
A 7-year retrospective review of the technical success of the “low-
profile” hangman technique for complicated inferior vena cava (IVC) 
filter retrievals

Heather Kate Moriarty 
Elissa Marshall 
Warren Clements 

118

Diagn Interv Radiol 2020; 26:118–123

© Turkish Society of Radiology 2020

I N T E R V E N T I O N A L  R A D I O LO G Y
O R I G I N A L  A R T I C L E

You may cite this article as: Moriarty HK, Marshall E, Clements W. A 7-year retrospective review of the technical success of the “low-profile” hangman 
technique for complicated inferior vena cava (IVC) filter retrievals. Diagn Interv Radiol 2020; 26:118–123.

From the Department of Radiology (H.K.M.  
heather.moriarty@gmail.com, E.M., W.C.), Alfred 
Health, Melbourne, Australia; Department of Surgery 
(W.C.), Monash University, Clayton, Australia.

Received 13 May 2019; revision requested 27 
May 2019; last revision received 04 August 2019; 
accepted 20 August 2019.

Published online 21 January 2020.

DOI 10.5152/dir.2019.19223

Potentially retrievable inferior vena cava (IVC) filters have been in use in clinical prac-
tice since the early 2000s (1). Prolonged filter dwell times have been associated with 
increased difficulty of retrievability and potential complications relating to IVC steno-

sis or occlusion (2–5). Adding to this, while evidence supports the benefit of IVC filters in 
decreasing recurrent pulmonary embolism in the short term, there may be no difference in 
the long-term survival of patients with and without long-term caval interruption (5–7). It is 
good practice therefore, that all patients with potentially retrievable IVC filters should have 
an attempt made at filter retrieval as soon as no longer clinically indicated. 

Many factors contribute to the success or failure of retrieval and associated complica-
tions, and these include, but are not limited to, filter dwell time, brand/design, embedded 
hook, and strut penetration (8, 9). Major complications associated with filter retrieval are 
infrequent; however, the use of advanced retrieval techniques has been shown to increase 
the retrieval complication rate including filter fracture and IVC injury (10–13). Different ad-
vanced techniques have been described including loop-snare, balloon-assisted, and endo-
bronchial forceps among many others, and almost all of these techniques require venous 
access sheaths that are larger than those used for standard retrievals (9). 

The benefit of retrieval for challenging filters, must be weighed between the risk of leav-
ing them in situ and the risk of removal, both of which have reasonable arguments and 

PURPOSE 
We aimed to assess the safety and effectiveness of a modified low-profile hangman technique.

METHODS
We performed a retrospective review of all filter retrieval procedures performed at a major trau-
ma center, from 2012 to 2019. Records were reviewed for patient demographics, device type, de-
vice dwell time, device tilt, embedded hook, success of device retrieval, evidence of caval injury 
and occurrence of complications.

RESULTS
From 2012 to 2019 there were 473 filter retrieval attempts. An advanced technique was docu-
mented in 66 (14%). The low-profile hangman technique alone was documented in 23 proce-
dures (5% of all procedures, 35% of advanced technique procedures). Average screening time 
was 28 minutes. At the time of retrieval attempt, 9 patients (41%) were anticoagulated.  The 
hangman technique was employed as isolated maneuver in 23 patients and was successful on 
initial attempt in 22 cases (96%). The average dwell time of filters retrieved by the hangman 
technique was 228 days (range, 40–903 days; median, 196 days). No procedure-related compli-
cations occurred. 

