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A problem-solving approach to retrieving embedded inferior vena cava filters.
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he development of retrievable inferior vena

cava filters (rlVCFs) has resulted in significant

increases in device implantation; today, they rep-

resent the majority of filters placed.! The growth
in rIVCF use is largely due to the potential for device
retrieval, which has resulted in decreases in utilization
thresholds as well as expansion of relative indications for
placement.?3

Although rIVCFs are designed to be removed when no

longer indicated, device retrieval rates are very low.*> One
study reported a retrieval rate of 8.5%,° and retrieval rates
of < 2% have been observed in cancer patients.” The US
Food and Drug Administration (FDA) has cleared rIVCFs
for permanent implantation; however, findings from
recent studies suggest that rIVCFs do not have equivalent
safety profiles to permanent IVCFs2? and thus, perma-
nent rlVCF implantation may be problematic. These
findings prompted the FDA to issue safety communi-
cations in 2010 and 2014, stating that physicians and
clinicians charged with the implanting and ongoing care
of patients with rlVCFs should consider device retrieval
when no longer indicated.’ Indeed, the management
of patients with rlVCFs has now garnered significant
national media and medicolegal attention.

THE ROLE OF PROLONGED FILTER
IMPLANTATION

Prolonged filter implantation time plays a key, multi-
factorial role in patient outcomes. Prolonged rIVCF dwell
time has been associated with retrieval failure rates as
high as 43%,"" which has been confirmed in numerous
studies.'”> ' Retrieval failure has been primarily attributed
to filter component incorporation into the IVC wall.
These findings have led to a widely held belief that rlVCF
with extended implantation times should be left in situ,
due to the theoretical risk of injury to vascular or retro-
peritoneal structures from the retrieval procedure.’

However, prolonged filter dwell time has been associ-
ated with device-related complications including perfo-
ration/penetration of the IVC wall and adjacent struc-
tures,’®" and most notably fracture with subsequent
component migration/embolization.2?* Retrievable
IVCFs with extended implantation times potentially
encounter prolonged exposure to caval forces, which
may result in metal fatigue and increase the risk of frac-
ture/embolization.?#?

The development of advanced retrieval techniques
has significantly affected retrieval of embedded rIVCFs,
many of which have extended implantation times,
and were previously deemed irretrievable.?> A 2015
study demonstrated that filter retrieval can be per-
formed regardless of dwell time, with a failure rate of
= 3% when advanced endovascular techniques are
used. Despite the complex nature of some of these
advanced retrieval procedures, low complication rates
were reported and were not associated with filter dwell
time.2® More recently, a 2017 study suggested that
prolonged implantation should be defined as the point
at which the risk of standard retrieval technique fail-
ure increases significantly, thereby requiring advanced
retrieval techniques to maintain overall retrieval suc-
cess rates. Retrievable devices in place after 7 months
frequently required advanced retrieval techniques; thus,
such patients may benefit from referral to centers with
expertise in advanced filter retrieval.?’

FILTER RETRIEVAL TECHNIQUES
Standard Technique

The basic method of rIVCF retrieval is based on the
capture of the filter apex/hook, followed by the coaxial
collapse of the device into a sheath. Capture of the filter
apex/hook is typically performed with an endovascular
snare device. In addition, manufacturers of rlVCFs may
supply proprietary retrieval devices.
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We typically begin a retrieval procedure by introducing
a pigtail flush catheter over a wire caudal to the filter.
After performing a cavography to assess for in situ filter
thrombus, we typically place 8- and 12-F telescoping
sheaths immediately adjacent to the filter. Once the filter
hook is captured, equal and opposite traction/counter-
traction is applied to the snare and sheath to disengage
the filter from the caval wall.

Standard filter retrieval techniques typically fail when
the filter is significantly tilted, the apex of the filter is
embedded in the wall, or the filter struts are incorporat-
ed into the wall. In one analysis, standard filter retrieval
techniques were noted to fail more frequently after a
7-month implantation time.?’

In cases where the filter has been in for extended peri-
ods of time, preprocedural planning is critical. It is our
practice to review imaging from the initial placement,
as well as to perform a CT scan of the abdomen/pelvis.
As advanced retrieval techniques are frequently neces-
sary in these retrieval cases, CT allows identification of
factors that increase procedural complexity, including
filter tilt, enbedded or extracaval filter hooks/apices,
device fracture, perforation of components into extraca-
val structures, and caval thrombosis.?®

One of the most commonly encountered reasons for
failure of standard retrieval techniques is encasement of
the filter apex/hook in fibrinous tissue along the caval
endothelial surface. In these cases, snare and proprietary
cone devices are typically unable to engage the apex/
hook. This “fibrin cap” is typically radiolucent, although
it is frequently identified during digital subtraction angi-
ography. Several techniques have been described as an
approach to this problem; however, in our experience,
the most important techniques are formation of a loop
snare and use of rigid endobronchial forceps.

