Eur J Vasc Endovasc Surg (2016) m, 1—8

Outcomes of Stent Placement for Chronic Occlusion of a Filter-bearing
Inferior Vena Cava in Patients with Severe Post-thrombotic Syndrome

K. Ye, X. Lu *, W. Li, M. Yin, X. Liu, J. Qin, G. Liu, M. Jiang

Department of Vascular Surgery, Shanghai Ninth People’s Hospital, Shanghai JiaoTong University, School of Medicine, Vascular Center of Shanghai JiaoTong University,
Shanghai, China

WHAT THIS PAPER ADDS
Occlusion of the inferior vena cava is one of the most serious complications of filter implantation. However, to
date, few effective methods have been reported for management of chronic occlusion of a filter-bearing inferior
vena cava. This study adds to existing information regarding the technical aspects and clinical effects of
endovascular stenting in patients with severe post-thrombotic syndrome with chronic occlusion of a filter-
bearing inferior vena cava.

Objective: To evaluate the technical aspects and short-term clinical results of stent placement for chronic
occlusion of a filter-bearing inferior vena cava (IVC) in patients with severe post-thrombotic syndrome (PTS).
Methods: A retrospective analysis of 24 patients with severe PTS associated with occlusion of a filter-bearing IVC
treated by stent placement was conducted at a single institution from January 2010 to December 2014. Patient-
reported quality of life and limb Villalta scores were evaluated before and after treatment by questionnaire and
clinical examination, respectively. Stent patency was evaluated by duplex Doppler ultrasound, venography, or
venous computed tomographic (CT) angiography.

Results: All patients tolerated the procedure well. Nineteen patients with filter-bearing IVC and bilateral
iliofemoral occlusions were treated with “double-barrel” stents, two were treated with fenestrated stents, and
the remaining three patients were treated by unilateral stent placement of the iliofemoral vein and filter-bearing
IVC. Quality of life and Villalta scores were significantly improved (p < .001) after the procedure. The 1-year, and
2-year cumulative primary and secondary stent patency rates were 67% and 91%, and 45% and 77%, respectively.
During a median follow-up period of 27 months (range 3—55 months), the cumulative rates of complete relief of
pain (visual analog scale >5) and swelling (grade 3) were 77% (13 of 17 limbs at risk) and 75% (24 of 32 limbs at
risk), respectively. There were 23 limbs with active ulcers and the cumulative rate of ulcer healing at 2 years was
73%. There were no cases of clinical bleeding, symptomatic pulmonary embolism, or mortality.

Conclusions: Recanalization of an occluded IVC filter and stent placement through the filter is a feasible and safe
method for management of PTS associated with filter-bearing IVC occlusions, with acceptable short-term stent
patency and clinical results. However, close follow-up after procedure is necessary because of a relatively high re-
occlusion rate.
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INTRODUCTION occur because of primary thrombosis of the filters or
physical capture of large emboli.>* The occlusion of filter-
bearing IVC can result in severe limb pain, severe lower
extremity swelling, venous claudication, and even refractory
venous ulceration. Open venous femorocaval bypass with
expanded polytetrafluoroethylene (ePTFE) grafts, previously
the only option for symptomatic IVC occlusion, is chal-
lenging, has a relatively low graft patency, and is only
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Inferior vena cava (IVC) filters are commonly used for pre-
vention of pulmonary embolism (PE) in patients with acute
deep venous thrombosis (DVT) who cannot be treated
with anticoagulation because of an unacceptable risk of
bleeding.”* However, occlusion of a filter-bearing IVC can
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iliofemoral vein and IVC is a minimally invasive intervention
that has proven effective and safe over the last decade,®’
stent placement for chronic occlusion of a filter-bearing
IVC has been thoroughly described only by Neglén et al.,®
in addition to a few case reports.” '* The safety and
feasibility of stent placement for chronic occlusion of a
filter-bearing IVC has not been fully ascertained. In 2010,
endovascular treatment for chronic occlusion of a filter-
bearing IVC was implemented at the study institution, and
this alternative approach has gradually become the single
treatment of choice in patients with failed conservative
therapy. This study reports experience with stent placement
to manage chronic occlusion of a filter-bearing IVC in pa-
tients with severe symptomatic post-thrombotic syndrome
(PTS), including clinical characteristics, technical details,
clinical effects, short-term stent patency, and complications.

