bIC XD
M — Ik L7z (TRPG 44mmHg). LA
UWes [RFIC SpO, 60 % BN RT3 2 RFEZEFE(E & ARl
HEOEK RE#EDIRL, OII—ICTH ROz
BT, Wi T O & U Ttk - TREEE
MEEL. FREZRG LDDiORED NSz
Ko h, HEILKBIUOCEZEEHIEREL, £E
WS DNEfTEmFREZ UL T2 &FRMES A0
IRED i 7z (JRE 1.5mL/kg/hr). DT I— 1,
HRE =S (TRPG 66mmHg), A= HLRAMRE
12mm (59% of normal, EH{EH 20.2mm), A ZEiR
H S HF RS ME (LVOT-VTD 11.7cm Th o7z, Y
), ERMRZEd %) X725 2 TIREEEFEVER
DI —EEZEET A (NO) ZEEHL TV, A

Fig. 1 Chest X-ray on admission showed lung
congestion and cardiac enlargement

Fig. 2 Echocardiogram showed (a) enlarged right ventricle and (b) mild tricuspid regurgitation with a

trans-tricuspid pressure gradient of 57 mmHg
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Fig. 3 Echocardiogram after using inhaled nitric oxide showed (a) enlargement of left ventricle space and (b)

reduced tricuspid regurgitation with a trans-tricuspid pressure gradient of 50 mmHg

Table 1 Cardiac catherization data pre and post

operation
pre post ASD
operation operation closure test

RAP (mmHg) 4 4

RVEDP (mmHg) 7 7

mean PAP (mmHg) 18 21

PCWP (mmHg) 5 6

LAP (mmHg) 4 5 8
LVEDP (mmHg) 7 10 15
Cl (L/min/m?) 2.4 3.7

Qp/Qs 2.6 1.3

PVR (Wood unit-m?) 2.1 33

LVEDV (%ofNormal) 73.8 93.8

LVEDVI (mL/m?) 30 40.8

RVEDV (%ofNormal) 172 140

ASD, atrial septal defect; Cl, cardiac index; LAP, left
atrium pressure; LVEDP, left ventricle end diastolic pres-
sure; LVEDV, left ventricle end diastolic volume; LVEDVI,
indexed left ventricle end diastolic volume; PAP, pulmo-
nary artery pressure; PCWP, pulmonary arterial wedge
pressure; PVR, pulmonary vascular resistance; RAP, right
atrial pressure; RVEDP, right ventricle end diastolic pres-
sure; RVEDV, right ventricle end diastolic volume

SR O EZ IR L TH 3 WH M5 INO Z i L
rrel s, ZRAYHROEAD (TRPG 50mmHg), /&
BAREDIER EHEAFEDHKE)N (Fig. 3), LVOT-VTI
DHEMZRD, FIRPEENE KD ICEoT (R
4.8mL/kg/hr). Fli g il E QR 1 & & 2 5N jz
W ARG RNT 5 o MR LTI HTEsEIG R & Rl IR
Hreilkt L7y, MM e O nfREME & B L
CHfif & JLakE (Sildenafi) DWAREBIMAE L 725 2
T iNO [EWfids 7 U7z,

ABt 18 HEIC DA 7 — 7 VR ZiifT L, itk
ikt (Qp/Qs) =6.1/2.4=2.6, AfiE ST (Rp) 2.1
Wood unit-m? “F¥IMi#)IRE (mPAP) 18 mmHg,
g JE BB IE (mLAP) 4mmHg, /2 = $i 3k K W JE

ARNRBERSBSFRIME £37F £15

Fig. 4 Preoperative echocardiogram showed
asymmetric septal hypertrophy with sep-
tum to posterior left ventricular wall thick-
ness ratio of >1.3

(LVEDP) 7mmHg, /&= HLRAKM AR (LVEDV)
FIEH D 73.8%, ABILRAKHARIRE (LVEDVD
30.0mL/m?, A EHRAMER (RVEDV) FIEHO
172% T > 7z (Table 1). MiEIMEDRIZILES &
JiIfi « AR O ERRE & BTG L, Hﬂammfraﬁﬁ%m
1E U TRERIRBRKIC K B 7K INT o AFRE =115
TEEIREIEILZE L, ABt20 HEHICIKE L.

