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Background: Although transcatheter patent ductus arteriosus (PDA) closure is becoming increasingly common in very low birth weight (VLBW) preterm infants, several key issues remain controversial. These include identifying suitable patient characteristics, determining the optimal timing for PDA closure, preventing potential complications, and accurately assessing mid- and long-term outcomes. This study aims to summarize our preliminary experience in selecting appropriate patients and timing for PDA closure, and to report the early and mid-term outcomes of transcatheter PDA closure in VLBW preterm infants.



Methods: This was a single-center retrospective study. Eligible participants included preterm infants with gestational age <37 weeks and birth weight <1,500 g who underwent transcatheter PDA closure between January 2024 and January 2025 at Qingdao Women and Children's Hospital. Data on patient characteristics, procedural age, PDA closure, survival, and intraoperative or postoperative complications were collected. Outcomes were assessed immediately after the procedure, at discharge, and 6 months post-discharge.



Results: Procedures were performed in 8 VLBW preterm infants [median procedural age 23 days (range: 13–36 days), median procedural weight 1,350 g (range: 810–1,480 g), median PDA diameter 3.75 mm (range: 2.3–4.1 mm)]. The devices were Amplatzer Piccolo (n = 8). Procedures were successful in 100% and uneventful in 87.5% (7 of 8). One patient experienced mild left pulmonary artery compression intraoperatively, which resolved with device repositioning. 25% (2 of 8) patients experienced transient systemic hypertension within 24 h postoperatively, which resolved with diuretic and sedative treatment. No patients experienced ventilation or oxygenation failure, residual PDA, device malposition, or embolization. Survival to discharge was 100%. At 6-month follow-up, all patients were alive and well, without residual PDA, left pulmonary artery stenosis, and aortic coarctation.



Conclusions: The promising early and mid-term outcomes suggest that transcatheter PDA closure in VLBW preterm infants is feasible. Suitable patient characteristics, accurate PDA closure timing, and careful postoperative care are crucial determinants for procedural success. Future studies need to further expand the sample size and extend the follow-up period to evaluate the long-term efficacy and potential complications of this intervention.
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Introduction

Patent ductus arteriosus (PDA) is very common among preterm infants, with its incidence closely linked to gestational age and birth weight. The spontaneous closure rate of ductus arteriosus (DA) in full-term newborns is as high as 99.95% within 72 h after delivery. However, most preterm infants experience delayed closure. As gestational age and birth weight decrease, particularly in very low birth weight (VLBW) preterm infants, the incidence of PDA significantly rises (1). However, whether to close, how to close, and when to close the PDA remain controversial.

There is a lack of high-quality evidence indicating that PDA closure is beneficial for outcomes of VLBW infants. Mitra et al. recommend that definitive PDA closure should be considered only in populations at high risk of death or with severe bronchopulmonary dysplasia (BPD) (2). Krishnappa et al. suggested that infants with a large persistent PDA shunt are more likely to benefit from PDA closure (3). Non-interventional management may benefit certain infants, but some infants still require further intervention (4, 5). Pharmacotherapy fails in approximately 50% of extremely preterm infants (6) and leads to renal and gastrointestinal complications in some cohorts (7). Some studies indicate that surgical ligation is not superior to transcatheter PDA closure (8, 9). Numerous studies (10–12) have shown positive outcomes of transcatheter PDA closure in increasingly younger infants. Mitra et al. emphasized that, with adequate institutional expertise and appropriate patient characteristics, transcatheter PDA closure could be prioritized over surgical ligation.

The timing of PDA closure is critical for infant outcomes. Many studies highlighted that the persistent PDA shunts increased the risks of BPD, chronic lung disease, and mortality (13–15). A multicenter study demonstrated that preterm infants with moderate-to-large PDA, who require prolonged tracheal ventilation for ≥10 days, are at increased risk of BPD and death (16). Shi et al. pointed out that most VLBW infants with high-flow PDA may become ventilator-dependent and develop BPD and pulmonary hypertension by 6 weeks of age (17).

This study aims to summarize our preliminary experience in selecting appropriate patients and timing for PDA closure and to report the early and mid-term outcomes of transcatheter PDA closure in VLBW preterm infants.



