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RATIONALE FOR THE
CONSENSUS
CONFERENCE

REMOVABLE vena cava filters for
temporary protection from pulmonary
embolism (PE) were first proposed in
1967 (1). In 2003 and 2004, the United
States Food and Drug Administration
approved changes to the instructions
for use of three existing permanent fil-
ters to allow percutaneous retrieval
(2). Filter retrieval was added to the
instructions without modification of
the indications for placement or the
addition of indications for retrieval.

The instructions for use provide phy-
sicians with minimal guidance for the
use of these devices as removable fil-
ters.

Many medical specialties are in-
volved in requesting and placing fil-
ters as well as subsequent patient
management. The overall use of vena
cava filters may be increased by the
availability of nonpermanent devices
(3). However, there is a paucity of
medical literature on these filters (4).
On January 14 and 15, 2005, the Soci-
ety of Interventional Radiology (SIR)
convened a multidisciplinary confer-

ence to address the clinical application
of nonpermanent vena cava filters.
Representatives from interventional
radiology, trauma surgery, vascular
surgery, and internal medicine partic-
ipated. The goal of the consensus con-
ference was to develop a document
that would provide clinical guidance
for all physicians who use these vena
cava filters. Specifically, we sought to
address the indications for placement
of a nonpermanent filter, the manage-
ment of patients with such a filter in
situ, the conditions for discontinuation
of caval filtration, the evaluation of
patients before discontinuation, and
patient management after discontinu-
ation. Filter design, performance, re-
porting standards, quality assurance,
and recommendations for specific de-
vice selection were not included in the
discussions (5–7).

PURPOSE OF THIS
DOCUMENT

The intent of this document is to
provide suggestions for the clinical ap-
plication of nonpermanent vena cava
filters. These suggestions can be
adapted to conform to local practices.
More specifically, the document ad-
dresses two types of optional filters
available or about to become available
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in the United States, retrievable and
convertible (as described later). The
document does not represent an im-
plied, suggested, or legal standard of
care.

BASIS OF
RECOMMENDATIONS

A standardized approach based on
two types of recommendations exists
for the generation of guidelines to fa-
cilitate clinical treatment decisions for
typical patients (8,9). The first is based
on the tradeoff between benefits of
treatment and risks, harm, and costs.
The second is based on the method-
ologic quality of the underlying evi-
dence. Randomized controlled trials
with consistent results provide the ba-
sis for the strongest recommendations.
Unfortunately, the overwhelming ma-
jority of the published data on vena
cava filters have come in the form of
observational studies (10). Published
data were considered insufficient to
permit anything more than recom-
mendations based on a consensus of
opinions by the writing group. A sum-
mary of the major points of consensus
is presented in Table 1.

INDICATIONS FOR
PLACEMENT OF OPTIONAL
VENA CAVA FILTERS

Venous Thromboembolism

There are numerous risk factors for
venous thromboembolism (VTE), in-

cluding malignancy, thrombophilias,
recent major surgery or trauma, in-
creased age, acute major medical ill-
ness, previous VTE, and morbid obe-
sity (11–15). Some of these risk factors
are transient, such as major surgery
and trauma, whereas others are per-
manent and may even increase in im-
portance over time. Careful evaluation
of each patient for the presence of risk
and duration of the period at risk for
VTE is important when selecting a
prevention or treatment strategy.

The primary means of prevention
and therapy of VTE is pharmacologic,
such as systemic administration of an-
ticoagulant agents (12,16–20). Antico-
agulant therapy usually entails an ac-
ceptably small risk of bleeding and
other complications (20–24). For pre-
vention of VTE, there are additional
roles for external mechanical adjuncts
including but not limited to lower-ex-
tremity sequential compression de-
vices (12,16,18). Thrombolytic therapy
of established VTE is useful in patients
with severe symptoms or hemody-
namic instability (25). Specific proto-
cols for pharmacologic prophylaxis
and therapy of VTE are beyond the
scope of this document but can be
found in numerous published docu-
ments (12,16–25).

Role of Vena Cava Filters in
Treatment and Prophylaxis of VTE

The sole function of vena cava fil-
ters is to prevent clinically significant
PE by trapping venous emboli. Vena

cava filters do not prevent or treat ve-
nous thrombosis. In general, the use of
vena cava filters is indicated when pri-
mary therapy cannot be started, must
be stopped, or is insufficient to protect
patients from clinically significant PE
who are at high risk (6,16,17,26,27).
When used in patients at risk of devel-
oping VTE but who do not yet have it,
the purpose of the filter is to prevent
clinically significant PE should deep
vein thrombosis (DVT) occur. Filters
placed for so-called prophylactic indi-
cations do not provide prophylaxis for
development of DVT.

