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Stenting of chronically obstructed inferior vena
cava filters

Peter Neglén, MD, PhD,” Mathew Oglesbee, BS,* Jake Olivier, PhD,** and
Seshadri Raju, MD,* Flowood, Miss; and Sydney, Australia

Oljectives: A protective inferior vena cava (IVC) filter may later be incorporated into a chronic postthrombotic ilio-caval
obstruction (occlusive, requiring recanalization, or nonocclusive). This study aims to assess the safety and stent-related
outcome following stenting across an obstructed filter.

Methods: From 1997 to 2009, 708 limbs had stenting for postthrombotic ilio-caval outflow obstruction (occlusion in 121
limbs). In 25 patients, an IVC filter was obstructed (Group X). The site was crossed by a guidewire and balloon dilated.
The filter was markedly displaced sidewise or remodeled. A stent was placed across the IVC filter and redilated. In 28
other patients, the cephalad stenting terminated below a patent IVC filter (Group B). The remaining 655 patients had no
previous IVC filter placement (Group no IVC filter present [NF]). The patients were followed to assess patency. The types
of reintervention were noted.

Results: The stenting mancuver through a variety of previously inserted IVC filters was safely performed without an
apparent tear of the IVC, no clinical bleeding or abdominal symptoms, or pulmonary embolism. Mortality was nil;
morbidity minimal. The primary and secondary cumnlative patency rates at 54 months for limbs with postthrombotic
obstruction were with and without IVC filter (38% and 40%; P= .1701 and 79% and 86%; P = .1947, respectively), and
for fimbs with stenting across the filter (Group X) and stent termination below the filter (Group B; 32% and 42%; P =
.3064 and 75% and 84%; P = .2788, respectively), not statistically different. When Group X alone was compared with
Group NF, the sccondary patency rate was, however, significantly lower (75% vs 86%; P = .0453), suggesting that
crossing of the stent was associated with reduced patency. Occlusive postthrombotic disease requiring recanalization was
more frequent in Group X than in Group B and Group NF (68%, 25%, and 15%, respectively; P = .004). A comparison
was therefore performed only between limbs stented for recanalized occlusions with (n = 23) and without IVC filters (n =
92) showing no difference (cumulative primary and secondary patency rates 30% and 35%; P= .9678 and 71% and 73%;
P=.,9319, respectively). Multiple logistic regression analysis also supported a significant association between patency rate
and occlusive discase (odds ratio, 6.9; 95% conhdence interval, 3.4-13.9; P < .0001), but not between patency rate and
presence of an IVC hlter (P = .5552),

Conclusions: Stenting across an obstructed IVC filter is safe. It appears that patency is not influenced by the fact that an
IVC filter is crossed by a stent, but is related to the severity of postthrombotic discase (occlusive or nonocclusive

obstruction) and the associated recanalization procedure. (J Vasc Surg 2011;54:153-61.)

Percutancous stenting of the femoro-ilio-caval venous
outflow guided by intravascular ultrasound (IVUS) is pres-
ently the method of choice in the treatment of clinically
significant chronic venous obstruction at this anatomical
site. By consensus on terminology, an obstruction is de-
fined as a pardal or total blockage of the vein (ie, nonoc-
clusive [stenosis] or occlusive [occlusion]).” Ttis not known
at what degree a venous stenosis becomes hemodynami-
cally significant.? Tlio-caval stenting of obstruction >50%
has been reported to result in sustained relief of limb
symptoms, high rate of healing of venous leg ulcers, and
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substantial improvement of quality of life and decreased
disability, even in the presence of untreated reflux.>”
Chronic postthrombotic obstruction may be occlusive or
nonocclusive and involve the ilio-caval vein segment. Per-
manent inferior vena cava (IVC) filters may have been
placed to prevent fatal pulmonary embolism in the course
of treatment of the acute thrombotic disease and subse-
quently thrombosed. When stenting is attempted in pa-
tients with an IVC filter incorporated in a chronic obstruc-
tion, it poses a special technical problem. To ensure an
adequate outflow, the obstructed filter must be balloon-
dilated and stented. Interventionists have been reluctant to
dilate the filter-bearing segment for fear of tearing the IVC,
fracturing or displacing filters, and increasing the risk for
subsequent pulmonary embolism (PE). This study aims to
assess the safety of stenting of a chronically obstructed IVC
filter in patients with postthrombotic disease and whether
or not IVC filter stenting influences the stent-related out-
come.

