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PURPOSE
We aimed to determine if lateral inferior vena cava (IVCQ) filter tilt at placement predicts the
need for subsequent advanced retrieval techniques.

METHODS

A retrospective chart review was performed of all Gunther Tulip IVC filter placements with
subsequent retrievals between February 2015 and October 2017. Chart and imaging review
was performed for patient, filter placement, and filter retrieval demographics/characteristics.
Degree of agreement between two measurement sets was evaluated with the intraclass cor-
relation (ICC) analysis. Categorical variables were compared with chi-square or Fisher exact
test, as appropriate. Kendall rank correlation was used to measure correlation between cat-
egorical variables.

RESULTS

There was poor agreement between filter tilt angle at the time of placement and retrieval
(ICC coefficient, 0.54). Mean difference + standard deviation between tilt angle at the time
of placement and retrieval was 4.6°+4.3° (p = 0.35). Among patient- or procedure-related fac-
tors, a common femoral vein access on placement (regression coefficient, -2.90; p = 0.039)
was associated with a lower difference between placement and retrieval filter tilt angles com-
pared to internal jugular vein access. Higher filter tilt angle measured at the time of retrieval
(OR:1.19, p = 0.025), hook embedment (OR: 77.3, p < 0.001), and a longer dwell time (OR: 1.25,
p = 0.002) were associated with the need for advanced retrieval techniques. However, in uni-
variate and multivariate analysis filter tilt angle at the time of placement was not associated
with the subsequent need for advanced retrieval technique (p = 0.16).

CONCLUSION
Lateral tilt at the time of placement is poorly associated with lateral tilt at the time of retrieval
and does not correlate with the need for advanced retrieval technique.

ultiple factors have been shown to increase the likelihood of failed inferior vena

cava (IVCQ) filter retrieval or need for advanced IVC filter retrieval technique including

longer dwell time and imaging presence of embedded filter hook, IVC penetration,
and/or filter tilt on computed tomography (CT) or fluoroscopy (1-6). This is clinically relevant
as the need for advanced retrieval techniques has been shown to increase retrieval associated
complications (3). However, these prior studies have focused on lateral filter tilt at the time
of retrieval or on pre-retrieval CT. The significance of lateral tilt at time of placement is not as
well studied. One prior study has examined the clinical significance of design modifications of
IVC filters with the intent of self-centering, and demonstrated no identifiable clinical benefit
(7). Another recent study also investigated IVC filter positional parameters, and demonstrated
that net filter tilt (defined as the difference in angulation from placement to retrieval) is associ-
ated with filter retrieval outcome (8). In addition, studies have examined the hemodynamic ef-
fects of lateral tilt, effect of tilt on filtration, and deployment techniques to minimize tilt during
filter placement (9-11). However, the direct association of outcomes and placement lateral tilt
have not been previously well studied. The purpose of our study is to retrospectively examine
the relationship of placement and retrieval lateral tilt, and evaluate if the degree of filter tilt at
placement predicts the need for subsequent advanced retrieval techniques.
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Methods

This retrospective study was approved by
an institutional review board (IRB) (IRB proj-
ect #18163) and the protocol was compliant
with the Health Insurance Portability and
Accountability Act. A retrospective chart re-
view was performed of all Gunther Tulip IVC
filter placements with subsequent retrievals
performed at our institution between Feb-
ruary 2015 and October 2017. Individual
informed consent was not required. All IVC
filter placements were performed under
fluoroscopic guidance. Chart review was
performed for patient, filter placement,
and filter retrieval demographics (Table 1).
Advanced retrieval was defined as any tech-
nique other than conventional loop snare
technique, which is routinely used after
an initial failed attempt using a traditional
loop snare technique. Filter dwell time was
defined as the time from filter placement to
filter retrieval.

Imaging review

Imaging review was performed by a sin-
gle PGY-4 Diagnostic Radiology resident. IVC
diameter was measured on pre-placement
venograms at the location of subsequent
IVC filter deployment. At our institution, an
IVC venogram is routinely performed prior
to IVC deployment, but not routinely per-
formed after deployment of the IVC filter.
All operators do obtain a post-deployment
intraprocedural radiograph immediately af-
ter deployment of the IVC filter. To measure
lateral tilt at the time of IVC filter placement
without a post-deployment venogram, a
technique was developed using the lum-
bar vertebral spinous process as an internal
reference. A line was drawn connecting the
spinous processes of the two lumbar verte-
brae adjacent to the IVC filter, termed the
“spine reference line.” A line was then drawn
through the center of the IVC by connect-
ing the midpoint of the IVC at the level of

* Lateral tilt at the time of IVC filter placement
is poorly associated with lateral tilt at the
time of retrieval.

* Lateral tilt at the time of placement does not
correlate with the need for subsequent ad-
vanced retrieval techniques.