CONCLUSION
The retrieval of IVC filters is an important part of offering an IVC filter service. Advanced techniques 
to retrieve caval filters are multiple, and the risk of complications is increased in these cases. We 
demonstrate the safety and effectiveness of a new modified and lower-profile hangman technique. 
This new technique could be performed with only an 11 French venous access sheath using off-
the-shelf equipment and it remains a cost-effective approach to complex filter retrieval. 
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many cases will be patient dependent (2). 
Despite the associated complication rates, 
advanced retrieval techniques may be pref-
erable to the risks associated with leaving 
a filter in place permanently, especially 
in younger patients or those who desire 
pregnancy (1). Interventional radiologists 
need therefore to be prepared to perform 
both standard and advanced, complex filter 
retrievals if offering an IVC filter service. In 
2015, Al-Hakim et al. (14) described a novel 
concept which uses a modified loop-snare 
technique to retrieve filters with an embed-
ded hook. Since around that time, we have 
adopted this technique but modified to use 
the standard Cook Gunther-tulip retrieval 
kit, which is of smaller caliber and available 
on the shelf in many interventional radiol-
ogy practices. We describe the feasibility, 
safety, and success rate of consecutive com-
plicated IVC filter retrievals, where we have 
used the modified hangman technique as 
an isolated retrieval maneuver (15).

Methods
Ethical approval was granted by the lo-

cal institutional ethics committee (81/19, 
29/01/2019) who waived the need for in-
formed consent. We performed a retrospec-
tive review of all filter retrieval procedures 
performed at a tertiary referral center and 
major trauma center, from 2012 to 2019. Pa-
tients were identified using the hospital pic-
ture archiving and communication system 
(PACS) system. Imaging studies and radiol-
ogy reports were reviewed for patients un-
dergoing IVC filter removal using the hang-
man technique at our institution. Records 
were reviewed for patient demographics, 
device type, device dwell time, device tilt, 
embedded hook, success of device retriev-
al, evidence of caval injury, and occurrence 

of complications. Final inclusion criteria 
included all consecutive filter retrieval pro-
cedures where the hangman technique was 
used in isolation, subsequent to failing the 
standard basic retrieval technique. All fil-
ter types were included. Exclusion criteria 
included those procedures where an ad-
vanced technique was not used and those 
procedures where more than one advanced 
technique was used during the same proce-
dure (Fig. 1).

Filter removal technique
The specifics of the hangman technique 

used to remove IVC filters is described by 
Clements et al. (15), and was performed as 
follows: Intravenous conscious sedation 
with midazolam and fentanyl was utilized in 
the majority of cases (n=16); however, some 
were performed under general anesthesia 
(n=6) at the discretion of the operator (for 
example, failed basic retrieval with long pro-
cedure time or pain at initial retrieval and a 
re-booking made for advanced technique 
under general anesthetic). All filter removal 
procedures were performed by using a right 
internal jugular vein approach. The Cook 
Gunther-Tulip IVC filter retrieval kit was 
used for all cases, which consisted of a tele-
scoping 11 French (F) 80 cm sheath system 
(Cook Medical), which was advanced over a 
fixed core 0.035-inch J-wire (Cook Medical) 

until the sheath tip was situated caudal to 
the filter. An initial digital subtraction an-
giographic (DSA) cavogram was performed 
through the Cook retrieval sheath, prior to 
attempted removal of all filters to identify 
anterior-posterior tilt, penetration of hook 
and/or legs, relationship to the renal veins, 
and best working angle to identify the em-
bedded hook (Fig. 2). A 5 F Sos Omni cathe-
ter (Angiodynamics) was formed around the 
neck of the IVC filter (Fig. 3). A 260 cm 0.018-
inch straight-tipped fixed-core wire (TSF-
018-260, Cook Medical) was passed through 
the Sos Omni catheter around the neck of 
the filter (care was taken not to engage the 
filter struts) to form a loop, with tip of the 
wire positioned in the juxta/suprarenal IVC. 
The Sos Omni catheter was then removed 
and the snare provided in the Cook filter 
retrieval kit was used to snare the wire (Fig. 
4). The snare and wire were then pulled back 
through the sheath and removed so that the 
wire was now looped around the neck of the 
filter (Fig. 5a), and both the front and back 
ends of the wire were outside the sheath. 
Gentle traction was applied to both ends of 
the wire simultaneously, usually with an ar-
tery forceps to grip the wire as it exited the 
sheath. This allowed straightening of the fil-
ter and the retrieval sheath to be advanced 
in short repetitive movements to separate 
the hook from the wall. 

