Received: 8 March 2022 Revised: 19 April 2022 Accepted: 6 May 2022

DOI: 10.1111/pace.14520

pevices PACE. 1 wiLev

Leadless pacemakers as a new alternative for pacemaker
lead-related superior vena cava syndrome: A case report
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1 | INTRODUCTION

Abbreviations: CT, computed tomography; ET, endovascular therapy; ICD, Implantable
cardioverter defibrillator; PM, pacemaker; PPI, Proton Pump Inhibitor; PTA, percutaneous
transluminal angioplasty; RT, radiotherapy; SVC, superior vena cava. bosis and consequent occlusion of the SVC, with subsequent negative

Superior vena cava (SVC) syndrome is a rare disease induced by throm-
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effects on morbidity and mortality. Malignancy is considered the pri-
mary cause of this syndrome, however, there are increasing reports of
SVC syndrome caused by central venous catheters and pacemaker or
defibrillator leads.’?

The incidence of device-related SVC syndrome has been increas-
ing due to the increase in the number of pacemaker and defibrillator
implantations. In one study, 28% of all SVC syndromes were related
to intravascular devices.? In patients with implantable cardiac devices,
clinically silent venous thrombosis can occur in up to 30%; however,
SVC obstruction is rare and seen in only 0.1%-3.3% of patients.®

The stenosis at the SVC-atrial junction occurs due to fibrin depo-
sition on the surface of the pacing leads and incorporation into
the intima followed by vessel wall inflammation, thrombus genera-
tion, fibrosis, and stenosis.>* The primary driving mechanisms are
chronic mechanical irritation and foreign body reaction. Lead extrac-
tion and subsequent reimplantation also causes mechanical trauma as

an additional risk factor for venous occlusion.*

1.1 | Clinical presentation
Clinical presentation varies depending on the severity, location,
and rapidity of onset of the obstruction and the establishment of
collateral veins. The most common presenting symptoms include
facial, neck and upper extremity swelling secondary to obstruction
of blood flow in the SVC. In rare cases, there are other symptoms
such as neurological symptoms (headache, blurry vision, decreased
level of consciousness), laryngopharyngeal symptoms (tongue
swelling, dyspnea), and facial symptoms (conjunctival/periorbital
edema). Patients also typically describe worsening of their symp-
toms in the supine position.” Esophageal varices have also been
reported.®

In this article, we describe a clinical case referred to our centers
with pacemaker lead-related SVC syndrome. The patient underwent
transvenous lead extraction and implantation of a leadless pacemaker
with A-V synchrony in the same session, followed by percutaneous
angioplasty and stenting of the SVC and the left innominate vein in

another session.

2 | CLINICAL CASE

An 81-year-old female was referred to our center for PM lead extrac-
tion due to PM lead-associated SVC syndrome. She had a history of
paroxysmal atrial fibrillation (first diagnosis in 2015), sick-sinus syn-
drome, multiple colic polyposis and previous therapy for H. Pylori. She
had been receiving anticoagulant therapy with apixaban since 2015.
Her medications on admission included flecainide 150 mg qd, bisopro-
lol 2.5 mg bid, furosemide 25 mg qd, apixaban 2.5 mg bid and proton
pump inhibitor (PPI). Dual chamber Pacemaker (Medtronic Ensura
DR) was implanted in January 2018 for symptomatic Tachycardia-
Bradycardia syndrome with no periprocedural complications (only a

small-caliber left cephalic vein was noted on implant and subsequently

a left subclavian puncture site was chosen). At implant, the patient
weighed 45 Kg, with a height of 153 cm (BMI 19.22 Kg/m2).

