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Introduction: Total anomalous pulmonary venous connection (TAPVC) is a rare but critical cardiac anomaly, in which pulmonary veins are connected to an abnormal location rather than the left atrium. The prognosis can be extremely poor without intervention, with a mortality of 80% during infancy. The purpose of this research is to summarize the outcomes and relevant risk factors of 80 total anomalous pulmonary venous connection (TAPVC) patients who underwent primary TAPVC sutureless repair and discuss the indications and benefits of primary sutureless repair.



Methods: This retrospective review included 80 patients with TAPVC who underwent primary sutureless repair at a single institution between January 2015 and December 2020. Patients were subdivided into 4 groups according to Darling's classification. Risk factors that increase the postoperative pulmonary vein flow velocity were explored by Multiple Linear regression.



Results: Anatomic TAPVC subtypes included supracardiac 35 (43.8%), cardiac 24 (30%), infracardiac 17 (21.2%), and mixed 4 (5%). Median age at repair was 16.5 days and median weight was 3.5 kg. Preoperative pulmonary venous obstruction (PVO)was presented in 20 (25%) patients. There were 2 early deaths and 1 late death. 2 patients developed postoperative PVO and none required reintervention. Prolonged cardiopulmonary bypass time (CPB) (p = 0.009), preoperative pneumonia (p = 0.022) and gender (p = 0.041) were found to be associated with the increase of postoperative pulmonary vein flow velocity.



Discussion: Under the primary sutureless technique, no statistical difference was observed among the 4 subgroups in terms of postoperative pulmonary vein flow velocity (p = 0.589). The primary sutureless technique may eliminate the differences between subtypes while decrease the postoperative PVO rate, which makes it applicable in any subtypes of TAPVC. Following the favorable outcomes in preventing postoperative PVO in all subtypes in this study, we advocate the indications for primary sutureless repair may expand further to all the TAPVC patients.
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Introduction

Total anomalous pulmonary venous connection (TAPVC) is a rare but critical cardiac anomaly, in which pulmonary veins are connected to an abnormal location rather than the left atrium. Accounting for 1% to 3% of the congenital heart disease cases (1). The prognosis can be extremely poor without intervention, with a mortality of 80% during infancy (1, 2). The only treatment is surgical correction at an early stage. With developments in cardiac surgery, the surgical mortality is now generally below 10% (3, 4). Criteria that evaluate surgical outcomes of TAPVC usually include operative mortality rates and incidence of recurrent pulmonary venous obstruction. In previous studies, variables such as other coexisting cardiac anomalies, younger age at the time of repair, infracardiac and mixed TAPVC, and preoperative PVO were associated with a poorer prognosis (5–8). In the 1990s, sutureless pericardial repair was proposed to relieve PVO after TAPVC repair (9–11). Though there is a potential risk of bleeding from the gap between the confluence and pericardium into the posterior mediastinum or pleural cavity, this technique was associated with a favorable survival rate for reintervention of postoperative PVO (11, 12). Thus, the indications of sutureless repair for TAPVC as a primary operation have been gradually expanded throughout the years (13–16). In this study, we have retrospectively collected data from a contemporary cohort of patients with TAPVC who all underwent primary sutureless repair to evaluate the surgical outcomes and identify variables that increase postoperative pulmonary vein flow velocity.



Materials and methods


Ethics statement

The Institutional Review Board of Shenzhen Children's hospital approved this study and the need for individual consent was waived due to the retrospective nature of the study.



