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Abstract
Although anticoagulation remains the mainstay of therapy for patients with venous thromboembolism, guidelines recommend the
use of inferior vena cava (IVC) filters in those who fail anticoagulation or have contraindications to its use. Short-term use of filters
has proven effective in reducing the rate of pulmonary embolism. However, their extended use is associated with a variety of
complications such as thrombosis, filter migration, or caval perforation, thus making a case for timely filter retrieval.
This is the case of a 68-year-old female with a history of chronic oral anticoagulation use for multiple deep venous thrombi
(DVT) and pulmonary emboli (PE) who required cervical and thoracic spinal intervention for spondylosis and foramina stenosis.
Given her increased risk of recurrent DVT and PE perioperatively, we elected to place a Cook Celect™ IVC filter (Cook Medical, Bloomington, IN) after oral anticoagulation was stopped for the procedure. Her treatment course was prolonged due to
wound-healing complications. We elected to use the Magellan Robotic Catheter System (Hansen Medical, Mountain View, CA)
for filter retrieval when she presented 6 months later with caval perforation from the filter struts. With its ease of use, superior
mechanical stability, and maneuverability, robot-assisted IVC filter retrieval may be a safer and more reliable substitute for traditional navigation techniques when presented with challenging filter retrievals.

Introduction
Approximately 49,000 inferior vena cava (IVC) filters are
placed annually in the United States, and this figure continues
to grow.1 As the implantation of filters increases, so has their associated complications. Long-term indwelling filters have been
associated with component failure, migration, and perforation
that sometimes necessitates open retrieval in affected patients.2–6
This has prompted the U.S. Food and Drug Administration to
recommend close follow-up of patients with indwelling filters
and prompt removal of the devices after their acute indication has
been resolved.7 Adequate follow-up remains the Achilles heel of
filter retrieval, with some series showing baseline rates as low as
8%.8,9 Standard endovascular retrieval using catheter and snare
techniques remains the mainstay of therapy, with reports showing
technical success in only 73.2% of cases.4 More aggressive techniques using multiple access sites, lasers, and bronchial forceps
have demonstrated improved retrieval rates above 90% but are
associated with increased complications.2–4 We present an alternative technique for IVC filter retrieval using the Magellan Robotic
System (Hansen Medical, Mountain View, CA) that may be beneficial in difficult cases.

Clinical Case
This is the case of a 68-year-old female patient with a history of
protein C deficiency who was managed on Coumadin after multiple episodes of deep vein thrombosis (DVT) and pulmonary embolism (PE). The patient had been event-free since starting anticoagulation but was recently diagnosed with C7-T1 spondylosis with
bilateral foraminal stenosis, which necessitated bilateral hemilaminotomies and foraminotomies. Her Coumadin was suspended and
a Celect™ IVC filter (Cook Medical, Bloomington, IN) was placed.
After her surgery, she experienced several surgical site infections
requiring multiple reoperations and eventual muscle flap coverage. Nearly 6 months later she was back in the outpatient clinic
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requesting IVC filter retrieval due to radiographic evidence of caval perforation from the filter struts.
During the retrieval, the patient’s right internal jugular vein
was punctured under ultrasound guidance with a micropuncture
system and upsized to a 9F sheath over a Bentson wire (Cook
Medical, Bloomington, IN). A venogram was performed and
demonstrated no visible thrombus within the filter but showed the
struts perforating the caval wall (Figure 1 A). A 90-cm 9F robotic
sheath was advanced into the IVC and situated just cephalad to
the IVC filter with the Magellan Robotic System (Figure 1 B). The
CloverSnare® 4-Loop Vascular Retriever (Cook Medical) was then
advanced through the robotic sheath cephalad to the filter (Figure
1 C) to capture the hook and retrieve the filter (Figure 1 D). Upon
removal, the filter was noted to be intact with no fractures. Neither
signs of thrombosis nor residual portions of the IVC filter were
observed with a completion angiography (Figure 1 E). The robotic
sheath and catheter were then removed, and pressure was held for
5 minutes on the insertion site. The skin was closed with DERMABOND® (Ethicon US, Cincinnati, OH), and the patient was discharged home the same day without complication.

Discussion
More than 900,000 Americans, or 1 to 2 per 1,000, are affected
each year by venous thromboembolism (VTE). Of these, between
60,000 and 100,000 die as a result.5 Although anticoagulation is the
accepted standard treatment for VTE, in some cases medical therapy has to be permanently or temporary stopped.10 Our patient
tolerated Coumadin well but had to stop secondary to her spinal
surgery. Because of her high risk of VTE recurrence, we elected to
place a temporary IVC filter for perioperative VTE protection.11–13
Safety and timing of filter retrieval has been an area of growing
concern in the medical literature. A wide array of pathophysiological and social obstacles are faced by physicians in these cases,
negatively impacting filter retrieval rates.14 In a study of 231 filter
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Figure 1. (A) A venogram demonstrates no thrombus within the filter. (B) A 9F sheath is guided with the Magellan Robotic System proximal to the inferior vena
cava (IVC) filter. (C) The CloverSnare 4-Loop Vascular Retriever is advanced through the sheath and situated above the filter. (D) The filter hook is captured and
the filter is delivered through the sheath. (E) A completion angiography displays no signs of thrombosis or residual portions of the filter within the IVC.

retrieval attempts via the standard technique, only 73.2% were
successful, and one patient developed severe IVC stenosis due to
the filter legs coapting.4 In other series, the retrieval rate has been
estimated to be as low as 29% to 60%, with the primary challenges
being penetration of the caval wall, fractures, migration, and tilting.9,15,16
These suboptimal retrieval rates underscore the inadequacy of
routine retrieval and have driven physicians to pursue more advanced approaches, such as stiff-wire displacement, dual-access,
balloon displacement, realignment, and the “sling” technique.
Endovascular dissection to directly release an embedded hook
or penetrating strut with bronchoscopy forceps has also been described as a last-ditch effort.17 These advanced techniques increase
the probability of successful retrieval to more than 90% but are also
associated with significantly higher complication rates (5.3% vs.
0.4%).4 Open surgical approaches are yet another possibility but
can lead to increased morbidity and prolong hospitalization secondary to the need for laparotomy and caval reconstruction.18
The high risk of complications from filter retrieval often dissuades both patients and physicians from proceeding. Yet, leaving
the filter in place can lead to long-term complications such as DVT,
caval penetration, and filter migration, making future attempts
more challenging.19 This conundrum has led to increased efforts to
create an effective monitoring and tracking system to systematical-
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ly follow those with temporary filters and evaluate their candidacy
for retrieval.8,20
With this case, we present an innovative alternative to other advanced filter retrieval techniques with use of the Magellan Robotic
System. The robotic sheath was used in this patient to navigate
to the filter and position the snare over the hook, thus providing
a stable platform for retrieval. Compared to conventional endovascular devices, the system’s steerability and flexibility allow for
greater control in narrow vessel lumens and complex situations.
The Magellan’s navigational capabilities also can be paired with
other advanced techniques to decrease procedural complexity and
improve overall retrieval rates.

Conclusion
Although IVC filter retrieval is possible with conventional techniques, the Magellan Robotic System has the potential to improve
retrieval rates and decrease procedural complications through its
precision and stability.
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