ABE 60 H HIC FEEREREIC LW S - DB A 38
W, MG EREEGE L il 5 o M X9 % FIRE DS H G R
ZHEUTzT28, Abt 87 HHICHFHREEN AD T E
LU, fiipio.nr a—TEZEIEARZ 18.4mm
(IE % {8 20.2mm), {8 18 77 5 % 12.3mm (E & fi
13.5mm), KERFHE 6.8mm (EHH 7.8mm) &
PoMBIEZFED T o ThY, ABt 18 H B T L 72D
g 717 —7 W E C LVEDVI BN Ehh o fzc & %
&L, —HAMNICe 2T 3 % L EHEEELE (LAP)
FEISHS ok T EEZENTZZSD, 4mm B
Z(+} ePTFE /78w %Tﬁﬁé}rﬁfﬁ LT i a—
(Fig. 4) THIIR2ARDOEZED, LEHRE/ A%
BERIE>1.3 &t;Iri(ﬁ‘r\Iﬁm%ﬂlﬂl@ﬁ&!ﬁ@ﬁgﬂ%%(ﬁ%f:
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Fig. 5 Myocardial biopsy samples show (a) myocyte disarray and hypertrophy (arrow) with hematoxylin
and eosin-staining, and (b) interstitial fibrosis with Elastica van Gieson staining

Fig. 6 Postoperative echocardiogram showed (a) enlargement of left ventricle space and (b) a left-to-right

shunt via atrial septal defect

Fig. 7 Chest X-ray after operation showed an
improvement of lung congestion and car-
diac enlargement

L, fhirho.ndidm (Fig. 5) TOmHIIEOIEA D
DRI, HEORHEL, OHOROENZFED
fetzsh, HCM L gl Uiz, #itkid LAP E= % —
8-10mmHg THER L, fifi5 - il iE5mx < i L
fe. itk a— (Fig. 6) Tld, KEENEOILKD

f¥5MN, ASD (3t v > b kx> Tz, #lf% Doppler
RIS & 2 (B8 Pl S B T e (& BRI 5.2 cm/sec,
{HIEEM] 8.3 cm/sec, E/e’ DFHRR{I 24.4, HIEEM] 153 &
FEEGRRRED K K L HLRAIED_ERAVR®R E N7z,
iz 3 AL O Mg K2 & 0F L7235 - il 7 <
(Fig. 7), g 8 HHICIKE L, itk 63 HHICIERL &
o fe. BErRIEISRER 2 TV, FHRIEER DI L
<Rt U7z,

it 7 A BICHEfT U7z DA 7 — 7 U T,
Qp/Qs=4.6/3.7=1.3, Rp 3.3 Wood unit-m?, LVEDV
& 1E % D 93.8%, LVEDVI 40.8mL/m* RVEDV (&
IEHD 140% TH > 7z (Table D). iFiciH T
iR - RO EIREE IR SGE L T/, Wedge
pressure /17— 7 )7z T ASD PSR 7z 1T L
7z& T %, LAP & 5mmHg 775 8mmHg IZ, LVEDP
(& 10mmHg 7 5 15mmHg i 57 U7hy, itk
DEBN Iz o Telzd, 7N)b— 1 K% ASD L RIZ
frodiclBis e L.

A SRR DWW T IRAEE ICHI LIRS 2572,
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AJER 238 LT, ASD IC SRR E % £ S jKkE
ICBW T FLIIAR A OIRENT A E & 75 2 A HElE
WH5T &, £ZDXI HIREICET BNRIREHE
A& LTI ASD FASHIT DA % & 72 B EBIHY &
BT L, LWV 2 DDA RENT:.

