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Abstract
BACKGROUND
[bookmark: OLE_LINK316][bookmark: OLE_LINK317][bookmark: OLE_LINK318]Subclavian vein stenosis or occlusion may be caused by a transvenous pacemaker, which makes the reimplantation of a new pacemaker lead difficult. Transvenous pacemaker lead implantation-related subclavian vein occlusion may present difficulty with regard to cardiac resynchronization therapy (CRT) upgrade.

CASE SUMMARY
[bookmark: OLE_LINK319][bookmark: OLE_LINK320]We report the case of a 46-year-old man who was admitted with total subclavian vein occlusion caused by a permanent pacemaker that had been implanted 2 years previously. We successfully treated this patient with an upgrade to a CRT pacemaker by utilizing transferable interventional coronary and radiological techniques. The patient recovered uneventfully during the follow-up period.

CONCLUSION
[bookmark: OLE_LINK321][bookmark: OLE_LINK322]CRT upgrade is still a viable technique for the treatment of subclavian vein obstruction caused by previous pacemaker implantation. 

[bookmark: OLE_LINK300][bookmark: OLE_LINK301][bookmark: OLE_LINK313]Key Words: Subclavian vein obstruction; Cardiac resynchronization; Therapy; Pacemaker; Venoplasty; Radiological techniques; Case report
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[bookmark: OLE_LINK314][bookmark: OLE_LINK315]Core Tip: Subclavian vein stenosis or occlusion may be caused by a transvenous pacemaker, which makes the reimplantation of a new pacemaker lead difficult. Transvenous pacemaker lead implantation-related subclavian vein obstruction may present difficulty with regard to cardiac resynchronization therapy (CRT) upgrade. We successfully treated a patient who was admitted with total subclavian vein occlusion caused by a permanent pacemaker that had been implanted 2 years previously, with an upgrade to a CRT pacemaker by utilizing transferable interventional coronary and radiological techniques.


INTRODUCTION
[bookmark: OLE_LINK323][bookmark: OLE_LINK324]Implantation of pacemakers is a widely adopted treatment for cardiac arrhythmia. However, pacemaker implantation is associated with some complications including heart failure, lead dislodgment, lead failure, pericarditis, infection, skin erosion, hematoma, venous thrombosis, and malfunction[1]. While rare, these complications may occur long after the implantation procedure[2]. In particular, the etiology of 15%-45% of cases of venous thrombosis is attributed to implantation of a transvenous pacemaker, depending on the study cohorts[3,4]. One form of venous thrombosis, subclavian vein obstruction, can cause difficulty in the re-implantation of new pacemaker leads, when needed to upgrade a transvenous pacemaker to a cardiac resynchronization therapy (CRT)-P or CRT-D. We report a patient who developed total subclavian vein occlusion caused by a permanent pacemaker that had been implanted 2 years previously. We successfully treated this patient with a CRT-P through transferable interventional coronary and radiological techniques.	Comment by jrw: Should you explain what the P and D mean in CRT?

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK325][bookmark: OLE_LINK326]The 46-year-old man presented with dyspnea on exertion upon admission.

History of present illness
[bookmark: OLE_LINK327][bookmark: OLE_LINK328][bookmark: OLE_LINK13][bookmark: OLE_LINK14]The patient who had congestive heart failure was diagnosed with high-degree atrioventricular blockage after treatment of a permanent pacemaker in DDD mode (Medtronic) on January 1, 2018.

History of past illness
[bookmark: OLE_LINK329][bookmark: OLE_LINK330]He started having dyspnea on exertion from time to time about 6 mo ago. 

Personal and family history
[bookmark: OLE_LINK331][bookmark: OLE_LINK332]He denied any family diseases.

Physical examination
[bookmark: OLE_LINK333][bookmark: OLE_LINK334]The patient’s blood pressure was 86/60 mmHg, and his heart rate was 60 bpm with right ventricular pacing.