Study population and definitions

Patients with TAPVC who underwent primary sutureless repair between January 2015 and December 2020 at Shenzhen Children's Hospital were consecutively enrolled. All the TAPVC patients that admitted in our center underwent primary sutureless repair during this study period. A review of medical records, including medical history, clinical examination records, operative details, and ICU charts were performed. Patients with single ventricle or heterotaxy were excluded. The classification of TAPVC was based on that proposed by Darling in 1957 as supracardiac, cardiac, infracardiac, and mixed types (17). The diagnosis was mainly made by echocardiography, 66 cases also performed computed tomography (CT) for detailed morphology. Primary sutureless repair was required for all patients present with or without preoperative PVO. Emergency surgery referred to the operation performed within the first 24 h after presentation to save life. Early death was defined as death within 30 days of operation or during primary hospitalization. Other deaths were defined as late deaths. Reintervention was defined as any operation performed secondary to recurrent PVO. Pulmonary veins were deemed obstructed by a nonphasic flow rate of >1.8 m/s based on echocardiography (8).



Operative data

Primary sutureless repair was performed through a median sternotomy under standard cardiopulmonary bypass (CPB) in 80 patients. Among them, deep hypothermic circulatory arrest (DHCA) was used in 55 patients.We adopt DHCA for most of the cases because the heart needs to be rotated in our sutureless technique, and DHCA allows us to obtain a satisfactory surgical exposure and avoid distortion of the cannula. The ductus arteriosus was dissected and ligated before CPB was started if existed. All operations were performed by the same group of surgeons led by the same head surgeon. Surgeons'multilevel effects didn't exist in this study. A part of the surgeons moved to another hospital after we finished the study cohort. All patient data come from Shenzhen Children's hospital.



Sutureless technique

For supracardiac and infracardiac TAPVC, the heart would be positioned under the right hemi-sternum or in the right thoracic cavity after being rotated toward the patient's right. An incision on the common pulmonary vein was made and extended to each individual pulmonary vein, also to the vertical vein beyond every stenotic segment, the incision was continued toward the pleural pericardial reflection laterally. An incision was made on the posterior wall of the left atrium. The left atrial wall was anastomosed with the pericardium adjacent to the pulmonary vein, avoiding direct contact with the venous wall. The atrial septal defect (ASD) was closed with/without a pericardial patch. The vertical vein was ligated prior to sternal closure if the intra-operative echocardiogram result is satisfied, and the hemodynamics were stable. For mixed TAPVC, we combined the sutureless technique, other anastomosis techniques and intra atrium baffle technique to connect all pulmonary veins to the left atrium, avoiding or reducing trauma to the pulmonary venous endothelium. In this study, there were 4 mixed type TAPVC patients. One of them had 3 supracardiac pulmonary veins combined with 1 infracardiac pulmonary vein. Other 3 mixed type patients all had three intracardiac pulmonary veins combined with one supracardiac pulmonary vein. In the case that combines supracardiac and infracardiac type, we also cover the atrium on the incisions of the four pulmonary veins with no big differences than what we described above. For the cases that own three intracardiac pulmonary veins combining with one supracardiac pulmonary vein, We would do a parallel anastomosis of the supracardiac pulmonary vein with the auricula. The stitches would be on the pericardium tissues around the pulmonary vein, and the pulmonary venous endothelium would also be intact. For cardiac TAPVC we also adopt our sutureless technique which doesn't contact the endothelium. For the cardiac type cases with single or multiple stenosis before flow into coronary sinus, we use similar sutureless technique as the supracardiac ones.



Statistical analysis

Statistical analyses were performed with SPSS24. Continuous variables were reported as mean ± standard deviation or medians with range or interquartile range (IQR) and categorical variables as absolute numbers or percentages. Due to the very low incidence of adverse outcomes,we did not choose Cox regression or Logistic regression for analysis. Instead, we first apply simple linear regression for all the factors that we record. Then we chose the factors with p < 0.2 into multiple linear regression model for further analysis. The final risk factors that increase the postoperative pulmonary vein flow velocity were determined by the Multiple linear regression model. Take α = 0.05 as examination standard.