Permanent Vena Cava Filters

Permanent vena cava filters have
been commercially available for more
than 35 years. The overall use of per-
manent vena cava filters has increased
dramatically in the United States dur-
ing the past 20 years (28,29). The exact
percentage of patients with objectively
confirmed VTE who require vena cava
filters is not known, but it is estimated
that filters are placed in 3%–11% of
cases (3,28,30,31). The use of filters in
patients without documented VTE (ie,
for prophylactic indications) has in-
creased substantially during the past
two decades (28,29).

A large body of clinical experience
and published data are available for
permanent filters and are summarized
in several comprehensive reviews (32–
39). Unfortunately, with few excep-
tions, the literature on permanent fil-
ters is comprised of uncontrolled
retrospective observational series, case
reports, and single-center experiences
(10). Although vena cava filters are
generally accepted as safe devices,
short- and long-term complications
may occur (36,39–43). Concerns have
been raised regarding the long-term
benefits and risks of the use of these
devices in some patients (44).

Nonpermanent Caval Filtration
Devices

There are currently two types of fil-
ters that can provide nonpermanent
protection from PE (2,45,46). Optional
filters are devices that may remain
permanently, whereas temporary fil-
ters must be removed as a result of
their design constraints. There are two
subtypes of optional filters, retrievable
and convertible.

Table 1
Key Points of Consensus

1. The primary means of therapy and prophylaxis of VTE are pharmacologic
2. No unique indications for optional vena cava filters exist that are distinct from

permanent vena cava filters
3. Some patients with indications for vena cava filters have limited periods of risk

of clinically significant PE and/or contraindication to anticoagulation and may
not require permanent protection from PE with a vena cava filter

4. Patients with filters in situ should be managed with pharmacologic methods
according to their VTE status and risk of anticoagulation as soon as safe and
feasible

5. There are no absolute indications for discontinuation of filtration unless the filter
itself is a source of documented major morbidity that will be relieved by retrieval
or conversion

6. Discontinuation of filtration should only occur when the risk of clinically
significant PE is reduced to an acceptable level and is estimated to be less than
the risk of leaving the filter in situ

7. The quality of literature on optional vena cava filters is not sufficient to support
evidence-based recommendations at this time
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Retrievable filters are defined in
this document as permanent devices
designed for imaging-guided percuta-
neous removal during device-specific
time windows of retrievability with
use of catheter-based technologies.
These filters can be placed with or
without the intent to be retrieved de-
pending on the indications and clinical
circumstances. Like all permanent fil-
ters, retrievable devices initially affix
to the wall of the vena cava by means
of hooks, barbs, or radial pressure.
Over time, some filter elements be-
come adherent to the wall of the vena
cava as a result of endothelial over-
growth (47–53). Filters that are not re-
trieved function as permanent filters.

Convertible devices are defined in
this document as permanent filters
that can be altered structurally after
implantation to no longer function as
filters. These filters can be placed with
or without the intent to be converted
to a nonfiltration state depending on
the indications and clinical circum-
stances. These devices usually main-
tain their position in the vena cava
with hooks, barbs, or radial pressure.
Filter elements are subject to endothe-
lial overgrowth. The filtering capacity
of the device can be eliminated during
a percutaneous imaging-guided cath-
eter-based procedure. After conver-
sion, some or all of the filter remains in
the patient’s vena cava but does not
provide protection from PE. Filters
that are not converted provide perma-
nent filtration.

Temporary filters are defined in
this document as devices that are not
designed for permanent placement.
These are not currently available in the
United States. Frequently, these de-
vices do not have hooks, barbs, or any
other means for fixation to the wall of
the vena cava, but are supported in
place by tethers or catheters. The sup-
porting elements frequently traverse
long segments of the central venous
system, are externalized, and occupy a
venous access site. Removal of these
devices is required within several
weeks before the filter and/or tether
becomes adherent to the venous walls
(46,54,55). Removal is usually an imag-
ing-guided procedure. Permanent filtra-
tion requires removal of the temporary
filter and placement of a different de-
vice.

Although the general principles in
this document can be applied to op-

tional and temporary filters, the focus
henceforth will be on optional filters.

