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Background: There is a lack of evidence guiding the surgical timing selection in pulmonary atresia with ventricular septal defect. This study aims to compare the long-term outcomes of different initial rehabilitative surgical ages in patients with pulmonary atresia with ventricular septal defect (PAVSD).



Methods: From January 2011 to December 2020, a total of 101 PAVSD patients undergoing the initial rehabilitative surgery at our center were retrospectively reviewed. Receiver-operator characteristics curve analysis was used to identify the cutoff age of 6.4 months and therefore to classify the patients into two groups. Competing risk models were used to identify risk factors associated with complete repair. The probability of survival and complete repair were compared between the two groups using the Kaplan-Meier curve and cumulative incidence curve, respectively.



Results: The median duration of follow-up was 72.76 months. There were similar ΔMcGoon ratio and ΔNakata index between the two groups. Multivariate analysis showed that age ≤6.4 months (hazard ratio (HR) = 2.728; 95% confidence interval (CI):1.122–6.637; p = 0.027) and right ventricle-to-pulmonary artery connection (HR = 4.196; 95% CI = 1.782–9.883; p = 0.001) were associated with increased probability of complete repair. The cumulative incidence curve showed that the estimated complete repair rates were 64% ± 8% after 3 years and 69% ± 8%% after 5 years in the younger group, significantly higher than 28% ± 6% after 3 years and 33% ± 6% after 5 years in the elder group (p < 0.001). There was no significant difference regarding the estimated survival rate between the two groups.



Conclusion: Compared with those undergoing the initial rehabilitative surgery at the age >6.4 months, PAVSD patients at the age ≤6.4 months had an equal pulmonary vasculature development, a similar probability of survival but an improved probability of complete repair.
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1. Introduction

Pulmonary atresia with ventricular septal defect (PAVSD) is a rare and complex form of congenital heart abnormality that is estimated to occur in 4.2–10 of 100,000 live births (1). The surgical management presents significant challenges due to erratic anatomic and morphologic characteristics. There are two approaches to achieving one-stage or multi-stage complete repair in terms of reconstruction of right ventricle-to-pulmonary artery continuity and VSD closure: the unifocalization strategy and the rehabilitation strategy. The unifocalization entails dissecting the major aortopulmonary collateral arteries (MAPCAs) and anastomosing them to each other and subsequently to the pulmonary artery, while rehabilitation aims to promote the development of pulmonary artery by systemic-to-pulmonary artery shunt or right ventricle-to-pulmonary artery (RV-PA) connection.

Previous studies have demonstrated that both of them would improve PAVSD patients' outcomes in recent decades (2, 3). However, these patients might show heterogeneous clinical outcomes and prognosis (4, 5), highlighting the necessity of appropriate selection of surgical indications and timing. The indication for surgery relies on the extent of pulmonary artery development (6), while the optimal timing for the initial surgery remains unclear. Some PAVSD patients present to the hospital and receive the initial surgical treatment late in our country because of an absence of significant cyanosis, limited specialty pediatrics, family's financial situation, and bed availability, which may adversely impact the long-term outcomes.

Given this, we conducted a retrospective review of PAVSD patients who underwent initial rehabilitative surgery at our center. The patients were classified into two groups based on an age cutoff of 6.4 months. We then compared the perioperative and long-term outcomes between these two groups.



2. Methods


2.1. Patients and design

The present study was approved by the Guangdong Provincial People's Hospital ethics committee (No. GDREC2019338H(R2)) on September 17th, 2019. A total of 101 PAVSD patients undergoing the initial rehabilitative surgery, either through systemic-to-pulmonary artery shunt or right ventricle-to-pulmonary artery connection, between January 2011 to December 2020 at Guangdong Provincial People's Hospital were retrospectively reviewed and included in this study. PAVSD patients with concurrent complex intracardiac abnormalities or those who were not suitable for bi-ventricle repair were excluded from the study. Of 101 patients, those who were referred to our hospital early underwent the initial rehabilitative surgery in time after a full assessment of clinical conditions such as pulmonary artery development, MAPCAs distribution, and pulmonary flow. However, some were delayed in undergoing the initial rehabilitative surgery, predominantly due to the late referral to our hospital. As shown in Figure 1, all patients were divided into 2 groups according to age. 40 PAVSD patients underwent the initial rehabilitative surgery at the age ≤6.4 months, while 61 patients underwent it at the age >6.4 months. The difference in initial rehabilitative age would thereby result in a significant difference in weight and body surface areas (BSA) between the two groups. Additionally, patients in the elder group were referred to our hospital late possibly on account of inapparent symptoms of hypoxemia. MAPCAs that can provide sufficient pulmonary flow and alleviate symptoms of cyanosis were thereby more frequently observed in the elder group (Table 1).


