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ABSTRACT

This study aimed to assess the safety of complex inferior vena cava (IVC) filter retrieval techniques
through a systematic review of published literature.

Using PubMed, a systematic review was conducted in line with the 2020 Preferred Reporting
Items for Systematic Review and Meta-Analysis guidelines to identify articles published through
April 2020 that reported on complex IVC filter retrieval techniques in >5 patients. Case reports,
review papers, and studies that did not report on primary outcomes or variables of interest were
excluded. Risk of bias was assessed using a modified Newcastle-Ottawa Quality Assessment scale.
Pooled success and complication rates were calculated for the overall number of complex retrieval
attempts as well as for each filter type and each complex retrieval method.

Sixteen fair-quality and three good-quality studies met the inclusion criteria, with 758 patients (428
female) who had undergone 770 advanced retrieval attempts. The mean age of the patients was
46.5 £ 7.1 years (range: 14.1-90), and the mean dwell time was 602.5 + 388.6 days (range: 5-7336).
Regarding filters, 92.6% (702/758) were retrievable and 7.4% (56/758) were permanent. Indications
for complex retrieval included the failure of standard retrieval (89.2%; 676/758) and tilting or em-
bedding in the caval wall (53.8%; 408/758); 92.6% (713/770) of the advanced retrieval attempts
were successful. The pooled success rate was 92.0% (602/654) for retrievable filters and 96.4%
(53/55) for permanent filters (P = 0.422). Only 2.8% (21/758) of patients experienced major compli-
cations, and the major complication rate was not significantly associated with filter type (P = 0.183).

Advanced techniques for IVC filter retrieval appear safe for the retrieval of retrievable filters and cer-
tain permanent filters, with a low short-term major complication rate. Further studies on complex
retrieval techniques used to remove permanent filters should be conducted to clarify their safety
with respect to filter type.
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ollowing a 1998 clinical trial that demonstrated the short-term efficacy of inferior vena

cava (IVQ) filters in preventing pulmonary embolism (PE), the implantation rate of IVC

filters increased for years before peaking in 2010."? These filters are not always intended
for permanent use, and in 2010, the US Food and Drug Administration recommended the
removal of retrievable IVC filters that were no longer required, reinforcing this recommenda-
tion in 2014.2 Although Brown et al.* reported an increase in the 1-year retrieval rates of IVC
filters from 14% to 24%, the majority of implanted filters are not retrieved.® Many factors may
contribute to low retrieval rates, including the difficulty of removing filters. Ray et al.® reported
that approximately 15% of filter retrievals were not successful using standard techniques in a
population of closely followed patients. Reported causes for standard retrieval failures include
tilted, damaged, or thrombosed filters.5”

Furthermore, not all patients are closely followed up after filter placement, leading to
longer dwell times before an attempted retrieval and increased technical complexity during
retrieval. In a study of patients with a mean dwell time of 685 days, 60% were referred for
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complex retrievals, which require the use of
techniques and equipment beyond stan-
dard snares or dedicated retrieval devices.®
Complex IVC filter retrieval techniques us-
ing modified loop snares, forceps, and lasers
have been described in the literature. How-
ever, further analysis is needed to under-
stand the current usage and safety of these
techniques. Herein, we conduct a systemat-
ic review of existing literature to assess the
safety of complex IVC filter retrievals.

Methods

A systematic review was conducted in line
with the 2020 Preferred Reporting Items for
Systematic Review and Meta-Analysis guide-
lines of peer-reviewed literature on complex
or advanced retrieval techniques attempted
on patients with implanted IVC filters. This
study qualifies as “non-human subject re-
search” as per the protocol set by the insti-
tutional review board (IRB) at our institution
and was thus excluded from a formal IRB re-
view.

Search strategy and study selection

A structured PubMed search was per-
formed for literature published up to and
including April 2020. The search performed
was as follows: “[(IVC filter retrieval) OR (IVC
filter retrieval)] AND [(advanced) OR (ad-
vanced technique) OR (complex) OR (com-
plex retrieval) OR (forceps) OR (loop) OR (la-
ser)]”” Two authors (NK and KB) used Rayyan
QCRI software (Doha, Qatar) to systemati-
cally screen article titles and abstracts inde-
pendently.® Decisions on studies eligible for
a full-text review were made mutually after
discussion.

