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ABSTRACT
Completion extracardiac Fontan is the final stage palliation for functional single ventricle. It has been associated with less incidence of atrial arrhythmias and more laminar flow in the Fontan Pathway. Here, we present our technique of off-pump extracardiac Fontan. 
INTRODUCTION 
Extracardiac Fontan introduced in 1988 and subsequently popularized by Marcelletti[endnoteRef:1], is currently the Fontan design of choice for completion of functional single ventricle staged palliation[endnoteRef:2]. The procedure can be performed without the need for cardiopulmonary bypass (CPB) in the majority of candidates, which serves to minimize the inflammatory response, blood transfusion and lung injury associated with CPB[endnoteRef:3]. We present here the technical aspect and pitfalls for the off-pump technique.  [1:  Marcelletti C, Corno A, Giannico S, Marino B. Inferior vena cava-pulmonary artery extracardiac conduit. A new form of right heart bypass. J Thorac Cardiovasc Surg. 1990 Aug;100(2):228-32
]  [2:  Said SM, Burkhart HM, Dearani JA. The Fontan Connections: Past, Present and Future. World J Pediatr Congenit Heart Surg. 2012 Apr 1;3(2):171-82 
]  [3:  Shinkawa T, Anagnostopoulos PV, Johnson NC, Presnell L, Watanabe N, Sapru A, Azakie A. Early results of the "clamp and sew" Fontan procedure without the use of circulatory support. Ann Thorac Surg. 2011;91(5):1453-9
] 

SURGICAL TECHNIQUE
Ideal timing for the completion is unknown and mostly related to the clinical status of the patient, however we prefer to wait until the patient’s weight is at least 15 kg, which allows us to use the largest possible conduit for the inferior vena caval (IVC) anastomosis.  After redo-median sternotomy and adhesiolysis, the previously constructed bidirectional cavopulmonary anastomosis including the distal right pulmonary artery, right atrium, and inferior vena cava are dissected and thoroughly mobilized. We do not place any central venous catheters in these cases to minimize risk of thrombosis but intraoperatively, we place a pressure monitoring line in the superior vena cava to monitor the Glenn and subsequently Fontan pressure during the procedure only. Full CPB dose of heparin (300-400 Units/kg) is administered systemically.
I. Pulmonary artery to graft anastomosis (Figure 1A)
Test clamping of the right pulmonary artery is performed, while monitoring the patient’s oxygen saturation and cerebral near infrared spectroscopy (NIRS). Clamps are placed in a way to allow blood flow from the previously constructed bidirectional cavopulmonary anastomosis to one lung. The patient is also placed in a reverse Trendelenburg position during that part of the procedure. Once this is proven to be tolerated, proximal and distal control of the right main branch pulmonary artery is performed and an arteriotomy is made at the inferior surface of the artery. The extracardiac conduit (Gore-Tex graft) is sewn to the pulmonary artery using running 5/0 prolene sutures. We aim to offset the Fontan anastomosis in relation to the Glenn connection. Once this is completed, clamps are removed.
II. Inferior vena cava to graft anastomosis   
Adequate IVC mobilization is critical for the success of this technique. We need adequate length on the IVC for cannulation, clamping, transection and performing the anastomosis. This requires extensive mobilization and it is not unusual to split some of the diaphragmatic muscle fibers to gain adequate length on the IVC.  
The IVC anastomosis can be performed with and without a venous bypass circuit depending on several factors, including the patient’s situs, if there is separate entrance of the hepatic vein to the common atrium, and the ability of the patient to tolerate IVC clamping. 
· Normal Situs
A. With venous bypass circuit (Veno-atrial shunt-assisted Fontan)(IVC decompression)
1. Active IVC decompression (Figure 1B)
After the completion of the conduit- to-right pulmonary artery anastomosis, cannulae are placed in the ascending aorta and the IVC. This connection is controlled by a roller pump, and there is no need for an oxygenator since oxygenation will be provided through the bidirectional Glenn and the lungs. The IVC will be actively decompressed with the assist of the pump into the aorta.