The available data on optional de-
vices are even more limited than on
permanent filters (4). The few pub-
lished clinical reports (4,56–61) sug-
gest that optional filters, as a group,
are associated with equivalent out-
comes to permanent devices. How-
ever, there has never been a clinical
study to directly compare optional
and permanent filters. Percutaneous
removal of retrievable filters appears
to be a safe procedure with few imme-
diate or late complications (56,57,
60,61). Published human data on con-
vertible filters are currently lacking.
The benefit of discontinuation of filtra-
tion has never been proven, but is in-
ferred from the data available on per-
manent devices (62). Until more data
are available, permanent caval filtra-
tion should always be considered
when a filter is indicated.

Indications for Optional Filters

Placement of an optional filter with
the intent to discontinue filtration
through retrieval or conversion should
follow the same indications used for
permanent vena cava filters. The deci-
sion to use an optional filter rather
than a permanent filter should be
based on the anticipated required du-
ration of protection against clinically
significant PE and/or risk of pharma-
cologic therapy (Fig 1). There are no
new unique indications for optional
vena cava filters distinct from perma-
nent filters.

In general, indications for all vena
cava filters have been divided into ab-
solute, relative, and prophylactic cate-
gories (Table 2) (5,6,27,36,39,63). Pa-
tients with absolute indications have
documented VTE, are at high risk of
clinically significant PE, and have a
contraindication to or complication or
failure of pharmacologic therapy
(5,6,17,27,36,39,63). In some patients
with contraindications to or complica-
tions of anticoagulation, the period
during which anticoagulant therapy
cannot be used may be temporary or
transient (22). Optional vena cava fil-
ters can be considered in these situa-
tions.

Patients with relative indications
for vena cava filters have VTE and are
considered to be at continued high risk
of clinically significant PE despite pri-

mary therapy, at increased risk of
complications of anticoagulation, or
noncompliant with medications (Ta-
ble 2). In general, the data supporting
the clinical value of filters for relative
indications are more sparse than those
for absolute indications. When the pe-
riod of increased risk for clinically sig-
nificant PE or complications of antico-
agulation is of short duration in
patients with relative indications for
filters, optional filters may be consid-
ered.

Patients with prophylactic indica-
tions for filters do not have VTE, but
are at increased risk for development
of clinically significant PE and unable
to undergo primary prophylaxis. Al-
though placement of vena cava filters
for these indications is common, the
data supporting the practice are weak.
The one possible exception is filter
placement in a setting of trauma in a
patient deemed to be at high risk
(64,65). Additional specific clinical sce-
narios in which the use of prophylactic
filters have been reported (but are of
unproven benefit) include critically ill
patients with a history of VTE and
contraindication to anticoagulation
(66,67), perioperative settings in pa-
tients with a history of VTE and con-
traindication to anticoagulation (2),
and patients undergoing bariatric sur-
gery (68,69). When the period of in-
creased risk for clinically significant
PE is of short duration, optional filters
may be considered.

MANAGEMENT OF PATIENTS
WITH AN OPTIONAL VENA
CAVA FILTER IN SITU

Patients with optional vena cava fil-
ters require tracking and routine fol-
low-up for several reasons. The win-
dow of retrievability varies for each
device, patient conditions may change
such that discontinuation of the filter
is no longer desired or safe, and pri-
mary physicians may require guid-
ance on the timing of filter discontin-
uation. Preferably, the physician who
places the filter should perform this
follow-up.

Patients with VTE and a vena cava
filter should undergo primary therapy
at the first safe opportunity regardless
of the presence of a vena cava filter
(Fig 2). Evidence-based reviews of
therapy for VTE are available to guide
therapy (16,17,20,71–75). In patients
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with VTE and a vena cava filter placed
for a contraindication to anticoagula-
tion, the patient should receive antico-
agulation as soon as the period of ex-
cess hemorrhagic risk has passed. In
the subgroup of patients with VTE
whose contraindication to anticoagu-
lation is major surgery, data from ran-
domized clinical trials are lacking, but

several reviews are available to inform
clinical decision-making regarding re-
sumption of primary therapy (72,74).
For patients with VTE and a vena cava
filter placed for a major hemorrhagic
complication associated with antico-
agulation, the physician may restart
anticoagulation when the clinical situ-
ation dictates that it is safe. This deci-

sion must be made on a case-by-case
basis after the risks and benefits of
anticoagulation are weighed. No evi-
dence-based guidelines exist to assist
clinical decision-making. However,
small case series suggest that anticoag-
ulation may be reinstated when the
causal anatomic lesions have been de-
finitively corrected (74,76). Neverthe-
less, these patients appear to be at
higher risk for subsequent episodes of
major bleeding (76). Tighter control of
anticoagulation management (eg, more
frequent International Normalized Ra-
tio determinations) and laboratory sur-
veillance for recurrent hemorrhage are

Figure 1. Algorithm for placement of vena cava filters. PE � Pulmonary embolism; AC
� anticoagulation; O � optional vena cava filter (in patients with limited life expectancy
[�6 months], there may be limited benefit from retrieval/conversion of a filter [2,45,70]);
P � permanent vena cava filter.