Data extraction

After the preliminary screening of titles
and abstracts, the full texts were reviewed
for definitive inclusion. The primary out-

* Advanced retrieval techniques demonstrat-
ed promising pooled success rates of 92.0%
and 96.4% for retrievable and permanent
filters, respectively.

* Advanced retrieval techniques demonstrat-
ed alow pooled short-term major complica-
tion rate of 2.8%, and no patient mortality
resulting from procedure-related complica-
tions was reported.

* Further studies on complex retrieval tech-
niques used to remove permanent filters
should be conducted to clarify their safety
with respect to filter type.

comes of interest were the number of suc-
cessful attempts, failed attempts, and major
complications. Other variables of interest in-
cluded demographic data, filter dwell times,
filter types, retrieval indications, and retrieval
methods. In this review, days are the units
used to report dwell time. If studies reported
dwell time in months or years, we converted
these data to days (365.25 days: 1 year: 12
months). Authors NK and KB independently
collected primary outcomes and other vari-
ables of interest using Microsoft Excel (Micro-
soft, Redmond, WA, USA) to determine which
study results to include in the data synthesis
and to tabulate results. During the full-text
screening, bibliography reviews were con-
ducted to find additional relevant publica-
tions. Once identified, their full texts were
subsequently reviewed. Full texts were also
screened for overlapping patient cohorts if
study authors were listed in multiple pub-
lications. When overlapping cohorts were
identified, only the most recent publication
was included. The publications in this sys-
tematic review provided measures of central
tendencies instead of individual patient data;
thus, weighted averages were used based on
sample size.

Eligibility criteria

This review includes studies reporting the
retrieval of IVC filters involving a complex re-
trieval technique in >5 patients. A complex
or advanced technique was defined as any
technique other than one involving rou-
tine venous access with a snare for the filter
hook (apex) or one involving a dedicated
retrieval device. Advanced techniques used
alone, in combination with other advanced
techniques, in combination with standard
techniques, or subsequent to failure with
standard techniques were all included in
this review. Case reports were excluded from
this review due to the increased risk of selec-
tion bias, and review papers were excluded
because of the lack of unique retrieval data.
Both retrospective and prospective studies
were included. Studies that did not provide
specific patient demographics, filter dwell
times, filter type, retrieval method, success
rate, or major complication rate were exclud-
ed. Studies were grouped by filter type and
retrieval method.

Definition of outcome measures

Incidence of successful retrievals and in-
cidence of major complications were the
primary outcomes of interest. If study au-
thors reported multiple advanced retrieval
failures followed by a retrieval success, all

attempts were considered. Three studies re-
ported failed advanced retrieval attempts
prior to successful advanced retrieval but did
not quantify previous advanced attempts
or detail which methods were used.'®'? As
a result, only the final retrieval attempt was
considered from these three studies in this
review. Study authors also reported com-
plications only for final retrieval attempts;
thus, complications following previous failed
retrieval attempts were not reported in the
complication rate. Successful retrieval was
defined as the removal of at least the body
of the filter. If another filter part was not re-
moved, such as a tip, hook, barb, or strut, the
retrieval attempt was deemed successful but
also included as a major complication. Ma-
jor complications were defined according
to the Society of Interventional Radiology
(SIR) Clinical Practice guidelines and were
assessed using postretrieval IVC imaging in
all patients.” These complications included
death, permanent adverse sequelae, pro-
longed hospitalization, additional therapy,
and an unplanned increase in the level of
care. Fractured unretrieved parts of IVC filters
pose the risk of filter-related morbidity in
patients and therefore qualified as potential
severe adverse sequelae.’*® Complications
that required only nominal therapy, such as
overnight observation, were not deemed
major under these guidelines. The number of
successful retrievals was summed across all
studies. A pooled success rate was calculated
using the total number of complex retriev-
al attempts, including past failed attempts.
Similarly, the number of major complications
were summed across all studies. However,
the major complication rate was computed
without the inclusion of past failed attempts
because most study authors did not report
data on complications following previous
attempts. Additional success and complica-
tion rates were calculated for permanent and
retrievable filters as well as for each complex
retrieval method. Patient-level data were not
available in the majority of studies, preclud-
ing the computation of adjusted effect mea-
sures.

