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Abstract

Upgrading procedure is relatively common since indications to cardiac resynchronization therapy (CRT) and implantable 
defibrillator are increasing. A relatively frequent phenomenon that the operator may encounter is some degree of venous obstruction 
around the previously implanted leads, which may become completely occlusive. In these situations, upgrading procedure may 
be challenging and various manoeuvers have been described. We describe a case of intraprocedural percutaneous transluminal 
angioplasty (PTA) of occlusive stenosis of the innominate vein, performed during an upgrading procedure from bicameral cardiac 
implantable defibrillator (ICD) to CRT-D.
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Introduction
Cardiac resynchronization therapy is a well-established 

therapy for patients with severe systolic dysfunction, wide QRS 
and heart failure despite optimal medical therapy [1]. Moreover, 
since indications for cardiac resynchronization devices continue 
to expand, the number of upgrading procedures from previously 
implanted single- or dual-chamber systems is increasing. In these 
cases, some degree of venous obstruction is a relatively frequent 
phenomenon (up to 50%), which may become completely 
occlusive in 12% of cases [2]. Chronic venous occlusion, mostly 
asymptomatic, can involve the coronary sinus and its branches as 
well as central veins, such as the axillary-subclavian or innominate 
veins. Angioplasty of the coronary sinus is well described in the 
literature to allow the placement of a left ventricular lead (LV) [3,4]. 
By contrast, not many data are available on the intra-procedural 
safety and efficacy of central vessel angioplasty [5,6]. We describe 
a successful case of angioplasty of a total central venous occlusion 
to allow LV lead placement during an upgrading procedure to a CRT 
system.

 
Case Report

A 69-year-old patient with a clinical history of hypertension, 
diabetes, prior myocardial infarction, poor EF (30%), and previous 
percutaneous transluminal coronary angioplasty (PTCA) on the 
circumflex coronary artery, was referred to our institution for 
elective replacement of a dual-chamber ICD implanted in July 2008 
(ICD Lumos DRT, atrial lead Selox JT 53 and ventricular lead Linox 
SD 65/16, Biotronik SE. Berlin Germany). On admission, the patient 
was symptomatic for dyspnea, with a poor functional class (NYHA 
III), the echocardiogram showed a severely depressed ejection 
fraction (20%) and the electrocardiogram confirmed a wide QRS 
duration of 130msec with left bundle branch block. A coronary 
angiography confirmed the indication to medical therapy in the 
absence of any target vessel for revascularization. We consequently 
decided to perform an upgrading procedure to a CRT system. In 
accordance with our clinical practice, angiography of the axillary 
and subclavian veins through the ante cubital venous access was 
performed before the procedure to assess patency of the central 
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veins. The angiogram documented severe stenosis of the axillary 
vein at the insertion point of the right atrial and ventricular leads 
into the vessel. The subclavian vein was then directly punctured 
distally to the sub-occlusive stenosis (behind first rib), to obtain a 
venous access for the LV lead. Unfortunately, subsequent advancing 
on the 0.035” guidewire through a sealed 9 Fr introduction sheath 
(Safe Sheath HLS 1009, Pressure Product, San Pedro, USA) proved 

unsuccessful owing to another occlusion at the junction between 
the superior vena cava (SVC) and the innominate vein, where the 
second shocking coil lead was located. Selective injection of contrast 
media into the subclavian vein through the introducer confirmed 
total occlusion of the main vessel and a wide collateral vicarious 
circulation draining blood into the SVC (Figure 1). 

Figure 1: Vein angioplasty procedure. A. Angiography from the subclavian venous access, revealing occlusive venous 
stenosis of the anonimous trunk. B. Balloon inflated up to 8-10 atm. across the stenosis. C. Restoration of venous patency after 
angioplasty.

