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Abstract

Patent ductus arteriosus is relatively common in children with congenital cardiovascular malfor-
mations. With the rapid development of interventional technology and related devices, percuta-
neous catheter interventional occlusion for patent ductus arteriosus has been proven to be a safe
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and effective treatment. Because of its advantages of good curative effect, quick recovery, less
trauma, and relatively few complications, it has gradually become the first choice for the treat-
ment of patent ductus arteriosus in children. This article summarizes the research progress in the
indications of interventional therapy for pediatric patent ductus arteriosus, the selection of oc-
cluder, and postoperative complications, so as to provide reference for clinicians.
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1. 518

k58 K ] (patent ductus arteriosus, PDA) & — i WA 56 R AR I, G ) LI B3 ik 585 52 =3k
5 it 3 Fk 1] 030908 B 04) T 558 o AR L AR JE BT B IR 3R BE T B L Bl ik i 4040 e = i ifil R 7 B
SENRR SN R E sk SEE R A G 12 /N 24 /NN ShEetE [, EH 4G 2~3 BN 2R
HWE, wElkFELEBEE 3 MA~1 SUAME RN SE R H[2]. PDA BFIRWE & A R
O 5%~10%, 7E577 LR TEH WL, PDA FFEAAE R Ze 4G 7 s B R AR PR D B¢, HR &
AL 5| EE A ks R R I A 2E R0 )i A RER,  H AT E 5K PDA #5125 MR FRYT[3]. idZ% PDA
W FEBRIT T ENSMREFEARGTT, AMUTHE BTN @A ARSMERS, T HIEAAE TR R KRGV E RS (A
Koo A5 PG RS R EEGR i, BRI, AR IFIR R NERIT . 8N NEERIGTT PDA A
HIGHUESARSMERS . R O/ REERAD HRIERAEZRML. FARLAEB BRI A, IR
N PDA WBIT I IE T o ASCKST/IN L PDA S NEF% VR IT IR 783 e A7 4k

2. PDA 138
2.1. PDA £ A RES®

1967 4=, Porstmann Z[4]f# H Ivaion ¥ 7RG Y7 PDA Wil 15 c4kiE, JF)Ja 17 PDA A ANGITIH
AR . B i, I FR KO AR IR AT AN P& PDA BLECR F 3 35 4N Bl 1 3% PDA 5507 056 Ja Bl i) H ko
1996 4F Amplatzer $}1% #% (Amplatzer Duct Occluder, ADO)Hi35[E AGA A =IHEH, T 1998 E 1 kN H
T140 PDA RIGHIN[5], FFHRHES . HAERIERME ., skt ), HiEH T 240U . 2009
F Bhole Z5[6]% H 25 4% Amplatzer 1% (Amplatzer Duct Occluder 11, ADO )%} 27 1] PDA & 374
NIGIT, FFHAS T RIAFHIEER . FRE PDA BHESSWF & R 46T 1983 47, HRiF A EZ 5L, Porstmann
TRIRIBRLIENZH W | I L IRmds HREAR R ZE T PDA WEENRIT, JREENHET, NH R,
(FZ 3 B 38 B L IR O R AR e e, AN TG ELAR 1 PDA [7]. 1998 4 ADO #E A [H i 17[8],
B AT TG 1 5 Fh 2R Y 1) PDA B 3E8% . T HE =B S 0%, A2 M S, HiBTak
RREF, WRNH EFERITE, R Z TR, 288 N7 5. e NEER T i 101
EMAUEEOL T, S B SRINEFFEARIGTT . MG S BAEE BRI DL A 3 3% 3 AR 20 ik
&, Z&FENNEIEIBIT PDA KL PDA )12 4.
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2.2, HERNEEARR