In October of the same year the patient started complaining of
upper left arm and neck swelling as well as facial fullness. She had no
medical history of previous thrombotic events, trauma or any intravas-
cular procedure other than the pacemaker insertion were reported. A
doppler ultrasound showed a partial deep vein thrombosis of the left
axillary vein and the proximal left brachial vein. Since the thrombotic
event happened on oral anticoagulation therapy, she was referred to
a thrombosis center. Subsequent hematologic investigations showed
adequate levels of anti-Xa activity, acomplete blood count and coagula-
tion assay (including D-dimer) showed no abnormalities with negative
thrombophilia screening (ATIII activity 83%, Protein C 94%, Protein S
84%; negative lupus anticoagulant, anticardiolipin, antiglycoprotein I,
normal levels of homocysteine, B12 and folate; no Factor Il or Factor V
mutation).

She also underwent a neck and chest CT scan, a complete abdominal
ultrasound, mammography and breast ultrasound with no evidence of
neoplastic lesions. Colonoscopy showed multiple colonic polyps, with
subsequent biopsy showing no histopathological evidence of malig-
nancy. Thoracic outlet syndrome was also ruled out. Apixaban was
switched to dabigatran 110 mg bid (a direct thrombin inhibitor) and
she was prescribed local elastic compressive therapy with gradual
symptomatic improvement at the following outpatient visits. Follow-
up ultrasound scans (March 2019 and January 2020) revealed a near
total recanalization of the left jugular, axillary and subclavian veins with
minor post-thrombotic changes. Two months later, the patient devel-
oped a drug reaction in the form of rash, so she was switched back to
apixaban 5 mg bid.

In February 2020 she presented to the emergency services for pro-
gressive facial, periorbital and tongue swelling as well as dyspnea.
The symptoms worsened in the supine position. Physical examination
showed edema of upper body and neck, the presence of collateral
superficial veins and bilateral jugular vein distension. A chest CT scan
showed a fibrotic degeneration of the left innominate vein in the prox-
imity of the PM leads and severe stenosis of the cavoatrial junction
with evidence of suprajugular compensatory left to right collateral
circulation. On the 5th of March 2020 the patient underwent per-
cutaneous transluminal angioplasty (PTA) of the SVC with significant
clinical improvement. A CT scan in June 2020 confirmed the com-
plete left innominate vein fibrotic retraction with a regular caliber
of SVC.

A follow-up CT scan in February 2021 highlighted a new severe
stenosis of SVC and the patient was referred again to our center. On
admission the patient presented with signs and symptoms of SVC syn-
drome. A bilateral vein angiography documented a complete occlusion
of the left innominate vein at its junction with the SVC, with left to right
collateral circulation. The right venogram confirmed the severe SVC
stenosis at the cavoatrial junction level (Figure 1)

Device interrogation revealed atrial pacing of 7% and ventricular
pacing of 9%. after consulting the patient and her family, consider-
ing the relapsing SVC stenosis, the concurrent signs and symptoms of

SVC syndrome, the temporal correlation with transvenous PM lead
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FIGURE 1 Contrast venography of the left subclavian vein (left) and the right subclavian vein (right). Note the complete obstruction of the left
innominate vein in the proximity of the PM leads. Left to right collateral is present. The arrow highlights the SVC stenosis [Color figure can be

viewed at wileyonlinelibrary.com]

implantation and the need for pacing we chose to implant a lead-
less pacemaker to avoid the risk of intravascular leads. A sequential
approach was chosen: the patient first underwent a complete extrac-
tion of the PM generator and leads via progressive manual traction
without periprocedural complications. In the same session, a right
femoral vein access was obtained, and a Medtronic Micra AV system
was implanted through the dedicated catheter delivery system on the
right ventricular apical septum (Figure 2). The implantation was com-
pleted without complications and with adequate postimplant electrical
parameters. Four days later, the patient was transferred to the refer-
ring hospital to complete the treatment plan with a PTA plus stenting
of the SVC and the left innominate vein. The procedure was completed
successfully (Figure 3) and the patient was discharged 2 days later. At 3
months follow-up the patient was asymptomatic.