Main points

• This low-profile hangman technique uses a 
modified version of the traditional hangman 
procedure and allows use of a standard 11 F 
Cook filter retrieval sheath, negating the ne-
cessity of sheath upsizing and ensuing cost. 

• The hangman technique was employed as 
isolated maneuver in 23 patients and was 
successful on initial attempt in 22 cases 
(96%). One procedure required repeat at-
tempt under general anesthetic due to pain 
and was successful on this attempt.

• No procedure-related complications oc-
curred, including IVC injury or access site 
complications.

Figure 1. Inclusion and exclusion flow chart.

473 consecutive filter retrieval procedures

Excluded standard retrieval proceedures 
(n=407)

66 filter retrieval procedures where
advanced techniques were documented

23 filter retrieval procedures utilizing the
low-profile hangman technique alone

Excluded procedures where any advanced
technique other than the low profile

hangman technique alone was utilized
(n=43)



With forward pressure on the sheath 
and very gentle counter traction on the 
0.018-inch wire ends, the sheath was then 
advanced over the hook and filter in the 
standard manner (Fig. 5b). The wire was 
able to either engage the hook directly or 
via adherence to the covering fibrosis in 
almost all cases. On one occasion, the wire 
was only able to free the hook from the 
wall, and in this case the standard snare in 
the Gunther-Tulip kit was used to snare the 
freed hook in a standard manner and the 
filter was removed (Fig. 5b). After filter re-

moval, digital subtraction cavography was 
performed in all cases, through the outer 
sheath (Fig. 6). The explanted filter was in-
spected for fracture or defect. Patients were 
observed for a minimum of 2 hours after 
the procedure and all were discharged on 
the same day per our department protocol.

Statistical analysis
Results were pooled and analyzed. Vari-

ables were assessed for normality via the chi-
square test using Real Statistics add-on for 
Microsoft Excel (Microsoft Corp.). Descriptive 

statistics of the data are presented with n (%). 
Variables with non-normal distribution are 
shown as median (min–max or 25–75 per-
centiles). Variables with normal distribution 
are shown as mean (±standard deviation). 

Results
From 2012 to 2019 there were 473 filter 

retrieval attempts (Table 1). An advanced 
technique was documented in 66 (14%) 
of these cases. Of these cases, use of the 
hangman technique alone was document-
ed in 23 procedures (4.9% of all procedures, 
34.8% of advanced technique procedures), 
whilst the remaining 43 cases either used a 
different technique or more than one tech-
nique simultaneously. 

There were 13 males (59.1%) with mean 
age of 47.68±3.90 years (range, 26–86 
years). Most filters retrieved were Cook Ce-
lect Platinum (Cook Medical) (n=19, 82.6%), 
while two filters (8.7%) were optional ALN 
vena cava filter (ALN implants chirurgicaux, 
Ghisonaccia) and one filter (4.3%) was Cook 
Celect (Cook Medical). The median tilt was 
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Figure 2. Initial digital subtraction angiographic 
(DSA) cavogram was performed through the 
Cook retrieval sheath, prior to attempted 
removal of a filter. Filter tilt and an embedded 
hook is identified in this case on DSA. 

Figure 4. The snare and snared end of the 0.018-
inch wire were pulled back through the sheath 
and removed. The 0.018-inch fixed core wire is 
now looped around the neck of the filter.

Figure 3. A 0.018-inch fixed core wire (Cook 
Medical) is directed around  the neck of the IVC 
filter, taking care not to engage the filter struts, 
and the end is snared using the snare provided 
in the Cook filter retrieval kit (Cook Medical). 
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11.5° (range, 2°–19°). The mean screening 
time was 27.72±5.75 minutes. At the time 
of retrieval attempt, 9 patients (40.9%) were 
taking therapeutic anticoagulation (low 
molecular weight heparin, novel anticoagu-
lant, or warfarin) while the others had either 
ceased or were not taking anticoagulation 
(variables are shown in Table 2). 