22.1.ADO 5 ADOII
ADO T 1998 FE X H T It K PDA [EIGTT, REANL 1A PDA Mt EEEE, Hild

et VG A N, BOESE R A . ADO SR &4 hk, A4, AT E L PDA I,
FLBE TR BB — M 3% T PDA ISR, A5 RA KSR, g4, BRI AERM, X
FIESRIEH TR AR PDA [9], Hikds BATEFELL PDA &AL HZEK 2~6 mm. {H ADO
B 6F-TF Hrik M4 Mk ik 2 PDA, (F/ESEUE LIS /15 AT XK . 2008 3£ [H AGA
AFREEE ZIARE) PDA Wit 7 ADO I, 3848 R IF 5 TE Wimp 440K, o] @t ot fr) sl fmp e ik,
VERE R IE, 1&H TR PDA, H 38481 ol s B il sl ik &2 % 3= Sk AN [F] (9 /4 5. i T ADO 1

RURLT4eiaz, HHh K, nldEid 4F-5F Fna T ik, a1 24L& /N PDA I AR
7. B EAR AT IEFE ADO-II IEHS4L PDA i E /L N2 K 2~3 mm.

2.2.2. ¥R (Gianturco Coil)

1992 4f Cambier PA Z5[10] & e 4Rl T4 M Gianturco #3581V 77 PDA FE3R1G RIh =61, b5
BHENGIR EARRIHET . HAE4H, Gianturco ANH4ANHHER B 7E L H CBCNE A EAE < 3 mm Bk S8 1)
PRERE o PP RS DR & SR, BRI, XT B4 LR . 308 B 3 56T PDA &
KHERSAET A KRN, EBEHRE R PDA I RIE ] 2 A3 B R G B A % 11], B
5 SEUE BBk, i BTIm R BB Cook AT BAEE A ABEEEE < 2.5 mm [#1/ME PDA
PL K PDA ARG 5 R 531

2.2.3. MEEFIESS

I FE B IE B2 — R AT 4% 00 H K B R 2688, ARG &4 SUREMIR, 7 MRS,
BN TN E I By Sk e T A 28 V6T H AT E A T — 2K JEAE 15 mm B B KR/ PDA. 2005
AE Hoyer ZE[12] 8 KRB 7 N I SE0F 411 LKA T2 PDA 3T H 3% BV 2. 2008 48, ik X7 4K H
I FERHIE AN 11 1] PDA KJE7E 8.4 mm~20.9 mm [ g BT AT, I N 100%, HAJE L™
IR R, THERADT, K5 EKER R PDA BA WS . M ZET0%H (MRS e, Al HR4E
FEHAANRNE AR F BRI RIS 5 S8 E S E

2.2.4.ASO 5 AMVSDO

ASO 5 AMVSDO 43l F 1697 b5 18] B st 5 L = [l BR sk 4 (AR Al e 4, JLH T PDA 37897
J& TR AL . 2014 4 Cubeddu £5[13]4kiE 18 1 11 1 FK PDA %, ¥R L PDA AL E AR
K 2~3 mm ff] AMVSDO, F-RIZJEUAF R, For 2 9 35 A 5 B 2] tH I/ 2R 4, 75 BE U7 3 IR)3H 2%
1 B B RO BRI, JEH A ™ B RE. 2015 4F Garcia Z5[141R3E T 17 5Kk PDA &3 0iizh
Jok e B, SR ASO #8697, RIEFIBEVIN Ay 28.4 AN H, BEUTIARIAL 1 4 582 IR oA R
I3 LBIARTT F A J5 I3 kS 4 e ik 164 mmHg 1 80 mmHg 11 55 35 75 BE v W A1 B 43 1) 1 FRee i) s,
19 /™ H B VI Bt kW4 .28 60 mmHg, Bl 15 31 18] J6 HoAth ™ B 9 e & 4B . H T ASO 5 AMVSDO F
BT — S50 %8 1 5K PDA, R ZUAE A, HAG BNk, BAIK T Eahfikse s 5 7 itiz)
FokA A (1 XU o
2.2.5. EYATREFEEIIERR

AT P AR b SR T AR T A A, ORI R B T 4 SR B B BN A B2 AL S BT
RN . KT TR AT E I F) 2006 4, ik Ll NMT B257 0 iF & (1) Biostar 3535 28[15]. 564
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PR A RN JE v ) 47 55, SERUEMER IS, T RN RIS e, e 28 DL S0 AT K
M AHE AL . X BB BN AR RIE SIS &=, RV RCR, AR BA RIFMAEHEEME. HE
BT A G L 2 A0 T3 ) S B sl PR SEBe Br B, ARME BEE M R SO ER NIRRT AT R B
PDA L kB K b

2.2.6. HibsiiERE
HoAth s WLI T 28 403E Rashkind XU =28 . Sideris HANAM 2%, BT IERAEAXT R, RESTHA
ARRE, HFRER RS, HATlmAR N .