Table 2
Indications and Contraindications for
All Vena Cava Filters

Absolute Indications (Proven VTE)
Recurrent VTE (acute or chronic)

despite adequate anticoagulation
Contraindication to anticoagulation
Complication of anticoagulation
Inability to achieve/maintain

therapeutic anticoagulation
Relative Indications (Proven VTE)

Iliocaval DVT
Large, free-floating proximal DVT
Difficulty establishing therapeutic

anticoagulation
Massive PE treated with

thrombolysis/thrombectomy
Chronic PE treated with

thromboendarterectomy
Thrombolysis for iliocaval DVT
VTE with limited cardiopulmonary

reserve
Recurrent PE with filter in place
Poor compliance with anticoagulant

medications
High risk of complication of

anticoagulation (eg, ataxia,
frequent falls)

Prophylactic Indications (No VTE,
primary prophylaxis not
feasible*)

Trauma patient with high risk of
VTE

Surgical procedure in patient at high
risk of VTE

Medical condition with high risk of
VTE

Contraindications to Filter Placement
No access route to the vena cava
No location available in vena cava

for placement of filter

* Primary prophylaxis not feasible as a
result of high bleeding risk, inability to
monitor the patient for VTE, etc.
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probably worthwhile additions to rou-
tine clinical management.

In patients with filters placed for
prophylactic indications, primary VTE
prophylaxis should be initiated based
on the underlying risk factors at the
first safe opportunity regardless of the
presence of a vena cava filter. Evi-
dence-based guidelines on VTE pro-
phylaxis are available to guide deci-
sion-making (16). Bleeding risk should
be formally assessed by the patient
care team on a daily basis with the
goal to institute appropriate anticoag-
ulant VTE prophylaxis. In addition,
mechanical forms of VTE prophylaxis
(eg, graduated compression stockings,
sequential/pneumatic compression de-
vices) should be used whenever pos-
sible. The filter does not provide pro-
phylaxis for venous thrombosis, but
rather only for PE should DVT develop.
For patients at high risk who are receiv-
ing suboptimal VTE prophylaxis, du-
plex ultrasonographic (US) surveillance
for DVT should be considered. In the
event that a patient with a filter placed
for prophylactic indications develops
VTE, appropriate primary therapy
should be initiated as soon as is safe.

WHEN TO CONSIDER
DISCONTINUATION OF
VENA CAVA FILTRATION

General

The sole purpose and function of a
vena cava filter is to prevent clinically

significant PE. For this reason, the fun-
damental clinical criterion for discon-
tinuation of caval filtration is an ac-
ceptably low risk of PE (Fig 3). In most
instances, this will occur when the pa-
tient is receiving satisfactory treatment
with primary therapy or has passed
the period of risk for VTE (11,14,
16,17,34,35,77). When a patient is con-
sidered to have an acceptably low risk
of PE, the presumed risks of the filter
must be weighed against the esti-
mated future risk of recurrent PE. As a
result of the inadequacies of published
data on filters and the complexity of
real clinical situations, the balance of
risks cannot be quantified at the
present time and remain a matter of
physician judgment. The decision to
discontinue filtration must be individ-
ualized in each case. In the clinical
context, the decision to not retrieve or
convert a satisfactorily functioning fil-
ter is acceptable.

When the local standard of care is
to prescribe lifelong anticoagulation
simply because of the presence of a
vena cava filter, discontinuation of fil-
tration should be considered. Routine
anticoagulation of patients with vena
cava filters to prevent recurrent DVT
and other thrombotic complications is
controversial (78,79). Long-term anti-
coagulation is associated with a small
but definable incidence of complica-
tions, usually hemorrhagic (22). Dis-
continuation of filtration to avoid life-
long anticoagulation after the patient

no longer requires treatment of VTE
may be warranted.