[image: Figure 1]
FIGURE 1
Flow diagram of follow-up and outcome of PAVSD patients undergoing initial rehabilitative surgery. PAVSD, pulmonary atresia with ventricular septal defect.



TABLE 1 Baseline characteristics and clinical data.
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The medical history, imaging examination, surgery information, and perioperative records were all extracted and collected. The McGoon ratio and Nakata index were calculated on CT imaging to assess the pulmonary vessel growth, as described by Jia et al. (7). The Nakata index and the McGoon ratio were calculated under CT imaging through the following formulas: the sum of the bilateral pulmonary artery cross-section areas divided by the BSA and the sum of bilateral pulmonary artery diameter divided by the descending aorta diameter at the level of the diaphragm, respectively. Therefore, the Nakata index and McGoon ratio were lower in the elder group possibly because the growth of the pulmonary artery was significantly slower than the growth of BSA and descending aorta in this context as the age increased (Table 1).



2.2. Operation strategies and techniques

The technique for establishing RV-PA connection was previously described in detail (8). Briefly, the median sternotomy was performed followed by the initiation of cardiopulmonary bypass. When the main pulmonary artery was presented, a transannular patch would be used to suture to the edges of the pulmonary artery longitudinal incision and RV incision. In cases where the pulmonary artery was not present, alternative methods such as using the autologous pericardial roll, Gore-tex conduit, bovine pericardial roll, or jugular vein conduit were employed to reconstruct the RV-PA connection. The diameter and size of the RV-PA connection were approximately 5–12 mm, primarily determined by the oxygen saturation variation and patients' weight.

In contrast, the establishment of a systemic-to-pulmonary shunt could be performed without the use of a cardiopulmonary bypass, including a central shunt and a modified Blalock-Taussig (B-T) shunt. The technique for the central shunt was described by Gates et al. in 1998 (9). It involved making a longitudinal incision in the pulmonary artery branch after applying a side-biting clamp, which was then anastomosed to a Gore-Tex conduit. The ascending aorta was also clamped by a side-biting clamp to create a proximal orifice with an appropriate diameter. The final proximal anastomosis was finished in either a side-to-end or side-to-side manner. The technique to create a modified B-T shunt was reported by Leval et al. (10). Briefly, a Gore-Tex conduit was adopted to anastomose the innominate artery or subclavian artery and the main pulmonary artery.

When satisfactory pulmonary artery growth was obtained, the complete repair would be performed by reconstruction of the right ventricle outflow tract using a valved conduit or patch as well as VSD closure.



2.3. Follow-up and definition

All patients were scheduled for regular follow-up visits at the outpatient clinic at 1, 3, 6, and 12 months after the rehabilitative surgery, followed by annual visits. CT would be performed if there was satisfactory pulmonary vessel growth or suspicious vessel stenosis. A recent phone contact has also been performed to investigate their latest clinical status including NYHA heart function class, complication, survival, complete repair, and so on. The date of the recent phone contact was November 29th, 2022. Those who never came to visit the outpatient clinic in the entire postoperative period or only came to visit the outpatient clinic for few times in the initial postoperative period and could not be contacted by the recent phone call were considered to be lost to follow-up. The endpoints were defined as death or complete repair during the follow-up. In-hospital mortality or follow-up mortality were defined as death before discharge and during the follow-up, respectively. The ΔMcGoon ratio/ΔNakata index was defined as the difference between the McGoon ratio/Nakata index before the complete repair and before the initial rehabilitative surgery.