Results


Baseline characteristics

Between 2015 and 2021, A total of 80 TAPVC patients underwent primary sutureless TAPVC repair. Of the 80 patients, 47 were male (58.8%) and 33 were female (41.2%). Median age at time of surgery was 16.5 days (range 0 to 270 days) with median weight 3.5 kg (range 2.2 to 7.6 kg). Anatomic subtypes presented as, supracardiac 35 (43.8%), cardiac 24 (30%), infracardiac 17 (21.2%), and mixed 4 (5%). Preoperative PVO was found in 20 patients (25%), including 9 in supracardiac, 3 in cardiac and 8 in infracardiac subtypes. Detailed patient baseline characteristics are illustrated in Table 1.


TABLE 1 Patient characteristics.
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In-hospital results

There were 20 (25.0%) cases combined with preoperative pneumonia. 19 (23.8%) cases had preoperative ventilator support. 8(10.0%) cases underwent emergency surgery. The mean CPB and aortic cross-clamping times (ACC) for the entire cohort were 88.5 ± 35.7 and 36.2 ± 13.2 min. DHCA was used in 55(68.8%) patients with a median ischemic time of 31 min (range: 10–65). The median duration of stay at the cardiac intensive care unit (CICU) and hospital were 4 days (IQR, 3–6) and 12 days (IQR, 10–15). Detailed In-hospital information is shown in Table 2.


TABLE 2 In-hospital and follow-up variables.
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Follow-up

Patients discharged were followed up at 1, 3 and 6 months after surgery and then annually mainly by echocardiography to evaluate the postoperative pulmonary vein flow acceleration. We use echocardiography instead of CT scans because it provides not only steady images of the vessels, but also color doppler that enables us to measure the flow velocity of certain vessels. It is more accurate in detecting accelerated vein flow velocity. CT scan also has certain radiation, thus we want to avoid it during regular follow-up.At time of presentation, 2 patients (2.5%) had evidence of obstruction. 1 from spracardiac type and 1 from cardiac type. For patient 1, The latest echo report shows the right pulmonary vein (PV) flow velocity was 2.6 m/s, the velocity of left PV was 1.8 m/s. For patient 2, The latest echo report shows the left PV flow velocity was 2.1 m/s, the velocity of right PV was 1.7 m/s. Reintervention criteria in our center are based on the clinical manifestations of the patients. If symptoms like dyspenea, three concave signs, need for ventilation, failure to thrive, and limitation of activity appears, a reintervention surgery would be done. Both patients are under close observation, there is no further acceleration of their PV flow velocity throughout our follow-ups. And both were asymptomatic with normal growth and development, thus none needed reintervention currently. They are still under close observation and regular follow-up to monitor any change in PV velocity and symptoms. If they develop any of the above symptoms, a reintervention would be done. 2 patients presented early deaths, with the PV velocity of 1.3 m/s and 1.5 m/s respectively according to the death case discussion records. One due to aspiration led by improper feeding by the patient's mother. One due to acute pulmonary edema which led by pulmonary hypertension crisis. 1 late death occurred after the patient's second surgery because of the comprehensive effect of multiple conditions of the patient: Aortic dysplasia, severe pulmonary hypertension, severe bilateral pulmonary hypoplasia, tracheomalacia, and severe malnutrition. The patient never have a PVO, according to the the most recent echo report prior to death, the PV velocity was1.1 m/s.The overall outcomes of this cohort of patients are shown in Figures 1, 2. Detailed follow-up information is shown in Table 2.


[image: Figure 1]
FIGURE 1
Overall survival time.
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FIGURE 2
Freedom from postoperative PVO.




Risk factors that increase the postoperative pulmonary vein flow velocity

Prolonged CPB time (p = 0.009), preoperative pneumonia (p = 0.022) and gender (p = 0.041) were found to be associated with the increase of postoperative pulmonary vein flow velocity. Of note, under the primary sutureless technique, no statistical difference was observed among the 4 types in terms of postoperative pulmonary vein flow velocity (p = 0.589) and no statistical difference was observed in preoperative PVO group (p = 0.114). Detailed analysis results are showed in Tables 3, 4.


