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Background: Various vena cava filters (VCF) are designed with 
the ability to be retrieved percutaneously. Yet, despite this 
option most of them remain in the inferior vena cava (IVC). 
objectives: To report our experience in the placement and 
retrieval of three different types of VCFs, and to compare the 
indications for their insertion and retrieval as reported in the 
literature.
methods: During a 5 year period three types of retrievable VCF 
(ALN, OptEase, and Celect) were inserted in 306 patients at 
the Rabin Medical Center (Beilinson and Hasharon hospitals). 
Indications, retrieval rates, median time to retrieval, success 
and complication rates were viewed and assessed in the three 
groups of filter types and were compared with the data of 
similar studies in the literature.
results: Of the 306 VCFs inserted, 31 (10.1%) were retrieved 
with equal distribution in the three groups. In most patients 
the reason for filter insertion was venous thromboembolic 
events (VTE) and contraindications to anticoagulant therapy. 
Mean age was 68.38 ± 17.5 years (range 18–99) and was noted 
to be significantly higher compared to similar studies (53–56 
years) (P < 0.0001). Multi-trauma patients were significantly 
older (71.11 ± 14.99 years) than post-pulmonary embolism 
patients (48.03 ± 20.98 years, P < 0.0001) and patients with 
preventive indication (26.00 ± 11.31, P < 0.0001). The mean 
indwelling time was 100.6 ± 103.399 days. Our results are 
comparable with the results of other studies, and there was 
no difference in percentage of retrieval or complications 
between patients in each of the three groups. 
conclusions: In 1 of 10 patients filters should be removed 
after an average of 3.5 months. All three IVC filter types used 
are safe to insert and retrieve.
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aBstract:

KeY words:

cava (IVC) filters reduce the risk of new or recurrent PE in 
those with VTE [5,6]. Anticoagulation remains the treatment 
of choice for VTE, although its use is limited in cases of recent 
trauma, unsuccessful previous anticoagulant treatment or 
patient’s non-compliance [7]. 

It is commonly accepted among clinicians that insertion 
of IVC filters is a safe, effective and time-approved procedure, 
and their use is constantly increasing [8]. However, there are 
insufficient clinical data on the efficacy of prophylactic vena 
cava filter (VCF) insertion and retrieval, including in trauma 
patients [2,9,10]. 

The aim of the present study was to describe the current use 
of different types of retrievable IVCFs in a large tertiary center 
in Israel; to compare their efficacy, safety, time to retrieval and 
complication rate, as well as to compare the clinical outcomes 
with reported data from equivalent hospitals.

patients and methods

We conducted a retrospective study, approved by our medical 
center institutional review board, in which we reviewed medi-
cal records and radiologic images of patients who underwent 
VCF insertion and retrieval in two hospitals (Beilinson and 
Hasharon) of the Rabin Medical Center, a tertiary facility. 
From January 2009 to December 2013, 334 such patients were 
identified. Twenty-five were excluded because of incomplete 
data. An additional two patients underwent filter placement in 
the superior vena cava, and in one patient VCF insertion was 
performed in a different hospital and only the retrieval attempt 
was done in our hospital. 

A total of 306 IVC temporary filters were inserted in the 
study patients, and of them, 31 were retrieved. Most of the pro-
cedures and all multi-trauma VCF placements were performed 
in Beilinson Hospital and the remainder in Hasharon Hospital: 
276 (90.2%) and 30 patients (9.8%) respectively. Follow-up of 
the patients and the treatment results were based on the medi-
cal files and the imaging data in both hospitals. 

patient selection and data collection

Patients referred for VCF placement were divided into three 
groups according to indications for the procedure: (i) patients 

v enous thromboembolism (VTE) is a common medical 
pathology with a reported incidence in the United States 

of 69–422 per 100,000 [1-3]. Untreated patients may develop 
pulmonary embolism (PE) in up to 40% of all patients with 
proximal deep vein thrombosis (DVT) [1,2,4]. Inferior vena 
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with VTE and contraindications for medical treatment, 
failure of anticoagulant therapy or complications from such 
treatment, (ii) multi-trauma patients, and (iii) patients with 
prophylactic indications (such as pregnant females with known 
history of DVT and high risk of thromboembolic events, and 
females with tibia fracture and clinical suspicion of PE). 

The clinical data included gender, age, clinical diagnosis, 
indications for IVC filter insertion, filter types, median time 
to retrieval, and complications. Radiologic data included 
angiographic evaluation prior to filter insertion, ultrasound 
examination according to the recommendation of the treat-
ing physician, and computed tomography for patients requir-
ing clinical and radiologic follow-up for any reason.