Materials and methods


Study participants

This study is a retrospective study, and the participants are VLBW preterm infants who underwent transcatheter PDA closure at Qingdao Women and Children's Hospital between January 2024 and January 2025. In this study, transcatheter PDA closure was indicated in VLBW preterm infants with hemodynamically significant PDA (hsPDA) who failed to close the PDA with conservative and pharmacologic therapy and had at least one of the following clinical symptoms: congestive heart failure, growth retardation, increased pulmonary blood flow, left atrial or ventricular enlargement, or ventilation dependence. The diagnostic criteria of hsPDA (18): There is continuous left-to-right blood flow within the duct, with the ductal diameter ≥1.5 mm or the ratio of duct-to-left pulmonary artery diameter ≥0.5, along with at least one of the following criteria: (1) the ratio of left atrium-to-aortic root diameter ≥1.5; (2) the velocity of ductal blood flow ≤2.5 m/s or the average pressure difference across two ends of duct ≤8 mmHg; (3) presence of diastolic blood flow reversal in the descending aorta. Exclusion criteria: severe congenital anomalies, complex congenital heart defects, and hereditary metabolic diseases. The study was approved by the Institutional Review Board of Qingdao Women and Children's Hospital (QFELL-YJ-2024-180).



Procedure details

The procedure was performed under general anesthesia. Preoperative ultrasound measured the diameter of the right femoral vein, followed by ultrasound-guided puncture and insertion of a 4-Fr sheath. A 4-Fr Vertebral catheter (RF*WH14110M, Terumo Corporation, Japan) was advanced via the femoral vein, inferior vena cava, right atrium, right ventricle, pulmonary artery, and DA into the descending aorta. Angiography was performed by hand-injecting contrast medium to confirm the length, shape, and diameter of the PDA. A 0.014-inch BMW guidewire was inserted to establish a delivery track, and the Vertebral catheter was removed. An appropriately sized Amplatzer Piccolo Occluder (Abbott, USA) was selected. The selected occluder waist diameter should be at least 1 mm larger than the measured ductal diameter to prevent device migration. The occluder length should be equal to or shorter than the measured ductal length to avoid stenosis of adjacent vessels. The Amplatzer TorqVue LP catheter (Abbott, USA) was advanced over the guidewire into the descending aorta. Then the guidewire and inner core were removed. The occluder was implanted within the DA. The aortic disc was released first, and angiography confirmed proper positioning of occluder. Echocardiography verified no residual shunt and no stenosis in the pulmonary artery or aorta. The pulmonary disc was then released to complete occlusion. After the procedure, the catheter was removed. Details of the procedure are shown in Figure 1.


[image: Sequential angiographic images labeled A to E depict catheter placement and contrast flow in blood vessels. Arrows in each image highlight key features, such as the catheter's path and areas of contrast enhancement, indicating vessel structures and procedural progress.]
FIGURE 1
Procedure details in case 1. (A) In case 1, the PDA (white arrow) diameter was 2.3 mm and the PDA type was type C. (B) Delivery sheath (black arrow) advanced over a 0.014-inch guidewire (white arrow). (C) Delivery sheath (white arrow) was positioned across the PDA. (D) Amplatzer Piccolo occluder (white arrow) was released. (E) Pulmonary arteries (white arrow) without stenosis were detected by angiography.




Procedural data and follow-up

Data were collected from Qingdao Women and Children's Hospital. Data include gestational age (weeks + days), sex, birth weight (g), procedure age (day), procedure weight (g), PDA diameter (mm), PDA type, procedural time (min), device, preoperative blood pressure (BP) (mm/Hg), postoperative BP (mm/Hg), PDA closure, procedural complications, heart rate (HR), oxygen saturation (SpO2). Systemic hypotension is defined by a systolic BP less than the third percentile for postmenstrual age (PMA) (19) during any of the timepoints. Systemic hypertension is defined by systolic BP greater than the 95th percentile for PMA (20) during any of the timepoints or using new inotropes/vasopressors in the first 24 h after catheterization. Ventilation failure is defined as a need to escalate to high-frequency ventilation when conventional ventilation strategies fail within 24 h of catheterization (19, 21). Oxygenation failure is defined as an absolute increase of ≥20% in the fraction of inspired oxygen or mean airway pressure compared with the immediate post-catheterization value within 24 h of catheterization (19).

