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Abstract

Patent Ductus Arteriosus (PDA) is one of the most common congenital heart diseases. Its therapeutic
strategy is evolving from conventional open ligation toward a multimodal paradigm integrating min-
imally invasive surgery, transcatheter closure, and completely echocardiography-guided closure.
This article reviews the major advances in the surgical management of PDA, with a systematic analysis
of the technical characteristics, indications, clinical outcomes, and limitations of left posterolateral
thoracotomy ligation, subaxillary mini-incision ligation, video-assisted thoracoscopic ligation, robot-
assisted ligation, and percutaneous closure. Particular emphasis is placed on the evidence base and
clinical prospects of completely echocardiography-guided closure. Current evidence indicates that
conventional thoracotomy and mini-incision approaches remain of substantial value in low-body-
weight infants, patients with complex ductal anatomy, and salvage treatment after failed catheter-
based intervention. Thoracoscopic and robotic techniques can reduce chest wall trauma and facilitate
postoperative recovery in appropriately selected patients, although their benefits are significantly in-
fluenced by body-weight stratification, ductal morphology, and institutional experience. Transcath-
eter closure, especially completely echocardiography-guided closure, has demonstrated favorable
short-term success rates and minimally invasive advantages; however, its applicability in low-body-
weight infants and anatomically complex cases requires further clarification. This study suggests that
no single procedure is currently optimal for all patients, and treatment selection for PDA should be
individualized on the basis of anatomical characteristics, body-weight stratification, overall clinical
status, and available medical resources. The conclusions of this review may provide a reliable refer-
ence for clinicians in selecting the optimal therapeutic strategy according to individual patient char-
acteristics.
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1. 51§

Bk T K [ (Patent Ductus Arteriosus, PDA)JE f¢ i WIS RO 2 —, 295 BT A Je RO RE
) 5%~10% [1], fEF- 7= )LEHE ARm R B E T m——HAEAKE < 1000 g & PDA KA EIL 80% [2].
BNk T LT e Il ) KR 0 5 % 3= B KA s 2 18], AR 1% 2> T 8 3 Bk 5 Mt sl ik 1) 1 5 430
se gl TR g BN e B SR B SR G TR I RRE R BN . Rl %K%Y PDA
PEMEEN T % 50 ARG R /N PDAL ARS8 PDA 5= JLANIGYT JCAk PDA, LA
BITERBURINN PDA 3T REPE BTN, 25 RO G SR %0 Hhrz —[3]. TR,
PDA 67 T HfE R e i Ja AMIY) O 540080 K RN DB R /NI s 85 L8 N BB 5 4L X
L5 F A SEHE LB 5T FHE TN Z BN, EARARRIEANFRE., FRART
BNHEF I AP IR 26 A — 8, X R IRIR SR P A% O R 4R 2 1 I8 2 —[4] [5].

e 2 —AM L, PDA MRITEEREA T 1 I ICFE AR ML A HEACFIA Ak RF SRk )i
2. MM G AMIE) g5 3R, BRI MBS AL NFiBFEA, BRESBEAIS T
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IANBFER, B IREARIERI HAREA SO “GUEE /N, SR B A BRI BARY 2t il
i R Dy R S BRI T Rtk 2 TR AT SE AT A o BRI, o B SRR A REU R IR 2 9], T 45 A AR 2
SEISNIFRAEE AT LA T [6]-[8], FFREEARKASET T, LUMINIRIR R HIR S5 .

2. ZEMBSMUTI Oz SESILA

1938 4%, Robert E. Gross 5 I 53¢ FEBIZIIKFELEFLAR], Ardds e RIEC IR IMERATT AR
T

FEBE JG M2 B, AR G4 e B g AN T 1] §1) 1 4530 R (Posterolateral Thoracotomy, PLT) A &
Feor BAEEAR AR, R EXSE . S8 ABRERRZEE S Uk B A
AATERIINME. R0, BTl “SAridt” HA R AR rT DL SE SRy “BUIR” o« TE—TZAN 145
B E R LI F ARSI, FARFKIET N 0, HARJGIFAEILLA 10 6], £218 6.9%, HoAF
HITL 6 51(4.1%) W 1 51(0.7%)~ 7o (A7 BRI 1 451(0.7%) WhEZUR 1 51(0.7%) S i@ 24545 1 4611(0.7%)
[10]e 55 —TRANN 449 IR ARG AR H A= 44 ) LI [l it A# o, RFRBETE 2 411(0.4%), 30d JmstZh
3%, 1 FERIERA 4%, MR FLEERIZ) 1%, S0 0.4%, FHIRFAR 0.6% [11]. X#/R PLT
B OLATE T AT s PR B IE RIE,  1 FARAN U  BEARIAE M B 45 4 . b R 15405 ST 43 £ ) LA S I AN
Wl L.