A 0.014” angioplasty guidewire (TERUMO Corporation, Tokyo, 
Japan) was threaded through the occlusion and then left in the right 
atrium. An angioplasty balloon (Sterling 6mm x 20mm, Boston 
Scientific Inc. Natick, USA) was then advanced over the wire to the 
occlusion and inflated to 6 atm. In order to progressively open the 
occlusion, we removed the balloon and advanced over the 0.014” wire 
a multipurpose catheter (Cordis Corporation, Miami, USA) which, 
thanks to the dotter effect, enabled us to pass through the stenotic 
tract and to replace the 0.014” with a 0.35” x 200 cm guidewire. 
Once we had retrieved the MP catheter, a larger angioplasty balloon 
(Sterling 8 mm x 40 mm, Boston scientific Inc. Natick, USA) was 
advanced over the 0.35” wire and repeatedly inflated to 10 atm to 
obtain satisfactory dilation of the subclavian and innominate veins 
(Figure 1B). A 5-10 cc injection of contrast medium confirmed the 
re-establishment of flow within the subclavian vein and SVC, with 
a residual stenosis of 30-40% (Figure 1C). Implantation of the CRT 
device was then successfully carried out, without complications, 
by cannulating the coronary sinus through a dedicated delivery 
system (Attain Command Straight, Medtronic Inc. Minneapolis, 
USA), placing a 4 Fr dual-unipolar LV lead (Attain Ability 4196-
88 cm, Medtronic Inc. Minneapolis, USA) into a lateral coronary 
vein and, finally, by connecting the three leads to a CRT-D device 
(Consulta CRT-D, Medtronic Inc. Minneapolis, USA). The acute 
LV lead threshold was 1.1 V at 0.5 msec, with no diaphragmatic 
capture at 10V. The electrical parameters of the right atrial and right 
ventricular leads were also stable. The additional time required to 
perform PTA was 15 minutes, plus 3 minutes of fluoroscopy time 
with an additional 30 cc injection of contrast medium injection. At 
the 3-month follow-up examination, electrical parameters of atrial, 
right ventricle and left ventricle leads were stable, and no adverse 
event was observed.

Discussion
Chronic venous occlusion is not an infrequent finding in 

patients undergoing implantation procedures. This issue may 
involve both the coronary sinus and the central venous system. 
Recognized risk factors for venous obstruction include blood stasis 
due to venous angulation or kinking, the presence of a central 
venous line for long-term infusion therapy, hemodialysis, trauma, 
infection and the presence of pacemaker leads. Heart failure and 
poor systolic function may facilitate the process [7,8]. The most 
likely pathogenesis seems to be due to thrombosis, beginning with 
fibrin deposition over the lead surface and progressive fibrous 
reaction, with a ring-like fibrosis development around the lead, 
causing severe stenosis or even total occlusion of the vein [5]. 
The presence of a second ICD shocking coil, usually located in the 
superior vena cava, has been associated with increased incidence 
of venous obstruction [9]. In our case, the occlusion was localized 
at the junction of the innominate vein with the superior vena cava, 
where the second shocking coil lead lays for anatomical reasons. 
Thrombosis and fibrotic reaction were probably favored by the 
close contact of the heavy coil with the vessel wall at a point where, 
for hemodynamic reasons, there may be turbulence, thereby 
predisposing the vessel to occlusive stenosis.

As the stenotic process is usually gradual, a collateral 
venous network can develop to compensate for the occlusion. 
Consequently, symptoms or physical signs are rare, and partial or 
total venous occlusion may be totally asymptomatically, becoming 
an unexpected finding at the time of implantation. If a new lead 
needs to be added to the implanted system, the operative strategy 
may differ considerably according to the physician’s familiarity 
with the available technical options. The physician can choose 
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among various approaches: an opposite-side approach with 
subsequent lead tunneling across the thorax [10], an ipsilateral 
approach performed by means of jugular system cannulation [11], 
and epicardial placement of the leads through thoracotomy or vein 
angioplasty [5]. The first option carries several risks, including the 
development of complete occlusion of both subclavian veins over 
time, damage to the leads — particularly deleterious in the case of 
ICD leads - or higher defibrillation threshold in the case of right-
side placement of the active can. The jugular system approach may 
expose the patient to the risk of worsened blood drainage or, in the 
case of the internal jugular cannulation, even acute serious damage 
to this important vessel of the neck [12]. Epicardial placement of 
the leads through thoracotomy has the disadvantage of requiring 
surgery and general anesthesia.

Our experience showed that angioplasty of the central venous 
system can be performed in the same session of the upgrading 
procedure without excessively prolonging the procedural time, 
thereby avoiding postponing the procedure. We observed no 
complications, damage or dislocations of the existing leads. 
Moreover, this approach is less invasive than other alternatives 
and allows the patency of the contralateral venous system to be 
preserved. This case also shows that in certain clinical conditions 
at higher risk of venous occlusion, it is advisable to perform an 
angiography from ante cubital vein before the procedure, in order 
to assess the patency and exact location of the great veins. We can 
hypothesize that incomplete location of the second shocking coil 
inside the superior vena cava and the lying of the coil across the 
junction between the innominate vein and superior vena cava may 
contribute, for hemodynamic reasons, to the development of a 
marked fibrotic reaction. Eventually, in case of occlusive stenosis of 
central veins, intraprocedural venoplasty of great vessel seem to be 
feasible, without postponing the upgrading procedure.
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