Efficacy evaluation: (1) Accurate placement of the occluder, confirmed by angiography or echocardiography. (2) Successful PDA closure. (3) Improvement of related clinical symptoms, such as congestive heart failure, left atrial or ventricular enlargement, pulmonary hemorrhage, necrotizing enterocolitis, intraventricular hemorrhage, and growth and development, successful weaning from mechanical ventilation, maintenance of vital signs, such as SpO2, BP, and HR, within normal ranges, and no occurrence of new PDA-related complications.

Safety evaluation: (1) Severe procedural complications include pericardial tamponade, cardiac perforation, device malposition, pulmonary artery stenosis, aortic coarctation, etc. (2) Mild procedural complications include puncture site hematoma, transient arrhythmia, and transient blood pressure fluctuation. The study endpoints are set as the PDA closure rate and procedural complication rate at 6 months after procedure.




Results

The study enrolled 8 VLBW preterm infants, including 6 males and 2 females. The gestational ages ranged from 24 to 29 weeks, and the median birth weight was 1,025 g [range: 670–1,280 g]. The median PDA diameter was 3.75 mm [range: 2.3–4.1 mm], and the median PDA length was 8.15 mm [range: 7.1–11.2 mm]. The most common type of PDA was type F (fetal type) (n = 6). The median age and weight at the time of the procedure were 23 days [range: 13–36 days] and 1,350 g [range: 810–1,480 g]. Cases 1 and 5 received two cycles of ibuprofen (10 mg/kg, 5 mg/kg, and 5 mg/kg at 24-h intervals), while the remaining cases received one cycle of ibuprofen. Pharmacotherapy to close the PDA failed in all patients. Demographic and clinical characteristics of the patients are shown in Table 1.



TABLE 1 Demographic and clinical characteristics of patients.



	Case
	Sex
	Gestational age (weeks + days)
	Birth weight (g)
	Procedure age (days)
	Procedure weight (g)
	PDA diameter (mm)
	PDA length (mm)
	PDA type





	1
	Male
	24 + 2
	670
	33
	810
	2.3
	7.6
	C



	2
	Male
	29 + 4
	1,000
	13
	1,000
	3.8
	7.2
	F



	3
	Female
	25 + 3
	830
	25
	1,200
	4.1
	11.2
	F



	4
	Female
	29 + 2
	1,220
	23
	1,300
	4.1
	10.4
	F



	5
	Male
	28 + 1
	1,050
	36
	1,400
	3.7
	9.2
	F



	6
	Male
	28 + 6
	980
	21
	1,430
	3.6
	8.7
	F



	7
	Male
	29 + 6
	1,280
	20
	1,450
	4.1
	7.1
	C



	8
	Male
	29 + 5
	1,210
	23
	1,480
	3.1
	7.5
	F







Femoral vein puncture was successfully completed in all 8 patients with a 100% success rate, and no puncture-related complications occurred. The median procedural time was 48 min [range: 38–98 min]. Devices used in the procedures were Amplatzer Piccolo (n = 8). Procedures were successful in 8 patients (100%) and uneventful in 7 patients (87.5%). One patient experienced transient left pulmonary artery (LPA) compression intraoperatively. The overall rate of systolic hypertension was 25% (2 of 8) postoperatively. None of the patients developed systolic hypotension, oxygenation, and ventilation failure. There were no procedure-related deaths, residual shunt, or device malposition and embolization. The median postoperative mechanical ventilation time was 8.5 days [range: 3–32 days]. Procedural data and complications are summarized in Table 2.



TABLE 2 Procedural data and outcomes.