2.4. Statistical analysis

Continuous variables were presented as means with standard deviations if normally distributed or medians with ranges if abnormally distributed. Categorical variables were presented as numbers with percentages. The receiver-operator characteristics (ROC) curve was created with the area under the curve (AUC) to determine the cut-off age. As shown in Figure 2, the cutoff age for complete repair was 6.4 months (AUC = 0.70, p < 0.001), which was therefore used to classify all the PAVSD patients into two groups (age ≤6.4 months vs. age >6.4 months). The student's t-test or Mann–Whitney U-test was applied to compare the continuous variables with normal distribution or abnormal distribution between the two groups. The chi-squared test was used to compare the categorical variables between the two groups. Competing risk regression analysis were performed for the complete repair (with death as a competing event). The postoperative survival was estimated by the Kaplan–Meier curve with the log-rank test. The complete repair was estimated by cumulative incidence curve with Gray's test. All statistical analysis was conducted using SPSS version 24.0. A p-value less than 0.05 was considered to be significant.
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FIGURE 2
Receiver-operating characteristic curve for complete repair by age was adopted to determine the cut-off age and thereby divide all patients into two groups. PAVSD, pulmonary atresia with ventricular septal defect.





3. Results


3.1. Baseline clinical characteristics

The baseline clinical characteristics were summarized in the Table 1. The entire cohort had a median age of 9.83 months. Of 101 PAVSD patients, 56 (55.4%) were male. In the younger group, 67.5% were male, while in the elder group, 47.5% were male. The median age of the younger group and elder group were 1.90 and 33.37 months, respectively. No significant difference was observed between the two groups in terms of types, PaO2, presence of central pulmonary artery, rehabilitative approach, and concurrent unifocalization (p > 0.05). Compared with the elder group, the younger group showed significantly lower weight, BSA, presence of MAPCAs, McGoon ratio, and Nakata index (p < 0.05).



3.2. Perioperative and postoperative outcome

Two groups showed a similar time of cardiopulmonary bypass and aorta cross-clamping, as shown in Table 2. There was no in-hospital mortality in both two groups. In contrast to the elder group, the younger group was associated with a significantly higher incidence of delayed sternal closure (p = 0.020) and longer length of hospital stay (p = 0.016). The mean follow-up time of the entire cohort was 72.76 months. The follow-up mortality was similar, with 4 and 6 deaths occurring in the younger group and the elder group, respectively. There was also no significant difference in the ΔMcGoon ratio and ΔNakata index between the two groups. Of note, inter-stage reintervention including percutaneous balloon pulmonary valvuloplasty, percutaneous pulmonary artery stent implantation, and shunt/conduit replacement were similar between the two groups (Table 2). The pulmonary artery growth in PAVSD patients with or without a central pulmonary artery was also shown in Supplementary Table S1.


TABLE 2 Initial perioperative data and postoperative follow-up.
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3.3. Survival analysis for complete repair and survival

In the Figure 3, the cumulative incidence curve revealed that patients in the younger group had a significantly higher probability of complete repair than those in the elder group (p < 0.001). The overall 3-year and 5-year complete repair rates in the younger group were 64% ± 8% and 69% ± 8%, respectively, in contrast to 28% ± 6% and 33% ± 6% in the elder group, respectively. Additionally, Patients initially undergoing RV-PA connection also had a significantly higher probability of complete repair in contrast to those undergoing systemic-to-pulmonary artery shunt (p = 0.035). No significant differences were observed in terms of the probability of survival by age groups (Figure 4A) or rehabilitative surgery groups (Figure 4B).


[image: Figure 3]
FIGURE 3
The cumulative incidence curve analysis of complete repair between different age groups (A) and different rehabilitation strategies (B).
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FIGURE 4
The kaplan-meier curve analysis of survival between different age groups (A) and different rehabilitative surgery groups (B).




3.4. Multivariate analysis for complete repair

The univariate regression analysis showed that age ≤6.4 months, weight, presence of MAPCAs, Nakata index, and RV-PA connection were predictors of complete repair (Table 3). These predictors and clinically significant factors in terms of PaO2 and McGoon ratio were included to perform the multivariate analysis. Age ≤6.4 months (hazard ratio (HR) = 2.728; 95% confidence interval (CI):1.122–6.637; p = 0.027), McGoon ratio (HR = 0.105; 95% CI = 0.025–0.439; p = 0.002), Nakata index (HR = 1.016; 95% CI = 1.005–1.027; p = 0.005), and RV-PA connection (HR = 4.196; 95% CI = 1.782–9.883; p = 0.001) were identified as independent factors associated with complete repair.


TABLE 3 Univariate and multivariate analysis for complete repair.
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4. Discussion

The ideal treatment and management for PAVSD patients, particularly regarding the determination of surgical timing, remains undefined. To the best of our knowledge, this is the first study to identify the cutoff age at initial surgery for PAVSD to evaluate its impact on clinical outcomes. In this study, our findings showed that PAVSD patients in the younger group had a significantly improved complete repair possibility than those in the elder group. What's more, despite a higher incidence of delayed sternal closure, the younger group had similar and comparable pulmonary artery growth and mortality compared to the elder group.

