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 THE EXPERIENCE OF PULMONARY BLOOD FLOW OPTIMIZATION  IN PATIENTS WITH FUNCTIONALLY SINGLE VENTRICLE HEART AFTER GLENN ANASTOMOSIS
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Abstract. This article contains statistical analysis of the results and experience of pulmonary blood flow optimization in patients with functionally single ventricle by applying a systemic-pulmonary anastomosis after Glenn anastomosis. During the period from 2001 to 2014  pulmonary blood flow was optimized in 14 patients by applying a systemic-pulmonary anastomosis after Glenn anastomosis. Additional optimization of pulmonary blood flow in these patients is accompanied by a good hemodynamic result, but needs dynamic observation in the late postoperative period to prevent the systolic and diastolic dysfunction of the single ventricle.
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Introduction. For many years surgical treatment of patients with single ventricle remains actual problem in cardiac surgery.

The choice of best optimal terms of surgical treatment in patients with single ventricle remains controversial. This contingent of patients is quite unpredictable and complex in prognosis of heart failure, leading not only to systolic dysfunction but also to diastolic dysfunction, which in recent years has been given much attention. Due to the nature of the anatomical structure, not all patients with single ventricle are suitable candidates for full hemodynamic correction. In most cases there is need for interventions aimed to prepare the patient for the implementation of the final stage of surgical treatment - total cavapulmonary connection (TCPC). 
Part of world cardiac clinics follow concept of early surgical treatment for maximum preservation of systolic and diastolic function of single ventricle [1,3,4]. However, despite the attractiveness of early surgical treatment concept as a way of myocardial dysfunction prevention (secondary cardiomyopathy) in single ventricle and the good results of reconstructive techniques, there are clinics that optimally delay the final stage of surgery - TCPC. This article contains analysis of the experience in pulmonary blood flow optimization by applying system-pulmonary anastomosis after bidirectional cavapulmonary anastomosis (Glenn anastomosis) [5,6] 
Objective: to analyze the experience of pulmonary blood flow optimization in patients with single ventricle by creation of systemic-pulmonary anastomosis after  Glenn anastomosis.
Material and Methods: In the "UCCC" during the period from 2001 to 2014 optimization of pulmonary blood flow achieved by applying of  systemic-pulmonary anastomosis after Glenn anastomosis in 14 patients aged from 69 months to 264 months(average age 143 months ± 17 months), weighing from 24 kg to 52 kg (mean 35 kg ± 7 kg). Group consists of 10 boys and 4 girls. The main indications for pulmonary blood flow optimization was cyanosis (desaturation) and clinical signs of heart failure (shortness of breath, reduced phisical activity or decrease in exercise tolerance).

In 50% (n = 7) of cases Glenn anastomosis was performed on various types of tricuspid valve atresia, in 14,3% (n = 2) - with mitral valve atresia, in 21,4% (n = 3) - double inlet left ventricle, in 14,3% (n = 2) patients - mixed type single ventricle.
In 71,4% (n = 10) period between systemic-pulmonary anastomosis and Glenn anastomosis ranged from 72 months to 117 months (an average of 111 months ± 3 months). 28,6% (n = 4)of patients - systemic-pulmonary anastomosis created simultaneously with Glenn anastomosis or preserved previous source of systemic-pulmonary blood flow. In 71,4% (n = 10) of cases modified systemic-pulmonary anastomosis of Gore-Tex material in diameter from 5 mm to 8 mm was performed, in 28,6% (n = 4)of cases - central anastomosis. In14,3% (n = 2)  absence of long term follow-up data due to the loss of contact with patient. Currently 28,6% (n = 4) patients remain without full hemodynamic correction - TCPC. Three patients have no complaints and are in NYHA I. Concentration of hemoglobin ranged from 13,7 g /dl to 19,7 g /dl (mean 14,9 g /dl ± 0,27 g /dl). Arterial oxygen saturation ranged from 84% to 95% (mean 89% ± 11%). One patient clinically is in NYHA II. 14,3% (n = 2) patients are planned for final stage of hemodynamic correction. Currently 57,2% (n = 8) patients(6 boys and 2 girls) received complete hemodynamic correction, they underwent TCPC in age from 144 months to 240 months (average 77 months ± 17 months), weighing from 24 kg to 72 kg (mean 48 kg ± 7 kg). The average terms between stages of surgical intervention (system-pulmonary anastomosis and TCPC) ranged from 52 months to 135 months (an average of 68 months ± 9 months).
Arterial oxygen saturation ranged from 81% to 91% (mean 87% ± 5%). Concentration of hemoglobin ranged from 149 g / l to 204 g / l (mean 159 g / l ± 17 g / l).

In perioperative period mean pulmonary artery pressure ranged from 11 mm 20 mm (mean 14.7 mm ± 3 mm), pulmonary vascular resistance ranged from 0.74 to 3.8 WU (average 2.1 ± 0,7 WU), transpulmonary gradient ranged from 3 to 5 mm Hg. All patients underwent TCPC using extracardiac conduit technique with Gore-Tex graft(diameter 22 mm - 24 mm). 50% (n = 4) of patients had fenestrated TCPC. Two patients required additional surgery: 1- mitral valve repair, 1-aortic valve replacement and mitral valve repair. Two patients in the early postoperative period received additional endovascular clossure of systemic-to-pulmonary shunts due to the complexity of intraoperative closure.
Results and Discussion: All patients had stable postoperative period. No postoperative mortality. Complete atrioventricular block diagnosed only in one case (12.5%), which required pacemaker implantation. Arterial oxygen saturation in all patients ranged from 91% to 97% (mean 95% ± 3%). Duration of mechanical ventilation ranged from 2.5 hours to 12 hours (an average of 7 hours ± 2,5 hours).The level of protein in the first 5 days 48 g/l - 72 g /l (average 52 g /l ± 22 g /l.). Pleural effusion duration - 5 - 17 days (average of 12 days ± 4 days), the intensity of exudation during the first 5 days 1.5 ml / kg / hour - 2.7 ml / kg / hour (average 1.6 ml / kg / hour ± 0, 4 ml / kg / hour).
All patients discharged in satisfactory condition under the supervision of children's cardiologists and pediatricians.

No mortality during long term follow-up.
No additional surgery required. 1 patient underwent fenestration endovascular clossure, arterial oxygen saturation increased from 83% to 91%.
Half of the patients clinically are in NYHA I, other half - have decreased tolerance to physical exercise and are in NYHA II.  
All patients received regular echocardiographic evaluation of myocardial function of single ventricle. All patients had no myocardial dysfunction, good contractility and ejection fraction ranged 49% - 57% (mean 53% ± 4%), single ventricle volume characteristics improved. In 2 patients after mitral valve repair – mild stenosis (0.7  to 1.5 m/s) and 1 patient with prosthetic aortic valve dysfunction.  Radiographic evaluation without pathological signs, reduced cardio thoracic index. None of the patients had complications associated with anticoagulants. 

Conclusion:

1. Further optimization of pulmonary blood flow in patients with single ventricle by applying systemic-to-pulmonary anastomosis after Glenn anastomosis result in  hemodynamic improvement.
2. Patients in long term follow-up are indicated for regular evaluation to prevent systolic and diastolic dysfunction of single ventricle.
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