MATERIAL AND METHODS

A review of a venous stent database of patients having
had femoro-ilio-caval vein stent placement with informa-
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Table II. CEAP classification of postthrombotic limbs
with and without IVC filters treated by temoro-ilio-caval
stenting
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Table ITI. Reinterventions performed because of stent
system malfunction in postthrombotic limbs with and
without IVC filters treated by femoro-ilio-caval stenting

Group X Group B Group NF Group X Group B Group NF
(n = 25) (n=28) (n = 655) (n=25) (m=28 (n= 655)
Clinical Class Stent occlusion
Cc2 0 0 29 Early (<30 days) 3(12%) 1 (4%) 22 (3%)
C3 11 13 325 Late 3(12%) 3(11%) 45 (7%)
C4 6 9 132 Reopened 3/6 2/4 7/67
C5 2 2 36 Interventions in nonocclusive
Cé6 6 4 133 malfunction
Etiology Dilation only 2 3 70
Postthrombotic 25 28 655 Dilation and additional
Anatomy stent 3 2 27
Deep 8 10 283 Additional stent only 4 3 43
Deep/perforator 1 1 19 All 9 (36%) 8(29%) 140(21%)
Deep /superficial 10 15 314
Deep/superficial / IVC, Inferior vena cava.
perforator 6* 2 39 Group B, stenting terminating below the IVC filter.
Pathology Group NF, no IVC filter present.
Obstruction I3 I3 185 Group X, stented across the IVC filter.
Obstruction/reflux 20 23 470

IVC, Inferior vena cava.

Group B, stenting terminating below the IVC filter.
Group NF, no IVC filter present.

Group X, stented across the IVC filrer.

2P < .002, group X vs groups B and NF.

The TVUS investigation during the procedure revealed
a thinner outline of hyperecogenicity of the vessel in cases
with nonocclusive obstruction. The narrowing was cither
due to a moderate fibrosis and constriction of the vein wall
ar the filter site (perhaps an inflammatory reaction to the
stent) and /or partial obstruction due to thrombus in the
filter. Contrarily, the occluded veins were found to have
a thicker layer of increased echogenocity surrounding
the vein, suggesting marked postphlebitic fibrosis. High-
pressure balloons were found to be especially useful in these
situations. The balloon dilation and stent placement was
performed safely without apparent tear of the IVC, subse-
quent clinical bleeding, or clinically symptomatic pulmo-
nary embolism. Even extensive stenting of the IVC from
the atrium to the confluence of the iliac veins did not appear
to have any adverse affect on the splanchnic outflow. Mor-
tality was nil. Morbidity was minimal; six patients had large
hematoma /bruising, which did not require any interven-
tion,

The number of patients tollowed up were: in Group X,
23 of 25 (92%); in Group B, 21 of 28 (75%); and in Group
NE, 555 0of 655 (85%); the median follow-up was 9 months
(range, 2-62 months), 7 months (range, 2-102 months),
and 8 months (range, 2-125 months), respectively. Occlu-
sion rates and interventions for occlusive and nonocclusive
stent system malfunctions are shown in Table III. The rate
of postoperative (<30 days) thrombotic occlusion of the
stent system tended to be increased, but was not statistically
higher, in Group X than in Groups B and NF (12%, 4%, and
3%, respectively; P = .0843). The differences in these
percentages appear large; however, post hoc power analysis