3 | DISCUSSION

SVC syndrome is an uncommon but serious complication associated
with chronic transvenous leads. In the case of lead-induced SVC
obstruction, lead extraction can be necessary. Device reimplantation
should be evaluated on a case-by-case basis, considering that device
reimplantation is an additional risk factor for venous occlusion, apart
from the mechanical trauma cause by the transvenous extraction
procedure.* In this setting, avoiding a new transvenous lead placement
was preferred in order to prevent reocclusion of the venous system.
A leadless pacemaker provided an option to avoid the recurrence of
pacemaker-induced SVC syndrome after transvenous extraction of the
device. In the past, the major limitation of leadless pacing was that it

provided only VVI mode stimulation, but now the possibility of VDD

FIGURE 2 Successful implantation of the MICRA AV leadless
device. The pacemaker was implanted in the right ventricle apical
septum via right transfemoral percutaneous route. A temporary PM is
in place [Color figure can be viewed at wileyonlinelibrary.com]

mode stimulation is an interesting option to preserve atrio-ventricular
synchronization.

Treatment options for SVC syndrome include chemotherapy, radio-
therapy (RT), surgical bypass, endovascular therapy (ET) such as
and catheter-based thrombus removal

angioplasty, stenting,

(Table 1).”78 Recently, ET has been used as the first-line therapy
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FIGURE 3 Contrasts venography after stent implantation showing a patent SVC and left innominate vein (left) and right innominate vein

(right)

TABLE 1 Advantages and disadvantages in different types of treatment in SVC syndrome’

Advantages

Radiation Can be useful if caused by tumor

Minimally-invasive
High success rates
Immediate relief of symptoms

Endovascular therapy

Disadvantages

Delayed symptom relief

Potential complications: SVC perforation,
induction of fibrosis in blood vessels,
inhibition of collateral development

Lower durability than surgery
Potential complications: stent migration,
reocclusion, cardiac tamponade

Can be combined with other Treatment options

Surgery Durable
High success rate
Chemotherapy Can be useful if caused by tumor

in the majority of patients with SVC syndrome, particularly those
presenting with life-threatening symptoms.”?-12

Regarding SVC syndrome induced by pacemaker leads, balloon
angioplasty with or without thrombolytic therapy, as well as mechan-
ical thrombectomy, have been shown to provide adequate results.*3-1°
Endovascular stenting of the occluded vessels without lead extraction
has also proved efficient. Three cases who underwent endovascular
stenting over the pacemaker leads showed no evidence of pacemaker
malfunction and no recurrence of symptoms at a mean follow-up of
18.6 months. ¢

Lead extraction is, later on, met with the challenge of pacemaker
reimplantation. FU et al. reported venous reocclusion in three out of
six patients with lead-induced SVC syndrome who underwent lead
extraction and endovascular stenting followed by conventional device
reimplantation.l’ Insulation breach of the pacemaker leads by the
endovascular stents has also been described.!® As an alternative to

conventional pacemakers, epicardial pacemaker leads were used in a

Invasive procedure-related morbidity
Potential complications: mediastinal hematoma,
pulmonary embolism, deep vein thrombosis

Delayed symptom relief

Potential complications: anemia, neutropenia,
coagulopathy, infection,
gastrointestinal disturbances

patient who underwent surgery for the extraction of four infected
leads as well as SVC reconstruction.!” Another alternative is the
implantation of a conventional pacemaker through the azygous vein
through minimally invasive thoracotomy.2° Moreover, a leadless pace-
maker was implanted under direct vision in a case with SVC syndrome

that underwent surgical reconstruction of the SVC.2*

4 | CONCLUSION

In this case, we chose the combination of transvenous lead extraction
and leadless VDD pacemaker implantation to reduce the possibility of
SVC syndrome recurrence and allow endovascular treatment (ET) by
venous balloon angioplasty of the SVC.

The combination of these procedures is feasible and may repre-
sent an effective alternative to the treatment of PM lead-related SVC

syndrome.
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