* Lateral tilt at the time of retrieval and dwell
time are both independent predictors of the
need for advanced retrieval techniques.

the filter apex to the midpoint of the IVC at
the level of the filter base, termed the “IVC
reference line” The angle between the IVC
filter longitudinal axis on post-deployment
intra-procedural radiograph relative to the
spine reference line was measured. The an-
gle between the IVC reference line relative to

the spine reference line was then measured.
A signing convention of positive for coun-
terclockwise and negative for clockwise
relative to the spinous reference line was
used. The “calculated IVC filter tilt” was then
obtained by subtracting the two measured
angles and taking the absolute value (Fig. 1).

Table 1. Summary of the baseline and follow-up characteristics of the study population (n=71)

Mean=SD or n (%) Min-max
Patient-related
Age (years) 57.9+16.3 22-92
Sex
Male 48 (67.6)
Female 23 (32.4)
IVC diameter (mm) 24.2+47 15.4-35.3
Placement-related
Access side
Right 65 (91.6)
Left 6 (8.4)
Access vein
Common femoral vein 59 (83.1)
Internal jugular vein 12 (16.9)
Baseline filter tilt angle (°) 5.8+4.0 0.1-17.6
Retrieval-related
Filter hook embedment 10 (14.1)
Filter tilt angle at retrieval (degree) 5.3+4.0 0.5-18.7
Filter strut penetration (mm) 8.8+4.8 0-24.7
Filter dwell time (months) 4.2+4.2 0.1-19.2

Advanced retrieval

11 (15.5)

SD, standard deviation; IVC, inferior vena cava.

Figure 1. a, b. Panel (a) shows the angle between the spinous reference line and IVC measured as

+4.8°, and panel (b) shows the angle between the spinous reference line and IVCfilter longitudinal axis
measured as -6.9°. A signing convention of positive for counterclockwise and negative for clockwise
relative to the spinous reference line was used. The “calculated IVC filter tilt” was then obtained by
subtracting the two measured angles and taking the absolute value (11.7° in this example).
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Association between calculated and measured
filter tilt angles (n=101)
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Figure 2. a, b. Two-way mixed effects analysis of variance (ANOVA) model between calculated and
observed IVCfilter lateral tilt demonstrates excellent agreement (absolute ICC, 0.991; p < 0.001).
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Figure 3. a, b. Linear regression modeling (a) shows a poor fitting (R?

= 0.294) of the IVC filter tilt angles

on placement and retrieval, and Bland-Altman plot (b) shows fair agreement between two measurements
with up to 20° difference between filter tilting on retrieval and placement.

For validation of this technique, the calcu-
lated IVC filter tilt was measured using the
post-retrieval venograms and pre-retrieval
venograms that also had a post-placement
venogram. In these same cases, the IVC fil-
ter lateral tilt was also directly measured on
the procedural venogram (“observed IVC fil-
ter tilt”). Evaluation of association between
two different sets of angle measurements
was done using a univariate linear regres-
sion model with residuals (R?) calculation.
Degree of agreement between two mea-
surement sets was evaluated with the in-
traclass correlation (ICC) analysis (12), and
visualized using the Bland-Altman plot (13).
For the purpose of ICC analysis, a two-way
mixed effects analysis of variance (ANOVA)
model was applied and the absolute agree-
ment between two measurements was cal-
culated (14). Venograms were available for
calculated and observed IVC filter tilt mea-
surement in 32 filter placements and 69 fil-

ter retrievals. Filter placement and retrieval
data were pooled in order to assess agree-
ment between calculated and observed fil-
ter tilt angles (n=101). Agreement between
two sets of numerical measurements were
classified based on their ICC coefficient as
poor (<0.4), fair (0.4-0.59), good (0.6-0.74)
and excellent (0.75-1.0) (14). There was ex-
cellent agreement between calculated and
observed IVC filter tilt angles (absolute ICC:
0.991, p < 0.001) (Fig. 2). Because of this
strong correlation, observed filter tilt angles
with missing values were replaced with the
calculated values for the purpose of com-
parison between placement and retrieval
filter tilt angles.

Statistical analysis

Numerical values were reported as mean
+ standard deviation and compared be-
tween two groups using the Mann-Whitney
U test. Categorical variables were summa-
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rized as frequency (%) and compared with
the chi-square or Fisher exact test, as ap-
propriate. Kendall rank correlation (Kend-
all's tau-b) was used to measure correlation
between categorical variables. Comparison
of baseline and retrieval filter tilt angles was
done using the paired t test.