Laboratory examinations
[bookmark: OLE_LINK335][bookmark: OLE_LINK336]The patient had an elevated level of N terminal pro brain natriuretic peptide of 1653 pg/mL, indicating heart failure, which was classified as class II–III according to the New York Heart Association (NYHA) Classification of Heart Failure.

Imaging examinations
[bookmark: OLE_LINK337][bookmark: OLE_LINK338]Echocardiography showed impaired left ventricular (LV) systolic motion with a LV ejection fraction of 33%, a ventricular septum thickness of 4 mm (indicating atrophy), and a LV diameter of 69 mm (indicating LV dilation). The left atrium was also dilated with severe mitral regurgitation and mild tricuspid regurgitation. The patient also had moderate pulmonary hypertension. The ventricular pacing rhythm with QRS duration > 170 ms was recorded in the 12-lead electrocardiogram. The patient was diagnosed with complete obstruction of the left subclavian vein due to two leads previously implanted as revealed by venography (Figure 1).

[bookmark: OLE_LINK339][bookmark: OLE_LINK340][bookmark: OLE_LINK341]History of medications
[bookmark: OLE_LINK342][bookmark: OLE_LINK343]The patient was previously given diuretics, vasodilators, sacubitril-valsartan sodium tablets, β-blockers, and spironolactone for treatment of heart failure, following the current heart failure treatment guidelines.

FINAL DIAGNOSIS
[bookmark: OLE_LINK344][bookmark: OLE_LINK345][bookmark: OLE_LINK346]As coronary angiography showed no coronary disease, and no tachycardia or atrial fibrillation were observed by Holter monitoring, we proposed a CRT-P upgrade for treatment of heart failure.

TREATMENT
[bookmark: OLE_LINK347][bookmark: OLE_LINK348]A 0.035-in Terumo wire (Terumo Corporation, Tokyo, Japan) was introduced via a left subclavian puncture, but we could not advance the wire through the occluded region, even after switching to a Radifocus guidewire (Terumo Corporation) and a 0.018-in V-18 control wire (Boston Scientific Corporation, Boston, MA, United States). We then decided to re-canalize the left subclavian vein through femoral vein access. The atrial lead was gently pulled back with a counterclockwise rotation and stabilized in the right atrium without any anchoring forces. Proximally cut lead portions and the Radifocus guidewire tip were bundled together with a suture firmly 6 times (Figure 2A). An 8 French sheath was inserted into the right femoral vein, and a goose-neck snare was advanced to the lower edge of the right atrium (Figure 2B). The atrial lead tip was then snared and pulled into the 8 French femoral vein sheath for final retrieval (Figure 2C). Following the atrial lead body, the Radifocus guidewire passed the lesion. A Finecross catheter was then advanced over the wire, and the Radifocus guidewire was replaced by a 0.018-in V-18 control wire to provide additional support for balloon inflation. Next, we performed balloon venoplasty in the left subclavian vein using a balloon of 4.0 mm × 60 mm (Bantam, Wexford, Ireland) and a balloon of 8.0 mm × 80 mm (Abbott, Santa Clara, CA, United States) (Figure 2D). With the 9 French short sheath supports, we used a stiffer guidewire (Terumo Corporation) simultaneously to deliver an 8 French long sheath past the obstruction. Following that, the LV lead (Medtronic, Inc. Minneapolis, MN, United States) was implanted successfully. Before the LV lead implantation procedure, we attempted to insert the selected secure lead (model 3830, Medtronic, Inc.) into the left bundle branch area to narrow the QRS duration. Unfortunately, the condition of the lead was unstable, and all parameters were abnormal. We then implanted the selected secure lead (model 3830, Medtronic, Inc.) in the right atrium. The rest of the procedure was completed without any difficulty, and the time of pacemaker implantation was 240 min (Figure 2E and F).