TEAEAFE R M, PLT AHOCHS RS2 8 LEERRAS AR K TR ARG AP E . Qe
Dhae s iU, BRI AAT B 2 i T B AH DI ROAE, AN FR2l fi ) 1 RN (11 Bldn, 1
HARE <750 ¢ HIE L, Stankowski ZEA4N 31 BIFARIGITHHI, B NIRIERIE 25.8%, H Cox A4
PERARRTE AL R T ML ARG R R Z AR AR, VATS SFFIFRFAR T 202 8+
KERHERZERT]. BT, ERMEEMERESHEFSFIEMNT ST, Baibl “FRamER”
HeWr H—E 5 T HAMARKX, FEATFEIA IR

3. 2T/ MIOZBKSESHA

28 1 g AN D) 1 Bk S48 45 FURAFAE B2 L2 60455 5 3z 393 i BB T XU, R, 20 42 80 4F
G2, PDA HIAMNEHAETTIZD MBI U] D HE T2 . 1988 4F Bethencourt 254 Hi () “ LA A3 2L fig £ 11 7
(Muscle-Sparing Thoracotomy)¥ &%, kit 4 B R V)W FE L5 s FE UL A i, >4 PDA RI5E1+
THES e T A 12].

20 2 90 44X, Nikaidoh H.5542 H (£ K 2 BL/M) D 3l ik 58 45 FL AR (Axillary Mini-Thoracotomy)
BRI OB E R . ARG R R RS, TE ARV NS 2IHE[13]. AHET PLT, HELRMHA
TETR T AL BTSRRI, PR 1 78 1 e T 6 0 e 2 DRSS, [ ik e s B A A 1) 22 Ak . MATIL
BEEE, X—ARNEMRAEE) LR IAE “EBMH” o Cho F5HIE 22 HIFAREAE <1kg ML
ZM N /NI 4 PDA, RETPEIR MUK RN 72%, =T > 1 kg 411 46% (P < 0.05); AJ5 HBERTAET:
4 151, JHIEE 18.2%, TMi>1kg H A 3.6%, HHHAERKEGIMEEX(P=0.11), HIET:HFE =3
RAEFGIRER 2, MAEFRAH[14]. 2021 F—T0 103 B JLATHI NI 10 FRPOZEER: R
I RR 3 IR T 3 11(3%), BRAR I TR FHRTR 1 61(1%), ARJ5 30d FET 12 #(12%), 30d & 1 4
FIET 6 Bl(6%); 1EHBE—LIaH, REFREELAMICT R, HAREFASAEA 45 R ZF B LE
TR N [15]. FREGERIER, AMIOARSRIERARAARE )L B A ST, HEARBIETE 2 RS &
JLEEAEE R R % Y], AT O AR .

EZAR R IR FIREASRE[ED8E . S FARR R MBERR R . AR B g A &)L, /M)
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FUR A A RS2 R, S B B RLLE I A B L 2 WSR3 . Leon-Wyss SEMEEH], X TKH >20kg
BOL, ARJERAESM(1.4%) L H1(0.9%) IRER BT R T ml16]. Bt R /ND I AELE R A ARERRIL T
e . BUA RS SRR R AR fE<] kg BFRIRSS TR JCIAN 52 B A BRIE 5 B s Ui SO L,
NDI I SR AMU/IN T R B R B . B IS, T BT B R SRR [ 14]; TOAE AR BOR . H s fF
(A E LT, A 2 P Bt — 2 I 58[17].

4. BB R T RIS ESILA

20 tHad 90 AR, HLALHN IE4BE Hi AR (Video-Assisted Thoracoscopic Surgery, VATS)IN N PDA ff14h
BHATT AR T KER. 1993 4FiLE 54 Laborde 1 X3RE 1 I8 s 857697 38 4l PDA [18], 4 PDA
MM EHA YT St T —Fh AR 1 7 i

SEGIFMAAL, VATS #E B AT BB . S B, IR  ALVE IR, 4R
M, &R R E3E 7 MEHEHAME, 982 . Chen 255} 302 3 4E ) LML) LT LB S48, VATS
215 JE AMU T R 23 SE B 100% b & BIE O TFET:, (B VATS fEF AR ). PRE IS a) . B 51t el )
P RE SV FER A IR RORE | B A% 43I A 3ze A A0 28 7 1 S LA 35, [ B2 5 s ARt BEAIR(P < 0.05) [19]
RGLERNHE—DHaH, AT M ARIUESE VATS fEAET- R T AR TG TR, (BIEN  RJG I RE
BRI SE R LS 5 7T, 284 ST VATS[6].