	Case
	Procedural time (min)
	Device
	Device size (mm)
	PDA closure
	Preoperative BP (mm/Hg)
	Postoperative BP (mm/Hg)
	Postoperative mechanical ventilation time (days)
	Complications





	1
	98
	Amplatzer Piccolo
	4 × 4
	Closed
	59/32
	72/39
	32
	Transient LPA compression



	2
	40
	Amplatzer Piccolo
	5 × 4
	Closed
	46/25
	55/31
	7
	–



	3
	75
	Amplatzer Piccolo
	5 × 4
	Closed
	47/32
	59/39
	28
	–



	4
	55
	Amplatzer Piccolo
	5 × 4
	Closed
	55/29
	65/35
	11
	–



	5
	43
	Amplatzer Piccolo
	5 × 4
	Closed
	85/45
	94/60
	3
	Transient systolic hypertension



	6
	53
	Amplatzer Piccolo
	5 × 4
	Closed
	51/28
	67/36
	10
	–



	7
	38
	Amplatzer Piccolo
	5 × 4
	Closed
	83/41
	95/61
	7
	Transient systolic hypertension



	8
	42
	Amplatzer Piccolo
	5 × 4
	Closed
	56/33
	71/48
	3
	–







At discharge, the survival rate was 100%. Severe complications were not observed in 8 patients. The SpO2 of all patients remained stable at 91%–95%, BP at 50–80/30–50 mmHg, and HR at 120–140 bpm. At the 6-month follow-up, 8 patients were alive and well, and maintained normal levels of SpO2, BP, and HR. Residual shunts, LPA stenosis, aortic coarctation, device malposition, and embolization were not observed in all patients.



Discussion

Although transcatheter PDA closure has become the standard intervention in most cases (2), several controversies remain, such as suitable patient characteristics, the optimal timing of shunt elimination, the prevention of complications, and the assessment of long-term prognosis. The absence of an evidence-based management strategy regarding transcatheter PDA closure in VLBW infants motivated our group to investigate the optimal strategy for performing this procedure within this population. Our study reported a 100% success rate of PDA closure, without major intraoperative or postoperative complications. This aligns with previous studies, where Morville et al. (22) and Sathanandam et al. (23) reported success rates of 94% and 98%, respectively. Ventilators were successfully weaned off after the procedure, and the survival rate at discharge was 100%. At a follow-up period of 6 months, all patients were alive and well, without severe complications. These findings support the feasibility of transcatheter PDA closure in VLBW preterm infants.

For VLBW preterm infants with failed pharmacotherapy, interventions for PDA closure include surgical ligation and transcatheter closure. Compared with transcatheter closure, surgical ligation is associated with higher risks of infection and bleeding, as well as longer recovery and hospitalization durations (2). However, studies have shown no significant difference in PDA closure success rates between the two approaches, with the incidence and type of adverse events primarily linked to the expertise and experience of the medical team (8, 9). In this study, 8 VLBW preterm infants showed persistent PDA despite conservative management and at least three doses of ibuprofen, and developed complications such as prolonged ventilation, feeding intolerance, and pulmonary edema, indicating the need for further intervention. Considering the patients' multiple comorbidities, poor tolerance, and the trauma of surgical ligation, along with our center's extensive experience in transcatheter closure, we ultimately selected transcatheter closure for all 8 cases.

Clearly defining the patient characteristics suitable for transcatheter PDA closure is crucial. Mitra et al. (2) proposed that PDA closure should be considered only in infants at high risk of mortality or development of BPD. A single-center retrospective study of VLBW preterm infants found that the risk of death in preterm infants with persistent PDA shunts was eight times higher than that in infants with closed PDAs (15). Krishnappa et al. found that large PDA diameter (>2.5 mm) and left ventricular dilatation (z score ≥2) were associated with earlier extubation after PDA closure (3). Clyman et al. (16) suggested that PDA closure is necessary for VLBW preterm infants with moderate-to-large hsPDA who require tracheal ventilation for more than 10 days, as this increases the risk of death and BPD. Mitra et al. suggested that a second course of pharmacotherapy should be attempted before procedural PDA closure, unless there are contraindications to medications in infants (2). Therefore, we believe that transcatheter PDA closure may be considered for VLBW preterm infants with moderate-to-large hsPDA who require continuous mechanical ventilation for more than 10 days and have either failed a second course of pharmacotherapy or have contraindications to medications. Based on these criteria, the VLBW preterm infants in our study were considered for transcatheter PDA closure and achieved satisfactory short- and mid-term follow-up results.