METHODS

Patient selection

This retrospective study included consecutive patients who
underwent attempted stent placement for chronic occlusion
of a filter-bearing IVC at a single institution from January
2010 to December 2014. Duplex ultrasound and venous
computed tomographic (CT) angiography were performed in
PTS patients with previous IVC filter implantation to identify
potential occlusion of the filter-bearing IVC (Fig. 1). Venog-
raphy and duplex ultrasound were also conducted to map
the patency of the femoral vein and popliteal vein to deter-
mine the puncture sites. All limbs were classified using the
CEAP (clinical, etiological, anatomic, pathophysiological)
classification based on duplex ultrasound scanning and
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clinical symptoms.'® Patients with mild or moderate PTS
(Villalta score <15) were treated with conservative therapy
such as compression stockings or venoactive drugs,'* and
only in those patients with severe PTS (Villalta score >15)
were attempts made at recanalization and stent placement.
This indication was also applied to patients with in-stent re-
occlusions. All patients provided written informed consent,
and approval was obtained from the hospital ethics
committee.

Stent placement procedure

An ipsilateral femoral vein or common femoral vein was
selected as the first puncture site if it was not occluded;
otherwise, a popliteal vein could be used as the puncture
site. After vein puncture was successfully achieved, heparin
sodium (80 1U/kg) was administered to achieve an activated
clotting time of 250—300 s in all patients. Details of the
balloon angioplasty and stent placement procedure have
been described in detail before.® ® Briefly, a straight stiff
0.035-inch hydrophilic guide wire (Terumo Medical Corpo-
ration, Somerset, NJ, USA) was directed through the oc-
clusion of the iliofemoral vein under the guidance of a
matched multipurpose catheter or angled-tip catheter (MP
Al; Cordis Corporation, Miami Lakes, FL, USA; TrailBlazer;
ev3 Endovascular, Inc., Plymouth, MN, USA). Then, the guide
wire was used to track along the IVC centrally until the
occlusion of the filter-bearing IVC had been crossed. The
progress of recanalization by guide wire and catheter was
checked by intermittent oblique images and venography to
ensure that the guide wire followed the iliocaval vein
anatomically through the pelvis (Fig. 2A—D).

Figure 1. Venous CT angiography showing the chronically occluded filter-bearing IVC (arrow).
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Figure 2. (A) Anterograde venogram showing the chronic total occlusion of the iliac vein with numerous collateral veins. (B) Venous
venography showing some branches that could demonstrate the catheter proceeding across the occluded iliac vein and being in the
occluded filter-bearing IVC. (C) Venographic examination from the catheter was conducted to ensure that the catheter tip was located
within the lumen of the inferior vena cava. (D) Stent venoplasty was performed for the diseased limb and the filter-bearing IVC.

Bilateral iliofemoral vein occlusions were treated simul-
taneously with “double-barrel” stenting. After bilateral
guide wires were placed in the IVC, balloon venoplasty was
performed with a “kissing balloon” technique and then two
self-expandable stents (Wallstent; Boston Scientific

.

Corporation, Natick, MA, USA; Luminexx; Bard, Austin, TX,
USA) were inserted and released side-by-side in the IVC
simultaneously (Fig. 3A). After stent deployment, the
bilateral stents were dilated simultaneously. In contrast, in
patients with bilateral iliofemoral vein occlusion who were