resulted in a small effect size { W = .085) indicating sample
size was not the determining factor in the statistical insig-
nificance of this comparison.'” Similarly, the late stent
occlusion rate and rate of interventions for nonocclusive
stent malfunction were statistically not different in the three
groups (Groups X, B, and NF: 12%, 11%, and 7%, P =
.5636; 36%, 29%, and 21%, P = .1257, respectively). Oc-
cluded stent systems were reopened by thrombolytic tech-
niques and stayed patent in three patients in Group X, two
patients in Group B, and seven patients in Group NF.
The distribution of occluded stent system and fre-
quency of reinterventions are reflected in the primary and
secondary cumulative patency rates at 54 months for limbs
with postthrombotic obstruction with and without IVC
filter (38% and 40%; P = .1701 and 79% and 86%; P =
.1947, respectively; Fig 6), and for limbs with stenting
across the filter (Group X) and stent termination below the
filter (Group B; 32% and 42%; P = .3064 and 75% and 84%;
P = 2788, respectively; Fig 7). Thus, the patency rates did
not appear to be influenced by the presence of an IVC filter,
and there was no statistically significant difference in pa-
tency rates whether or not the IVC filters were incorpo-
rated in the obstruction. However, when Group X alone
was compared with Group NF, the secondary patency rate
was significantly lower (75% vs 86%; P = .0453). A com-
parison between stenting of occlusive and nonocclusive
obstruction in Group NF also revealed a significantly lower
secondary patency rate in limbs with occlusion (73% and
89%; P < .0001, respectively). There was in this group,
however, no difference in the secondary patency rate
whether or not the IVC was involved (89% and 86%,
respectively; P = .3811). Since the rate of occlusive disease
requiring recanalization was significantly greater in Group
X, a comparison was therefore performed between limbs
stented for recanalized occlusions with (n = 23) and with-
out IVC filters (n = 92; cumulative primary and secondary
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Fig 6. Cumulative primary and sccondary patency rates of pa-
tients stented for postthrombotic obstruction with (n = 44) and
without (n = 555) previously inserted inferior vena cava (IVC)
filter. The lower numbers represent limbs at risk at each time
interval (all standard error of means <<10%).

100ppeeoer
iz',', * . »
9041 1]
= 'Qz,’ L O-Oer] > » o
& 801 Y Lo
é 70 Lg 1 e .
> { &0 00 )
£ 604 .
£ 504 i k 4’"?
2 Sl o
= 40 { 17
EREY) ?
S e Group B - secondary | -
© 204 —e— Group X - secondary |
10- w0 Group B - primary
-0 Group X - primary
0 T T T T T T T T 1
0 6 12 18 24 30 36 42 48 54
Month

21 14 2 g 8

23 14 7 5 5

21 12 11 <] 5

23 12 8 4 4

Fig 7. Cumulative primary and secondary patency rates after
stenting ot postthrombotic obstruction in Group B (stenting
terminating below the inferior vena cava [IVC] filter) and Group X
(stenting across the TVC filter). The lower numbers represent
stented patients at risk at each time interval (standard error of
means > 10% are shown by placing error bars).

patency rates, 30% and 35%; P = .9678, and 7 1% and 73%;
P = 9319, respectively; Fig 8).

To further analyze the influence of the presence of an
IVC filter and occlusive disease on stent patency, a multiple
logistic regression was performed. This model also included
gender, operation side and age as potential confounders
("Table 1V). The interaction between presence of the IVC
filter and severity of disease was omitted because it was
highly insignificant (P = .9796). The results from this
analysis suggest a significant association between patency
rate and occlusive disease (odds ratio, 6.9; 95% confidence
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Fig 8. Cumulative primary and secondary patency rates after
stenting of postthrombotic occlusion requiring recanalization,
with (n = 23) and without (n = 92) previously inserted inferior
vena cava (IVC) filter. The lower numbers represent stented pa-
tients at risk at each time interval (standard error of means >10%
are shown by placing error bars).