91 DI EEIFRREEZES ASD TIEALITIY
FHNTIHEBEN AR E LR [N 5 T &b
Mo lz. B FRREIC T CFCIEREt L 2 S Nz ik
RIZHWT, ASD PASHAER T LVEDP S~ /0 T
I — DOHH#KK Doppler 1 T D EZitfEREDIX Ml K -
THEEIFRRENRE S N, DT I—BXTOHE
MOFERMNS HCM L fEEZEE Nz, HCM It
S KBRS 2RO T ARIERITlE, & & & & ASD
N UTEARRSIC KO AZEIRZR LTV A
I, SEERCLES il 5 o MR RGEEGIC K 2 s i £ D
DN =R OE b2 [ SR UTHEI K2
HIELEZS., CNUCHLUTINO ZRET % &
GENED N TEBANBENLRL, ZRUSEVIR
BOFHGEREEZBDIZ D, HEBRIMHES
FBITPHC X O EEIraREENEE L, EEAOIMKTR
A U TR EOIEIRZ 2 U Tz EHESR T
5. i oMmZRUIRERE LT, AEFTIERKER
ASD W D, Wil 6 EEN&ER L T Eiifid ASD
ENLUTEHBNRAT ST EWNTERD, fZENEE
[EEZEDOELEMERDATELEIEERICL
<, RIS RIEAHR D ARYEIC K O il i S @ i 1 7T
HEZ R LA T 2 i EERVKIES RO 1 D& X
eV RDHEE R LR E LT, ERILER
o FMmERTIO LRI KD, KEAOREFRM
MWEADL, EERAMDRD LI s —REEST
LEZBNS Y. CRCIEMERHZMIEP D Ras/MARK
VI FIVIRERICED 2 BT O KRNERE 2
9 % “RASopathy” © 1 DT, LKL & L TASD®
HCM, Mi#ifRiEsEx EzaMd 22 N2 0D, [H
U < RASopathy @ 1 D T & % Noonan JiE & #f & 13
Hx> TRETANARMRIGER 2B 5 C
EMZNVEEDNTVS Y. AFERID X S 7 ASD &
HCM 7% &1f U 7z CEC JE R HE TR > To o=
IEREEOFE(LEF | EH T A IARHE5HhE LN
V.

/NG ASD BHSHIC & > THER B A M D IR
U CRERIEREA NS LIz L T2MENH 0 2,
FEBPLARREE TS % 0= MM EAL{F (ventricular
interdependence) DEIGA/RMEENT NS, AJEH

BRNRBRSBFEME £37F F15

BT, INO IS & - THl@E D eGE L,
SOOI  HBIERORBRNCA Y TREEEHED
fRBR & N TIREDEIES LVOT-VTI O hn7z1%2% C
EWTEZ. HCM ThRIF U ZRMPRENEEE LT
& ASD ORI Z TEZOMAITREIZEK L
BOAY, HCM TP S HRERFEH D 7o I Z O hME)
T o Tz b HEEd %, INOHICEIL TlE, ¥
BT ARRIC K > TR Z I EERBIRED B L0
FTUVIREETH o Tz/z8, @iz BhE L TS o1
REBEPLROMEE, JREOK F2R L TTHRVMER
UMW LD, stWEEARAROBRRE KO
e BRI OUEINRINER LTe & B 2 5.

I HCM O e B AR R 5 72 1 5 JWREIC 38\ Tl
17 U T2 BAZRAT ASD BASHRT ICBE L Tl&, ASD 522 B
BIC K> TLAP LADGHIS o ifiZKd VU X7 HdH
v, ASD PASHERERIC K A MiaiaHl DN ETH - 2.
UL, AIERFITIE ASD B F 15mm & K& <k
Wie L, BB E/NE W2 15mm L EDOKED
IN)V— T 7 —T IV FERZ Y ASD ST /814 A TD
ARERFHSED T T E b o T AIEBI ORISR E D
/INE L, ASD PABHEAER 7% & R A HE L WDERIC B
TU&, ASD PHSHIN AT > izits h o £ B LR EE