Figure 3. (A) A double-barrel stent technique was performed using two parallel stents covering the IVC filter and both iliofemoral veins (the
end of the stent in the left lower extremity is indicated by the white arrow). (B) A fenestrated stent technique was performed using one
stent placed through the fenestration of the contralateral stent (the end of the stent in the right lower extremity and the position of the
fenestration are indicated by the black arrow and white arrow, respectively).
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treated in a staged manner (inverted Y-fenestrated stents),
a low-profile balloon was placed over the guide wire
crossing the previously deployed stent (Wallstent; Boston
Scientific Corporation) and inflated, creating a small fenes-
tration in the side of the stent. After sequential balloon
dilation with larger, high-pressure balloons (Mustang, Bos-
ton Scientific, Corporation; 120 mm in length, 40—120 mm
in diameter and 20 ATM of pressure), the contralateral iliac
stent was deformed and a larger opening was created. A
stent (Luminexx; Bard) with a diameter of 14 mm and a
length of 120 mm was then inserted over the guide wire
through the fenestration, across the outflow of the previ-
ously inserted stent (Fig. 3B). In patients with severe PTS in
a single lower extremity, stents were placed from the top of
the IVC filters to the unilateral iliofemoral vein (Fig. 2A—D).

After stent placement, all patients received 4100 IU
nadroparin (Fraxiparine, GlaxoSmithKline, Brentford, UK)
every 12 h for 3—5 days and a therapeutic dosage of
warfarin (international normalized ratio 2—3) for life after
discharge.

Study definitions and follow-up

Technical success was defined as recanalization with
anterograde flow and <30% residual stenosis after stent
placement.” The degree of pain was assessed using a visual
analog scale (VAS) ranging from 0 to 10, and VAS >5 was
defined as severe pain.'® Preoperative local ulcer care
methods were continued after intervention until healing.
Ulcer healing was defined as complete epithelialization.
Complications were classified as major and minor based on
Society of Interventional Radiology (SIR) standards.’” All
patients were followed routinely in the first month, and
were scheduled to return every 3 months during the first
year, and then annually after treatment. Follow-up imaging
was primarily performed using duplex ultrasound scanning.
All patients underwent at least one attempt at venous CT
angiography to assess the filter penetration, with six pa-
tients undergoing additional ascending venography because
adequate imaging of stent patency was difficult with ul-
trasound and venous CT angiography. Preoperative and
postoperative evaluations were performed using the Villalta
scale.” Patients were also asked to complete Venous
Insufficiency Epidemiologic and Economic Study (VEINES)
questionnaires,*® including VEINES quality-of-life question-
naire (VEINES-QOL) and VEINES symptoms questionnaire
(VEINES-Sym) pre-operatively and repeated postoperatively
at each follow-up visit. The most recently completed ques-
tionnaire for each patient was used to assess the outcome.

Data collection and statistical analyses

At each patient visit, all clinical data and clinical outcomes
were entered into a time-stamped database for subsequent
analysis. Individual data are presented as median with
range and proportions. Primary and secondary patency
rates, and the cumulative rate of ulcer healing were esti-
mated using the Kaplan—Meier method with a log-rank
test. SPSS version 22.0 (SPSS, Inc., Chicago, IL, USA) was
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used for statistical analyses. A chi-square test was used to
compare symptoms before and after stent placement. Dif-
ferences of p < .05 were considered to be statistically
significant.

RESULTS

Patient characteristics

The overall recanalization success rate was 95% (24 of 25
patients at risk). The cause of technical failure in the single
patient with failed angioplasty was an inability to cross the
occluded filter-bearing IVC, and the patient was treated with
graduated compression stockings (23—32 mm Hg). In total,
24 patients (17 male) with severe PTS associated with
chronic occlusion of a filter-bearing IVC were successfully
treated by stent placement. The median age was 56 years
(range 29—80 years). All patients had chronic occlusion of a
filter-bearing IVC with involvement of one or both iliofemoral
veins. The demographic and clinical profiles of the patients,
including the types of the filters, and the interventional and
re-interventional techniques in this study are summarized in
Table 1. All IVC filters had been placed in the patients in
attempts to prevent pulmonary embolism potentially
resulting from proximal DVT. The median time from previous
filter implantation to the procedure was 6 years (range 1—11
years). There were 15 Optease filters (Cordis, Miami, FL,
USA), and nine Vena Tech filters (B. Braun, Melsungen, AG,
USA) placed. The CEAP classification of the affected limbs
before procedures is summarized in Table 2.