In our study, the estimated complete repair rate in the younger group (median age: 1.90 months) was 64% ± 8% after 3 years and 69% ± 8% after 5 years, which was significantly higher than the 28% ± 6% after 3 years and 33% ± 6% after 5 years in the elder group (median age: 33.37 months). In general, our estimated complete repair rates were somewhat lower than those in the previous studies (1, 11, 12). We attributed it to the criteria differences in patient enrollment. Previous studies regarding the complete repair rate in such individuals also showed great heterogeneity, probably due to the difference in initial operation age. In 2013, Zhang et al. retrospectively reviewed a total of 37 PAVSD patients with a mean age of 1.9 years old to investigate the outcome of RV-PA connection as an initial rehabilitative surgery. Seventeen patients (45.9%) eventually achieved complete repair (13). They also performed another study among 69 patients with pulmonary atresia, ventricular septal defect, and hypoplastic pulmonary artery with a mean age of 1.8 years old in 2016 to determine the effect of a multi-stage pulmonary artery rehabilitation strategy (3). The overall 3-year complete repair rate was estimated to be 60.1%. In contrast, a higher complete repair rate would be achieved in those younger than the aforementioned cohort (14). Gerelli et al. investigated the RV-PA connection in 107 PAVSD patients with a median age of 10 days, showing that 47 patients (81%) underwent a complete repair (8). Choi et al. also performed RV-PA connection to rehabilitate the pulmonary artery in 13 patients at the mean age of 17.9 ± 15.3 days. All patients that survived the RV-PA connection eventually achieved complete repair after a mean interval of 13.1 months (15). Therefore, the age at initial surgery had a crucial impact on the outcome of PAVSD patients indeed. This might be explained by several reasons as follows. First, the PAVSD patients in the younger group themselves possess more potency in pulmonary vasculature development after receiving rehabilitative surgery than those in the elder group, resulting in more probability of eventual complete repair. Some authors also considered that an age of less than half one year was a more appropriate period for the development of pulmonary arteries (13). Secondly, different initial pulmonary artery statuses probably in part contribute to the different results. The McGoon ratio and Nakata index in the younger group were significantly higher than those in the elder group, indicating better pulmonary artery development. It has been demonstrated that a higher McGoon ratio was associated with an increased probability of complete repair (16).

There were no deaths in hospital. The follow-up mortality was also comparable between the younger group (10%) and the elder group (9.8%), which was consistent with the previous investigation (17–20). Macalister et al. reported a mortality rate ranging from approximately 6%–20% during a median follow-up period of 10.5 years (21). In the younger group, a higher incidence of delayed sternal closure and longer lengths of hospital stay were observed. We attributed these to the cardiovascular structural and functional vulnerability as well as relative technical difficulty. Although possibly compromising the postoperative in-hospital performance, early rehabilitative surgery would not increase the risk of mortality.

For Tetralogy of Fallot selecting for complete repair, it is recommended to perform surgical correction between the age of 3 months and 6 months with a Class IIa recommendation (22). Though PAVSD is considered an extreme type of tetralogy of Fallot, there was a lack of consensus to guide the selection of surgical indication and timing. In our study, we found the age at initial rehabilitative surgery was a key predictor for a final complete repair. Using ROC analysis, we identified 6.4 months as the cutoff age, showing the PAVSD patients early received the rehabilitative surgery had a better prognosis in terms of comparable probability of survival but improved probability of complete repair. Hence, if the clinical status and surgical technique are feasible, PAVSD patients in an attempt to initially adopt the rehabilitative strategy are recommended to receive the first stage surgery before approximately six months old. In this context, however, a concern was raised that the initial rehabilitative surgery performed in the younger patients would potentially lead to an increased risk of replacement of a bigger shunt/conduit to meet the demand as patients grew older. Our preliminary analysis showed that the incidence of shunt/conduit replacement after the initial rehabilitative surgery was similar between the younger and elder groups. We assumed that the pulmonary artery would grow fast enough to achieve complete repair before the next-time replacement of a bigger shunt/conduit in PAVSD patients undergoing the initial rehabilitative surgery at the age ≤6.4 months.