Statistical analysis

Descriptive statistics for age and dwell
time are presented as mean + standard devi-
ation. For categorical variables, statistics are
presented as percentage (%) and frequency.
Success and complication rates for perma-
nent and retrievable filters were compared
using two-sided Fisher’s exact tests. Separate
rates for permanent and retrievable filters
were identified in all but one study, which
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was included in the overall success and com-
plication rates but excluded from the filter
type statistical analysis.'® Success rate was
also compared between the three most com-
mon retrieval methods (forceps, laser, and
loop-snare) using a two-sided Fisher’s exact
test. Two studies did not report the retrieval
method used in their retrieval failures and
were thus not included in the filter technique
statistical analysis.’®"” Results were consid-
ered significant with P < 0.05. The analysis
was performed using SPSS software, version
25 (IBM, Armonk, NY, USA).

Risk-of-bias assessment

Authors NK and KB independently as-
sessed all included studies for risk of bias
using a modified Newcastle-Ottawa Quality
Assessment scale (NOS) for cohort studies.
Modifications included use of a 48-h fol-
low-up time cut-off in line with the SIR Clini-
cal Practice guideline definition of prolonged
postprocedural hospitalization of >48 h.'
Further modification included requiring stud-
ies to report on consecutive eligible patients
to receive a star for the representativeness of
their exposed cohort, thus identifying stud-
ies with an increased risk of reporting bias.
Studies were deemed good quality if they
received at least seven of nine possible stars,
fair quality with between four and six stars,
and low quality with three or fewer stars.

Results

Studies meeting inclusion criteria

In total, 152 unique studies were identi-
fied, 147 through PubMed and 5 through a
bibliography review (Figure 1). Of these stud-
ies, 58 were deemed eligible for a full-text
review, including all five studies identified
through the bibliography review. After the
full-text review, 19 studies were included in
this analysis. Seventeen studies were retro-
spective reviews, and two were prospective.
A summary of these studies is provided in
Table 1. All included studies contained ad-
vanced retrieval-specific data on patient age,
sex, filter dwell time, success rate, and com-
plication rate. Filter types were provided in all
but one study. Six additional studies met the
inclusion and exclusion criteria of this review
but included overlapping patient cohorts
with the 19 included studies.’> 2 These stud-
ies were therefore excluded.

Demographics and filter data

Among the 19 studies in this analysis,
data were provided on 758 patients (428
women; mean age: 46.5 + 7.1 years; range:
14.1-90 years) with implanted IVC filters that
required advanced techniques for removal.
The mean dwell time of the IVC filters was
602.5 + 388.6 days (range: 5-7366 days). The

Records identified through
PubMed
(n=147)

Records identified through

bibliography review
(n=5)

Records screened
(n=152)

Wrong publication type (n = 46)
No complex retrieval data (n = 35)
Not specific to IVC filters (n = 8)

] [ Screening ] [ Identification ]

Non-human study (n = 3)
Non-English language (n = 2)

Full-text articles

assessed for eligibility

No success/complication rate (n = 14)
No filter dwell time (n = 10)

No patient demographics (n = 6)
Overlapping patients (n = 6)
Complex retrievals not differentiated
(@=3)

2
3 (n=58)
il
w
—
Studies included in
qualitative analysis
n=19)
°
3
=
2
Studies included in
quantitative analysis
(n=19)
_

Figure 1. Preferred reporting items for systematic review and meta-analysis flowchart documenting the
selection process for articles included in this systematic review. IVC, inferior vena cava.
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majority (92.6%; 702/758) of filters in our
analysis were designed as retrievable filters
(Table 2). The most common retrievable fil-
ters were Gunther Tulip (26.5%; 186/702),
Celect (21.9%; 154/702), and Option (16.7%;
117/702). The most common permanent
filter was TrapEase (41.1%; 23/56). In 35 pa-
tients, the exact filter brand was not pro-
vided,"”# although they were identified as
retrievable.

Indications for retrieval

Indications for IVC filter retrieval were
provided in 67.9% (515/758) of patients. Ini-
tial indications for retrieval were categorized
as either asymptomatic (81.4%; 419/515) or
symptomatic (18.6%; 96/515). Asymptomat-
ic patients underwent retrieval because the
IVC filtration was no longer needed. Symp-
tomatic patients experienced filter-related
morbidities, such as pain resulting from IVC
occlusion or stenosis.