TABLE 3 Simple linear regression analysis of factors associated With postoperative pulmonary vein flow acceleration.
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TABLE 4 Multiple linear regression model of factors associated With postoperative pulmonary vein flow acceleration.
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Discussion

From this TAPVC patient cohort from Shenzhen Children's Hospital, we have the following main findings: (1) the most common type was supracardiac, followed by cardiac and infracardiac; (2) Under the primary sutureless repair condition, subtypes like infracardiac, mixed and preoperative PVO might no longer be associated with the postoperative pulmonary vein flow velocity. (3) Prolonged CPB time (p = 0.009) and preoperative pneumonia (p = 0.022) were mainly associated with the increase of postoperative pulmonary vein flow velocity.

Supracardiac TAPVC is the most common type reported, accounting for about 40% to 45% of the total (3, 18, 19). Our study was consisted of supracardiac 35 (43.8%), cardiac 24 (30%), which echoed these observations, with cardiac type as the second most common type. On the contrary, some other series identified infracardiac type as the second most common type, accounting for about 20% to 26%.

Primary sutureless repair of biventricular TAPVC was associated with decreased mortality and postoperative PVO rate (20, 21). Sutureless technique anastomosing the left atrium to the posterior pericardium rather than to the pulmonary vein tissue itself. The key points for satisfactory outcomes of this technique include: fully relieving the preoperative pulmonary venous obstruction, atriopericardial anastomosis and avoidance of trauma to the pulmonary veins (22). It is a key technique to overcome postoperative PVO and lower the mortality rate. The diagnosis of PVO is usually made by echocardiography, with fair sensitivity and specificity (23, 24). Continuous and accelerated pulmonary fellow with nonphasic flow pattern is the indication of PVO. The obstruction may be caused by extrinsic pressures or intrinsic narrowing of the vein, or both (25). Previous study showed the rate of postoperative PVO is higher than 10% (8, 26). In our study, the incidence of postoperative PVO is 2.5% which is low. Though previous studies showed mixed and infracardiac TAPVC are strongly associated with postoperative PVO (8, 27). Our study showed no association between the types of TAPVC and risk of higher postoperative pulmonary vein flow velocity. We believe the primary sutureless technique may eliminate the differences between types while decrease the postoperative PVO rate, which makes it applicable in any subtypes of TAPVC.

Previous studies also showed preoperative PVO as a significant predictor for postoperative PVO (8, 28). Our study showed no consistent result. There is no significant association between preoperative PVO and higher postoperative pulmonary vein flow velocity in our study. We believe that primary sutureless technique may also eliminate the difference here for it can fully relieve the preoperative PVO. Following the satisfactory outcomes in preventing postoperative PVO in all subtypes in our study, we advocate the indications for primary sutureless repair may expand further to all the TAPVC patients.

In earlier reports, lower body weight, younger age at surgery and emergency surgery were associated with postoperative PVO (8). But in our study, these factors were no risk factors for higher postoperative pulmonary vein flow velocity. Supporting the feasibility of early surgical correction of TAPVC (29). Corrective surgery for patients with TAPVC should be performed as soon as possible (30).

We found that preoperative pneumonia (p = 0.022), prolonged CPB time (p = 0.009) and gender(male) (p = 0.041) were risk factors for higher postoperative pulmonary vein flow velocity. Of note, in previous study of pneumonia patients, compared with those without preoperative pneumonia, children with preoperative pneumonia had a higher risk of mortality and postoperative complications, longer hospital stay (31). It is believed that preoperative pneumonia and longer CPB time may indicate those patients who are in poor preoperative condition and poorer pulmonary condition. Therefore, they can be more difficult to operate on and recover.

The surgical mortality in early series is from 10% to 80% (3, 7, 32), but most recent reports presented a surgical mortality that is <10% (3, 4, 18). Our study, with primary sutureless technique, mortality was 3.8% which is low. 2 patients presented early deaths, according to our death case discussion record. One due to suffocation led by improper feeding by the patient's mother. One due to acute pulmonary edema which led by pulmonary hypertension. 1 late death occurred after the patient's second surgery because of the comprehensive effect of multiple conditions. Due to the small sample size of mortality cases in out study, we did not apply Cox regression or other models to analyze the risk factor for mortality. Thus, more cases and longer surveillance are required for further study.