IEERAWIE, AZEAEOZ(bLZ.0T 32— TRIEFIIC
TAHU—9 5 ENERFHOREICHEHETHS L
EZ2%. AHITIZ, HCM Z&0F L7z ASDICH L
THERZIN ASD FHSH T 7N+ Z0S & % ik BREASE &2 1700,
ASD FHSHICPE S 2l k BRBAMIC K> T LERET
% B R SO B AR 72 5 L C, ASD BASA AT
BEMED AN L TH O, ASD BB RERIC XD
LAP %> LVEDP 7 79 B fEFIC X L Tid, #REZH
FHZA(S ASD BSH 7 /37 ADO®E, FREP=ro s
Vb)) v ORY, mEFIEEO%ERHZITS 7. AN
ASD FASHICBI LTI, B S T I3 IR o b L e 1
I BERICERSN TV 3D, ASD O FHRERIC
&0 LAP A 4mmHg DL E FRT AR Y, LAP W
16mmHg D I F 723 #i#% T 5mmHg A | FF9 55
&Y RZOMISE T HMENDB. KEHITIE, 1k
SR RIBFLOD K E &5 ASD FSHEERDVEE L v > 72
&, KBIGREENSBIEET 3N H T &
Mo, YAZEEOZS DM E UTHENMN Sy F
IZ K% ASD SBor PHEEIN 238 IR U Tz, KTz, AREHIT
VW ARTRT DO A1 7 — 7 VA T LVEDVI AV E o
7eh, BRI O Bk e O e LT, #FrER
1, AU BIIRE BE D R WIREE T IO 2B
< BTH TV, CECHEMERE, HCM &5
iR S HLEBEICEERIC W &S, RIS
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BEREMO LB TH oz LTHEZDMER
RLUTLZEBEZBIET A28 R LTz, FHEOY
A XL LTIE, MECHARRREORE TRV, 5
PRI O E BRI T B EE Y NEY 77— 3
Y HMIZ T > 72 4mm BAZR( ASD BASHMN OME =5
ZIc L' %7z, 3-5mm BIZE] ePTFE 75 7 k
IC X % fenestrated Fontan ffif&1C 35U T, fenestration
WA S 27N )b— R ER T o T &3 2t
HedHo WV, BEEOMRiR IV — LRI 2 T
ePTFE /8w F7% M\ 7= ASD #i7 s & Uz,

ASEHITLE, BT 7 DHZOM %O 7—7 )V
MBI BN CEMMRIEMRRENTEBD, BHERTI
BWTLAP LR %238 -> 7. ASD FABRIC A
SolEHRTV AT T 7 7 Z—L LT, [N LAP
10mmHg L |2, FA#4#% LVEDP 10mmHg L4 -7}
WEENTVS Y, AIEFIOfi ASD BB TIE
LAP & LVEDP & &iC 5z, ASD D54
BV RINH-IeEZ LN, itk T—T VRS
G FCHfTENTED, JEEETTIEREL S
WLAP® LVEDP Z 2 LTV A H[REMEDH O, itk
DA 7 — 7 VR TD Rp LA DJFERENE, oD
PRBIC K B 1P R B R A A S BRI
BROVETY VIOBEGEEZ BN, /NEDDIE
AT —TIVIREILZER - EEFNICITDbN B T ENZ
<, TDIREETD ASD FHSHFERD A Tl FHAm A+
NTHB. XOIEMEZFEOzHICiE ASD BHEHIC
REARSPEEENR EDLERENZ ST AZTT
V), T 5755 LAP O EZWH 2RSS 5 515N
H5 "W, CPCIEMRRE L 2 & L HCM IS £k 5 R
RIEEDNSBIBEL T BTREEZE A5 &, SHOD
ASD E2HBIE Y XV 215 LEZ BTz, 5%RE
Wz BTV CliE T T2RD 54, &
FRIMIRIC X 258N EE S NAUE, EENERREDOR
57 2 TNV— 12 & % ASD FIZRERO LR D E
EEHSTL BAREMN D 5.

=
=] A

HCM O & 5 I e B HhakbEH Z 5 ASD &, LUK
WIS EIE(E LU THRBENMAZBEE T 2T WD
D, HEREREEOEORENILS &L 5 HIRREIC BV T
&, BHENT ASD PABHIN ANV Z 2 DRI TH 5.

JRERAT FICREE S % 3 X o bSO SCEEIC T ITEW
T SO B WA O E R RIS U P £ T

FEHER
HAVNRIRB AR 2
ES

DL % PRSI B 2 BRI HIEH D

EEDRE

FREE D EBIDRZ W - IR U, S OREE, 77— &Ik -
FERR, SR G LTz,

ER)IEE EROZE - i#ICBIL L, s o, 7—X
A « AR, GRS COMEERREIC G L.
BECIRE @ JEFI 07— 2RISR G U Tz,
FHrEE  JEFIOZM - R 5 L,
D 2RI HHk U 7z,

i DRI NZR IS

T &
AROBF X 5 [ HAVNRGEREREE IR 7E
H 14 H, &) i< nTRELE.
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