The advanced retrieval methods were
commonly indicated after failed attempts
using standard retrieval. Of all the filters,
89.2% (676/758) were found to be refractory
to standard retrieval methods. Of the remain-
ing 82 filters, an advanced retrieval was the
first technique attempted in 40 patients, and
standard retrieval attempts were not spec-
ified in 42 patients. Radiographic findings
were explicitly discussed for 53.8% (408/758)
of patients. These 408 patients were all found
to have tilted filters or filters embedded in
the caval wall. These findings were common-
ly considered the reason for the failed stan-
dard retrieval.

Retrieval success and methods

Of the 758 filters, 770 advanced retriev-
al attempts were reported. The additional
12 attempts failed previous retrieval at-
tempts with an advanced technique prior
to a successful retrieval.'®* |n four cases,
a failed loop-snare method led to the use
of forceps.?> In another three cases, forceps
retrieval failure led to the use of loop-snare-
type methods.?*? In three more cases, snare
retrieval with aggressive traction failed, and
patient discomfort required a re-attempt un-
der general anesthesia in the two remaining
previous advanced retrieval attempts.'62326
A total of 92.6% (713/770) of attempts were
successful using an advanced technique or
combination of advanced techniques. In
four patients, filter bodies were successfully
removed from the IVC. However, filter frac-
tures resulted in adherent or migrated struts,
for which complex retrieval methods were
not attempted, or retrieval was not possi-
ble."”2>2” These four retrieval attempts were
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deemed successful but counted as major
complications because of the risk of severe
adverse sequelae. In one study of 60 patients
(59 retrievable filters and one permanent fil-
ter) and 61 advanced retrieval attempts, the
filter type was not identified for the retrieval
failures and complications. This study was
included in the overall success and compli-
cation rate but excluded from the filter type
success or complication statistical analysis.'®
The success rate was 92.0% (602/654) for re-
trievable filters and 96.4% (53/55) for perma-
nent filters (P = 0.422; Table 3).

Although various advanced retrieval
methods were used, three methods were
the most common: forceps (37.9%; 292/770),
laser (32.7%; 252/770), and modified loop-
snare (19.9%; 153/770). Two studies did not
report the technique used in their retrieval
failures;''” these were included in the over-
all success rate but excluded from individual
retrieval method success rate analysis. The
success rate of retrieval attempts was 95.5%
(273/286) for the forceps method, 98.8%
(249/252) for the laser method, and 86.0%
(123/143) for the modified loop-snare meth-
od. The success rate was significantly differ-
ent between the three retrieval methods (P
< 0.001; Table 3).

Major complications

Major complications occurred in 2.8%
(21/758) of patients during or after retrieval

Table 1a. Summary of included studies

attempts, with no patient mortality reported
as a result of a procedure-related complica-
tion. This included a 2.5% (16/643) complica-
tion rate for retrievable filters and 5.5% (3/55)
complication rate for permanent filters. Filter
type was not provided for two complications.
Complication rate was not significantly asso-
ciated with filter type (P = 0.183; Table 3). No
procedure-related mortality was reported.

Eleven patients had major complications
localized to the IVC. Six patients experienced
IVC thrombosis, which was treated using
catheter-directed thrombolysis followed by
angioplasty if needed.?® One additional
patient had a pseudo-aneurysm of the IVC
that was treated with balloon tamponade.'
Another patient experienced an extravasa-
tion in the IVC wall, and another experienced
an IVC dissection that was treated with
anticoagulation.'®'” A patient also experi-
enced non-occlusive IVC stenosis, managed
through angioplasty, and one patient had a
filter strut within the IVC that could not be
captured.”’?® Ten major complications were
non-localized. Three patients had a signifi-
cant retroperitoneal hemorrhage, requiring
stent graft placement in two of these patients
and a 5-day hospitalization in the other pa-
tient.'®®® At the femoral vein access sites, one
patient experienced a right common femoral
vein laceration attributed to the incomplete
sheathing of a filter." This filter could not be
removed, and surgical cutdown and venous

closure were required. Another patient also
required urgent cutdown and repair of the
access-site vein.'”” One other patient experi-
enced access-site thrombosis.'" Patients with
femoral vein complications did not require
prolonged hospitalization. Finally, four pa-
tients experienced migratory events after
retrieval attempts. Filter struts were found to
have migrated in three of these patients to
the right heart ventricle, pulmonary artery,
or retroperitoneum;'”*2¢ attempts to re-
trieve these struts were unsuccessful or not
attempted. In another case, a patient experi-
enced a subsegmental PE that was attributed
to filter manipulation, although a filter part
was not explicitly identified as the cause.*®