Recommendations before
Discontinuation of Filtration for All
Patients

Vena cava filtration may be discon-
tinued in the following clinical scenar-
ios:

1. An indication for a permanent
filter is not present. Patients chroni-
cally at high risk of clinically signifi-
cant PE irrespective of management
with primary therapy, short life ex-
pectancies (�6 months), or noncom-
pliance with primary therapy or fol-
low-up appointments should have a
permanent filter. All retrievable and
convertible filters can provide perma-
nent protection from PE.

2. The risk of clinically significant
PE is acceptably low as a result of
achievement of sustained appropriate
primary treatment (therapy or pro-
phylaxis) or change in clinical status.
Appropriate primary treatment will
vary depending on the VTE status
of the patient (16,17,19,22,23,65,73,80–
82). Patients should demonstrate the
ability to tolerate sustained primary
treatment before discontinuation of fil-
tration. The period of time required
will vary based on the patient’s VTE
status and local standards of care (as
described later).

3. The patient is not anticipated to
return to a high-risk state for PE be-
cause of interruption of primary treat-
ment, change in clinical management,
or change in clinical condition. For ex-
ample, filtration should not be discon-
tinued when a patient will shortly un-
dergo additional procedures that
would normally require placement
of a vena cava filter. Although it is
not always possible to identify which
patients will return to a high-risk sta-
tus, careful review of all aspects of
the patient’s care should be con-
ducted before filter retrieval or con-
version.

4. The life expectancy of the patient
is long enough that the presumed ben-
efits of discontinuation of filtration
can be realized. Limited evidence sug-
gests that some suspected complica-
tions of filters take years to manifest
(42,43). Patients not anticipated to sur-
vive more than 6 months are unlikely
to derive any discernible benefit from
filter retrieval or conversion.

Figure 2. Algorithm for management of patients with filters in situ. AC � anticoagula-
tion; DUS � duplex ultrasound scan.
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5. The filter can be safely retrieved
or converted. Patients with unmanage-
able issues related to contrast agents (eg,
allergy or renal insufficiency) or coagu-
lopathies should not undergo the proce-
dure until adequate prophylaxis or cor-
rection has been performed. Suitable
venous access for the procedure should
be available. Last, filters that the treating
physician judges cannot be safely re-
trieved or converted without causing
unacceptable injury to the vena cava
should not be manipulated.

6. The patient or consenting guard-
ian agrees to have the filter removed
or converted. Patients who desire to
continue caval filtration permanently
should be allowed to so.

Specific Recommendations for
Patients with VTE

Patients with filters and established
VTE should be treated with primary
therapy as soon as possible (17). The
presence of the filter should not alter
the intensity or duration of anticoagu-
lation. The period of highest risk for
PE in patients undergoing therapeutic
anticoagulation for VTE cannot be pre-
cisely defined because of the heteroge-
neity of published studies. Several
studies (42,83,84) suggest that symp-
tomatic PE is most likely to occur
within 2–3 weeks of the initial episode
of VTE. The duration of highest risk

for clinically significant PE during pri-
mary therapy should be estimated in-
dividually for each patient. Patients
who require laboratory monitoring for
anticoagulation should have stable
measurements with no evidence of
bleeding for at least 7 days before the
discontinuation procedure.

Patients with established VTE should
not have clinical or objective evidence of
failure or a complication of primary
therapy before filter retrieval. These sit-
uations warrant continued caval filtra-
tion, perhaps permanently (39).

Specific Recommendations for
Patients without VTE

Patients in whom filters are placed
for prophylaxis (ie, those at risk for
but without a diagnosis of VTE)
should be treated with primary pro-
phylaxis as soon as possible according
to published guidelines (16,19,65). Dis-
continuation of filtration should not
occur until adequate primary prophy-
laxis has been consistently achieved
and can be maintained or the high risk
of clinically significant PE has abated.
In some patients, the period of risk for
development of VTE may end before
discontinuation of vena cava filtration.
At all times, the underlying condition
of the patient should determine the
need and type of VTE prophylaxis.

When a filter has been placed for

prophylactic indications, there should
be no clinical or objective evidence of
interval development of VTE before
discontinuation of filtration. A patient
who develops VTE while a prophylac-
tic filter is in place should be treated
with primary therapy for VTE, as out-
lined earlier (17,73,80). The patient
should be at an acceptably low risk of
clinically significant PE before discon-
tinuation of filtration is considered.