Loop Snare Technique

The loop snare technique was initially described as a
method to engage a tilted or embedded filter by forming
a wire loop through the main body of the rIVCF."> We
have developed a variation of this technique, where the
fibrin tissue cap is engaged and a wire loop is formed in
the plane between the caval lumen and tissue cap.? In
our technique, a reverse-curve catheter is formed and
used to engage the cap. Once engaged, a hydrophilic
wire is then advanced cranially and snared to form a
wire loop through the tissue cap. The sheath is then
advanced coaxially over the wire loop, either resulting in
rIVCF collapse within the sheath or release of the fibrin
tissue cap. If the latter occurs, the rIVCF is then typically
retrieved via standard techniques. Figure 1 depicts the
procedural steps of the loop snare technique.
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Figure 1. Loop snare technique. Digital subtraction angio-
gram of the IVC demonstrating a fibrin cap encasing the filter
hook/apex (A) (arrow). Fluoroscopic imaging demonstrat-

ing reverse-curve catheter utilized to engage fibrin cap (B).
Looped wire engaging radiolucent fibrin cap (C).

Figure 2. Digital subtraction angiograms of the IVC demon-
strating filter apex abutting caval wall (A) (arrow). Note that
the filter was fractured prior to retrieval attempt. Spot fluoro-

scopic image demonstrating forceps capturing filter apex (B).

Rigid Endobronchial Forceps

Rigid endobronchial forceps (model 4162, Lymol
Medical Corporation) are used off-label for filter
retrieval; however, they have developed into a critical
tool in advanced rIVCF retrieval. They have been used
to dissect hyperplastic tissue from the rIVCF apex/
hook, thereby permitting capture of the apex once it
is exposed, followed by coaxial collapse of the filter
within the sheath (typically 12 F or larger) (Figure 2).3°
These forceps are malleable and can be shaped to pro-
vide the optimal curvature to dissect tilted, encased
filter apices. Operator experience with forceps is criti-
cal, as there are significant complications that can
arise from misuse. For example, large curvatures of the
forceps can result in significant caval distention, which
can lead to patient discomfort. When possible, we per-
form forceps retrieval under deep sedation provided
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Figure 3. Right renal venogram demonstrating hook (arrow) of severely malpositioned filter eroded through the dorsal renal
vein wall (A). Spot fluoroscopic imaging showing forceps used from jugular access to reposition hook into renal vein lumen (B).
Forceps from right femoral access were used to capture the hook of malpositioned filter followed by complete filter inversion

and retrieval (C).

by anesthesiology. Furthermore, trauma to the IVC can
occur if the operator inadvertently grasps the caval
wall.

Forceps also permit retrieval of severely malposi-
tioned filters, including devices where the filter apex
has eroded through the caval wall. In these cases, dual
jugular and femoral venous access may be necessary
to sequentially manipulate and retrieve the rIVCF
(Figure 3). In these cases, great care must be taken not
to apply large, unopposed forces to the device, as this
poses a risk of significant caval injury.

Finally, forceps also aid in the retrieval of fractured
rIVCF struts. A recently published study demonstrated
that forceps, along with snares, can be utilized to
retrieve fractured filter fragments from the IVC3'
Retrieval of these fragments, if feasible, is important
due to the possibility of future
embolization, which can result in
serious morbidity including cardi-
ac tamponade and arrhythmia. As
shown in Figure 4, introduction
of the forceps through a large-
diameter sheath (16 F or larger)
can be used to retrieve fractured
struts; however, care must be
taken to use a gentle technique
when retrieving these struts, as
there is a risk of intraprocedural
embolization.