Univariate linear regression analysis was
applied to evaluate whether any of the pa-
tient- or procedure-related factors are as-
sociated with absolute value of the change
in the filter tilt angles between placement
and retrieval. The associations of assessed
factors with occurrence of advanced filter
retrieval were evaluated using the uni- and
multivariate logistic regression models. Fac-
tors with significant association in the uni-
variate analysis were selected for the multi-
variate model. Interaction between factors
was checked using the Pearson or Kendall
rank correlation, as appropriate.

All analyses were done using Stata for
Macintosh version 14.2 (StataCorp LP). p
values less than 0.05 were considered as
statistically significant.

Results

The patients’ mean age was 57.9+16.3
years and 67.6% of them were male. A total
of 71 Gunther Tulip IVC filters were includ-
ed in this study. Mean IVC diameter at filter
placement was 24.2+4.7 mm. A common
femoral and internal jugular vein access
was used to deploy the filters in 83.1% and
16.9% of cases, respectively. Mean abso-
lute filter tilt angles at baseline and retriev-
al were 5.8°+4.0° (range, 0.1°-17.6°) and
5.3°+4.0° (0.5°-18.7°), respectively. Mean
filter dwell time was 4.2 months (range, 0.1-
19.2 months). A fair agreement between fil-
ter tilt angle at the time of placement and
retrieval was detected with ICC analysis (ICC
= 0.54; 95% Cl: 0.35-0.69). Mean difference
+ standard deviation between tilt angle at
the time of placement and retrieval was
4.6°t4.3° (p = 0.35) (Fig. 3). Eleven cases
(15.5%) required advanced filter retriev-
al. Advanced techniques included forceps
(n=2), wire loop and snare (n=6), and laser
sheath (n=3). Only one case underwent cor-
rection of tilt during the placement proce-
dure after initial filter deployment, and the
final lateral tilt angle after adjustment was
used in this case. No significant interaction
was found between factors included in the
multivariate model.

Among patient- or procedure-related
factors, a common femoral vein compared
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Table 2. Association between patient-related and procedure-related factors with change in filter tilt

(°) between placement and retrieval time (n=71)

Factor Regression coefficient + SE p
Patient-related
Age (years) -0.01+0.03 0.76
Sex (male vs. female) 0.03%+1.11 0.97
IVC diameter (mm) 0.02+0.12 0.87
Placement-related
Access side (right vs. left) -0.68+1.85 0.71
Access vein (CFV vs. 1)) -2.90+1.38 0.039
Baseline filter tilt angle (°) 0.19+0.13 0.13
Retrieval-related
Filter hook embedment 0.99+1.54 0.52
Filter strut penetration (mm) -0.05+0.11 0.63
Filter dwell time (months) 0.05+0.13 0.70
Advanced retrieval 1.54+1.47 0.30

SE, standard error; IVC, inferior vena cava; CFV, common femoral vein; 1J, internal jugular vein.

Table 3. Factors associated with advanced filter retrieval (n=71)

Univariate model

Multivariate model

OR (95% ClI) p OR (95% ClI) p

Patient-related

Age (years) 0.97 (0.93-1.00) 0.082

Sex (male vs. female) 0.81(0.21-3.11) 0.76

IVC diameter (mm) 1.02 (0.89-1.16) 0.82
Placement-related

Access vein (CFV vs. 1)) 0.27 (0.06-1.13) 0.073

Placement filter tilt angle (°) 1.11 (0.96-1.30) 0.16
Retrieval-related

Retrieval filter tilt angle (°) 1.19(1.02-1.38) 0.025 1.21(1.02-1.43) 0.029

Filter hook embedment* 77.3(11.2-535.9) <0.001 Excluded

Filter leg penetration into the 1.00 (0.87-1.15) 0.98

IVC wall (mm)

Filter dwell time (months) 1.25 (1.09-1.44) 0.002 1.25(1.07-1.46) 0.006

OR, odds ratio; 95% Cl, 95% confidence interval; IVC, inferior vena cava; CFV, common femoral vein; lJ, internal

jugular vein.

*Excluded from the multivariate model because filter hook embedment is one of the criteria for advanced filter
retrieval: 8/11 advanced retrieval vs. 2/60 simple retrieval cases presented with hook embedment (p < 0.001).

to internal jugular vein access on place-
ment was associated with a lower differ-
ence (regression coefficient: -2.90, p =
0.039) between placement (common fem-
oral 5.8°+3.9° vs. internal jugular 5.8°+4.9°)
and retrieval (common femoral 4.9°+3.4° vs.
internal jugular 7.2°+6.3°) filter tilt angles
(absolute filter tilt angle change: 4.1°+0.5°
vs. 7.0°£1.3° in common femoral and in-
ternal jugular vein access, respectively; p =
0.039). There was no association between

difference in lateral tilt angles and filter
dwell time (p = 0.70) (Table 2).