Unique Situations

When a retrievable filter has be-
come a source of severe morbidity or
is no longer protective for PE as a re-
sult of change in filter position or loss
of structural integrity, removal may be
indicated. These cases are very rare,
but examples include maldeployment,
unmanageable pain related to perfora-
tion, filter instability, and dislodge-
ment during other procedures (40,41,
85). Conclusive objective evidence of
filter-related morbidity should be
sought before filter removal for this
indication. These occurrences should
be reported according to standard de-
vice-tracking practices. Placement of
another filter may be necessary when
retrieval of an in situ device is indi-
cated despite the presence of a con-
tinuing indication for a vena cava filter.

PATIENT EVALUATION
BEFORE DISCONTINUATION
OF FILTRATION

Preprocedural Evaluation

The goals of patient evaluation be-
fore filter retrieval or conversion are to
ensure that the risk of clinically sig-
nificant PE is acceptably low and that
the retrieval or conversion procedure
can be performed safely (Fig 4). A fo-
cused history and physical examina-
tion should be performed to assess for
signs of VTE. Patients suspected of hav-
ing new, recurrent, or progressive VTE
on the basis of symptoms or clinical
findings should undergo diagnostic im-
aging procedures to resolve this ques-
tion before proceeding. Routine coag-
ulation measurements and complete
blood counts are appropriate for the
assessment of patients receiving ther-
apeutic anticoagulation. Renal func-
tion assessment should be considered
in patients at risk for contrast agent
nephropathy.

Figure 3. Algorithm for patient selection for discontinuation of vena cava filtration.
*Risk of PE determined by patient’s current venous thromboembolic disease status,
underlying conditions, and tolerance of primary therapy or prophylaxis. **Requires
consideration of life expectancy and need for caval filtration in near future.

454 • Guidelines on the Use of IVC Filters March 2006 JVIR



Patients who have documented
VTE should have laboratory values in
the appropriate therapeutic range
based on laboratory monitoring (17).
Laboratory monitoring is not neces-
sary for the majority of patients who
are receiving low molecular weight
heparins. Patients who have under-
gone anticoagulation and require lab-
oratory monitoring should have stable
measurements with no evidence of
bleeding for at least 7 days. In the
presence of acute VTE, a delay of 2–3
weeks after initiation of primary ther-
apy should be considered before dis-
continuation of vena cava filtration
(42,83,84). When coagulation studies
are warranted for anticoagulation
monitoring, they should be performed
the day of the discontinuation proce-
dure to ensure that the measurements
are within the appropriate therapeutic
ranges. It is neither necessary nor de-
sirable to interrupt anticoagulation for
the retrieval or conversion procedure.

Patients with VTE who have re-
ceived full anticoagulation and are in
stable condition while receiving pri-
mary therapy, and who have no new,
recurrent, or progressive symptoms or
clinical findings of VTE, do not require
additional imaging of the extremity
veins or pulmonary arteries before dis-
continuation of vena cava filtration. If
imaging performed for clinical indica-

tions reveals new or progressive VTE,
repeat evaluation of the anticoagulation
regimen and delay of filter discontinua-
tion should be considered. These pa-
tients may be reassessed at a later date
for filter retrieval or conversion or the
filter may be considered a permanent
device.

Patients without a known diagnosis
of VTE should undergo imaging of the
lower-extremity veins such as duplex
venous US before discontinuation of
filtration. A finding of DVT in these
patients requires postponement of fil-
ter discontinuation and initiation of
primary therapy if not contraindicated
(17). The patient should exhibit stan-
dard therapeutic levels of anticoagula-
tion for at least 2–3 weeks before filter
discontinuation is reconsidered. Alter-
natively, the filter may remain in place
as a permanent device.

The physician responsible for remov-
ing or converting the filter should con-
firm the appropriateness of discontinu-
ation of filtration before the procedure.
During the consent process, the follow-
ing should be discussed in addition to
the usual elements of informed consent:
(i) the rationale for discontinuation of
filtration, (ii) the possibility that filter
retrieval or conversion may not be pos-
sible, and (iii) the voluntary nature of
discontinuing caval filtration.

Imaging of the Filter and Vena Cava

Imaging of the vena cava and im-
planted filter can be performed at the
time of the discontinuation procedure
with catheter-based techniques or
within the preceding 24 hours with a
technique that permits evaluation of
the entire filter and the vena cava such
as contrast material–enhanced com-
puted tomography (CT), magnetic res-
onance venography, or US. In patients
with known VTE, identification of
thrombus in the filter requires an as-
sessment of the risk of clinically signif-
icant PE at the time of filter discontin-
uation or subsequent to the procedure
(Fig 5). There are no published data to
support guidelines for making this as-
sessment; an individualized decision
by the physician will be required in
each case. For example, substantial fill-
ing defects within the filter present an
immediate risk of PE during filter re-
trieval or conversion and may indicate
an ongoing embolic risk. Conversely,
subcentimeter filling defects adherent
to filter elements may pose little risk of
PE during filter retrieval or conversion
and may imply a resolved embolic
risk. In some cases, based on the com-
bined judgment of the physicians with
primary responsibility for retrieval or
conversion of the filter and manage-
ment of anticoagulation, the patient
can return after a period of weeks for
repeat imaging and reconsideration of
discontinuation of filtration.