This technique was employed as an iso-
lated maneuver in 23 patients (4.9%) and 
was successful on initial attempt in 22 cases 
(95.6%). In one case after the hangman wire 
was successfully placed around the filter 
neck, the patient experienced abdominal 
pain whilst the sheath was being advanced 
over the hook. In spite of intravenous seda-
tion and analgesia, a decision was made to 
abandon, and a second attempt with gen-
eral anesthesia was performed which was 
successful on that attempt. The median 
dwell time of filters retrieved by the hang-
man technique was 196 days (range, 40–903 
days). No filter migration or fractures, either 
prior to or during the retrieval procedures 
occurred. Postprocedure cavography was 
performed in all patients. No procedure-re-

Figure 5. With forward pressure on the sheath and gentle retraction on the 0.018-inch fixed core wire 
ends, the sheath is then advanced over the hook and filter in the standard manner.

Figure 6. Digital subtraction cavography is 
performed post filter removal, through the outer 
sheath.

Table 1. Overall procedure success

Variable Value 

Number of IVC filter retrievals 473

Number of advanced techniques, n (%) 66 (13.95)

Number of isolated low-profile hangman techniques, n (% of total) 23 (4.86)

Successful at initial attempt, n (%) 22 (95.96)

Successful overall, n (%) 23 (100)

Complication, n (%) 0 (0)

Table 2. Statistical variables 

Variable Value

Age (years), mean±SD 47.7±3.9

Male gender, n (%) 13 (59.1)

Screening time (min), mean±SD 27.72±5.75

Dwell time (days), median (range) 196 (40–903)

Tilt (degrees), median (range) 11.5 (2–19)

Anticoagulation during retrieval, n (%) 19 (82.60)

Cook Celect Platinum filter, n (%) 9 (40.91)



lated complications occurred, including IVC 
injury or access site complications. 

Discussion
Neointimal hyperplasia of the filter hook 

in tilted filters, i.e., “embedded hook”, con-
tinues to be a significant reason for failure 
of retrieval (16). A wide variety of advanced 
techniques are described, which can be 
used to retrieve caval filters when the stan-
dard retrieval technique fails. These include 
the use of angioplasty balloons, additional 
snares, guidewires, endobronchial forceps 
and endovascular laser. These techniques 
have various technical success rates and 
complication rates, some of which is likely 
to be in part related to operator preference, 
experience, and prior success (11, 17–22).

The use of a loop snare was described 
by Rubenstein et al. (21), who used this 
approach successfully to retrieve eight tilt-
ed IVC filters. This technique involved the 
use of a 16 F sheath, formation of a reverse 
curve catheter below the filter, extend-
ing a Bentson wire (0.035 inches, 260 cm; 
Cook Medical) above the hook which is 
subsequently snared with a snare device. 
The 16 F sheath is then advanced over the 
filter, and the filter is pulled back into the 
sheath and retrieved (21). Slight variations 
have subsequently been described, includ-
ing variation in the reverse curve catheter, 
wires and additional equipment such as a 
Liver Access and Biopsy Needle Set. Various 
success rates have been described ranging 
as 70%–100% (16, 22). Lynch et al. (22) con-
sider that particular filter types included in 
the study (Bard Recovery, G2, G2 Express, 
and Eclipse Inferior Vena Cava Filters) may 
lend themselves favorably to the technique 
as they are made of thin wire Nitinol, which 
is pliable enough to fold over into a sheath.

In 2012, Esparaz et al. (23) described the 
technique of forming a reverse curve cath-
eter and wire around the radiolucent fibrin 
at the filter apex of a Celect filter, and subse-
quent removal with a standard snare device. 
In 2015, Al-Hakim et al. (14) further slightly 
modified this procedure. The hangman 
technique is based on the loop snare tech-
nique; however, the reverse curve catheter 
and wire loop is formed between the filter 
neck and IVC wall, as opposed to between 
the filter struts or the fibrin cap. The filter 
was then retrieved using the in situ wire 
loop snare, or if the wire loop slipped off the 
filter hook, through the fibrin cap, and the 
filter hook was subsequently snared. The 

success rate was 81.8% (9 of 11 cases) in this 
series, and no complications were encoun-
tered (14). Of note, this technique has been 
described as requiring a 14 F sheath, which 
necessitates a larger than normal venotomy 
as well as a specific sheath to be acquired 
separate to a standard retrieval set. While 
this may not be of concern to some oper-
ators, in patients where therapeutic anti-
coagulation is continued during retrieval it 
may be less desirable.