Moreover, the timing of PDA closure may impact the outcomes of infants. Many studies highlighted that the persistent PDA shunts increased the risks of BPD, chronic lung disease, and mortality (13–15). VLBW infants undergoing transcatheter PDA closure within the first 4 weeks after birth may obtain more benefits, such as the prevention of early pulmonary vascular diseases, promotion of growth and development, improvement of respiratory function, and reduction of the ventilator and oxygen support (24, 25). Most VLBW infants with high-flow PDA may become ventilator-dependent and exhibit signs of BPD and pulmonary hypertension by 6 weeks of age (17). Therefore, we believe that the procedural age from 10 days to 6 weeks after birth may be the optimal timing of transcatheter PDA closure in VLBW preterm infants. In the present study, we performed the procedure in infants with a procedural age ranging from 13 to 36 days. There was no significant difference in the short and mid-term outcomes between the infant with an earlier procedural age (13 days) and the infant with a later procedural age (36 days).

The prevention of complications was another critical factor influencing infants' outcomes. In this study, while no severe procedural complications occurred, 1 infant experienced transient LPA compression during the procedure, which resolved after adjusting the occluder position. Additionally, 2 infants developed transient systemic hypertension after the procedure, which was managed with diuretics and sedation. This is consistent with the findings of Adrianne et al. (19), who reported that 43.6% of preterm infants developed systemic hypertension after this procedure. Persistent systemic hypertension is associated with secondary pulmonary venous hypertension and pulmonary edema, impairing respiratory function (19). Therefore, continuous blood pressure monitoring after the procedure is essential for the timely management of hemodynamic instability. Previous studies have reported procedural complication rates of 4.7%, 8.7%, 5.9% and 3.6% (9, 11, 22, 23), including pericardial effusion, LPA stenosis, aortic coarctation, tricuspid regurgitation, etc.

Our study reported a 100% survival rate at discharge. After a 6-month follow-up, all patients were alive without LPA stenosis, aortic coarctation, device displacement, residual PDA, or other severe complications. Narin et al. (10) followed up 19 preterm infants for 6 months after the procedure. 2 infants died from diseases unrelated to the procedure, and 4 infants developed mild LPA stenosis, resolved spontaneously during the 6-month follow-up. Zahn et al. (11) found that the survival rate of extremely preterm infants at discharge was 96%, and after a median follow-up period of 11.1 months, all patients were alive and well, without major complications. A prospective multicenter study followed up 200 infants weighing ≥700 g for 3 years after the procedure and reported that the implantation success rate was 95.5%, the PDA closure rate at 3 years was 100%, the overall survival rate was >95%, and 9 deaths occurred, all unrelated to the device or procedure (12). These results highlight the safety and efficacy of transcatheter PDA closure as a valuable treatment option for preterm infants with PDA.

In conclusion, this study confirms the feasibility of transcatheter PDA closure in VLBW preterm infants. However, the procedure is not suitable for all PDA cases. When selecting an intervention to close a PDA, it is essential to consider the technical expertise of the medical institution, the specific conditions of each patient, and the potential adverse effects of different interventions. Precise patient selection, optimal closure timing, and intensive postoperative care are critical for successful transcatheter PDA closure. Given that this was a single-center study with a small sample size and short follow-up period, future large-scale multicenter prospective studies with extended follow-up are needed to fully assess the long-term efficacy and safety of this intervention. Particular attention should be given to its impact on long-term quality of life, cardiac function, and neurodevelopment. This will provide solid evidence for its widespread clinical application.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Institutional Review Board of Women and Children's Hospital, Qingdao University (QFELL-YJ-2024-180). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin.



Author contributions

JL: Conceptualization, Investigation, Methodology, Writing – original draft, Data curation. WG: Writing – original draft, Data curation, Methodology. ZL: Supervision, Writing – original draft, Data curation. KZ: Writing – review & editing, Data curation. GL: Writing – review & editing, Data curation. SG: Writing – review & editing, Conceptualization. YS: Investigation, Writing – review & editing. SP: Writing – review & editing, Supervision, Conceptualization, Funding acquisition.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The work was supported by the National Natural Science Foundation of China (82471753, 82271725); Qingdao Science and Technology Plan (23-2-8-smjk-10-nsh); Medicine Plus Joint Research Program of Qingdao University (YX2024302).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations

PDA, patent ductus arteriosus; DA, ductus arteriosus; VLBW, very low birth weight; BPD, bronchopulmonary dysplasia; hsPDA, hemodynamically significant patent ductus arteriosus; LPA, left pulmonary artery.