In patients without known VTE be-
fore the filter retrieval or conversion
procedure, identification of trapped
thrombus within the filter constitutes
a new diagnosis of VTE regardless of
the absence of clinical symptoms or
normal results of lower-extremity ve-
nous US. The filter discontinuation
procedure should be terminated and
appropriate primary therapy should
be instituted unless contraindicated.
Reassessment for discontinuation of
filtration may be considered at a later
time, as described earlier.

MANAGEMENT AFTER
DISCONTINUATION OF
FILTRATION

During the Procedure

After retrieval or conversion of a
filter, imaging of the vena cava may be
performed as part of the procedure to

Figure 4. Algorithm for patient evaluation before discontinuation of vena cava filtration.
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assess for evidence of caval trauma or
thrombus. Caval imaging is strongly
recommended after difficult or pro-
longed procedures or when a patient
reports significant pain during and/or
after the procedure. Findings sugges-
tive of caval injury such as intimal
flaps or extravasation of contrast me-
dium should be managed according to
the degree of the abnormality and lo-
cal standards of care. There are few
data in the published literature to
guide management in these cases, al-
though minor abnormalities on caval
imaging have been followed expect-
antly or with anticoagulation without
clinical sequelae (86). The presence of
obstructive intimal flaps or thrombus
may require additional interventions
to preserve patency of the vena cava.
Patients with suspected retroperito-
neal bleeding after discontinuation of
filtration may require evaluation with
CT, serial hematocrit measurements,
and close clinical observation.

Retrieved or converted filters

should be inspected for integrity (di-
rectly or with imaging) by the physi-
cian performing the procedure. If a
filter is incomplete, careful evaluation
of the retrieval or conversion catheter
and imaging of the patient’s abdomen
and chest should be performed to lo-
calize the missing components and
document their position. There are no
generally accepted guidelines for the
treatment of patients with retained
fractured or detached filter elements.
Retroperitoneal and intrapulmonary
fragments are rarely symptomatic. In-
tracardiac fragments should be man-
aged in consultation with a cardiac
specialist.

After the Procedure

Patients should be treated accord-
ing to their VTE status and underlying
conditions after retrieval or conver-
sion of a filter (16,17,22,65,72–75,80).
There are no specific additional thera-
pies required after discontinuation of

vena cava filtration. Patients with VTE
should continue to receive primary
therapy for the full duration suggested
in published practice guidelines or ac-
cording to local standards of care (17).
Patients without VTE should undergo
prophylaxis with use of standard tech-
niques appropriate for any underlying
conditions (16). All patients should be
monitored for new, recurrent, or pro-
gressive DVT and/or PE, and if diag-
nosed, managed accordingly.

FUTURE RESEARCH

Background

For nearly 40 years, vena cava filter
research has focused on three areas: in
vitro simulations of performance, in
vivo tests of function, and patient out-
comes. The initial goal of this work
was to acquaint physicians with the
purpose of these devices and to dem-
onstrate their advantages compared
with earlier methods of caval interrup-
tion. Over time, this approach became
the primary means of evaluating new
designs and comparing competitive
devices (87).

In vitro studies often compare two
or more devices and focus on charac-
teristics such as clot trapping ability,
resistance to movement, and flow dy-
namics. Device manufacturers use
proprietary in vitro testing routines to
evaluate prototypes and obtain infor-
mation before the initiation of animal
testing. Some tests are validated
against an objective standard such as
the performance of earlier devices,
whereas others rely on face validity
(88–92).

In vivo studies of inferior vena cava
filters are typically conducted in ani-
mal models with an inferior vena cava
size similar to that of humans (47,
49,52). The purpose of animal studies
is to assess some aspects of device per-
formance in a biologic system. Cur-
rently, animal studies are used to test
device placement, biocompatibility,
stability, impact on caval wall and sur-
rounding structures, thrombus trap-
ping, and removal. Testing in animal
models does not evaluate all aspects of
performance, especially filter efficacy
in a clinical setting, and long-term out-
comes.