Filter tYpes and placement technique

Three types of VCF filters from different vendors were used: 
Celect™ (Cook, USA), ALN™ (ALN Implants, France) and 
OptEase™ (Cordis, The Netherlands). All filters were inserted 
under fluoroscopic guidance in the angiography suites via the 
right common femoral or the right internal jugular vein accord-
ing to vein patency, access availability and individual operator 
selection. Prior to the insertion procedure, all available cross-
sectional images were reviewed for evaluation of IVC patency 
and size, location of the renal veins, and assessment of access site 
anatomy and patency. The preferred target landing zone was the 
juxta-infrarenal IVC to reduce the risk of thrombi accumulation 
below the renal veins and above the filter, and to avoid caval 
filter occlusion and possible thrombus dislodgement facilitated 
by the patent renal vein flow. 

If patients had no further need of the VCF and the IVC 
was patent, these patients were referred for retrieval. All filter 
retrievals were performed under local anesthesia via the right 
jugular vein for the Celect and ALN filters since their retrieval 
hooks are located in the cranial end. The OptEase filters were 
accessed via the femoral vein route as their hook is located in 
the caudal part.

statistical analYsis

Data analysis was carried out using SPSS 21.0 statistical analysis 
software (IBM Inc, Chicago, IL). Normality of continuous vari-
ables distribution was assessed using the Kolmogorov-Smirnov 
test (cutoff at P = 0.01). Continuous data are described as mean 
± standard deviation while nominal data are described using fre-
quency counts and are presented as n (%). Associations between 
filter retrieval and, separately, indication, and each of the other 
variables were assessed using the chi-square test, exact as appro-
priate. Age was compared by indication using one-way analysis of 
variance (ANOVA) followed post hoc by Bonferoni’s test. Age was 
compared by retreival using the t-test for independent samples. 
Retreival was modeled using logistic regression analysis, and odds 
ratios (OR) with 95% confidence intervals (CI) were estimated. 
All tests were two-sided and considered significant at P < 0.05.

results

The patients’ mean age was 68.38 ± 17.5 (range 18–99), which 
was significantly higher than reported by other study groups 
(53–56 years) [8,10-14]. One-way analysis demonstrated that 
age differed significantly by indication (P < 0.0001 across the 
three indications for the procedure). In post hoc pair-wise 
comparisons, patients with polytrauma were significantly older 
(71.11 ± 14.99 years) than patients with post-PE (48.03 ± 20.98 
years, P < 0.0001) and patients with a preventive indication for 
filter insertion (26.00 ± 11.31, P < 0.0001). Post-PE patients 
and those who had undergone a preventive procedure did not 
significantly differ from one another in age (P = 0.166, NS).

The three types of retrievable IVCFs were Celect™ (Cook), 
ALN™ (ALN Implants) and OptEase™ (Cordis). Their use 
was random, according to the operator’s experience. ALN fil-
ters were used in 51.3%, Celect Cook in 27.8%, and OptEase 
in 20.9% [Table 1]. 

Most of the VCF insertions were performed in patients 
presenting with VTE and contraindications to anticoagulant 
therapy, failure of the therapy, or complications resulting from 
such treatment (88.2%). Of all the patients 10.8% were multi-
trauma patients with high risk for PE events. Prophylactic VCF 
insertion was performed in only 0.7% of all insertions [Table 2]. 

One technical failure occurred during the insertion pro-
cedure: namely, filter migration into the renal vein that was 
noticed during insertion (Celect). The filter was retrieved and 
replaced by an ALN filter during the same angiography ses-
sion. In another patient the filter tilted in the renal vein (ALN). 
The filter was left in place without further intervention; it was 
not removed later based on our knowledge that despite the tilt, 

table 1. Filter types and retrieval rates

aln™ cook celect™ optease™ all types

absolute % absolute % absolute % absolute %

non-retrieved 139 88.5 78 91.8 58 90.6 275 89.9

Retrieved 18 11.5 7 8.2 6 9.4 31 10.1

All inserted 157 51.3 85 27.8 64 20.9 306 100

table 2. Indications for filter insertion

indications Frequency %

Post-PE* 271 88.6

Multi-trauma 33 10.8

Preventive** 2 0.7

Total 306 100.0

*Venous thromboembolic events, including patients with recurrent deep vein thrombosis or post-
pulmonary embolism (PE), and oncologic patients with contraindication to anticoagulation therapy
**Including two patients: one pregnant woman with high risk of thromboembolic event and family 
history of antiphospholipid antibody syndrome, and one female patient before elective orthopedic 
surgery with suspected previous fat embolism that was not proven radiologically
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a filter [6]. However, there are insufficient clinical data on the 
efficacy of prophylactic VCF insertion and retrieval, including 
in trauma patients [2,9,10].

