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Transhepatic venous approach to permanent pacemaker placement in a patient with limited central venous access
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Abstract
The end-stage renal disease population poses a challenge for obtaining venous access required for life-saving invasive cardiac procedures. In this case report, we describe an adult patient with end-stage renal disease in whom the hepatic vein was the only available access to implant a single-lead permanent cardiac pacemaker. A 63 year-old male with end-stage renal disease on maintenance hemodialysis and permanent atrial fibrillation/atrial flutter presented with symptomatic bradycardia. Imaging studies revealed all traditional central venous access sites to be occluded/non-accessible. With the assistance of vascular interventional radiology, a trans-hepatic venous catheter was placed. This was then used to place a right ventricular pacing lead with close attention to numerous technical aspects. The procedure was completed successfully with placement of a single-lead permanent cardiac pacemaker.
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Core tip: End-stage renal disease patients pose a great challenge to establish central venous access. In situations when life-saving cardiac procedures are required in such patients, the clinician must use non-traditional venous access sites to perform these procedures. In our case report, we illustrate the novel use of the trans-hepatic venous access route to implant a single-lead permanent cardiac pacemaker in a patient with bradycardia and hypotension. Additionally, we describe the technical challenges associated with this procedure.
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INTRODUCTION
The end-stage renal disease population poses a challenge for obtaining venous access required for invasive cardiac procedures due to placement of multiple arteriovenous fistulas for hemodialysis access or venous thrombus formation.  The left subclavian vein is the preferred venous access for implantation of a pacing lead, but in patients with limited access alternative approaches include the right subclavian vein[1] and iliac veins[2].  In this case report, we describe an adult patient with end-stage renal disease in whom the hepatic vein was the only available access to implant a single-lead permanent cardiac pacemaker.

CASE REPORT
A 63-year-old African American male with end-stage renal disease on maintenance hemodialysis for 10 years and permanent atrial fibrillation/atrial flutter presented with symptoms of bradycardia including lightheadedness and dizziness. Ventricular rate was between 30 to 40 beats per minute.  Hypotension was noted during dialysis sessions with a lack of positive dromotropic response due to atrioventricular node dysfunction. Non-functioning arteriovenous fistulas were present in the left upper and left lower extremities.  A right lower extremity arteriovenous fistula was being used for hemodialysis access. Contrast venography of the right chest revealed an occluded right innominate vein (Figure 1A). Vascular interventional radiology placed a 6 French/45 cm Berenstein catheter (Boston Scientific, Inc., Marlborough, MA, United States) via the right peripheral hepatic vein terminating in the right atrium (RA).  In the cardiac electrophysiology lab this catheter was exchanged over a 0.81 mm wire with placement of a 7 French/25 cm peel away introducer sheath into the RA, Figure 1B.  The right ventricular pacing electrode with a soft curved (hockey stick curve) stylet was advanced through the sheath into the right ventricular apex.  The stylet was withdrawn and the lead was advanced to provide redundancy in the RA.  Sensing and pacing threshold parameters were optimal.  The suture sleeve was advanced and 2 sutures were applied around the suture sleeve incorporating the indwelling muscle tissue.  A subcutaneous pocket was made at the insertion point of the pacing lead.  The procedure was successfully completed with no complications.  A final fluoroscopic image is shown in Figure 1C. 

DISCUSSION
Our main challenge was to implant a pacing lead in a symptomatic patient with no central venous access in the right and left upper extremities or right and left lower extremities.  The trans-hepatic approach has been used in a variety of clinical situations where traditional central access was not possible, such as exhausted hemodialysis options[3]. Current literature states complication rates are < 5% and include line sepsis, catheter migration, thrombosis, and bleeding[4].  However, as the patient population described is so unique, the incidence rate of patients with no central venous access requiring trans-hepatic access is unknown.
One limitation of this approach is the technical aspect of inserting the lead into the right ventricle via the inferior vena cava.  Additionally, the pacing lead traverses the substance of the liver, and therefore is subject to respirophasic diaphragmatic excursions potentially leading to loss of redundancy and dislodgement.  Consequently, it is important to provide more than the usual redundancy in the RA to minimize dislodgement of the lead (Figure 1D).
The trans-hepatic venous approach is feasible for a single-lead permanent pacemaker implantation when all other central venous access options are exhausted.

COMMENTS
Case characteristics
A 63-year-old African American male with a history of end-stage renal disease on renal replacement therapy and permanent atrial fibrillation/flutter.

Clinical diagnosis
Symptomatic bradycardia with hypotension.

Differential diagnosis
Lack of positive dromotropic response due to atrioventricular node dysfunction.

Imaging diagnosis
Contrast venography of the right chest revealed an occluded right innominate vein.

Treatment
A single-lead permanent cardiac pacemaker was placed into the right ventricle.

Related reports
The percentage of patients with end-stage renal disease with limited central venous access requiring trans-hepatic access is unknown.

Experiences and lessons
This case represents demonstrates the challenge of establishing central venous access via the trans-hepatic route in a patient with no other access sites. Additionally, we highlight the technical challenges associated with undertaking this procedure.

Peer-review
The authors have performed a good study, the manuscript is interesting.
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Figure 1 Transhepatic venous approach to single-lead permanent cardiac pacemaker in a 63 year-old male with bradycardia and hypotension. A: Right upper extremity venogram demonstrating total occlusion of the right innominate vein (arrow); B: Transhepatic catheter placement terminating in the right atrium; C: Placement of the pulse generator on the lateral aspect of the thoracic wall with attached right ventricular lead; D: Adequate redundancy provided to the right ventricular lead in the right atrium (arrowhead).
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