Limitations

The study is subject to the usual limitations of a retrospective, nonrandomized study design. Due to the small sample size of mortality cases. We did not make any statistical analysis for mortality. There are more variables we wanted to include in our study, for example, CVP, Blood Gas Analysis results. But ended up impossible for these variables cannot be traced in multiple cases. We excluded patients with single ventricle or heterotaxy. Further study of primary sutureless technique to clarify and compare the clinical course of TAPVC with single-ventricle and heterotaxy physiology is necessary. Extracardiac anomalies were not taken into the study. Further study on the comprehensive influence of extracardiac anomalies on post operative outcomes is necessary.



Conclusions

Prolonged CPB time and preoperative pneumonia are the major risk factors of faster postoperative pulmonary vein flow velocity. The primary sutureless technique may eliminate the differences between types while decrease the postoperative PVO rate, which makes it applicable in any subtypes of TAPVC. Following the satisfactory outcomes in preventing postoperative PVO in all subtypes in our study, we advocate the indications for primary sutureless repair may expand further to all the TAPVC patients.



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/s.



Author contributions

GL: Data curation; Formal analysis; Writing—original draft; Visualization; BM: Conceptualization; Validation; Writing review; CZ: Data curation; Methodology;Validation; Funding acquisition; WZ: Visualization; Software; XZ: Resources; Validation; QZ: Methodology; Project administration; Resources; YD: Conceptualization; Funding acquisition; Project administration; Resources; Supervision; Validation; Writing—review & editing. All authors contributed to the article and approved the submitted version.



Funding

This study is supported by The Shenzhen Science and Technology Innovation Commission (CN) of China (No. JCYJ20190809170811489) and Guangdong Medical Science and Technology Research Fund (No. A2020204).



Acknowledgments

The authors thank Keye Wu for partial data collecting.



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.



References

1. Herlong JR, Jaggers JJ, Ungerleider RM. Congenital heart surgery nomenclature and database project: pulmonary venous anomalies. Ann Thorac Surg. (2000) 69(4 Suppl):S56–69. doi: 10.1016/S0003-4975(99)01237-0

2. Reardon MJ, Cooley DA, Kubrusly L, Ott DA, Johnson W, Kay GL, et al. Total anomalous pulmonary venous return: report of 201 patients treated surgically. Tex Heart Inst J. (1985) 12(2):131–41. PMID: 15227021

3. Kelle AM, Backer CL, Gossett JG, Kaushal S, Mavroudis C. Total anomalous pulmonary venous connection: results of surgical repair of 100 patients at a single institution. J Thorac Cardiovasc Surg. (2010) 139(6):1387–94.e3. doi: 10.1016/j.jtcvs.2010.02.024

4. Morales DL, Braud BE, Booth JH, Graves DE, Heinle JS, McKenzie ED, et al. Heterotaxy patients with total anomalous pulmonary venous return: improving surgical results. Ann Thorac Surg. (2006) 82(5):1621–7; discussion 7–8. doi: 10.1016/j.athoracsur.2006.05.053

5. Yong MS, d'Udekem Y, Robertson T, Horton S, Dronavalli M, Brizard C, et al. Outcomes of surgery for simple total anomalous pulmonary venous drainage in neonates. Ann Thorac Surg. (2011) 91(6):1921–7. doi: 10.1016/j.athoracsur.2010.12.069

6. Kirshbom PM, Myung RJ, Gaynor JW, Ittenbach RF, Paridon SM, DeCampli WM, et al. Preoperative pulmonary venous obstruction affects long-term outcome for survivors of total anomalous pulmonary venous connection repair. Ann Thorac Surg. (2002) 74(5):1616–20. doi: 10.1016/S0003-4975(02)03935-8