In the multivariate analysis for complete repair, RV-PA connection was a positive predictor (HR = 4.196; 95% CI = 1.782–9.883; p = 0.001). Which kind of rehabilitative approach for PAVSD is more ideal remains highly debated. Fan et al. compared the perioperative and postoperative outcomes between 44 patients with systemic-to-pulmonary artery shunts and 54 patients with RV-PA connections. They demonstrated that systemic-to-pulmonary artery shunt resulted in better early postoperative outcomes in terms of shorter intubation time, length of intensive care unit stay, and length of hospital stay (23). Zhao et al. reviewed their institution's experience of 157 PAVSD patients with MAPCAs undergoing these two rehabilitative approaches. They found that RV-PA connection in contrast to systemic-to-pulmonary artery shunt was more advantageous in promoting pulmonary artery growth and final complete repair (24), which was in agreement with our findings. The benefits of RV-PA connection may be attributed, at least in part, to the adequate anterograde blood flow as well as the low risk associated with thrombosis or obstruction.

There were several limitations in our study. First, the results should be cautiously interpreted due to the retrospective one-single-center design. Secondly, the initial pulmonary vasculature status was different between the two groups, which may overestimate the impact of early surgery on outcomes. In addition, a more comprehensive and targeted analysis for comparing reintervention between the two groups should be performed to address safety concerns in younger patients. Finally, our variable reflecting the cardiac function performance improvement was limited. New York Heart Association Classification, clinical status, and oxygen saturation will be investigated in the future.



5. Conclusion

Despite similar pulmonary artery growth, PAVSD patients undergoing the initial rehabilitative surgery at the age ≤6.4 months had an improved possibility of complete repair without increasing risk of mortality and reintervention in contrast to those at the age >6.4 months. These findings aid in surgical timing selection, benefiting the evidence supplement of the management algorithm in treating PAVSD patients.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Guangdong Provincial People's Hospital ethics committee. The studies were conducted in accordance with the local legislation and institutional requirements. The Ethics Committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin because Because this is a study with retrospective design.



Author contributions

JC, HY, and SW contributed to the conception and design of the study. WX and SZ organized the database. JM and TT performed the statistical analysis. JM and TT wrote the first draft of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by National Key Research and Development Program of China (No. 2020YFC1107904, No. 2022YFC2407406), National Natural Science Foundation of China (No. 62006050, No. 62276071), Science and Technology Planning Project of Guangdong Province (2019B020230003; 2018B090944002; 2020B1111170011), Science and Technology Fundation for Guangzhou Health (2023A031004), Science and Technology Program of Guangzhou (202206010049), Guangzhou Science and Technology Planning Project (2023B03J0596), Guangdong peak project (DFJH201802; DFJH2020029), and Guangdong Special Support Program-Science and Technology Innovation Talent Project (No. 0620220211).



Acknowledgments

We are thankful for the useful discussion and comments from each member of Zhuang's Group and Chen's Group.



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.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.1189954/full#supplementary-material



References

1. Kaskinen AK, Happonen JM, Mattila IP, Pitkanen OM. Long-term outcome after treatment of pulmonary atresia with ventricular septal defect: nationwide study of 109 patients born in 1970–2007. Eur J Cardiothorac Surg. (2016) 5:1411–8. doi: 10.1093/ejcts/ezv404

2. Barron DJ, Kutty RS, Stickley J, Stumper O, Botha P, Khan NE, et al. Unifocalization cannot rely exclusively on native pulmonary arteries: the importance of recruitment of major aortopulmonary collaterals in 249 casesdagger. Eur J Cardiothorac Surg. (2019) 4:679–87. doi: 10.1093/ejcts/ezz070

3. Chen Q, Ma K, Hua Z, Yang K, Zhang H, Wang X, et al. Multistage pulmonary artery rehabilitation in patients with pulmonary atresia, ventricular septal defect and hypoplastic pulmonary artery. Eur J Cardiothorac Surg. (2016) 1:160–6. doi: 10.1093/ejcts/ezw069

4. Mainwaring RD, Sheikh AY, Punn R, Reddy VM, Hanley FL. Surgical outcomes for patients with pulmonary atresia/major aortopulmonary collaterals and alagille syndrome. Eur J Cardiothorac Surg. (2012) 2:235–40; discussion 40–1. doi: 10.1093/ejcts/ezr310