Risk of bias

Based on the modified NOS, all included
studies were of fair or good quality. All stud-
ies received a star for reporting on consec-
utive patient cohorts. None of the studies
statistically controlled for the patient or filter
factors and therefore did not receive stars for
comparability. The risk-of-bias assessments
are summarized in Table 4.

Discussion

As yearly retrieval rates of IVC filters re-
main low and standard retrieval techniques
continue to have limitations, further evalua-
tion of complex IVCfilter retrievals is warrant-

Study Type Year Patient # Mean age (years) Filter dwell time (days)
Al-Hakim et al.?* Retrospective 2015 11 47.5 194.5
Avery et al.® Retrospective 2015 13 51 421.5
Brahmandam et al.”” Retrospective 2019 34 51.2 161.4
Cho et al3* Retrospective 2015 16 60.6 315.7
Doody et al.*° Retrospective 2009 33 36.9 168.9
Dowell et al.™ Retrospective 2016 20 54.5 104.5
Du et al.¢ Retrospective 2017 15 44.1 46.6
Kuo et al.® Retrospective 2012 10 46.7 684.9
Kuo et al.?¢ Retrospective 2009 13 40 511.6
Kuo et al.?® Prospective 2017 251 46 979
Kuo et al.#! Prospective 2013 50 42 815
Lian et al.*? Retrospective 2019 27 57.9 327
Lynch?® Retrospective 2009 10 354 258.7
Moriarty et al.® Retrospective 2020 23 47.7 228
Posham et al." Retrospective 2017 25 55.1 134
Stavropoulos et al.’ Retrospective 2015 114 43 465
Su et al.®? Retrospective 2019 21 41.5 42.8
Tamrazi et al.® Retrospective 2016 12 54.9 1862.8
Tavri et al.’ Retrospective 2019 60 49.3 565

#Refers to the number of patients included in the study.
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ed.*® This is particularly true when patients
present for the retrieval of filters that have
tilted substantially or have been implanted
for long periods of time. In our analysis, the
average filter dwell time was 602.5 days, and
filters were tilted or embedded explicitly in
a majority of patients, requiring advanced
retrieval techniques. We found that 92.6%
(713/770) of advanced retrievals were suc-
cessful. In comparison, standard retrievals in
studies with average dwell times under one
year were approximately 85% successful, al-
though this number varied greatly between
studies.5! Studies reported a higher overall
success rate when including standard and

Table 1b. Summary of included studies

advanced retrievals in their retrieval proto-
cols. For example, Su et al.*? reported an in-
crease in retrieval rate from 92.1% to 98.4%
after the inclusion of advanced retrieval
methods.

Our literature review found three com-
monly used advanced techniques for com-
plex filter retrieval, categorized as forceps,
modified loop-snare, and laser sheath. In
the forceps category, forceps are used to
dissect embedded filter tips. Although a
jugular approach is most commonly used, a
femoral approach with filter eversion is also
possible." The forceps method has also been

used to remove localized filter fragments.™
For instance, a Celect filter leg was found em-
bedded in a vertebral body adjacent to the
IVC, producing a complaint of back pain. The
filter leg was removed from the bone using
considerable force applied with forceps. The
loop-snare methods in our analysis required
adjunct techniques, including a snare-over-
guide wire loop (SOGL) method, a hangman
method, and a double-loop method.?**33
Kuo et al.** describe a SOGL method in which
a wire loop is created through the interstices
of the filter body, and an internal jugular vein
approach is used. A femoral vein approach
can also be employed.* In another variation,