3. PDA fT AFIEIRIE R B 2IE
EEBRE JLE IO NIGT ERIR[16], MAIBITENIE LT UEL R -
3.1. 4&%}ERE

1) #KE >4 kg; 2) PDA & IF /20 EMER) AL OEY K; 3) AA7EMishk & & (>30 mmHg, 1 mmHg =
0.133 kPa), Mfishfik/E /1 < KPR S0 2/3 St fE3A M L ) < ARMEPR I BT 1) 2/3.

3.2. HHx}iERIUE

1) FEAEM SNk I, SR 7 > ARTEERE 771K 2/3 sREIA ML BE 71 > 9530 I FE A1 2/3,
HRIN AL A s 2) AR 58, (H %6 3 AN H s 3) bR S FBonT | Sk s
2 H/NE A% PDA.

3.3. BEiF

1) sk e R I A [ o3 2) SRR AN AT IEROER ;s 3) KA PDA AA710
HERRTFE o

4, 25 PDA ST \F1E
4.1. PDA Y=

4.1.1. BB LENE (Transthoracic Echocardiography, TTE)

TTE A LA, fiff. TEE. MRS, & PDA B ARRTE W A G B U S5 AR 25 57
[17], AXAT LA BhEAHG PDA (W, WEHIEA, WIE PDA WAE. O FS S K/ I I 7
JE U DB BB 7775, 38 AT LAYPAS /& 75 A S O BF I 7

412, LEERER

O FERAEAZIE PDA WML N4 kM, Krichenko 25[18]#F PDA M i AR T IS N
58, salR: WM. EER. KER. REREIAMNIE . HMAEINKIEEZNE PDA MIEA.
B KK AE S .

4.2. RIS

SRR RIS BRI R . @GR IKAT A R E R, GBS A AT 250
fik =5 PG RS, IR PDA 257, il PDA S/ Ab AR . EALAIEHIKIIE T NiE AT il e 3%, R
5~10 min, EE EANGER, HEESMEGE. LlEEMR D, ARG S R, Ridik .
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4.3. RIFEHE

1) M RS B K 2 AL I 4 h, Bt ik g R A I 3L 6 h, BB LENK 12 he
2) RJGWEENE: GFLE, Mk, QIR FREA A TG H ma i, &5 s ikEanfEo . REe5E.
3) KRGk BRI 24h, 1. 3. 6. 12 K2 JEEE BB LK. LHEE.
5. PDA ST AHERT REH L ERCE
5.1. #iERRE

FE AR RN N RIT BT BRI RRE L —, KAEZFEA 05%~1.5% [19]. HAKETHEAR
FHIARG 24 /NS, 2 1T KB PDA. S EHE S E B /N AR R EAEA 528 b A% 5 45 [0 /A 9 [20]
ERAE N E SRS T R D ISR TE R AR . — BORAE RIS, ORI E SRR PR
FEILECH, E B R A RAT 202 AR AR [21].
5.2. BRTH

ARJG R BIRR DT LEFIER, RPFEFETIE, KT EATH K. 4 KBS A w3
IEH O M E5K, B AR MR R BRI, WRHA T HMELAERIN, &SR AR
5.3. &l

WM PDA BHREEIFAEZ —, EEGRARDIN. TR TP SmiiiG B g sia 5,
ZRETAR)G 24 h W[22]. WRBILZRIUNREOEE, FFEARH BE, M EA FREERI. X
Pl (LB I AE PR B BT R . BRIR NI R R PRFVSEIR YT IR AT 4F e o 2 RSFIRIT BRG IAT
AR B 585 -