Placement filter tilt angle was not as-
sociated with the subsequent need for
advanced retrieval technique (routine
5.5°+3.9° vs. advanced 7.4°+4.5°, p = 0.16)
(Table 3). Furthermore, there was a poor
correlation between severe filter tilt (=10°
absolute filter tilt) on placement and re-
trieval (Kendall’s tau-b: 0.26, p = 0.052; Fish-
er exact test). Severe filter tilt (>10° absolute

filter tilt) compared to <10° absolute filter
tilt at the time of placement was associat-
ed with the need for subsequent advanced
retrieval on univariate analysis. However, in
multivariate model including severe filter
tilt angle and filter dwell time, only longer
filter dwell time was associated with ad-
vanced filter retrieval technique (OR: 1.21,
p=0.018).

In univariate analysis, a higher filter tilt
angle measured at the time of retrieval
(routine 4.8°+3.6° vs. advanced 8.2°+5.2°
OR: 1.19, p = 0.025), and a longer dwell time
(OR: 1.25, p = 0.002) were associated with
advanced retrieval. Also, hook embedment
on retrieval was strongly associated with
advanced retrieval (8/11 advanced retrieval
vs. 2/60 simple retrieval; OR: 77.3, p < 0.001).
In a multivariate model including absolute
retrieval filter tilt angle and dwell time, both
of the factors maintained their significant
association (OR: 1.21, p = 0.029 and OR:
1.25, p = 0.006, respectively).

Discussion

Our results demonstrate that lateral tilt
at the time of filter placement is poorly as-
sociated with lateral tilt at the time of filter
retrieval. While our study confirms findings
of prior studies that lateral tilt at the time
of filter retrieval is associated with the need
for advanced filter retrieval techniques,
our results did not show a significant cor-
relation between lateral tilt at the time of
placement and the need for advanced filter
retrieval techniques. Hence, lateral tilt at
the time of filter placement is currently not
directly linked to outcomes during retrieval.
This finding is important given prior stud-
ies demonstrating an increased risk of filter
retrieval associated complications with ad-
vanced retrieval techniques compared to
routine technique (3). Furthermore, the lack
of correlation with placement lateral tilt and
outcomes during retrieval suggests that fil-
ters placed with lateral tilt do not require
“repositioning’, which has implications on
daily practice.

Our results also demonstrate that filter
placement from a common femoral vein
approach is associated with less filter tilt
change over time compared to the inter-
nal jugular vein approach. The etiology
of this finding is unclear. We hypothesize
that this is likely related to the difference in
technique in placement between the two
access sites. When placed from a common
femoral vein approach, the filter legs are
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released all at once without control from
the operator. Comparatively, when the fil-
ter is released from an internal jugular ap-
proach the operator can exert uneven force
distribution on the legs. This difference in
applied force on the legs during an inter-
nal jugular vein approach compared to the
even release of the legs during a common
femoral vein approach may explain the dif-
ference in change of lateral tilt as the filter
“relaxes” over time.

It is worth noting the lack of associated
factors with change in lateral tilt over time.
In addition to a poor association of filter
placement and retrieval angle, there was no
association between change in lateral filter
tilt and dwell time (p = 0.70). While lateral
tilt at the time of retrieval and dwell time in-
dependently predict the need for advanced
retrieval techniques, the two do not appear
to be correlated. Furthermore, there were
no patient- or filter-related factors in our
study that predicted the change in lateral
filter tilt over time other than access site.
Specifically, filter strut penetration did not
correlate with the change in lateral filter tilt
over time. A recent study has also shown a
lack of clinical significance in the placement
of the filter hook relative to the renal veins
(15). Based on our results, it seems that the
IVC may be more dynamic than originally
considered (including hydration status and
respiratory variation), which could explain
the unpredictable change in IVCfilter lateral
tilt between placement and retrieval. Over-
all, our understanding of factors impacting
change in lateral tilt after filter placement is
poor and requires further study given the
clear clinical impact of filter tilt at the time
of retrieval.

This study has multiple limitations. First,
this study only assessed the lateral tilt of
the IVC filter and not the anteroposterior
tilt. A prospective study using orthogonal
or cross-sectional imaging would likely pro-

vide even more clinically relevant informa-
tion and it is our hope that our study will
help direct future research looking at this
important topic. Furthermore, this study
includes only Gunther Tulip filters and ex-
trapolation to other conical and non-coni-
cal IVC filters is not clear. Finally, the clini-
cal implications of the lack of association
between filter placement and retrieval tilt
are not clear, and direct clinical studies are
necessary.

In conclusion, lateral tilt at the time of
placement is poorly associated with lateral
tilt at the time of retrieval and does not cor-
relate with the need for advanced retrieval
technique. Further studies are necessary to
understand what patient and/or filter fac-
tors affect the change in lateral tilt between
placement and retrieval.
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