Study Filter type (#) Initial retrieval indication Retrieval method (#) Successrate  Major
#) (%) complication
rate (%)
Al-Hakim et al.** Option (6), Celect (3), Gunther Tulip (2) Not specified (11) Loop-snare (11), Forceps (1)  9/12 (75) 0/11
Avery et al.?® Celect (7), G2X (6) Not specified (13) Forceps (13), Loop-snare (4) 11/17 (64.7)  1/13(7.7)
Brahmandam et al.”  Not specified (34) Asymptoma}nc (33), Combination (34) 25/34(73.5)  3/34(8.8)
symptomatic (1)
Cho et al3* Celect (12), OptEase (3), Glinther Tulip (1) Al plslire e () Loop-snare (16) 14/16 (87.5) 0/16
. ! ! symptomatic (2) :
Doody et al.*° Celect (20), Gunther Tulip (13) Not specified (33) Loop-snare (33) 23/33(69.7) 1/33(3)
Celect (9), Option (7), Denali (2), ALN (1), . Loop-snare (10), Forceps (6),
10
Dowell et al. Gt T ) Not specified (20) Notspecified (4] 13/20 (65) 0/20
. Asymptomatic (15),
36 -
Du et al. OptEase (11), Aegisy (4) symptomatic (0) Loop-snare (15) 15/15(100)  0/15
Gunther Tulip (5), G2 (1), OptEase (1), . Forceps (3), Loop-snare (3),
8
ekl Celect (1), Simon Nitinol (1), VenaTech (1) Not specified (10) Laser (3), Other (1) B v
Glnther Tulip (8), OptEase (2), Recovery Asymptomatic (7), Loop-snare (8), Other (8),
26
Kuo et al. 2),G2 (1) symptomatic (6) Feirass (@) 13/18(72.2) 5/13(38.5)
Gulnther Tulip (101), Option (40), OptEase
(37), Celect (27), TrapEase (13), Titanium . .
Kuo et al.2® Greenfield (11), Stainless Steel Greenfield ?Sz]mf;;r:taigf;;)%)’ I(_;a;)er e ol o (294992?51 4/251 (1.6)
(10), Simon Nitinol (6), Denali (4), ymp :
Meridian (2)
G2X (23), G2 (9), Celect (7), Recovery (4), .
Kuo et al.*! Eclipse (3), OptEase (2), ALN (1), Simon Asymptome?tlc (28), Feaage ] Leseril 50/50 (100) 0/50
. symptomatic (22) Loop-snare (5)
Nitinol (1)
. Glnther Tulip (12), Celect (9), Aegisy (4), .
42
Lian et al. OptEase (2) Not specified (27) Forceps (27) 27/27 (100) 0/27
Asymptomatic (5),
27
Lynch G2 (7), Recovery (3) symptomatic (5) Other (10) 8/10 (80) 1/10 (10)
Moriarty et al.? Celect (20), ALN (2), Not specified (1) Not specified (23) Loop-snare (24) 23/24(95.8) 0/23
Posham et al.” Option (25) Not specified (25) Forceps (25) 25/25 (100) 2/25 (8)
G2 (33), Celect (31), Glinther Tulip (13), .
Stavropoulos et al.'?  Eclipse (11), Recovery (10), G2X (8), sAsémfc:;?taigEO(; 14), Forceps (114) 2905921) 14 1/114(0.9)
Option (6), ALN (1), OptEase (1) ymp :
Su et al.? Glnther Tulip (21) Not specified (21) Loop-snare (21) 20/21(95.2) 0/21
. X . Asymptomatic (9), Laser (8), Loop-snare (3),
29
Tamrazi et al. TrapEase (10), Simon Nitinol (2) symptomatic (3) atiTsErilen ) 11/12(91.7)  1/12(8.3)
Option (33), Gunther Tulip (9), Celect (8),
Tavri et al.’® G2 (4), Eclipse (3), OptEase (2), Simon Not specified (60) Forceps (61) 58/61(95.1)  2/60(3.3)
Nitinol (1)
#Indicates the number of patients with the stated filter type, retrieval indication, or retrieval method.
504 + May 2023 - Diagnostic and Interventional Radiology Kethidi et al.



Table 2. Retrieval outcomes and characteristics

Women n (%) 428/758 (56.5)
Men n (%) 330/758 (43.5)
Mean age (mean + SD) 46.5 £ 7.1 years
Mean dwell time (mean + SD) 602.5 + 388.6 days
Successful retrieval n (%) 713/770 (92.6)
Complications n (%) 21/758 (2.8)
Complex retrieval indications

Refractory to standard retrieval n (%) 676/758 (89.2)
Tilted/embedded filters n (%) 408/758 (53.8)
Filter types

Retrievable n (%) 702/758 (92.6)
Permanent n (%) 56/758 (7.4)

Retrieval methods

Forceps n (%) 292/770 (37.9)
Laser n (%) 252/770 (32.7)
Loop-snare n (%) 153/770 (19.9)
Combination/other/not specified n (%) 73/770 (9.5)

SD, standard deviation.