Procedure

There were twenty-one patients with bilateral involvement
of the lower extremities and three patients with involve-
ment of a single lower extremity. Nineteen patients with
IVC filter and bilateral iliofemoral occlusions were treated
by “double-barrel” stents, and two patients by inverted Y-
fenestrated stents. The remaining three patients with se-
vere PTS in a single lower extremity were treated by stent
placement of the unilateral iliofemoral vein and IVC filter.

Stent patency

After angioplasty and stent deployment, all patients had
follow-up visits. There were no cases of early in-stent-
thrombosis (thrombosis within 30 days after stent place-
ment) in the present study. The cumulative primary and
secondary patency rates at 1 year, and 2 years were 67%
and 91%, and 45% and 77%, respectively (Fig. 4A). Re-
occlusion of the treated lesions occurred in 10 patients
(20 limbs). The symptoms of four patients (eight limbs) with
re-occluded stents were treated with graduated compres-
sion stockings without clinical impairment. These four pa-
tients had ulcerations in the lower extremities before stent
placement, and the ulcerations healed without recurrence
during the follow-up, even when stents were found to be
re-occluded. Repeat intervention was successfully per-
formed in the remaining six patients (12 limbs), the tech-
niques used are listed in Table 1.
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Table 1. Demographic characteristics and stent techniques.
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74
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Type of
filter
Optease
Optease
Optease
VenaTech
Optease
VenaTech
Optease
Optease
VenaTech
VenaTech
Optease
Optease
Optease
VenaTech
Optease
VenaTech
Optease
Optease
VenaTech
Optease
Optease
VenaTech
Optease
VenaTech

Stent Primary stent Re-intervention  Secondary stent
technique patency (months) (technique) patency (months)
DBS Patency (37)°

DBS Patency (31)

DBS Re-occlusion (7)° NO

DBS Re-occlusion (3)°  CDT-PTA Patency (19)
FS Patency (19)

DBS Patency (6)

FS Re-occlusion (5) CDT+PTA Patency (12)
DBS Re-occlusion (11) PTA+stent Patency (21)
DBS Patency (12)

DBS Patency (12)

DBS Re-occlusion (13) NO

DBS Re-occlusion (16) PTA Patency (25)
Unilateral  Patency (15)

DBS Re-occlusion (9) PTA+stent Patency (21)
DBS Patency (22)

Unilateral  Patency (10)

DBS Re-occlusion (16) NO

DBS Patency (4)

Unilateral  Patency (22)

DBS Re-occlusion (8) NO

DBS Patency (28)

DBS Patency (11)

DBS Re-occlusion (11) CDT+PTA Patency (19)
DBS Patency (6)

CDT = catheter-directed thrombolysis; DBS = double barrel stents; FS = fenestrated stents; history = duration since IVC filter insertion;

PTA =

percutaneous angioplasty.

? The stents were patent at 37 months during the follow-up.
® The in-stent re-occlusion occurred at 7 months during the follow-up, and no re-intervention was performed.

¢ The in-stent re-occlusion occurred at 7 months during the follow-up, and the re-intervention (CDT++PTA) was performed to recanalize the
in-stent re-occlusion, and the stents were patent at 19 months during the follow-up.

Table 2. Overview of CEAP classification for the study population

based

on diseased limbs.

Clinical class

Cc2
C3
C4
C5
Cé

Anatomical class
Deep
Deep/superficial
Deep/perforator
Deep/superficial/perforator
Pathophysiological class
Obstruction
Obstruction/reflux

Deep reflux
Superficial reflux
Perforator reflux
Deep/superficial reflux
Deep/perforator reflux
Superficial/perforator reflux
Deep/superficial/perforator
reflux

Left limb
(n = 23)

(0%)
(4.3%)
(13.0%)
(17.4%)
15 (65.2%)

0
1
3
4

4 (17.4%)
14 (60.9%)
0 (0%)

5 (21.7%)

3 (13.0%)
20 (87.0%)
1 (5.0%)

5 (25.0%)
0 (0.0%)

9 (45.0%)
0 (0.0%)

2 (10.0%)
3 (15.0%)

@ Both these two patients had severe limb pain.

