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Abstract
BACKGROUND
Atrial fibrillation (AF) is one of the most common arrhythmias, and radiofrequency catheter ablation is the most effective treatment strategy. The inferior vena cava (IVC) is a common approach for radiofrequency ablation of AF. However, this approach may not be applied to some cases such as chronic venous occlusions, surgical ligation of the IVC, and heterotaxy syndrome (HS).

CASE SUMMARY
A 68-year-old man with HS suffered from severely symptomatic persistent AF for 9 years, and we successfully ablated by percutaneous transhepatic access.

CONCLUSION
In patients without femoral vein access, the use of the hepatic vein for pulmonary vein isolation is a viable alternative for invasive electrophysiology procedures.
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Core Tip: The inferior vena cava (IVC) is a commonly used method for radiofrequency ablation of atrial fibrillation. In some situations, this method cannot be used such as chronic venous occlusions, surgical ligation of the IVC, and heterotaxy syndrome. In patients without femoral vein access, hepatic vein approach for pulmonary vein isolation is a viable option for invasive electrophysiology procedures.

INTRODUCTION
The inferior vena cava (IVC) is usually used for left-heart related operations, with a catheter entering through the right or left femoral vein and following the inferior vena cava into the atrial septum. Atrial septal puncture facilitates access to the left atrium for catheter ablation or other interventional operations[1,2]. However, conditions such as chronic venous occlusions, surgical ligation of the IVC, and venous malformations seen in heterotaxy syndrome (HS) limit femoral venous access for interventional operations[3,4]. In the absence of the IVC, we need another access to the left atrium. Superior approaches through the right internal jugular vein or the right subclavian vein have been documented in the literature, using a rigid angulated sheath or a steerable sheath to enter the left atrium via the superior vena cava (SVC) into the atrial septum. A retrograde aortic approach can also be used to perform pulmonary vein isolation (PVI) using a remote magnetic catheter navigation system[2,3]. In the above case, the operation is not ideal due to lack of support mainly from the lower edge of the fossa ovalis[5]. In addition, the hepatic vein provides a shorter, more direct access to bypass the IVC than the superior and femoral vein or retrograde aortic access. Hepatic vein approaches generally offer greater catheter stability and more familiar operations compared with the superior approach. In various clinical manipulation, hepatic vein cannulation has been applied to obtain long-term access including hemodialysis and chemotherapy[6,7], and the complication rate of this method has only been reported in 5% of the pediatric population. Percutaneous transhepatic access has been reported in rare cases of late years as it is a feasible approach for left-sided ablations[8]. 
HS is a rare congenital disease, which is closely associated with atrial fibrillation (AF), with an incidence of 23%[4]. A common feature of this syndrome is interruption of the IVC with azygos continuation into the SVC[4]. 
Herein, we describe a case of PVI in patients with HS necessitating hepatic vein access for ablation.

CASE PRESENTATION
Chief complaints
A 68-year-old man was suffered from severely symptomatic persistent AF for 9 years.

History of present illness
The patient reported a 9-year history of persistent AF (Figure 1A).

History of past illness
The patient had a history of ventricular septal defect occlusion and he suffered from HS, which was proved by computed tomography scan of the vena cava that showed that the IVC was interrupted. The azygos extended to the SVC and the hepatic veins drained directly to the right atrium. 

Personal and family history
The patient had no personal and family history.

Physical examination
Physical examination did not reveal any abnormalities.

Laboratory examinations
Laboratory examination did not reveal any abnormalities.

Imaging examinations
Initial workup included an echocardiogram that showed an atrial septal defect (6 mm), with enlarged left atrial size and normal ejection fraction reported. Pulmonary vein mapping computed tomography also did not suggest any significant abnormalities.

FINAL DIAGNOSIS
Persistent atrial fibrillation.

TREATMENT
Cardiac electrophysiological examination and radiofrequency ablation were performed using a Carto mapping system under general anesthesia and endotracheal intubation. Right internal jugular access and left subclavian vein access were obtained, with the placement of a 7F sheath (DECANAV; Biosense Webster, CA, United States) using a modified Seldinger technique for the subsequent placement of intracardiac echocardiography (ICE) catheter (CARTOSOUND, Biosense Webster, CA, United States) and a decapolar coronary sinus (CS) catheter. The JR4.0 catheter was inserted into the hepatic vein via the SVC and then a contrast agent was injected to determine the main direction of the hepatic vein (Figure 1B). With ultrasound and fluoroscopic assistance, an 18-gauge Chiba needle (Cook Medical, Bloomington, IN, United States) was steered into the middle hepatic vein, with positioning confirmed with contrast injection. A 0.035-inch Bentson wire (Cook Medical) was placed through the needle into the right atrium, and then an 8.5F SL1 long sheath (St. Jude Medical, St. Paul, MN, United States) was placed in the right atrium (Figure 1B-D). The ICE catheter (CARTOSOUND) was manipulated for visualization of the interatrial septum for a transseptal puncture (Figure 2A and B), and we constructed model of cardiac anatomy (Figure 2C). PVI was performed following single transseptal access using a SmartTouch surround flow catheter (Biosense Webster, Diamond Bar, CA, United States), with adequate anticoagulation on intravenous heparin (activated clotting time goal of 350 s). PVI was conducted in a standard procedure with one access to the left atrium (Figure 3A and B). AF was converted to sinus rhythm with electrical conversion energy of 200 watt-sec (Figure 3C). Rely on switching the ablation catheter to the PentaRay catheter (Biosense Webster), the bi-directional block was identified in the last stage of the process. The pericardium was monitored using the ICE catheter (CARTOSOUND), and no pericardial effusion was observed during the whole process. The 8F sheath was replaced to the hepatic vein, with a gelatin sponge placed along the hepatic tract for hemostasis. The gelatin sponge was infiltrated by the contrast agent for development.