7. Hancock Friesen CL, Zurakowski D, Thiagarajan RR, Forbess JM, del Nido PJ, Mayer JE, et al. Total anomalous pulmonary venous connection: an analysis of current management strategies in a single institution. Ann Thorac Surg. (2005) 79(2):596–606; discussion 596–606. doi: 10.1016/j.athoracsur.2004.07.005

8. Shi G, Zhu Z, Chen J, Ou Y, Hong H, Nie Z, et al. Total anomalous pulmonary venous connection: the current management strategies in a pediatric cohort of 768 patients. Circulation. (2017) 135(1):48–58. doi: 10.1161/CIRCULATIONAHA.116.023889

9. Lacour-Gayet F, Zoghbi J, Serraf AE, Belli E, Piot D, Rey C, et al. Surgical management of progressive pulmonary venous obstruction after repair of total anomalous pulmonary venous connection. J Thorac Cardiovasc Surg. (1999) 117(4):679–87. doi: 10.1016/S0022-5223(99)70287-4

10. Najm HK, Caldarone CA, Smallhorn J, Coles JG. A sutureless technique for the relief of pulmonary vein stenosis with the use of in situ pericardium. J Thorac Cardiovasc Surg. (1998) 115(2):468–70. doi: 10.1016/S0022-5223(98)70294-6

11. Lacour-Gayet F. Surgery for pulmonary venous obstruction after repair of total anomalous pulmonary venous return. Semin Thorac Cardiovasc Surg Pediatr Card Surg Annu. (2006):45–50. doi: 10.1053/j.pcsu.2006.02.010

12. Devaney EJ, Ohye RG, Bove EL. Pulmonary vein stenosis following repair of total anomalous pulmonary venous connection. Semin Thorac Cardiovasc Surg Pediatr Card Surg Annu. (2006):51–5. doi: 10.1053/j.pcsu.2006.02.023

13. Yoshimura N, Oshima Y, Henaine R, Matsuhisa H. Sutureless pericardial repair of total anomalous pulmonary venous connection in patients with right atrial isomerism. Interact Cardiovasc Thorac Surg. (2010) 10(5):675–8. doi: 10.1510/icvts.2009.221440

14. Matsuhisa H, Oshima Y, Maruo A, Hasegawa T, Tanaka A, Noda R. Primary sutureless repair and anterior translocation of the atrial septum for cardiac total anomalous pulmonary venous connection. Ann Thorac Surg. (2013) 95(2):729–30. doi: 10.1016/j.athoracsur.2012.09.080

15. Kan CD, Yang YJ. Modified T-shaped left atrium incision in the bi-atrial approach for infracardiac type TAPVR repair. Ann Thorac Surg. (2011) 91(6):2003–5. doi: 10.1016/j.athoracsur.2010.11.070

16. Honjo O, Atlin CR, Hamilton BC, Al-Radi O, Viola N, Coles JG, et al. Primary sutureless repair for infants with mixed total anomalous pulmonary venous drainage. Ann Thorac Surg. (2010) 90(3):862–8. doi: 10.1016/j.athoracsur.2010.05.007

17. Craig JM, Darling RC, Rothney WB. Total pulmonary venous drainage into the right side of the heart; report of 17 autopsied cases not associated with other major cardiovascular anomalies. Lab Invest. (1957) 6(1):44–64. PMID: 13386206

18. Hyde JA, Stümper O, Barth MJ, Wright JG, Silove ED, de Giovanni JV, et al. Total anomalous pulmonary venous connection: outcome of surgical correction and management of recurrent venous obstruction. Eur J Cardiothorac Surg. (1999) 15(6):735–40; discussion 40–1. doi: 10.1016/S1010-7940(99)00104-9

19. Karamlou T, Gurofsky R, Al Sukhni E, Coles JG, Williams WG, Caldarone CA, et al. Factors associated with mortality and reoperation in 377 children with total anomalous pulmonary venous connection. Circulation. (2007) 115(12):1591–8. doi: 10.1161/CIRCULATIONAHA.106.635441