Right limb
(n = 22)

2 (9.1%)°
5 (22.7%)
6 (27.3%)
1 (4.5%)

8 (36.4%)

5 (22.7%)
7 (31.8%)
1 (4.5%)

9 (40.9%)

4 (18.2%)
18 (81.8%)
1 (5.6%)

4 (22.2%)
1 (5.6%)

2 (11.1%)
1 (5.5%)

6 (33.3%)
3 (16.7%)

Clinical outcome

In follow-up sessions conducted at a median period of 27
months (range 3—55 months), quality-of-life questionnaires
were completed by 24 patients, with the median scores of
VEINES-QOL and VEINES-Sym improving from 40 (range 38—
44) and 40 (range 30—43) to 50 (range 43—54) and 49
(range 42—54), respectively. The Villalta scale was used to
analyze the severity of PTS in 45 limbs (24 patients, bilateral
limbs in 21 patients and unilateral limb in 3 patients). The
median score of Villalta scale decreased from 22 (range 4—
33) pre-procedure to 8 (range 0—14) post-procedure in the
left lower extremities and from 17 (range 5—30) to 8 (range
5—13) in the right lower extremities. Active ulcers were
present in 23 limbs, and the cumulative recurrence-free
ulcer-healing rates at 1 year and 2 years were 81% and
73% at the follow-up evaluation (Fig. 4B). There were 17
limbs with severe pain (VAS >5), and the cumulative rate of
complete relief was 77%, with median VAS score decreasing
from 7 (range 1—10) pre-procedure to 3 (range 0—7) post-
procedure. Severe swelling (grade 3) was present in 32
limbs, and the cumulative relief rate was 84%.

Complications

All patients tolerated the procedure well, and no major com-
plications were encountered. Specifically, no perioperative
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Figure 4. (A) Cumulative primary and secondary patency rates
after stent placement for chronically occluded filter-bearing IVC
(the lower numbers represent limbs at risk at each time interval
and all SEM is <10%). (B) Cumulative ulcer healing rates in pa-
tients with venous ulcers after stent placement (the lower
numbers represent limbs at risk at each time interval and all SEM
is <10%).

deaths or symptomatic PE occurred. There was no clinically
apparent procedure-related bleeding, and no access compli-
cations requiring intervention, and no filter perforation
occurred during follow-up of venous CT angiography. Minor
complications (SIR grade A) occurred in 13 patients (54%),
including back pain after the procedure in 11 patients (46%),
venous perforation in six patients (25%), and both complica-
tions in four patients. Back pain occurred after stent place-
ment, but the symptoms were self-limiting, and no patients
required hospitalization or additional medical therapy. Venous
perforation was resolved in all cases without sequelae after
balloon angioplasty and stent placement for the occluded
filter-bearing IVC.

DISCUSSION

This retrospective study investigated the technical success
and clinical effectiveness of stent placement for managing
chronic occlusion of a filter-bearing IVC. Endovascular
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stenting was found to be effective, with high levels of
technical success, clinical symptom improvement, and
acceptable short-term patency rate.

The effectiveness of stent placement for chronic occlu-
sion of a filter-bearing IVC has been evaluated from the
limited literature available. Neglén et al.® reported cumu-
lative primary and secondary patency rates at 54 months of
32% and 75%, respectively, in 25 patients. In the present
study, the primary and secondary cumulative stent patency
rates after 2 years were 45% and 77%, respectively,
consistent with the results reported by Neglén et al.®
However, no postoperative (<30 days) thrombotic occlu-
sion of the stent system was observed in the present study,
compared with a rate of 12% in the Neglén study. In addi-
tion, the most common types of filters used more than a
decade ago are not the same types as used currently. In the
study reported by Neglén,® the most commonly used filters
were Greenfield and Recovery G2 (70%). In our study, the
results showed that stent placement was also a safe and
feasible method of managing chronic occlusion of IVC filters
of Optease (73%) and Vena Tech (38%). Recently, similar
studies have also been reported by Arabi et al.'* and
reviewed by Sildiroglu et al.,*® but, unlike in the current
case, most of the patients with acutely or subacutely
thrombosed filter-bearing IVCs in these other studies were
treated by catheter-directed thrombolysis or pharmaco-
mechanical thrombolysis before stent placement.

