Percutaneous endovascular stenting to treat left
ventricular assist device outflow graft stenosis
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ABSTRACT

A 72-year-old woman presented with acute symptoms of congestive heart failure exacerbation and cardiogenic shock
secondary to flow alarms in her HeartMate Il left ventricular assist device (LVAD) placed in 2013. Her rapid deterioration
required venoarterial extracorporeal membrane oxygenation placement with subsequent cardiac catheterization. A
computed tomography scan corroborated 90% stenosis of the LVAD outflow graft with mural thrombus causing
cardiogenic shock. A multidisciplinary team proceeded with endovascular treatment of the LVAD outflow obstruction via
realignment with percutaneous angioplasty and placement of covered stent grafts. After in-hospital recovery, she was
discharged to a rehabilitation facility. (J Vasc Surg Cases Innov Tech 2024;10:101430.)
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Heart failure with a reduced ejection fraction is a signif-
icant healthcare burden, with considerable advance-
ments in treatment during the past three decades."”
Notably, left ventricular assist devices (LVADs) such as
the Heartmate Il and IIl (Abbott Cardiovascular) afford
patients longer life expectancy, durability, and lower
complication rates?>® Complications include pump
thrombosis, hemorrhage, drive line infections, and pro-
gressive right-sided heart failure.' Because LVADs histori-
cally have provided a bridge to cardiac transplantation,
long-term sequalae are difficult to evaluate. However,
given the cardiac transplantation limitations, LVADs are
becoming destination therapy. Rarely, outflow graft
(OQG) stenosis (OGS) of longstanding LVAD outflow con-
duits occurs due to building of laminar thrombus.*® Pa-
tients can present with delayed device thrombosis or
cardiogenic shock and are generally not candidates for
open LVAD revision, given the high cardiovascular risk
factors. The present patient provided written informed
consent for the report of her case details and imaging
studies.

CASE REPORT

The patient is a 72-year-old woman with a medical history
pertinent for atrial fibrillation, coronary artery disease (prior ST-
elevation myocardial infarction), ischemic cardiomyopathy, hy-
pertension, dyslipidemia, a 40 pack-year smoking history, type
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2 diabetes mellitus, prior embolic stroke, an implantable cardi-
overter/defibrillator, and Heartmate Il placement in 2013. She
had no significant cardiovascular interventions for >5 years pre-
ceding her presentation in 2023. Her medical therapy was a sin-
gle antiplatelet agent, supratherapeutic warfarin (baseline
international normalized ratio, 5-6), and antihypertensive agents.
Her chief concern was 2 weeks of worsening chest pain and dys-
pnea with low-flow LVAD alarms. She was hemodynamically
stable, with a systolic blood pressure of 80 mm Hg. The physical
examination revealed pitting edema in her lower extremities, ju-
gular venous distension >8 cm bilaterally, rhonchi, and positive
LVAD peripheral signals without electrical or device malfunc-
tions noted.

Based on her presentation and LVAD settings, the initial differ-
ential diagnosis included congestive heart failure exacerbation
and cardiogenic shock. Rapid deterioration led to a new-onset
pressor requirement for hypotension, and she was transported
to the cardiac catheterization laboratory with a temporizing
plan for venoarterial extracorporeal membrane oxygenation
(ECMO; right groin venous, left groin arterial, and reperfusion).
The results from catheterization suggested severe LVAD OGS
causing cardiogenic shock. Corroborating findings included
elevated right- and left-sided heart filling pressures, moderate
pulmonary hypertension, and a depressed cardiac index.

A subsequent computed tomography (CT) scan during high
flow ECMO revealed limited outflow contrast opacification,
consistent with outflow obstruction due to chronic graft dilation
and thrombosis with significant outflow stenosis at zone O of the
aorta (Fig 1). Cross-sectional imaging revealed a type | bovine
arch configuration with ~35 mm of a nondilated, nonectatic
aorta from the graft anastomosis to great vessel takeoff. There
was 75 mm of mural thrombus lining the OG, consistent with
a 90% stenosis. Cardiac surgery determined the patient was
not a candidate for cardiac transplant or LVAD revision. In a
multidisciplinary fashion, the patient, family, heart failure team,
and consulting vascular surgery team proceeded with endovas-
cular treatment of the LVAD outflow obstruction. The patient
was counseled regarding the immediate- and long-term risks,


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:aaron_litvak@urmc.rochester.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jvscit.2024.101430

2 Litvak et al

Journal of Vascular Surgery Cases, Innovations and Techniques

April 2024

Fig 1. Computed tomography (CT) scan showing severe stenosis of left ventricular assist device (LVAD) outflow
graft (A), deployment of VBX stents (W.L. Gore & Associates) in LVAD outflow track (B), and fully expanded VBX

stents in LVAD outflow track (C).

including access complications, hemorrhage, LVAD thrombosis,
myocardial infarction, and stroke and the need for close interval
monitoring to ensure stent patency and proper LVAD function.