5. Carrillo SA, Mainwaring RD, Patrick WL, Bauser-Heaton HD, Peng L, Reddy VM, et al. Surgical repair of pulmonary atresia with ventricular septal defect and Major aortopulmonary collaterals with absent intrapericardial pulmonary arteries. Ann Thorac Surg. (2015) 2:606–14. doi: 10.1016/j.athoracsur.2015.03.110

6. Trezzi M, Cetrano E, Albanese SB, Borro L, Secinaro A, Carotti A. The modern surgical approach to pulmonary atresia with ventricular septal defect and Major aortopulmonary collateral arteries. Children (Basel). (2022) 4:515. doi: 10.3390/children9040515

7. Jia Q, Cen J, Zhuang J, Zhong X, Liu X, Li J, et al. Significant survival advantage of high pulmonary vein index and the presence of native pulmonary artery in pulmonary atresia with ventricular septal defect and major aortopulmonary collateral arteries: results from preoperative computed tomography angiography. Eur J Cardiothorac Surg. (2017) 2:225–32. doi: 10.1093/ejcts/ezx064

8. Gerelli S, van Steenberghe M, Murtuza B, Bojan M, Harding ED, Bonnet D, et al. Neonatal right ventricle to pulmonary connection as a palliative procedure for pulmonary atresia with ventricular septal defect or severe tetralogy of Fallot. Eur J Cardiothorac Surg. (2014) 2:278–88; discussion 88. doi: 10.1093/ejcts/ezt401

9. Gates RN, Laks H, Johnson K. Side-to-side aorto-Gore-Tex central shunt. Ann Thorac Surg. (1998) 2:515–6. doi: 10.1016/s0003-4975(97)01126-0

10. de Leval MR, McKay R, Jones M, Stark J, Macartney FJ. Modified Blalock-Taussig shunt. Use of subclavian artery orifice as flow regulator in prosthetic systemic-pulmonary artery shunts. J Thorac Cardiovasc Surg. (1981) 1:112–9. doi: 10.1016/S0022-5223(19)37668-8

11. Jo TK, Suh HR, Choi BG, Kwon JE, Jung H, Lee YO, et al. Outcome of neonatal palliative procedure for pulmonary atresia with ventricular septal defect or tetralogy of Fallot with severe pulmonary stenosis: experience in a single tertiary center. Korean J Pediatr. (2018) 7:210–6. doi: 10.3345/kjp.2018.61.7.210

12. Amark KM, Karamlou T, O'Carroll A, MacDonald C, Freedom RM, Yoo S-J, et al. Independent factors associated with mortality, reintervention, and achievement of complete repair in children with pulmonary atresia with ventricular septal defect. J Thorac Cardiovasc Surg. (2023) 1:221–50. doi: 10.1016/j.jtcvs.2022.07.025

13. Zhang Y, Hua Z, Yang K, Zhang H, Yan J, Wang X, et al. Outcomes of the rehabilitative procedure for patients with pulmonary atresia, ventricular septal defect and hypoplastic pulmonary arteries beyond the infant period. Eur J Cardiothorac Surg. (2014) 2:297–303; discussion. doi: 10.1093/ejcts/ezt622

14. Hibino N, He D, Yuan F, Yu JH, Jonas R. Growth of diminutive central pulmonary arteries after right ventricle to pulmonary artery homograft implantation. Ann Thorac Surg. (2014) 6:2129–33. doi: 10.1016/j.athoracsur.2013.10.046

15. Choi KH, Sung SC, Kim H, Lee HD, Ban GH, Kim G, et al. Right ventricle-to-pulmonary artery shunt in pulmonary atresia with a ventricular septal defect: a word of caution. Pediatr Cardiol. (2017) 4:707–11. doi: 10.1007/s00246-017-1570-4

16. Hofbeck M, Sunnegardh JT, Burrows PE, Moes CA, Lightfoot N, Williams WG, et al. Analysis of survival in patients with pulmonic valve atresia and ventricular septal defect. Am J Cardiol. (1991) 8:737–43. doi: 10.1016/0002-9149(91)90532-p

17. Lee WY, Kang SR, Im YM, Yun TJ. Surgical options for pulmonary atresia with ventricular septal defect in neonates and young infants. Pediatr Cardiol. (2020) 5:1012–20. doi: 10.1007/s00246-020-02352-9

18. Kim ER, Lee CH, Kim WH, Lim JH, Kim YJ, Min J, et al. Primary versus staged repair in neonates with pulmonary atresia and ventricular septal defect. Ann Thorac Surg. (2021) 3:825–30. doi: 10.1016/j.athoracsur.2020.06.098