References


	1. Evans N. Preterm patent ductus arteriosus: should we treat it? J Paediatr Child Health. (2012) 48(9):753–8. doi: 10.1111/j.1440-1754.2012.02542.x


	2. Mitra S, Bischoff AR, Sathanandam S, Lakshminrusimha S, McNamara PJ. Procedural closure of the patent ductus arteriosus in preterm infants: a clinical practice guideline. J Perinatol. (2024) 44(10):1402–8. doi: 10.1038/s41372-024-02052-9


	3. Krishnappa S, Shah PS, Jain A, Resende MHF, McNamara PJ, Weisz DE. Predictors of early extubation after patent ductus arteriosus ligation among infants born extremely preterm dependent on mechanical ventilation. J Pediatr. (2019) 214:222–6.e3. doi: 10.1016/j.jpeds.2019.06.027


	4. Sung SI, Lee MH, Ahn SY, Chang YS, Park WS. Effect of nonintervention vs oral ibuprofen in patent ductus arteriosus in preterm infants: a randomized clinical trial. JAMA Pediatr. (2020) 174(8):755–63. doi: 10.1001/jamapediatrics.2020.1447


	5. Sung SI, Chang YS, Ahn SY, Jo HS, Yang M, Park WS. Conservative non-intervention approach for hemodynamically significant patent ductus arteriosus in extremely preterm infants. Front Pediatr. (2020) 8:605134. doi: 10.3389/fped.2020.605134


	6. Mitra S, de Boode WP, Weisz DE, Shah PS. Interventions for patent ductus arteriosus (PDA) in preterm infants: an overview of Cochrane systematic reviews. Cochrane Database Syst Rev. (2023) 4(4):CD013588. doi: 10.1002/14651858


	7. Zheng J, Wang XP, Liu G. The new view on the prevention and treatment of patent ductus arteriosus in preterm infants. Chin J Appl Clin Pediatr. (2018) 33(2):89–93. doi: 10.3760/cma.j.issn.2095-428X.2018.02.003


	8. Duboue PM, Padovani P, Bouteiller XP, Martin-Kabore F, Benbrik N, Gronier CG, et al. Post-ligation cardiac syndrome after surgical versus transcatheter closure of patent ductus arteriosus in low body weight premature infants: a multicenter retrospective cohort study. Eur J Pediatr. (2024) 183(5):2193–201. doi: 10.1007/s00431-024-05481-y


	9. Regan W, Benbrik N, Sharma SR, Auriau J, Bouvaist H, Bautista-Rodriguez C, et al. Improved ventilation in premature babies after transcatheter versus surgical closure of patent ductus arteriosus. Int J Cardiol. (2020) 311:22–7. doi: 10.1016/j.ijcard.2020.03.040


	10. Narin N, Pamukçu Ö, Baykan A, Argun M, Özyurt A, Bayram A, et al. Transcatheter closure of PDA in premature babies less than 2 kg. Anatol J Cardiol. (2017) 17(2):147–53. doi: 10.14744/AnatolJCardiol.2016.6847


	11. Zahn EM, Peck D, Phillips A, Nevin P, Basaker K, Simmons C, et al. Transcatheter closure of patent ductus arteriosus in extremely premature newborns: early results and midterm follow-up. JACC Cardiovasc Interv. (2016) 9(23):2429–37. doi: 10.1016/j.jcin.2016.09.019


	12. Morray BH, Sathanandam SK, Forbes T, Gillespie M, Berman D, Armstrong AK, et al. 3-year follow-up of a prospective, multicenter study of the amplatzer piccolo™ occluder for transcatheter patent ductus arteriosus closure in children ≥700 grams. J Perinatol. (2023) 43(10):1238–44. doi: 10.1038/s41372-023-01741-1