Table 3. Statistical analysis by filter type and retrieval technique

Retrievable filters Permanent filters P value
Successful retrieval n (%) 602/654 (92.0) 53/55 (96.4) 0.422
Complication n (%) 16/643 (2.5) 3/55 (5.5) 0.183

Forceps Laser Loop-snare Pvalue
Successful retrieval n (%) 273/286 (95.5) 249/252 (98.8) 123/143 (86.0) <0.001

Table 4. Modified Newcastle—Ottawa scale for assessing the quality of non-randomized studies

Study Selection Comparability Outcome Total score/quality
Al-Hakim et al.>* Frxx - Frx 7/good
Avery et al.® FEX = *EX 6/fair
Brahmandam et al."” Fxx = Fex 7/good
Cho et al.3* Fxx = FxX 6/fair
Doody et al.*° Fx = xx 6/fair
Dowell et al.’ R - R 7/good
Du et al.* b - b 6/fair
Kuo et al.® *rx - *rx 6/fair
Kuo et al.?¢ Frx - Frx 6/fair
Kuo et al.?® Fhx - Fhx 6/fair
Kuo et al.#! Fxx = Fxx 6/fair
Lian et al.*? Fxx = FxX 6/fair
Lynch? Fx = Fx 6/fair
Moriarty et al.? e = xx 6/fair
Posham et al." *xx = *xx 6/fair
Stavropoulos et al.' xx = xx 6/fair
Su et al.®2 i - i 6/fair
Tamrazi et al.® i - i 6/fair
Tavri et al.’ b - e 6/fair

***Indicates the number of points assigned as per the rating metric in the Modified NOS.
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the hangman technique creates a wire loop
around the neck of the IVC filter instead of
through the interstices of the filter body.?**
This technique is helpful when the apex of
the filter is embedded in the IVC wall. Su et
al3? describe a technique in which the wire
loop is created through the filter struts sim-
ilar to the SOGL method or around the neck
of the filter similar to the hangman method.
Tamrazi et al.?® describe a method in which
two wire loops are formed around the supe-
rior and inferior aspects of a TrapEase filter.
As a result, internal jugular vein and common
femoral vein approaches are both used.”
Blunt dissection with a vascular sheath is
then used on both sides of the filter to cap-
ture it. In the laser method, photothermal
ablation is used to remove the tissue respon-
sible for the embedding of the filter.3* Specif-
ically, this technique can be used to excise
adherent struts in cases where the filter tip
is not embedded or is unembedded using
another technique.?*® Additionally, combi-
nations of advanced retrieval methods were
used substantially in 16 cases, particularly
forceps used with laser sheaths to capture
intraluminal fragments.?

Not all filter retrievals required forceps,
laser, or loop-snare methods. Alternative
advanced retrievals were attempted in 19
patients. A dual access bi-snare method was
attempted in two cases in which snares ap-
proaching from the right internal jugular and
common femoral veins provided opposite
tractions on embedded filters.#% Although
Du et al.* also describe a similar bi-snare
technique, the SOGL technique was also
used. As a result, these cases were catego-
rized as using a modified loop-snare method.
Balloon angioplasty was used to free embed-
ded filters in 10 cases,”” and filters were then
extracted using a standard recovery cone.
Finally, seven cases required aggressive
traction using a standard retrieval snare.?
This method was categorized as advanced
because of the level of traction. The retrieval
methods were unspecified in four patients
and were an unspecified combination of
methods in 34 patients.’®"” Ultimately, based
on our review, several different advanced
techniques and combinations thereof may
be employed for filter retrieval with promis-
ing success rates.