19. Kim H, Sung SC, Choi KH, Lee HD, Ban GH, Chang YH. A central shunt to rehabilitate diminutive pulmonary arteries in patients with pulmonary atresia with ventricular septal defect. J Thorac Cardiovasc Surg. (2015) 2:515–20. doi: 10.1016/j.jtcvs.2014.10.033

20. Alsoufi B, Mori M, McCracken C, Williams E, Samai C, Kogon B, et al. Results of primary repair versus shunt palliation in ductal dependent infants with pulmonary atresia and ventricular septal defect. Ann Thorac Surg. (2015) 2:639–46. doi: 10.1016/j.athoracsur.2015.05.017

21. Macalister SJ, Buratto E, Naimo PS, Ye XT, Fulkoski N, Weintraub RG, et al. Long-term outcomes of staged complete repair of pulmonary atresia with ventricular septal defect. Ann Thorac Surg. (2023) 2:445–51. doi: 10.1016/j.athoracsur.2022.09.022

22. Expert Consensus Panel; Miller JR, Stephens EH, Goldstone AB, Glatz AC, Kane L, Van Arsdell GS, et al. The American association for thoracic surgery (AATS) 2022 expert consensus document: management of infants and neonates with tetralogy of Fallot. J Thorac Cardiovasc Surg. (2023) 1:221–50. doi: 10.1016/j.jtcvs.2022.07.025

23. Fan F, Peng B, Liu Z, Liu Y, Wang Q. Systemic-to-pulmonary shunt vs right ventricle to pulmonary artery connection in the treatment of pulmonary atresia, ventricular septal defect, and major aortopulmonary collateral arteries. J Card Surg. (2020) 2:345–51. doi: 10.1111/jocs.14379

24. Zhao D, Yang K, Li S, Yan J, Hua Z, Fang N, et al. Outcomes of different rehabilitative procedures in patients with pulmonary atresia, ventricular septal defect and major aortopulmonary collateral arteries. Eur J Cardiothorac Surg. (2019) 5:837–44. doi: 10.1093/ejcts/ezy375



OPS/images/fcvm-10-1189954-g004.jpg
== Ages6.4months == Age > 6.4 months

100%
= 90%
g
g
b 80%
S
2
T 70% Log-rank test, p = 0.88
3
2
= 60%
50%
0 2 72 120 144
Follow-up time (Months)
Number at risk
28 20 14 9 0
61 56 46 32 1 o
% 48 72 9% 120 144
Follow-up time (Months)
= shunt = RV-PA connection
100%
g 90%
g
» 80%
S
70% Log-rank test, p = 0.72
60%
50%
0 24 48 72 120 144
Follow-up time (Months)
Number at risk
35 19 5 1 0
=47 44 39 33 25 12 o
[ 2 120 144

48 72 96
Follow-up time (Months)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Long-term outcomes of pulmonary atresia with ventricular septal defect by different initial rehabilitative surgical age

		1. Introduction



		2. Methods



		2.1. Patients and design



		2.2. Operation strategies and techniques



		2.3. Follow-up and definition



		2.4. Statistical analysis











		3. Results



		3.1. Baseline clinical characteristics



		3.2. Perioperative and postoperative outcome



		3.3. Survival analysis for complete repair and survival



		3.4. Multivariate analysis for complete repair











		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Long-term outcomes of
pulmonary atresia with ventricular
septal defect by different initial
rehabilitative surgical age





OPS/images/fcvm-10-1189954-g001.jpg
.4 months
61

Folloy death
Lost at follow-up

Achievement of
complete repair
n=18

no more than 6.4 months more than
n=40 n=

Lost at follow-up

Await for
complete repair
n=31

Achievement of Await for
complete repair complete repair
n=26 n=7





OPS/images/fcvm-10-1189954-g003.jpg
100%

ir

~
g
®

idence of complete repai
@
g
=2

2
=

3
<3
=

~
3
=

@
g
=

g
3
£
3
g
:
5
H
]

Age 6.4 months == Age > 6.4 months

Gray's test, p < 0.0001

0 24 48 72 96 120 144
Follow-up time (Months)
= Shunt == RV-PA connection

Gray's test, p = 0.035

o
R

120

S

48 72 96
Follow-up time (Months)





OPS/images/fcvm-10-1189954-g002.jpg
001

Sen: y: 75.4%
Specificity: 59.1%

20 4 60 80
100% - Specificity%









OPS/images/fcvm-10-1189954-t003.jpg
Variables Univariate analysis | Multivariate analysis