	13. Altit G, Saeed S, Beltempo M, Claveau M, Lapointe A, Basso O. Outcomes of extremely premature infants comparing patent ductus arteriosus management approaches. J Pediatr. (2021) 235:49–57.e2. doi: 10.1016/j.jpeds.2021.04.014


	14. Relangi D, Somashekar S, Jain D, Vanbuskirk S, Bancalari E, Sosenko I, et al. Changes in patent ductus arteriosus treatment strategy and respiratory outcomes in premature infants. J Pediatr. (2021) 235:58–62. doi: 10.1016/j.jpeds.2021.04.030


	15. Noori S, McCoy M, Friedlich P, Bright B, Gottipati V, Seri I, et al. Failure of ductus arteriosus closure is associated with increased mortality in preterm infants. Pediatrics. (2009) 123(1):e138–44. doi: 10.1542/peds.2008-2418


	16. Clyman RI, Hills NK, Cambonie G, Debillon T, Ligi I, Gascoin G, et al. Patent ductus arteriosus, tracheal ventilation, and the risk of bronchopulmonary dysplasia. Pediatr Res. (2022) 91(3):652–8. doi: 10.1038/s41390-021-01475-w


	17. Shi X, Hua Y, Li Y. Transcatheter closure of patent ductus arteriosus in preterm ventilation-dependent neonates: a case series report. Medicine (Baltimore). (2020) 99(47):e22528. doi: 10.1097/MD.0000000000022528


	18. Nawaytou H, Hills NK, Clyman RI. Patent ductus arteriosus and the risk of bronchopulmonary dysplasia-associated pulmonary hypertension. Pediatr Res. (2023) 94(2):547–54. doi: 10.1038/s41390-023-02522-4


	19. Bischoff AR, Backes CH, Rivera B, Jasani B, Patel F, Cheung E, et al. Cardiorespiratory instability after percutaneous patent ductus arteriosus closure: a multicenter cohort study. J Pediatr. (2024) 271:114052. doi: 10.1016/j.jpeds.2024.114052


	20. Dionne JM, Abitbol CL, Flynn JT. Hypertension in infancy: diagnosis, management and outcome. Pediatr Nephrol. (2012) 27(1):17–32. doi: 10.1007/s00467-010-1755-z


	21. Ting JY, Resende M, More K, Nicholls D, Weisz DE, El-Khuffash A, et al. Predictors of respiratory instability in neonates undergoing patient ductus arteriosus ligation after the introduction of targeted milrinone treatment. J Thorac Cardiovasc Surg. (2016) 152(2):498–504. doi: 10.1016/j.jtcvs.2016.03.085


	22. Morville P, Akhavi A. Transcatheter closure of hemodynamic significant patent ductus arteriosus in 32 premature infants by amplatzer ductal occluder additional size-ADOIIAS. Catheter Cardiovasc Interv. (2017) 90(4):612–7. doi: 10.1002/ccd.27091


	23. Sathanandam S, Balduf K, Chilakala S, Washington K, Allen K, Knott-Craig C, et al. Role of Transcatheter patent ductus arteriosus closure in extremely low birth weight infants. Catheter Cardiovasc Interv. (2019) 93(1):89–96. doi: 10.1002/ccd.27808


	24. El-Khuffash A, James AT, Corcoran JD, Dicker P, Franklin O, Elsayed YN, et al. A patent ductus arteriosus severity score predicts chronic lung disease or death before discharge. J Pediatr. (2015) 167(6):1354–1361.e2. doi: 10.1016/j.jpeds.2015.09.028


	25. Philip R, Waller BR, Chilakala S, Graham B, Stecchi N, Apalodimas L, et al. Hemodynamic and clinical consequences of early versus delayed closure of patent ductus arteriosus in extremely low birth weight infants. J Perinatol. (2021) 41(1):100–8. doi: 10.1038/s41372-020-00772-2






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Transcatheter patent ductus arteriosus closure in very low birth weight preterm infants: early results and midterm follow-up

		Introduction



		Materials and methods



		Study participants



		Procedure details



		Procedural data and follow-up











		Results



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		Abbreviations



		References



















OPS/images/fped-13-1650335-g001.jpg






OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

Transcatheter patent ductus
arteriosus closure in very low birth
weight preterm infants: early
results and midterm follow-up








OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