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK349][bookmark: OLE_LINK350]The leads were stable with normal parameters and a narrow QRS during a routine follow-up visit. Fortunately, visible blood flow was observed on enhanced computed tomography. The cardiac function in this patient was NYHA functional class I.

DISCUSSION
[bookmark: OLE_LINK351][bookmark: OLE_LINK352]Subclavian vein stenosis/occlusion is a known complication associated with implantation of a transvenous pacemaker[3]. In the present case, the patient developed subclavian vein obstruction likely due to endothelial disruption resulting from mechanical stress of the leads, which ultimately led to fibrosis and narrowing of the lumen. The management of pacemaker lead-induced subclavian vein obstruction includes medical, interventional, or surgical interventions. Surgical intervention has been the first-line treatment for patients with subclavian vein obstruction. However, in the past 20 years, endovascular reconstruction, which can minimize the risk of bleeding, has become more popular[5].
In this patient, venography demonstrated total subclavian vein occlusion. Interventional procedures such as angioplasty and stenting were the primary choices for this patient. If visible blood flowed back to the right atrium, the passage of wires to the stenotic lesion would be recommended. Also, retrograde angioplasty from the femoral vein to pass the obstruction may be an option. Another choice could be to use a laser sheath as a lead extraction tool, as described by Pecha et al[6] and Hasumi et al[7] However, a laser sheath is not enough in the vast majority of hospitals in China. For this patient, we finally fixed a Radifocus guidewire tip and proximally cut the lead portions instead of using a bulldog lead extender to pass the lesion and perform venoplasty.
Previously, Leacche et al[8] reported that lead extraction alone could cause thrombosis and thus believed that it carried a high risk for subsequent re-occlusion with a low likelihood of sustaining patency. In another study performed with a cohort of 28 patients who received treatment for pacemaker-related superior vena cava syndrome, the primary patency rates were 18% and 9% at 6 and 12 mo, respectively[9]. The Heart Rhythm Society recommends that the entrapment of the pacemaker leads should be avoided prior to stent deployment[10]. Previous studies reported that diagnosis of occlusive lesions with magnetic resonance angiography was accurate, which could be used to evaluate the outcome of patients with atherosclerosis and embolus[11]. For this patient, the concern was that the pressure posed by the metallic stent on the wires could lead to malfunction of the pacemaker. Thus, instead of using stenting to remove the subclavian vein obstruction caused by the previously implanted leads, we used the CRT-P technique. We observed that the patient recovered uneventfully at least during the follow-up period. In consideration of the previous right ventricle lead, enhanced computed tomography was selected to evaluate the degree of subclavian vein stenosis, and visible blood flow was observed.

Limitations
This preliminary experience is limited to one case and difficult to generalize. The relatively short follow-up period cannot prejudge long-term outcomes in this patient.

CONCLUSION
[bookmark: OLE_LINK353][bookmark: OLE_LINK354][bookmark: OLE_LINK355]This report demonstrates that CRT upgrade is still a viable technique for the treatment of subclavian vein obstruction caused by previous pacemaker implantation if appropriate additional technologies such as transferable interventional coronary and radiological techniques are available. 
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Figure Legends
[image: ]
[bookmark: OLE_LINK367][bookmark: OLE_LINK368]Figure 1 Venogram showing complete occlusion of the left subclavian vein. 

[image: ]
Figure 2 Cardiac resynchronization therapy pacemaker procedure. A: Proximally cut lead portions and a Radifocus guidewire tip were fixed with a suture, and the rest of the wire was covered by a Finecross catheter; B: The atrial lead tip captured in a goose-neck snare was positioned in the right atrium; C: The atrial lead was placed in the 8 French femoral vein sheath and removed from the right femoral vein; D: The balloon was dilated across the occlusion in the left subclavian vein; E and F: Intra-procedure fluoroscopy showed the location of the lead of the cardiac resynchronization therapy pacemaker.
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