5.4. ZERbBhRKIRAE S FEE TNBKIRE

FE ISR 2 RSB LS KE R, 5 PDA RIS A K, RPRYE PDA RIS
PR IE B H AT B T iz RAE . R AR S, A PR B W AT AR AR I

5,
5.5. =R\
Z RGOS RIR FLMIE N E N A BRI )1, FHESEM ZRME4[23], JLi R EHrd L HUE,

PISamATiEE, SR =R R . SRR ER & TN, R EE TN,
5.6. H/NRmZD

FEG M/MUBF L 2 A K[24], £ W T HAE =10 mm 1JE K PDA 1% AR J5[25]. {5 FHE R o 8
AP BT NREGYNGTT BN A IR

5.7. HfttHKAE

HAOIFIOE IS BAE AR e 28 . KRR BN R . ZFRIAR M. —id P s 5%, 2020
4F Sudesh P 25 [26] ik 1L 1 5K 5 55 4 4 Kl ADO {2 il A8 BE I i 55 /2 32 30U R R) B sl bk e T
g MR 6, XA RER — DML, (EWEREEN AT PDA S NG YT AR IBE U AT 240
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6. BEAMRE

LR FEN NEIEIRIT)LE PDA —Ff e 4. I, ARG, BRI R @i, K

JERE MR FEREARXT DSR2, C BN LE PDA VYT IR T & o TEIRR TAE R, R EA T 785
PR PRRACIE P AENAE . A E B, RPN R, RER. R, BER
ARHT TTE KO & IESEARAWRE S, W] B/ AL S S ARG IR . A N BB AR ST AR AN T
NN NBEITATIR B T 2 gk, FARRKXBAWL . #AEE HORIS BEEOR 3t — 25 98 F ARG B
W, P TFARRIIER, WG I AR

BEE A BORMEED, Al e 5] e 2 B SN NIRYTT PDA BN TigK. 28 H 515 FRAA

St mT AR B ) L QL B A 0 7 Ot LRI B SR A R A AR, TR e R A R ) X e e i I B B 97
WA EEDM G E @ Plas MBI A AN F AR HEAEER R S, B SO A K PDA S NG ITHE

TR JETT 0] o

Sk

[1] Hung, Y.C., Yeh, J.L. and Hsu, J.H. (2018) Molecular Mechanisms for Regulating Postnatal Ductus Arteriosus Closure.
International Journal of Molecular Sciences, 19, 1861. https://doi.org/10.3390/ijms19071861

[2] Gillam-Krakauer, M. and Mahajan, K. (2021) Patent Ductus Arteriosus. In: StatPearls [Internet], StatPearls Publishing,
Treasure Island.

[3] Jose, J., George, O.K,, et al. (2018) Contemporary Outcomes of Percutaneous Closure of Patent Ductus Arteriosus in
Adolescents and Adults. Indian Heart Journal, 70, 308-315. https://doi.org/10.1016/j.ihj.2017.08.001

[4] Porstmann, W., Wierny, L. and Warnke, H. (1967) Closure of Persistent Ductus Arteriosus without Thoracotomy.
German Medical Monthly, 12, 259-261.

[5] Masura, J., Walsh, K.P., Thanopoulous, B., et al. (1998) Catheter Closure of Moderate- to Large-Sized Patent Ductus
Arteriosus Using the New Amplatzer Duct Occluder: Immediate and Short-Term Results. Journal of the American
College of Cardiology, 31, 878-882. https://doi.org/10.1016/S0735-1097(98)00013-8

[6] Bhole, V., Miller, P., Mehta, C., et al. (2009) Clinical Evaluation of the New Amplatzer Duct Occluder Il for Patent
Arterial Duct Occlusion. Catheterization and Cardiovascular Interventions, 74, 762-769.
https://doi.org/10.1002/ccd.22095

[7] AR, feAmiE, 272 SERIERCHEIIKSE 14 Hlik]. hHeBEY R E, 1986, 66(12): 751-753.

[8] &R, Mk P, B4 S Amplatzer 318257 MK FE R THBUN %24 &, 1999, 33(11): 745-748.