FIEM S E PR “ARARE L2 R AIREZ25” - Burke 254038 34 BIRAKE )L VATS V877, T RIS h
KA EE 930 g (575~2500 g), Herhi<l kg % 20 B, <750 g & 13 5, RAIET-H A 0, 4 FIrhiIrm, fEs
#11.8%, A 2 HITEHBERTAET(5.9%), (HAEE 3 AP A1 2 28 5 DhRe v, 5N REMT BRI R R
ARIAH[20]. Villa 25 703 ] VATS RIF R ER, BAESRIFHRERN 6.8%, MKHAIAE) L&
2 13.6%, X ERERR)A 4.0, 95% CI1.5~10.4; MERAHZLIMGSME N 3.0%, K HAEARE)LFEFES &
% 13.6%, RR A 5.1, 95%CI11.6~15.0, {HFFAMEDIRERRIGIN 0.4%; FLEEN 0.6%, TH T 1.0%,
1.3%, BIZIFRAIEW 1.4% [21]. XEEHRIY], VATS 7E 8K NP A BiFR I, (H— B ARE A
EZY, HIREEIAZEBED .

R, 85 /) O FRIERE 2 R AR I s, AR BN “VATS &R/ o 8
B EEE TR RS0, o, fEKE >4 kg, S MRTCH0 ) FL i sV 45 1) 78 /2 1 8L,
VATS R EE SR 2 Wbty 140 BIAE 4.0~40kg B LEEZ MG A, Bshs, FHF
ARIHAE] 24.5 £ 155 min [17]. H =, <1 kg JH<750 g (K AR E ) Ld, s R E EREE W
SN SCHRPIRAS . G B OIRe e B e, AR S MRS Stankowski &8 XT HAEAAE <750 g
BILKAHTE SR, VATS 5FFHJFRREES R ZER7]. L=, DMIIORNXERIE RIS )L
BRBHGIRA A VATS R, HIEPRSS S0 188 55 A4 s e 1 2% A RRn b 38 5 S of 7 T 7 L B s A
141 [15]o HR2Ul, H AT SRR A R PSR A (R ) L — BRI SE HER VATS, 55 B RIAR N 2 «
VATS 7EE @R EI A OIS, (BHIRMZIAE,. FERA. B4R F AL M H1Z) .

5. LR NEB TS ESILAR

MLAs NFBI T PDA 45 4LARARER T ONEAMN R B 3 — 0 R AR JR 1) 7 1), HAZ O AR TE T = 4Rk
PRET At Q0 20 FRS 40 A e

2002 4, LeBret & {XARIE 1 HLE N4 B N ah ik S8 VI 4E & R [22], 2005 4, 3 00 ) L 28 PR fe 3
Suematsu [23 |48 | 9 GIEZFEHLAS N Tk SE IR, TIIER 83 + 4.7 & TIYKE 355 +
19.0 kg, S FARKE] 170 + 46 min, FACARGERER ] 1.5 d, ToMER L85 AR L. FEEZRR
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2, WL R 2EBE g ) LE B B 2023 E4R0E 106 FIHLEE A FAR, BILAE 6.6~51.6kg, FAAE 12.5
kg, TCHETEI, ~FF AR 39.4 min, AJSEBERE 1 -3 d, AR BRI 1 BI5RR 2 1 61
MR R A5 [24]; 2025 £E[E O HE— BT KA 425 4, FIRE 148+7.1ke, A7 13.2kg, HAIFAR
B 7] 26 min, 61.9%3L30 H M F AR HL[25].

SR, LA NBORIESS 0 S RTE R B KRR 2ok 5 s O BB R 7, & B2 A4
% >6 /A, RE >6kg M8 JL[25], XF= LA AR E LS Z 7280 Bl 3R Bk, HLEg AFR
AT IE G AR e A ARG S 4l ERH i A0 56 28 SR B sy JB LIl ik 7 28, T R BRI 3 L L
AR TR mR R RUAR . 5 2T 2R A0 40y ) L /N s s [T SR ), AT Lot — 2D HE ) 1 2 et