2. Passive IVC decompression (Figure 1C)
This is our preference. The IVC is cannulated with an appropriate size right-angled venous cannula, and the common atrium is cannulated with a straight single stage venous cannula. Both cannulae are then connected via a Y-connector without the need for a pump (passive drainage). We place temporary epicardial pacemaker wires at that stage, as it is not unusual to encounter bradycardia when clamping the IVC. The patient is then placed in a Trendelenburg position. Two straight vascular clamps are placed on the IVC with enough distance to safely transect the IVC. The IVC is then transected and the atrial end is over sewn in two layers using running 3/0 prolene sutures and the atrial clamp is removed. The graft is then sewn in an end-to-end fashion to the IVC using running 4/0 prolene sutures, and the last clamp is removed (Figure 2A).   
B. Without venous bypass circuit “Clamp and Sew” technique
 In this strategy, the patient is placed in Trendelenburg’s position and volume is administered to maintain the patient’s preload. We may need to initiate inotropic support. After test clamping the IVC, clamps are applied in the same fashion and the IVC is transected and the rest of the procedure is performed as previously described.  
III. Special Circumstances 
· Dextrocardia 
This represents a challenge for the position of the conduit and it may require routing the conduit to the left side rather than the right side to avoid compression by the ventricular mass. 
· Fenestration 
Fenestration can be also performed using the off-pump strategy. Either via direct side-to-side anastomosis between the Fontan conduit and the free wall of the common atrium or the atrial appendage (Figure 2B) or using a graft interposition (Figure 2C). 
COMMENT
	Fontan procedure is the final common pathway for functional single ventricle palliation. The goal is to achieve complete separation of the pulmonary and systemic venous circulations. To achieve the best Fontan hemodynamics, enthusiasm has been directed towards performing the procedure without the use of cardiopulmonary bypass to minimize the inflammatory response and the need for blood and blood product transfusions. Several studies show the potential advantages of the off-pump technique[endnoteRef:4]. Several tips and pitfalls have to be considered for this strategy to be successful: [4:  Ovroutski S, Sohn C, Miera O, Peters B, Alexi-Meskishvili V, Hetzer R, Berger F, et al. Imporved early postoperative outcome for extracardiac Fontan operation without cardiopulmonary bypass: a single-center experience. Eur J Cardiothorac Surg. 2013 May;43(5):952-7   






LEGENDS TO FIGURES
FIGURE 1 (A-C)
Illustration showing: (A) the technique of construction of the right main branch pulmonary artery to Fontan graft anastomosis in a patient with hypoplastic left heart syndrome. A pressure monitoring line is placed in the superior vena cava to monitor the Glenn pressure during the anastomosis. (B) One of the strategies for reconstruction of the inferior vena cava to Fontan graft anastomosis, “active decompression” in which a roller pump without an oxygenator is connecting the cannula in the inferior vena cava to the aortic cannula thus promoting forward flow. (C) The second strategy “passive decompression” in which the inferior vena caval and right atrial cannulae are connected via a Y-connector with passive drainage only. 
FIGURE 2 (A-C)    
Illustrations showing (A) the final appearance of extracardiac Fontan completion in a patient with hypoplastic left heart syndrome. (B) One technique of fenestration by directly connecting the atrium to the graft, and (C) graft interposition between the Fontan conduit and the common atrium as another way of fenestration. 





LEGEND TO VIDEO
Operative video demonstrating the technique of off-pump completion Fontan in a 5-year-old with hypoplastic left heart syndrome. The patient was extubated in the operating room at the end of the procedure and received no transfusion during her hospital stay. 





] 

1. Through dissection of the mediastinal structures is required especially the previously constructed bidirectional cavopulmonary anastomosis and the IVC.
2. Placement of temporary epicardial pacemaker wires and initiation of low dose inotropic support may be needed for the IVC portion of the anastomosis
3. We prefer the use of a short passive venous bypass circuit during the IVC part of the anastomosis to maintain hemodynamics and avoid unnecessary volume administration.  
4. We routinely extubate the patient in the operating room to provide the best physiologic environment for the Fontan circulation.  
In conclusions, while controversy exits between centers and even surgeons in the same center about the advantages of Off-pump strategy for Fontan, we do believe in the need for optimization of the physiologic environment for these patients. This should start from day one and there is a value of avoiding CPB and related need for transfusions, a value that we may not see in the immediate perioperative period but definitely could be seen in the future of these patients.  
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