20. Liufu R, Liu X, Liu T, Chen J, Wen S, Cen J, et al. Primary sutureless repair for infracardiac total anomalous pulmonary venous connection. Eur J Cardiothorac Surg. (2021) 59(5):959–66. doi: 10.1093/ejcts/ezaa470

21. Wu Y, Wu Z, Zheng J, Li Y, Zhou Y, Kuang H, et al. Sutureless technique versus conventional surgery in the primary treatment of total anomalous pulmonary venous connection: a systematic review and meta-analysis. J Cardiothorac Surg. (2018) 13(1):69. doi: 10.1186/s13019-018-0756-z

22. Zhang C, Ou Y, Zhuang J, Chen J, Nie Z, Ding Y. Comparison of sutureless and conventional techniques to repair total anomalous pulmonary venous connection. Semin Thorac Cardiovasc Surg. (2016) 28(2):473–84. doi: 10.1053/j.semtcvs.2016.05.009

23. Wang JK, Lue HC, Wu MH, Young ML, Wu FF, Wu JM. Obstructed total anomalous pulmonary venous connection. Pediatr Cardiol. (1993) 14(1):28–32. doi: 10.1007/BF00794841

24. Vick 3rd GW, Murphy Jr. DJ, Ludomirsky A, Morrow WR, Morriss MJ, Danford DA, et al. Pulmonary venous and systemic ventricular inflow obstruction in patients with congenital heart disease: detection by combined two-dimensional and Doppler echocardiography. J Am Coll Cardiol. (1987) 9(3):580–7. doi: 10.1016/S0735-1097(87)80051-7

25. Lucas Jr. RV, Lock JE, Tandon R, Edwards JE. Gross and histologic anatomy of total anomalous pulmonary venous connections. Am J Cardiol. (1988) 62(4):292–300. doi: 10.1016/0002-9149(88)90227-5

26. Husain SA, Maldonado E, Rasch D, Michalek J, Taylor R, Curzon C, et al. Total anomalous pulmonary venous connection: factors associated with mortality and recurrent pulmonary venous obstruction. Ann Thorac Surg. (2012) 94(3):825–31; discussion 31–2. doi: 10.1016/j.athoracsur.2012.04.026

27. Ji E, Qiu H, Liu X, Xie W, Liufu R, Liu T, et al. The outcomes of total anomalous pulmonary venous connection in neonates-10-year experience at a single center. Front Cardiovasc Med. (2021) 8:775578. doi: 10.3389/fcvm.2021.775578

28. Fu CM, Wang JK, Lu CW, Chiu SN, Lin MT, Chen CA, et al. Total anomalous pulmonary venous connection: 15 years’ experience of a tertiary care center in Taiwan. Pediatr Neonatol. (2012) 53(3):164–70. doi: 10.1016/j.pedneo.2012.04.002

29. Wu ET, Huang SC, Wu MH, Wang JK, Chang CI. Rerouting surgery of cardiac type total anomalous pulmonary venous return in a premature newborn with very low birth weight. J Formos Med Assoc. (2007) 106(2 Suppl):S23–6. doi: 10.1016/s0929-6646(09)60348-x

30. Harada T, Nakano T, Oda S, Kado H. Surgical results of total anomalous pulmonary venous connection repair in 256 patients. Interact Cardiovasc Thorac Surg. (2019) 28(3):421–6. doi: 10.1093/icvts/ivy267

31. Nafiu OO, Mpody C, Kirkby SE, Samora JB, Tobias JD. Association of preoperative pneumonia with postsurgical morbidity and mortality in children. Anesth Analg. (2021) 132(5):1380–8. doi: 10.1213/ANE.0000000000005219

32. Burroughs JT, Edwards JE. Total anomalous pulmonary venous connection. Am Heart J. (1960) 59:913–31. doi: 10.1016/0002-8703(60)90414-2