Table IV. Multiple logistic regression analysis of
potential factors associated with stent patency (type 3
analysis of effects)

Factor Df x> Statistic P value
Presence of IVC filter 3 2.0840 .5552
Occlusive discase 1 29.3900 <.0001
Gender 1 0.8368 .3603
Sidedness 1 1.2493 2637
Age 2 7.0355 0297
Gender-sidedness 1 6.0683 0138
Gender-age 2 5.3381 0693

DF Degree of freedom; IVC, inferior vena cava.

interval, 3.4-13.9; P < .0001), but not between patency
rate and presence of an IVC filter (P = .5552). Neither the
presence of an IVC filter nor occlusive disease significantly
interacted with gender, operation side, or age.

Patency rates for all combinations of filter groups and
severity of disease are given in Table V. Significance testing
is not appropriate for assessing equivalence among the filter
groups; instead, binomial confidence intervals for each
unique group were computed. Owing to small sample sizes
and the fact that several point estimates are at or near the
boundary for probabilities, the score method of interval
construction was utilized.?®

The clinical outcome is not dependent on whether or
not an obstructive IVC filter is included as long as the stent
remains widely patent, but reflects associated venous pa-
thology. The frequency of limbs with presence of reflux and
combination of obstruction and reflux were similar in each
group. The clinical results are summarized by complete
relief of pain, swelling and ulcer healing rate at the last
follow up in Group X and Group NF (85% and 77%; P =
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Table V. Significance analysis of binomial confidence
intervals for combination of IVC filter groups X, B, and
NF and occlusive or nonocclusive postthrombotic discase

Patency rate

Patent Occluded  (95% confidence
(n=553) (n=46) interval)
Nonocclusive
(n = 485)
Group NF 443 21 0.95 (0.93, 0.97)
Group B 14 1 0.93 (0.70, 0.99)
Group X 6 0 1.00 (0.61, 1.00)
Occlusive (n = 114)
Group NF 72 19 0.79 (0.70, 0.86)
Group B 5 1 0.83(0.44, 0.97)
Group X 13 4 0.76 (0.53, 0.90)

IVC, Inferior vena cava.

Group B, stenting terminating below the IVC fileer.
Group NF, no IVC filter present.

Group X, stented across the IVC filter.

5650, 40% and 48%; P = 4981, 75% and 66%; "= 7124,
respectively). These clinical parameters were not signifi-
cantly ditferent in the group of patients stented across an
obstructive filter as compared with stented patients with no
filter.

DISCUSSION

Obstruction of varying types of IVC filters may occur
due to primary thrombosis of the filter or capture of large
emboli. Permanent IVC filters have been reported to ob-
struct in up to 20% of patients.?' Recent reports of varying
institutional experience suggest filter obstruction to be less
frequent (2%-5%).222* Nonocclusive filter thrombus was
found in 17% of patients, but only 20% of these created a
more than 50% stenosis.?* The factors causing IVC filter
thrombosis are unclear. The distribution of types of IVC
filters in this study in no way reflects the propensity of late
occlusion of different types of permanent or removable
filters. IVC filter design is probably important since, in
other studies, opposed biconical devices appear to be asso-
ciated with higher occlusion rates.?2-2%

A segmental obstruction of the IVC may not be mark-
edly symptomatic, but the symptoms usually become severe
when combined with an obstruction of the iliac vein seg-
ment caudad to the IVC.'> When a clinically significant
extensive ilio-caval obstruction involving the IVC filter site
is encountered, the stent must be balloon-dilated and
stented to ensure adequate outflow. Early clot removal and
stenting through an occluded previously placed IVC filter
in patients with acute thrombotic obstruction has been
shown to be a safe procedure.”® There was no clinically
detectable pulmonary embolism (PE) and the stents re-
mained patent in that study during a median follow-up of 9
months. In the targeted group of patients in this study, all
had chronically obstructed IVC filters with involvement of
the iliofemoral vein. The postthrombotic disease was severe
with a combination of obstruction and reflux in 80% of
patients and pan reflux in 24% of the limbs, accompanied by

JOURNAL OF VASCULAR SURGERY
July 2011

severe signs and symptoms {C-class of CEAP 4-6 and visual
analog scale =5/10 in 56% and 47% of all limbs, respec-
tively). Stenting through chronically occluded IVC filters
has previously been mentioned, but lacking detailed analy-
sis, in two previously published studies describing recanali-
zation and stenting of the occluded ilio-caval venous out-
flow!” and obstruction of the IVC.'® Unlike these studies,
the present study describes in more detail the technique
and patency rates and also evaluates whether or not a
stenting through an obstructed IVC filter affects patency.