Doshi et al. (24) described a 90% suc-
cess rate with the hangman technique in 
29 cases used on 7 different filter types. 
No procedure related complications were 
encountered; however, the specifics of the 
technique were not published (24).

The new hangman technique preferred 
at our institution, and described recent-
ly by Clements et al. (15) in a case report, 
uses a modified version of the traditional 
hangman procedure (16) and allows use 
of a standard 11  F Cook Gunther-Tulip re-
trieval sheath and 0.018-inch 260 cm fixed-
core wire (Cook Medical) to be used, rather 
than exchanging for a larger sheath with an 
0.035-inch wire. The middle sheath (of the 
telescoping 3-sheath system in the retrieval 
kit) is firm, which negates the need for ex-
tra stabilizing equipment such as the liver 
access and biopsy needle set (Cook Medi-
cal). Our low-profile technique retrieves the 
filter without folding the filter, as described 
by Lynch et al. (22). Although no filter frac-
tures due to retrieval were described by 
Lynch et al. (22), the low-profile hangman 
technique allows the filter to be retrieved 
in a manner similar to manufacturers rec-
ommendations, which we consider would 
decrease the risk of filter fracture, when 
compared to techniques where the filter is 
folded in situ prior to retrieval. 

In spite of the low-profile nature of this 
method, we achieved 100% technical suc-
cess, with only one procedure requiring re-
peat attempt under general anesthetic due 
to pain. There were no complications and 
this is encouraging especially given that 
40.9% of the cohort remained on therapeu-
tic anticoagulation during the procedure 
and this supports prior literature (25). 

Literature on the hangman technique is 
scarce. Previously described 81%–90% tech-
nical success rates using the hangman tech-
nique are comparable to our retrieval rate of 
100%. We advocate the use of an 0.018-inch 
fixed-core wire, which allows smaller sheath 
size and use of the standard Cook retrieval 

kit, with the only additional necessary equip-
ment being a 260 cm fixed core wire and re-
verse curve catheter such as the Sos Omni. In 
our institution this adds only 42 USD extra to 
the retrieval set cost, which may make this a 
cost-effective option compared to purchas-
ing and sterilizing endobronchial forceps. 
In addition, these items are more likely to 
be found on the shelf of a standard inter-
ventional radiology practice without prior 
arrangements needing to be made for spe-
cial stock. This means that managing an un-
expectedly difficult retrieval may not need a 
repeat procedure with stock being ordered, 
but simply continuing to use the standard 
access set and combining a low-cost set of 
items most likely on the shelf. There may be 
further such advantages in workflow and re-
ducing repeat bookings, which is especially 
helpful if anticoagulation was ceased specifi-
cally for the procedure. 

It must be acknowledged that cases se-
lected to be suitable for this technique were 
made at operator discretion and thus intro-
duces significant selection bias. In addition, 
while the IVC retrieval cohort is large, the 
series of low-profile hangman cases is small, 
which is a factor of the overall high success 
rates for the inherent retrieval practice at 
our institution and overall advanced oper-
ator experience. Higher numbers could be 
achieved by evaluating success in a multi-
center prospective trial. 

In conclusion, this retrospective audit 
demonstrates 100% technical success and 
0% complication rate of the low-profile 
hangman technique for the retrieval of 
IVC filters with an embedded hook. Our 
preferred technique using 11 F Cook Gun-
ther-Tulips access kit negates the need 
for upsizing the sheath and necessitates 
minimal additional equipment which are 
cost-effective and available across most in-
terventional radiology practices. 
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