[91 Wang, J.K,, Wu, M.H., Lin, M.T., et al. (2010) Transcatheter Closure of Moderate-to-Large Patent Ductus Arteriosus
in Infants Using Amplatzer Duct Occluder. Circulation Journal, 74, 361-364. https://doi.org/10.1253/circj.CJ-09-0473

[10] Cambier, P.A., Kirby, W.C., Wortham, D.C., et al. (1992) Percutaneous Closure of the Small (Less than 2.5 mm) Pa-
tent Ductus Arteriosus Using Coil Embolization. American Journal of Cardiology, 69, 815-816.
https://doi.org/10.1016/0002-9149(92)90514-Y

[11] Ri¥. AREES N NIGIT SRS R ) 22 VR R T 24 [D]: [l 22608 5], ¥ re: LK%, 2013

[12] Hoyer, M.H. (2005) Novel Use of the Amplatzer Plug for Closure of a Patent Ductus Arteriosus. Catheterization and
Cardiovascular Interventions, 65, 577-580. https://doi.org/10.1002/ccd.20347

[13] Cubeddu, R.J., Babin, I. and Inglessis, I. (2014) The Off-Label Use of the Amplatzer Muscular VSD Occluder for
Large Patent Ductus Arteriosus: A Case Report and Review. Cardiovascular Intervention and Therapeutics, 29, 256-260.
https://doi.org/10.1007/s12928-013-0223-7

[14] Garcia-Montes, J.A., Camacho-Castro, A., Sandoval-Jones, J.P., et al. (2015) Closure of Large Patent Ductus Arteri-
osus Using the Amplatzer Septal Occluder. Cardiology in the Young, 25, 491-495.
https://doi.org/10.1017/S1047951114000183

[15] Welch, T.R., Nugent, A.W. and Veeram Reddy, S.R. (2019) Biodegradable Stents for Congenital Heart Disease. Inter-
ventional Cardiology Clinics, 8, 81-94. https://doi.org/10.1016/j.iccl.2018.08.009

[16] Tk, fLRHE, TKEH, B, WS, EH. hEBIKSE AR NIGITIRE 2017 [I]. B E A NGRS

i, 2017, 25(5): 241-248.

DOI: 10.12677/acm.2022.123235 1639 Il R 125 23k i


https://doi.org/10.12677/acm.2022.123235
https://doi.org/10.3390/ijms19071861
https://doi.org/10.1016/j.ihj.2017.08.001
https://doi.org/10.1016/S0735-1097(98)00013-8
https://doi.org/10.1002/ccd.22095
https://doi.org/10.1253/circj.CJ-09-0473
https://doi.org/10.1016/0002-9149(92)90514-Y
https://doi.org/10.1002/ccd.20347
https://doi.org/10.1007/s12928-013-0223-7
https://doi.org/10.1017/S1047951114000183
https://doi.org/10.1016/j.iccl.2018.08.009

Brttte, A

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

Pan, X.B., Ouyang, W.B., Wang, S.Z., et al. (2016) Transthoracic Echocardiography-Guided Percutaneous Patent
Ductus Arteriosus Occlusion: A New Strategy for Interventional Treatment. Echocardiography, 33, 1040-1045.
https://doi.org/10.1111/echo.13207

Krichenko, A., Benson, L.N., Burrows, P., et al. (1989) Angiographic Classification of the Isolated, Persistently Patent
Ductus Arteriosus and Implications for Percutaneous Catheter Occlusion. American Journal of Cardiology, 63,
877-880. https://doi.org/10.1016/0002-9149(89)90064-7

Wang, C., Zhang, F., Ouyang, W., et al. (2020) Transcatheter Closure of Patent Ductus Arteriosus under Echocardio-
graphy Guidance: A Randomized Controlled Noninferiority Trial. Journal of Interventional Cardiology, 2020, Article
ID: 4357017. https://doi.org/10.1155/2020/4357017

XUFE, TRAIRE, W/, 25 Sk AR 1251 B2 S8 A NIRTT HFACE T[] B A NG 2 2% 35, 2014,
22(12): 796-800. https://doi.org/10.2969/j.issn.1004-8812.2014.12.011