The results of this study show that stenting across a
chronically obstructed IVC filter is safe. It was performed
with no mortality and minimal morbidity, regardless of
occlusive or nonocclusive obstruction. No apparent or
clinically relevant tearing of the IVC, clinical retroperito-
neal hematoma, or abdominal symptoms occurred despite
substantial remodeling, fracturing, and displacement of the
filter. There were no clinical signs of PE during the follow-
up. The absolute postoperative stent occlusion (within 30
days), late stent occlusion, and reintervention rates were
not different whether or not an IVC filter was present or,
when present, crossed by a stent. More interestingly, the
cumulative patency rates were the same in stented patients
with or without an IVC filter. A comparison between
patients with IVC filters crossed and those with stent ter-
mination below the existing filter indicated no difference in
patency rates.

The cumulative patency rate was, however, decreased
significantly in patients with filters crossed by stents (Group
X) as compared with patients with no filters at all (Group
NF), suggesting that crossing of the stent was a risk factor
for reduced patency. It has previously been shown that the
major risk factors for late stent occlusion are the presence of
postthrombotic obstruction and severity of postthrombotic
disease (occlusive vs nonocclusive obstruction).?® This ex-
plains the lesser cumulative patency rate in patients stented
for occlusion in the nonfilter group. When patients with
nonocclusive obstruction (stenosis) were excluded, the cu-
mulative patency rates in patients with occlusive post-
thrombotic disease with or without previous IVC filer
insertion were the same. Contrary to the severity of ob-
struction, neither sidedness nor gender has previously been
shown to be associated with stent occlusion.?® All patients
in this study had obstructive postthrombotic disease, but
Group X had a higher rate of occlusive disease requiring
recanalization. Group X also contained more males and
displayed an even distribution between left and right lower
limbs, which was different from the other groups. This may
potentially affect the observed differences in patency rates.
A multiple logistic regression analysis was therefore per-
formed. It supported a strong association between patency
rate and occlusive disease, but none between patency rate
and presence of an IVC filter. Potential confounders such as
gender, sidedness, and age may affect stent patency rates
individually or in combinations. However, the effect by the
confounders on the nonsignificant association between pa-
tency and presence of IVC filter was minimal. In addition,
these confounders cannot explain the significant relation-
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ship between patency and severity of discase. It appears that
patency is not influenced by the fact that an IVC filter is
crossed by a stent, but is related to the severity of post-
thrombotic disease (occlusive or nonocclusive obstruction)
and the associated recanalization procedure.

The main limitation of this study is the sample size in
Groups X and B. Sample size is always an issue when
interpreting any results. Although additonal statistical
analysis was performed suggesting that sample size was not

ever declaring means/proportions equivalent or ditferent.
The analysis was per se retrospective, but the data that were
analyzed were prospectively collected in a time-stamped
preset electronic record. The clinical value of stenting of an
obstructed IVC filter is not expressed by the patency rates.
The clinical outcome was not assessed in detail in this study.
However, complete relief of pain and swelling and the ulcer
healing rate was not significantly ditferent in the group of
patients stented across an obstructive filter as compared
with stented patients with no filter.

There is no reason to believe that the clinical outcome
would be different than previously reported results of stent-
ing of femoro-ilio-caval obstruction without IVC fileer
involvement.

I3 conclusion, when a previously inserted IVC filter is
incorporated into a postthrombotic obstruction, the filter-
bearing segment may be safely balloon dilated and stented
with no deleterious cffect on stent patency.
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