Figure 4. Spot fluoroscopic imag-
ing demonstrating fractured strut
fragment retrieval from the femoral
approach.
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Excimer Laser Sheath-Assisted Photothermal Ablation
Incorporation of the rIVCF struts in the caval wall can
make device retrieval hazardous or impossible, despite
successful filter apex/hook engagement and exertion
of large forces. The application of large forces in these
cases can result in significant morbidity, including caval
disruption, intussusception, and torsion. In these cases,
laser sheaths that are on-label for pacemaker lead extrac-
tion have been successfully used in an off-label manner

Figure 5. Photothermal laser ablation for embedded IVCF
struts. Spot fluoroscopic imaging demonstrating secured cra-
nial and caudal apices (arrows) of filter prior to introduction
of laser sheath (A). After snare capture of filter apex, the laser
sheath (arrow) was sequentially activated to enable ablation
of fibrinous scar tissue, thus enabling filter removal (B).



to ablate fibrinous tissue encasing the filter struts, mini-
mizing the large forces that would be applied during

the retrieval procedure when standard techniques are
used.?? The CVX-300 Excimer laser system (Spectranetics
Corporation) utilizes 12-, 14-, and 16-F, 50-cm sheaths
(GlideLight, Spectranetics Corporation) to ablate the tis-
sue encasing filter struts. These sheaths are introduced
through a larger outer sheath, typically 16 F or larger
(Figure 5). It is critically important to have control of the
filter apex/hook before using the laser sheath; in many of
our complex retrieval cases, other advanced techniques
are necessary to gain control of the rIVCF apex/hook
before the introduction and use of the laser sheath.

CONCLUSION

Retrieval of rlVCFs has taken on heightened impor-
tance, particularly considering device-related complica-
tions, which appear to increase with prolonged filter
dwell time. The development of advanced filter retrieval
techniques permits retrieval of most devices regardless
of their implantation time. As such, rIVCF retrieval may
mitigate patient risk and should now be considered in
all patients in whom the rIVCF is no longer indicated. ®

1. Smouse B, Johar A. Is market growth of vena cava filters justified? Endovasc Today. 2010,9:74-77.

2. Stein PD, Kayali F, Olson RE. Twenty-one-year trends in the use of inferior vena cava filters. Arch Intern Med.
2004;164:1541-1545.

3. Carlin AM, Tyburski JG, Wilson RF, Steffes C. Prophylactic and therapeutic inferior vena cava filters to prevent
pulmonary emboliin trauma patients. Arch Surg. 2002;137:521-525; discussion 525-527.

4. Helling TS, Kaswan S, Miller SL, Tretter JF. Practice patterns in the use of retrievable inferior vena cava filters in a
trauma population: a single-center experience. J Trauma. 2009;67:1293-1296.

5. Ray CE, Jr., Mitchell E, Zipser S, Kao EY, Brown CF, Moneta GL. Outcomes with retrievable inferior vena cava
filters: a multicenter study. J Vasc Interv Radiol. 2006;17:1595-1604.

6. Sarosiek S, Crowther M, Sloan JM. Indications, complications, and management of inferior vena cava filters: the
experience in 952 patients at an academic hospital with a level | trauma center. JAMA Intern Med. 2013;173:513-517.
7. Mikhail S, Hannan L, Pishvaian MJ, Kessler C. Retrievable inferior vena cava filters in patients with cancer are safe
but are they beneficial? Med Oncol. 2015;32:622.

8. Andreoli JM, Lewandowski RJ, Vogelzang RL, Ryu RK. Comparison of complication rates associated with
permanent and retrievable inferior vena cava filters: a review of the MAUDE database. J Vasc Interv Radiol.
2014;25:1181-1185.

9. Desai TR, Morcos OC, Lind BB, et al. Complications of indwelling retrievable versus permanent inferior vena cava
filters. J Vasc Surg Venous Lymphat Disord. 2014;2:166-173.

10. US Food and Drug Administration. Removing retrievable inferior vena cava filters: FDA safety communication.
https://www.fda.gov/medicaldevices/safety/alertsandnotices/ucm396377.htm. Accessed June 26, 2017.

11. Marquess JS, Burke CT, Beecham AH, et al. Factors associated with failed retrieval of the Gunther Tulip inferior
vena cava filter. J Vasc Interv Radiol. 2008;19:1321-1327.

12. Geisbusch P, Benenati JF, Pena S, et al. Retrievable inferior vena cava filters: factors that affect retrieval success.

Cardiovasc Intervent Radiol. 2012;35:1059-1065.

13. Avgerinos ED, Bath J, Stevens J, et al. Technical and patient-related characteristics associated with challenging
retrieval of inferior vena cava filters. Eur J Vasc Endovasc Surg. 2013,46:353-359.

14. Glocker RJ, Novak Z, Matthews TC, et al. Factors affecting Cook Gunther Tulip and Cook Celect inferior vena cava
filter retrieval success. J Vasc Surg Venous Lymphat Disord. 2014;2:21-25.

15. Rubenstein L, Chun AK, Chew M, Binkert CA. Loop-snare technique for difficult inferior vena cava filter retriev-
als. J Vasc Interv Radiol. 2007;18:1315-1318.