OPS/images/fsurg-09-1086596-g002.jpg
Q
g
£ 1004
H 8
2 | ———— 3
k] — Cardiac
g ~ Infracardiac
£ o0 —— Mixed
E
5
3
£
e T T T T 1
0 20 40 e 8 100
Follow up time (month)
NO. at Risk
Supracardiac | 35 34 34 34 34 34
Cardiac |24 |23 |23 |23 |23 |2
Infracardiac | 17 17 17 17 17 17
Mixed 4 4 4 4 4 4






OPS/images/fsurg-09-1086596-g001.jpg
- Supracardiac
— Cardiac

F
2 ol - Infracardiac
H - Mixed
T T T T ,
o 20 40 60 80 100
Follow up time (month)
NO. at Risk
Supracardiac | 35 33 33 33 33 33
Cardiac 24 23 23 23 23 23
Infracardiac | 17 1y ix 17 iz 17
Mixed 4 4 4 4 4 4






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Total anomalous pulmonary venous connection in 80 patients: Primary sutureless repair and outcomes

		Introduction



		Materials and methods



		Ethics statement



		Study population and definitions



		Operative data



		Sutureless technique



		Statistical analysis











		Results



		Baseline characteristics



		In-hospital results



		Follow-up



		Risk factors that increase the postoperative pulmonary vein flow velocity











		Discussion



		Limitations



		Conclusions



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















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

Total anomalous pulmonary venous
connection in 80 patients: Primary sutureless
repair and outcomes





OPS/images/fsurg-09-1086596-t004.jpg
Variable

Preoperative
PVO

Estimate

Std

95%Cl

—0.028-0.255

Weight

—0.080-0.018

Gender

—0244- (~0.005)

Preoperative

preumonia

0.025-0.307

DHCA

—0.135-0.138

CPB time

0.001-0.008

ACC time

—0.015-0.003

CICU stay

—0.023-0.022

Hospital stay

—0.006-0.023







OPS/images/fsurg-09-1086596-t001.jpg
Covariate

Age at surgery (days)

Total = 80

Mean(SD)

47.8 (64.6)

Median (IQR)

165 (7-62.75)

Weight at surgery (kg)

Mean (SD)

39 (13)

Median (IQR)

35 (3-437)

Gender, n (%)

Male

47 (58.8)

Female

33 (412)

TAPVC type, n (%)

Supracardiac

35 (438)

Cardiac

24 (300)

Infracardiac

17 (21.2)

Mixed

4(50)

Preoperative PVO, n (%)

Supracardiac

Cardiac

Infracardiac

8 (47.1)

Mixed

0(0)







OPS/images/fsurg-09-1086596-t003.jpg
Variable

TAPVC types

Estimate

Std

—0.091-0.052

Preoperative
PVO

0.064-0349

Age

~0.001-0.001

Weight

—0.087-0.013

Gender

—0.257-0.002

Preoperative

prieumonia

~0.028-0.267

Preoperative
ventilation

~0.056-0.252

Emergency
surgery

—0.122-0.308

DHCA

~0.029-0247

CPB time

0.001-0.005

ACC time

0.002-0011

CICU stay

0.005-0.032

Hospital stay

0004





OPS/images/fsurg-09-1086596-t002.jpg
Covariate

Preoperative pneumonia, (%)

Total =80

20 (25.0%)

Preoperative ventilator support, 1 (%)

19 (23.8%)

Emergency surgery

CPB (minutes)

Mean = SD

Median

Minimum, maximum

ACC (minutes)

Mean £ SD

Median

Minimum, maximum

DHCA, n (%)

No

25 (312)

Yes

55 (68.8)

DHAC (minutes)

Mean +SD

334213

Me

Minimum, maximum

Mortality, n (%)

77 (96.2%)

3 (3.8%)

PVO, n (%)

78 (97.5%)

2 (25%)

CICU stay (days)

Median (IQR)

Minimum, maximum

Hospital stay (days)

Median (IQR)

12 (10-15)

Minimum, maximum

8,56





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





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