HR | 95%Cl | p | HR | 95%Cl | p

Age <6.4 months 1.724-5.786 | 0.000 | 2.728 | 1.122-6.637
0.753-2.537 | 0.296
K 7| 0.003 | 0.927 | 08521009
09581003 | 0.091 | 0.985 | 0.966-1.010
Presence of MAPCAs 0242-0913 | 0.026 | 1.298 | 0.578-2914
McGoon ratio 0.673-3.146 | 0.341 | 0.105 | 0.025-0.439
Nakata index K 0.997-1.011 | 0.287 | 1.016 | 1.005-1.027
RV-PA connection 1.030-3.474 | 0.040 | 4.196 | 1.782-9.883

MAPCAs, major aortopulmonary collateral arteries; RV-PA connection, right
ventricle to pulmonary artery connection.






OPS/images/fcvm-10-1189954-t002.jpg
Variables

Perioperative

Age <6.4 months
n=40

Age >6.4 months
61

in), median (IQR)

45.50 (0.00-95.75)

(min), median (IQR)

0.00 (0.00-62.00)

0.00 (0.00-58.50)

Delayed stemal closure

17 (168%)

11 (27.5%)

In-hospital mortality

0

0

Length of hospital stay (d), median (IQR)

290 (22.0-42.0)

340 (27.0-48.0)

280 (21.0-375)

Follow-up period (month), median (IQR)

7276 +36.03

75.38 4053

7105+ 3298

Inter-stage reintervention

Percutancous balloon pulmonary valvuloplasty

2.(20%)

1(25%)

1 (1.6%)

Percutancous pulmonary artery stent implantation

3 (3.0%)

0

3 (4.9%)

 Shunt/conduit replacement
Follow-up mortality

20 (19.8%)
10 (99%)

81{200%)
4 (10%)

12 (157%)
6 (9.8%)

McGoon ratio before complete repair, mean * SD

1.65 +0.48

167047

161 %050

AMcGoon ratio, mean = SD

072+0.46

064 +0.49

084041

Nakata index before complete repair, median (IQR)

200.92 (108.36-319.80)

207.81 (98.54-354.80)

20092 (120.97-249.22)

ANakata index, median (IQR)

9219 (50.78-181.06)

11865 (52.48-278.62)

8591 (48.23-139.59)

Complete repair

44

2

18

CPET. ‘carciopulmoniany bysass tine: ACCT. 8ot cress-elamping Hime.






OPS/images/fcvm-10-1189954-t001.jpg
Variables Age <6.4 months Age >6.4 months

n=40 n=61
Age (month), median (IQR) 983 (2.94-45.19) 190 (0.73-3.65) 33.37 (12.84-80.04)
Male 56 (55.4%) 27 (67.5%) 29 (47.5%)
Weight (kg), median (IQR) 75 (45-123) 38 (27-52) 110 (80-17.0)
BSA (m”), median (IQR) 037 (0.24-0.57) 022 (0.18-0.26) 052 (0.39-0.74) <0.001
Types 0092
A 44 (43.6%) 22 (55.0%) 22 (36.1%)
B 50 (49.5%) 17 (425%) 33 (541%)
c 7 (69%) 1(25%) 6 (9.8%)
Pa0,, median (IQR) 73.0 (66.0-80.0) 700 (60.0-84.5) 73.0 (70.0-78.5) 0362
CT imaging
Presence of central pulmonary artery 94 (93.1%) 39 (97.5%) 55 (90.2%) 0308
Presence of MAPCAs 41 (406%) 6 (15%) 35 (57.4%) <0.001
McGoon ratio, mean + SD 088036 1002021 080 £0.42 0003
Nakata index, median (IQR) 59.39 (35.69-92.20) 77.87 (51.38-96.82) 5486 (27.45-83.90) 0023
Rehabilitative approach 0802
Pulmonary-to-pulmonary artery shunt 54 (53.5%) 22 (55%) 32 (525%)
RV-PA connection 47 (46.5%) 18 (45%) 29 (47.5%)
Concurrent unifocalization 10 (99%) 1(25%) 9 (14.8%) 0094
BSA, body surface area; CT, computed MAPCAs, major aortopul collateral arteries; SD, standard deviation; RV-PA connection, right ventricle to

sulmonary artery connection.





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





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