OUTCOME AND FOLLOW-UP
In the present case, hemodynamics was carefully followed. Postoperative abdominal ultrasound suggested a small amount of leakage under the liver capsule. Full anticoagulation with rivaroxaban was deferred until the subsequent morning. In this case, no long-lasting complications were observed, and no recurrence was reported at 6 mo following ablation.

DISCUSSION
Left atrial arrhythmias correlate with HS[9,10]. Because of arrhythmia in patients with other reasons for IVC obstruction, ablation is often complicated by concerns for venous access. Alternative methods to access the IVC are needed in this type of patient, such as in our case with HS and unavailability of superior access owing to existing mapping, pacing, and ICE catheters. Therefore, ablation of the left atrium via hepatic vein access is a viable alternative in these patients. The large caliber of the hepatic veins, which accommodate sheaths used in arrhythmia ablation, provides an appropriate alternative to the femoral veins. Moreover, these veins have a large network of distal tributaries for access, and therefore this access could allow not only left-sided ablation but also repeat ablation when necessary[6].
Although congenital anomalies or venous occlusion is rare, which may inhibit the use of typical approach via IVC to achieve the performance of pulmonary vein isolation. In these rare circumstances, the transhepatic approach provide a safety and efficacy access among patients with congenital anomalies. The application of a transhepatic approach for electrophysiological examinations and ablation in adults is rare in clinical practice. To date, only about 10 cases have been reported[11-15]. By contrast, the technique is widely used applied in cardiac procedures for pediatric patients, for various purposes including diagnostic and interventional cardiac catheterizations, pacemaker placement, and electrophysiological procedures[11,16,17]. The largest study on the use of this approach in adult patients, which comprised 6 patients, showed that the technique could be applied to the management of cardiac arrhythmias and venous abnormalities through percutaneous transhepatic access[12]. It effectively ablated tachycardias, including atrial tachycardia, atrial flutter, atrioventricular nodal tachycardia, and atrial fibrillation, without causing complications. Previously, the cryoballoon catheter has been used to perform PVI via the percutaneous trans-hepatic venous approach[14].
Of note, the technical distinctions between this and traditional access warrant close attention. Hepatic veins enter the right atrium from a more posterior direction, which makes the transseptal sheath and needle more anterior than expected. Therefore, ablation of the right pulmonary vein is a challenge due to its steeper curve and the need for adequate tissue contact.
The reported complication rates in the related operation of percutaneous transhepatic access are relatively low (about 5%), and major complications include bleeding, infection, thrombosis, and pneumothorax. Intraperitoneal bleeding is a possible major complication. However, in the present case, hemodynamics was carefully followed and this complication was not observed. Subcutaneous hematomas have also been reported, especially in patients on warfarin[17-19]. In our case, the patient was routinely given rivaroxaban 15 mg until 1 d before the operation. Postoperative abdominal ultrasound suggested a small amount of leakage under the liver capsule. Full anticoagulation with rivaroxaban was deferred until the subsequent morning. As with other complex technologies and operations, low complication rates are associated with center experience and high volume, and thus this operation should be applied at medical institutions with experienced interventionalists, who have performed percutaneous transhepatic access for a wide range of indications including cardiac operations. 
While performing ablation with double transseptal approach is feasible in these types of procedures, it is often hardly any need for PVI, and a single transseptal approach is probably to reduce complications from this puncture process. The application of proper landmarks, transesophageal echocardiographic, and fluoroscopy is crucial in minimizing complications. In the present case, no long-lasting complications were observed, and no recurrence was reported at 6 mo following ablation, making this approach a feasible alternative for ablation in these patients.

CONCLUSION
In patients without femoral vein access, the use of the hepatic vein for PVI is a viable alternative for invasive electrophysiology procedures.
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[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Figure 1 Serial fluoroscopic still frames during the procedure. A: Electrocardiogram before the operation; B: JR4.0 catheter was inserted into the hepatic vein via the superior vena cava and then a contrast agent was injected to determine the main direction of the hepatic vein; C: Hepatic access was obtained under the guidance of angiography; D: A 0.035-inch Bentson wire was placed through the needle into the right atrium.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 2 Visualization of the interatrial septal puncture. A: Interatrial septal puncture under the guidance of intracardiac echocardiography (ICE), and the procedure presented a tent-like shape visualized by an orange line; B: ICE image: The ablation catheter in the left atrium, single access was obtained for the ablation; C: Anatomy of the heart at the right anterior view and the right view.
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Figure 3 Electroanatomic map obtained during procedure. A: Hepatic signal position is visualized by a green color; B: Left atrial electroanatomic map and pulmonary vein isolation radiofrequency ablation lesions; C: Electrocardiogram after the operation.
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