Human research in filters has been
notably devoid of randomized pro-
spective studies. Almost all large

Figure 5. Algorithm for management of thrombus found in a filter before or during a
discontinuation procedure. VTE � venous thromboembolism such as deep vein throm-
bosis or pulmonary embolism. *The determination of the volume and age of thrombus
present in a filter is made by the physician performing the retrieval or conversion
procedure, as is the clinical significance of the thrombus. Whenever uncertainty prevails
about the volume, age, or clinical significance of thrombus in the filter, the filter should
remain in place.
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studies are observational in nature
and often lack a control group. Deter-
mination of outcomes and complica-
tions of filters has been based on data
that are highly variable in quality, ob-
jectivity, and reliability. Although
standardized reporting guidelines for
studies of filters have been developed,
they have not been uniformly adopted
by authors or journals (5,7). Significant
complications from IVC filters are in-
frequent. Recognition of these rare
events in small observational studies
is an unreasonable expectation (57,
93,94). Similarly, large randomized tri-
als before commercialization of new
devices are also unreasonable because
the number of subjects needed and the
cost of the required studies would pre-
vent new devices from coming to the
market.

Research Imperatives

General.—The introduction of op-
tional and temporary vena cava fil-
ters has created renewed interest in
existing questions about filters and
raised new questions that need to be
investigated. These questions range
from the long-term clinical benefits
of filters to the clinical outcomes af-
ter removal of a filter from the vena
cava. Additional levels of testing are
necessary at the in vivo, in vitro, and
clinical levels for devices that un-
dergo manipulation or removal after
initial placement (49,52,89,91,92). Ta-
ble 3 lists several basic questions re-
garding performance of IVC filters.

In vitro testing.—A significant con-
cern with current in vitro testing is
the lack of standardization for per-
manent and optional devices. Re-
search is needed to develop uni-
formly accepted in vitro tests that ac-
curately predict in vivo function in
terms of vena cava flow dynamics,
the filter’s clot trapping ability, filter
stability, filter durability, and the
ability to remove or convert the filter.
These tests need to be sufficiently ro-
bust to allow for differences in filter
design characteristics and still be able
to reliably measure performance pa-
rameters. Computerized modeling
and simulations may provide rapid
methods to investigate multiple filter
designs. Standardized in vitro testing
regimens should be developed by
representatives from industry, aca-
demia, and the Food and Drug Ad-

ministration. The tests could then be
applied before in vivo evaluation and
the results required as part of the ap-
proval process for marketing applica-
tions.

In vivo testing.—In vivo testing
lacks standardization for permanent
and optional devices. As suggested
for in vitro testing, research is
needed to develop a uniformly ac-
cepted animal model for testing fil-
ters. The extrapolation from animal
models to human experience remains
inferential. Correlation of hemody-
namic, pathologic, and clinical out-
comes in animal models with subse-
quent human clinical experience is
necessary. The short- and long-term
impact of removable and convertible
filters on the vena cava and its envi-
rons has been studied only in ani-
mals, yet this remains a central con-
cern in the human application of
these devices.

Clinical testing.—A national filter
registry has been suggested by in-
dustry, professional organizations,
and academic centers at various
times during the past 15 years. Ques-
tions regarding the role of tempo-
rary, permanent, and optional vena
cava filters in prevention of PE need
to be addressed. With the use of
sound design principles, it is possible
to prospectively collect sufficient
data to study these issues and to

guide physician practice. Such a reg-
istry would provide insight into the
use of vena cava filters, an under-
standing of the types of patients be-
ing treated, and the long-term effects
of different filter designs. Changes in
practice can be observed and studied.
Major professional organizations in-
volved with vascular interventional
procedures and the treatment of pa-
tients with VTE should jointly orga-
nize and create such a registry.

Ideally, large randomized prospec-
tive studies will ultimately be per-
formed that will address fundamental
unanswered questions about filters,
such as the validity of the current in-
dications for these devices, impact on
mortality from PE after filter place-
ment in specific patient populations,
and long-term outcomes. Optional,
temporary, and future filter technolo-
gies should be studied in the same
manner.

New filter materials, devices that can
be separated or collapsed, absorbable
filters, and drug-eluting filters are cur-
rently being studied. The cost of re-
search can be controlled while the pace
of advancement increases through pro-
grams that integrate in vitro and in vivo
studies and use the resulting data to
direct clinical development (95). Knowl-
edge of the strengths and liabilities of
the present generation of low-profile op-
tional filters can provide the foundation
for future filter development.
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