The major complication rate was 2.8%
(21/758) in this systematic review. All com-
plications were dealt with during hospital-
ization, and no mortalities were reported.
However, other studies have noted that com-
plications arise considerably more frequently
when using advanced techniques than for

standard retrievals, and a few patients in this
review experienced significant short-term
sequelae such as hemorrhage. Ahmed et al.*
reported a major complication rate of 2.1%
for advanced retrievals compared with 0%
for standard retrievals, and Brahmandam et
al."” reported an overall complication rate
in advanced retrievals four times that of
standard retrievals. However, the complica-
tions noted in our analysis were not always
attributed directly to the retrieval methods.
Filter tilts and IVC wall embedding inherent-
ly pose a risk of complications or retrieval
failure regardless of retrieval method. For
example, the pseudo-aneurysm reported in
our review was located at the site of filter leg
penetrations into the IVC wall rather than the
site of the forceps dissection of embedding
tissue.”

As with all systematic reviews, our review
has limitations. The data in this review is lim-
ited by the study authors’ reporting, making
definitions of successful retrieval and compli-
cations difficult to standardize. Individual pa-
tient-level data were also not available in the
included studies. As a result, we could not
compare the retrieval attempt outcomes of
different subgroups, such as asymptomatic
versus symptomatic retrieval indications. The
majority of studies were also retrospective,
increasing the possibility of positive report-
ing bias. Although we excluded small sample
case reports through our exclusion criteria,
the studies varied greatly in sample size, with
smaller studies potentially not representing
a full breadth of cases. Finally, the NOS used
to assess the risk of bias in this review has
limitations because it has not been externally
validated, and studies have reported vague-
ness in its decision rules as well as poor-to-
fair inter-rater reliability between reviewers
using NOS.*’2® Detailed guidance on how
to objectively apply and interpret the scale
would have benefited our bias assessment.

Importantly, the majority of the filter re-
trievals in this review came from institutions
that had refined their techniques over a num-
ber of years. The success and complication
rates are likely subject to the protocol modi-
fications that study authors have implement-
ed in response to early retrieval challenges
and increasing technique familiarity. The two
largest groups in this review reported out-
come improvements after initial retrieval fail-
ures and complications. Kuo et al.*® reported
implementing an anticoagulation protocol
and modifying their retrieval technique to
minimize caval wall collapse after four cas-
es of postprocedural caval thrombosis, and
Stavropoulos et al.'? noted that three of four
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retrieval failures occurred in the first 15 at-
tempted cases of a 114-patient study. As a
result, studies from these groups reported
high success and low complication rates de-
spite most likely encountering difficult cases
given their large sample sizes. These results
appear unique to high-volume centers spe-
cializing in advanced filter retrieval, a senti-
ment supported by a 2018 survey of vascular
specialists that found that the majority of
responders were not comfortable using for-
ceps or laser sheath methods.** Our review
reveals that complex retrievals often involve
tilted or embedded filters, and when compli-
cations do occur, they can be significant and
require urgent therapy. To improve retrieval
rates and prioritize patient safety, these ad-
vanced techniques should be performed
in a center with experienced operators and
where detailed informed consent is obtained
from the patient. Further research on these
retrievals should include reporting on proto-
col modifications and should document the
positive changes in quantifiable outcomes
that result from iterative protocol refine-
ment. Finally, as demonstrated by Minocha
et al.%, implementing a dedicated retrieval
clinic may increase retrieval attempts.

Although our review did not identify any
significant difference in complication rates
between permanent and retrievable filters, it
is important to note that only 56 permanent
filters were reported in the 19 studies in this
review, suggesting that a further evaluation
of complex retrieval techniques on perma-
nent filters is needed before conclusions can
be drawn. Similarly, 17 filter brands are rep-
resented in this review with three comprising
the majority of the filters (Glinther Tulip, Ce-
lect, and Option). Further studies on other fil-
ter brands would be helpful in drawing more
substantiated conclusions about the retriev-
al of those filters. Additionally, long-term ad-
vanced retrieval-specific follow-up data were
not uniformly reported in studies, limiting
conclusions to short-term postprocedural
complications and warranting further study
into long-term complications.

Conclusion

In conclusion, our systematic review sug-
gests that advanced techniques for IVC filter
retrieval may be safe for the retrieval of re-
trievable filters and certain permanent filters
with a low short-term major complication
rate. These techniques may be successful for
IVC filter retrieval when standard techniques
fail, particularly when performed by experi-
enced operators who have honed their pro-
tocols over a lengthy period of time. Future
prospective studies would be beneficial for
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evaluating individual retrieval techniques
and their relation to filter types.
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