16. Durack JC, Westphalen AC, Kekulawela S, et al. Perforation of the [VC: rule rather than exception after longer
indwelling times for the Gunther Tulip and Celect retrievable filters. Cardiovasc Intervent Radiol. 2012;35:299-308.
17. Ford ME, Lippert JA, McGraw JK. Symptomatic filter penetration presenting as pancreatitis. J Vasc Interv Radiol.
2010;21:574-576.

18. Malgor RD, Labropoulos N. A systematic review of symptomatic duodenal perforation by inferior vena cava
filters. J Vasc Surg. 2012,55:856-861.

19. Putterman D, Niman D, Cohen G. Aortic pseudoaneurysm after penetration by a Simon nitinol inferior vena cava
filter. J Vasc Interv Radiol. 2005;16:535-538.

20. Tam MD, Spain J, Lieber M, Geisinger M, Sands MJ, Wang W. Fracture and distant migration of the Bard
Recovery filter: a retrospective review of 363 implantations for potentially life-threatening complications. J Vasc
Interv Radiol. 2012;23:199-205.

21. Vijay K, Hughes JA, Burdette AS, et al. Fractured Bard recovery, G2, and G2 express inferior vena cava filters:

VENOUS

incidence, clinical consequences, and outcomes of removal attempts. J Vasc Interv Radiol. 2012;23:188-194.

22. Nicholson W, Nicholson WJ, Tolerico P, et al. Prevalence of fracture and fragment embolization of Bard
retrievable vena cava filters and clinical implications including cardiac perforation and tamponade. Arch Intern Med.
2010;170:1827-1831.

23. Angel LF, Tapson V, Galgon RE, Restrepo MI, Kaufman J. Systematic review of the use of retrievable inferior
vena cava filters. J Vasc Interv Radiol. 2011;22:1522-1530.

24. Hull JE, Robertson SW. Bard Recovery filter: evaluation and management of vena cava limb perforation,
fracture, and migration. J Vasc Interv Radiol. 2009;20:52-60.

25. Kuo WT, Robertson SW, Odegaard JI, Hofmann LV. Complex retrieval of fractured, embedded, and penetrating
inferior vena cava filters: a prospective study with histologic and electron microscopic analysis. J Vasc Interv Radiol.
2013;24:622-630.

26. Desai KR, Lewandowski RJ, Salem R, et al. Retrieval of inferior vena cava filters with prolonged dwell time:

a single-center experience in 648 retrieval procedures. JAMA Intern Med. 2015;175:1572-1574.

27. Desai KR, Laws JL, Salem R, et al. Defining prolonged dwell time: when are advanced inferior vena cava filter
retrieval techniques necessary? An analysis in 762 procedures. Circ Cardiovasc Interv. 2017;10:pii:e003957.

28. Dinglasan LA, Oh JC, Schmitt JE, et al. Complicated inferior vena cava filter retrievals: associated factors identi-
fied at preretrieval CT. Radiology. 2013;266:347-354.

29. Esparaz AM, Ryu RK, Gupta R, et al. Fibrin cap disruption: an adjunctive technique for inferior vena cava filter
retrieval. J Vasc Interv Radiol. 2012;23:1233-1235.

30. Stavropoulos SW, Dixon RG, Burke CT, et al. Embedded inferior vena cava filter removal: use of endobronchial
forceps. J Vasc Interv Radiol. 2008;19:1297-1301.

31. Trerotola SO, Stavropoulos SW. Management of fractured inferior vena cava filters: outcomes by fragment
location. Radiology. 2017:162005.

32. Kuo WT, Cupp JS. The excimer laser sheath technique for embedded inferior vena cava filter removal. J Vasc
Interv Radiol. 2010;21:1896-1899.

Kush R. Desai, MD

Co-Director

IVC Filter Clinic

Assistant Professor of Radiology

Section of Interventional Radiology
Department of Radiology

Northwestern University, Feinberg School of
Medicine

Chicago, lllinois
kdesai007@northwestern.edu

Disclosures: Speaker’s bureau for Cook Medical
and Boston Scientific Corporation; consultant for
Spectranetics Corporation and AngioDynamics.

Robert K. Ryu, MD, FSIR

Division Chief

Interventional Radiology

Professor of Radiology

University of Colorado, Anschutz Medical Campus
Aurora, Colorado

Disclosures: None.

Robert J. Lewandowski, MD, FSIR
Co-Director

IVC Filter Clinic

Northwestern University, Feinberg School of
Medicine

Chicago, lllinois

Disclosures: None.

VOL.16, NO.7 JULY 2017 ENDOVASCULAR TODAY 69