6. BRI SFERATIER
6.1. X ZHEM TNMARRNERE KR

1967 4F, Porstmann 543E | 5 HI14 FE IR FERABEAR[26], FFE T A NI = HHT AR,
B A BRAR G S B B A5 (W1 Amplatzer R 5I)FHE RGIER, X LB N B FE R A EARFE L LY O,
WE ROV, B KRS L SN PDA I %77 %2(26] [27], (EHAEAE LN IE
TEBEEHTNIR . 2025 F—TiE a5 31 Kt 1231 BAE 2~6 kg 2L Z H O R BN, &FEHIEDS
PERINEE A 95.0%, (HFARKMELE KA R FHE AL SRAERNIE 14.0%, HAPHEMIRTE 3.7%, £l
kAR 2.7%, FEFPHIIGFET. 0.2%; #E— DM iEa LA/ BRI, 2.0~3.9 kg HILE AL SREN
4.0~5.9 kg LT 2.19 £5(95% CI1 1.25~3.83) [5]. IXEKE, LB HRITIHAEEITH KA EZ AR/
THRIFR, NHLE 2~3.9 kg X—REX 8], FMEIEFLANIIR A HEHAT

6.2. STEBAE | F TEERPBEIEAE

SEAREE 5T N AR B A, 7E T S L B AR S G S R R (HHA RO 7 A A
BPamE <ot TG S tEiE T okER . Wang ST EAIBENLN IR AE S ARG 100 Bk E >8
kg ¥, TTE 5| 45 X LB MAHRINHR 5N 98%A1 100%, 4%t Z1H N-2%, 95% CI1—5.9%~1.9%,
B BITRBEAE S, bt HZ M08 75 .00 3)) & (Transthoracic Echocardiography, TTE)ZH T AR 8] AF: Bt pl A< 5
i, W07 12 D ABEVIR WAL ML AR IV R ST AR /i [28]. 3 — T 102 L3 )4 &
ik TEBIIKNESHE S 5] SRR, FARBRIIEN 97.1%, EIZI5E4MH A2 87.9%, 24hiE 100%, 1~24
A HBET AR W™ B A B #H4E[29]. F 2025 4, Mendel Z540 N\ 85 A 78 () R GEiFA Al Meta 73 H7idt— 25 &
IN: EHTR AR 99.4% (95% C1 98.1%~100%), = TiEALLA 94.6% (95% CI 92.3%~97.0%, W.2H%
TR P <0.01); SAKIERAER AT RN 4.0% (95% CI 0~10%)F1 8.9% (95% CI 6.5%~11.3%), L%
R P=0.14[8]. FHERMAIZ, 1% Meta TR T LA 7 BIFTT, FRR T HIRE B2 MK
fit, AIHKAEZRN 15.6%, 95% Cl0~37.5%, BEEXIEIHRE, RFEARTIRD, 2R REEAR.

RItE, ek s 5] 3 T SR FEE S R R KR se il . BB B AR Z IS5 iR AR “ Ol T X 4
157, Wik ERE AR REAMG T AER . BRI EE RGE SN AL G, ZARKE
st SEGUE G AT G B AR R 2, RN R D AR R e R SRR ) ok
H RO B EERR 7L, BENL IR AR AR AR, HAERE <8kg. HAH KA A PDA. INEE %
P2 B N S A I AN AT HE T AT JR 3 — P BR8] [28].

7. INEERE
PDA SMEFS A NIEIT CRE AR T . . EIR AR PRI T A e R B . 20 i M) 11 5%
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JBCR AN I BB kS S LR L AT SE I 58 & v, EAERA . EORL #51LET PDA BLRAE A NIGYT
ARCTFBUN, AR AT BRI AL X TR E RO MRS R R AL, BB TR, Hlds
NGB FAREEMEITAR, ARG RGH RIS, RFED 7 PR, I T ARERE, CRovw
ZHOATT PDA MEIESMET . S E B, THZ SR 51 3 Nk ERMEER, IEEPUE
PR FVE ] (AR A AR N b A RE e RSN T, Bl —MARAGEH T
oL CROVIER, IR RO T O B BARE S Ry i B ROL R R FORFAT A
P EN oS e A PN 5= S U AN & o 0 M A A L

JRAE ML, PDA SMRHATT U AR EAFRANIRR A8 R IF ARG M TR B 1 % i 45
W DAL TSN G5 A A ) mT Rt 48, N TR BEAE KT A 301 PDA S8, Filil T AR HE L
LIt RRE AR T T JT B, RHRRG 5 8 MR B St 1 B i R 2K o a3 2 rhle s KREASHE
R E T A28 R Rhe . BEFER . AESEIHENIRKRE SRS, UEHITEA
FIARKXI IR L, MR IRIT” SR R SERIR IR, S ML SRR . BT 2 %
ETFAREIR G AAE, X T4 28 EAR I 0 e e . ek 8 45/ DAL B B JE 1)
A e, R AT B U5 A T DL .

B2, BEEBOR AN D 5B R TR, Sk T R I RIANEHA ST LK SN2 4x . RSHEANAS
Pefk, BRSEEL “ DL NG BINGIT HAR, SIS RYE BN SN RHA T SR 1 RS 08 5 A -

SE
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