Occlusion of IVC is a serious complication after IVC filter
implantation. However, the precise incidence of filter-
bearing IVC occlusion is unclear as some patients with
segmental occlusion are asymptomatic.® The reported
incidence ranges from 2% to 30%.°° If acute symptomatic
IVC occlusion is identified, early thrombus removal using
techniques such as catheter-directed thrombolysis and
pharmacomechanical thrombectomy, combined with stent
placement through an occluded IVC filter, has been shown
to be safe and effective.'®?' However, recanalization of
chronic occlusion of a filter-bearing IVC is challenging.

The two types of filter used in this study are not the only
types that can become occluded, but are the most
commonly used in China. A comparison performed between
limbs stented for recanalized occlusions with or without IVC
filters showed no significant difference in cumulative pri-
mary and secondary patency rates,® indicating that the
presence and the type of filters did not affect the outcome.
However, insertion of retrievable IVC filters, which are not
removed is associated with a higher incidence of IVC
thrombosis and recurrent DVT, and is related to more se-
vere PTS, including venous ulcers.>”> Complications associ-
ated with IVC filters prompted the US Food and Drug
Administration to issue an alert that retrievable IVC filters
should be removed once the risk of PE has been resolved.

Two stent placement techniques were used in this study,
including “double-barrel” stents and fenestrated stents.
Presently, no Y-fenestrated stents are commercially avail-
able for IVC lesions such as abdominal aortic disease, but
inverted Y-fenestrated stents were used in the present
study. Most patients with chronic occlusion of filter-bearing
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IVCs were treated simultaneously in this study, so the most
common technique used was “double-barrel” stents. Only a
few inverted Y-fenestrated stents were used in this study,
principally because of the limited number of patients who
were treated in a staged manner. Previous authors have
reported several techniques used in reconstruction for
iliocaval occlusion,?*** and suggest that the “double-barrel”
stent technique is superior with a higher stent patency.
Given the limited cases and observational studies, it is
difficult to draw a strong conclusion about which technique
is best. The inverted Y-fenestrated technique required pur-
poseful fracturing of the contralateral iliac stent, which
increased the risk of complications such as balloon rupture
and subsequent entrapment of devices.”> However, in the
present study, in the two patients treated by inverted Y-
fenestrated stents, no balloon rupture or device entrap-
ment occurred.

During the procedure, the filter must be displaced side-
ways or remodeled by repeated high-pressure balloon
dilation to allow stent placement and re-dilation after stent
placement to avoid recoil, which may cause filter perfora-
tion or deformation.® Filter perforation is the complication
of greatest concern after balloon angioplasty and stent
placement for occlusion of filter-bearing IVC. Fortunately,
no filter perforation occurred during follow-up of venous CT
angiography in the present study, possibly because of the
types of filter used. The risk factors for IVC filter penetration
are not well understood. However, the data suggest that
conically shaped filters with free struts have a higher fre-
quency of penetration, whereas filters without free struts
have a lower reported rate of penetration.”” As reported in
a review published recently,® of 322 cases of IVC sur-
rounding structure penetration, 87% of these were caused
by conical filters, with only 4% of the cases attributed to
non-conical shaped filters. The Optease and Vena Tech fil-
ters, rhomboid in structure without any free struts/cones
such as in Celect and Simon Nitinol filters, are deformed
rather than broken during balloon dilating and stenting.

In conclusion, stent placement is a safe and feasible
method of managing chronic occlusion of a filter-bearing
IVC. Stent placement alleviates the clinical symptoms and
results in acceptable stent patency rates in the short term.
However, intense surveillance after stent placement is
essential because of relatively high re-occlusion rate.
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