Jang, G.Y., Son, C.S., Lee, J.W,, et al. (2007) Complications after Transcatheter Closure of Patent Ductus Arteriosus.
Journal of Korean Medical Science, 22, 484-490. https://doi.org/10.3346/jkms.2007.22.3.484

Amoozgar, H., Soltani, R., Edraki, M., et al. (2019) Hemolysis and Its Outcome Following Percutaneous Closure of
Cardiac Defects among Children and Adolescents: A Prospective Study. Italian Journal of Pediatrics, 45, 128.
https://doi.org/10.1186/s13052-019-0728-5

Uppal, L., Rohit, M.K., Barwad, P., et al. (2020) Comparison of Isolated VVenous Approach with the Standard Ap-
proach in Children Undergoing Patent Ductus Arteriosus Device Closure. The Egyptian Heart Journal, 72, 65.
https://doi.org/10.1186/s43044-020-00100-1

Li, P., Chen, F., Zhao, X., et al. (2012) Occurrence and Clinical Significance of In-Hospital Acquired Thrombocytope-
nia in Patients Undergoing Transcatheter Device Closure for Congenital Heart Defect. Thrombosis Research, 130,
882-888. https://doi.org/10.1016/j.thromres.2012.09.001

Kanabar, K., Bootla, D., Kaur, N., et al. (2020) Outcomes of Transcatheter Closure of Patent Ductus Arteriosus with
the Off-Label Use of Large Occluders (> 16 mm). Indian Heart Journal, 72, 107-112.
https://doi.org/10.1016/j.ihj.2020.03.009

Prabhu, S., Tiwari, R., Mehra, S., et al. (2020) Late Complication of Amplatzer Duct Occluder: Erosion and Pseudoa-
neurysm. The Annals of Thoracic Surgery, 110, e531-e533. https://doi.org/10.1016/j.athoracsur.2020.04.053

DOI: 10.12677/acm.2022.123235 1640 Il R 125 23k i


https://doi.org/10.12677/acm.2022.123235
https://doi.org/10.1111/echo.13207
https://doi.org/10.1016/0002-9149(89)90064-7
https://doi.org/10.1155/2020/4357017
https://doi.org/10.2969/j.issn.1004-8812.2014.12.011
https://doi.org/10.3346/jkms.2007.22.3.484
https://doi.org/10.1186/s13052-019-0728-5
https://doi.org/10.1186/s43044-020-00100-1
https://doi.org/10.1016/j.thromres.2012.09.001
https://doi.org/10.1016/j.ihj.2020.03.009
https://doi.org/10.1016/j.athoracsur.2020.04.053

	小儿动脉导管未闭介入治疗研究进展
	摘  要
	关键词
	Treatment of the Percutaneous Closure of Patent Ducts Arteriosus in Children
	Abstract
	Keywords
	1. 引言
	2. PDA封堵器
	2.1. PDA封堵器发展简史
	2.2. 封堵器的主要类型
	2.2.1. ADO与ADO II
	2.2.2. 弹簧圈(Gianturco Coil)
	2.2.3. 血管塞封堵器
	2.2.4. ASO与AMVSDO
	2.2.5. 生物可降解封堵器
	2.2.6. 其他封堵器


	3. PDA介入封堵指征及禁忌证
	3.1. 绝对适应证
	3.2. 相对适应证
	3.3. 禁忌证

	4. 经导管PDA介入封堵
	4.1. PDA的测量
	4.1.1. 经胸超声心动图(Transthoracic Echocardiography, TTE)
	4.1.2. 心导管检查术

	4.2. 操作步骤
	4.3. 术后管理

	5. PDA介入封堵治疗术后并发症及处理
	5.1. 封堵器脱落
	5.2. 残余分流
	5.3. 溶血
	5.4. 左肺动脉狭窄或降主动脉狭窄
	5.5. 三尖瓣损伤
	5.6. 血小板减少
	5.7. 其他并发症

	6. 总结和展望
	参考文献