OPERATIVE COURSE

The case was performed in the cardiac catheterization
laboratory under moderate sedation with the LVAD
and ECMO settings modulated throughout the course.
The right radial and femoral arteries were accessed via
micropuncture under ultrasound guidance, confirmed
with angiography, and upsized to 6F sheaths. A filter
wire was placed in the right common carotid artery
(CCA) via femoral access. Left CCA cannulation via radial
and femoral access proved difficult due to tortuosity:;
thus, given concerns for dissection, left-sided neuropro-
tection was abandoned. A dual filter was discussed but
was unavailable at our institution, and no other strate-
gies, such as invasive left CCA access, were used due to
the emergent nature of the case and unfavorable risk
factors. The intracranial anatomy was not delineated pre-
operatively due to her emergent presentation. Via
femoral access, a multipurpose angiographic catheter
with a Glidewire Advantage catheter (Terumo Interven-
tional Systems) were advanced into the LVAD OGC and
positioned above the rotor. The OG diameter was
14 mm. The hemodynamic pull-back pressure confirmed

an 80-mm Hg pressure difference between the LVAD
outflow and native zone O of the aorta, corroborating
the presence of a critical stenosis. After anastomosis defi-
nition and obtaining confirmatory angiograms, initial
balloon angioplasty with a 14-mm Atlas balloon (Becton
Dickinson) was used to intentionally create a luminal
channel. During angioplasty, the ECMO settings were
increased to accommodate the obstructed aortic inflow.
Interval angiography defined placement of a 11-mm x
79-mm balloon-expandable covered stent graft with
adjunct mechanical supportive maneuvers. Outsizing
was confirmed via 20% overestimation. The LVAD flow
volumes increased to 3 to 4 L/min after first stent place-
ment. Two minutes later, the LVAD flow ceased again,
and repeat angiography showed most of the thrombus
material had accumulated distally in the OG. An addi-
tional 11-mm x 59-mm balloon-expandable covered
stent graft was placed, centered over this thrombus.
Normal LVAD outflow was restored, and no gradient
was noted across the realigned OG and native aorta
(Tables | and Il). The LVAD intraoperative parameters
are reported in Fig 2. The right carotid artery filter was
removed, and no dissection, flow-limiting stenoses, or
technical complications were noted. Cerebral angiog-
raphy revealed a widely patent bovine arch with bilateral
vertebral and extracranial carotid artery filling. The
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Table I. Left ventricular assist device (LVAD) settings before and after intervention for our patient and literature-reviewed
cases

Speed, rpm 9000

7952.6

9400 8026.5

Power, W 37

Table IlI. Patients in the literature for whom the data
presented in Table | were available

Speed 19 17

Power 88 64

femoral and radial access sites were closed with a Per-
close ProClide device (Abbott Cardiovascular) and TR
band radial compression device (Terumo Interventional

Systems), respectively. The distal signals were un-
changed. The patient remained neurologically intact
throughout the operation. She required 3 days in the
intensive care unit postoperatively, with her recovery
complicated by a delayed left middle cerebral artery dis-
tribution stroke by postoperative day 1 with a presumed
cardioembolic etiology from LVAD outflow instrumenta-
tion. ECMO was weaned on postoperative day 1, with sur-
gical closure of the access sites. There were no other
significant complications, and single-agent anticoagula-
tion and antiplatelet therapy was maintained. She was
discharged to a rehabilitation center after marked in-
hospital recovery.

DISCUSSION

Long-term complications of LVAD devices are rare due
to the 5-year survival rate of 54% in HeartMate Il pa-
tients.” Since 2013, our patient had no major interven-
tions, other than driveline washouts from infection in
the first postoperative year. Patients with long-term
LVAD complications often require urgent mechanical
support and advanced endovascular treatment uniquely
suited for vascular surgeons.

Several case reports and series describe OGS and its endo-
vascular treatment options.*>®'° Patients with LVAD ob-
structions often present with low-flow alarms and
cardiogenic shock, frequently diagnosed with CT scans,
angiography, presentation, and history.“>#7'° There might
be a role for intravascular ultrasound; however, we sought
to minimize the number of wire exchanges and had effec-
tive sizing parameters determined from a gated CT scan.
Comparisons in LVAD settings, before and after interven-
tion, between our patient and literature-reviewed data
are reported in Tables land!1.>®%°"1* The reasons for OGS
include kinks and thrombosis, often in covered sections of
the graft*'? In our patient, the stenosis was most likely
due to OG thrombosis, supported by the echocardio-
graphic and cross-sectional imaging findings. During the
procedure, thrombectomy was considered but not chosen
due to the bulk and probable thrombus organization.

Frequently, these patients are unsuitable for sternotomy
or heart transplant, leading to pursuit of endovascular ,in-
terventions which appear to be safe and feasible overall,
when other options are not viable®™'® Larger studies of
OGS interventions also demonstrated technical success.®
However, given the high risk of cardiac embolization,
more investigation of the long-term outcomes for pa-
tients with endovascular treatment of OGS is needed to
better delineate the treatment options for this rare, but
increasingly occurring, complication.

CONCLUSIONS

With the increasing use and longevity of LVADs, under-
standing the presentation and treatments of long-term
device complications will be vital to treating patients
with LVADs. Percutaneous endovascular treatment
should be considered as a safe and efficacious option
for carefully selected patients.
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Fig 2. HeartMate Il device (HMII) parameter graphs showing changes in power (blue), flow (orange), and speed
(green) corresponding to labeled interventions during the procedure (yellow).
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