Several complications have been reported. These include 
filter migration, especially in large IVC; limb penetration of 
the filter through the IVC into the surrounding tissue result-
ing in adjacent organ injury; severe tilt causing failure of filter 
retrieval; filter fracture; and caval occlusion due to thrombi 
accumulation within the filter’s struts [3,10,15]. Still, the rates 
of these complications are very low when weighed against 
their efficacy, justifying the VCF insertions [7]. 

No major or minor complications during insertion and 
retrieval were noted, validating its safety for both insertion 
and extraction. Furthermore, our age group was older by one 
decade than reported in the literature [8,10-13], and still we 
found no increase in complication rates. 

Although the mean indwelling time was slightly longer 
than noted in the manufacturer’s recommendations, we found 
that the extra indwelling time did not increase the number of 
retrieval failures or cause delayed thrombus formation.

Our results do not point to any one of the three types 
of VCF as being superior. The low retrieval rate of 10.1% is 
similar to other medical reports [3], although some clinics 
reported higher rates of up to 59% [20]. The low numbers of 
prophylactic insertions are not different from other reports 
and a large prospective study is needed to evaluate its efficacy. 

This research has several limitations: the study was retrospec-
tive and therefore limited by patient selection bias; the selection 
of filters was random and the rate of retrievals was low. However, 
the strengths of the present study include the use of several filter 
types, the demonstration of long-term safety and efficacy of the 
modern use of retrievable IVCFs, and the availability of clini-
cally relevant data regarding outcomes and complications for 
most patients over a significant follow-up period.
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Recent data have shown that the Bacille Calmette-Guérin (BCG) 
vaccine reduced the risk for tuberculosis after 40 years of 
vaccination, suggesting the vaccine may be more cost-effective 
than previously estimated. “This finding could be relevant if 
countries revise their BCG vaccination policies in response to 
changing tuberculosis epidemiology, especially in low-incidence 
countries,” Patrick Nguipdop-Djomo, from the Department of 
Infectious Disease Epidemiology at the London School of 
Hygiene & Tropical Medicine, and colleagues wrote. BCG is 
one of the most common vaccines; however, the duration of 
vaccine effectiveness is unclear, according to Nguipdop-Djomo 
and colleagues. Results from a prior study of American Indians 
and Alaska Natives demonstrated significant BCG effectiveness 
up to 40 years after vaccination; however, the findings have 
not been confirmed in other trials. A systematic review 
conducted in 2012 found that BCG was effective against TB 
for 10 to 15 years. The investigators concluded the vaccine 
was 60% (95%CI 37–74) effective for less than 5 years, 56% 
(95%CI 17–76) effective between 5 and less than 10 years, and 
46% (95%CI 18–64) effective for up to 15 years. In addition, 
three observational studies observed persisting but waning 
patterns of BCG protection up to 20 years after vaccination. 
For the current retrospective study, they evaluated TB 
incidence in Norwegians who accepted or declined the BCG 
vaccine during a mass TB screening and vaccination program 
from 1962 to 1975. The participants were followed until 31 
December 2011 or until their first TB diagnosis, emigration or 
death. Results were adjusted for age-specific TB risk as well 
as demographic and socioeconomic factors. Median follow-
up was 44 years for vaccinated participants (n=297,905) 

and 41 years for unvaccinated participants (n=83,421). TB 
rates were 3.3 (95%CI 2.7–4) per 100,000 person-years in 
unvaccinated participants vs. 1.3 (95%CI 1.1–1.5) per 100,000 
person-years in vaccinated participants. The vaccine was 
49% (95%CI 26–65) effective after 40 years of vaccine receipt 
(adjusted HR 0.51, 95%CI 0.35–0.74); however, the findings 
were not significant after 20 years, the researchers wrote. 
They performed a sensitivity analysis to exclude participants 
who developed TB after 2 years of vaccination and may have 
been infected before receiving the vaccine. BCG was 61% 
(95%CI 24–80) effective up to 9 years, 58% (95%CI 27–76) 
effective between 10 and 19 years, 38% (95%CI -32 to 71) 
effective between 20 and 29 years, and 42% (95%CI -24 to 73) 
effective after 30 to 40 years. For pulmonary TB, the vaccine 
was 57% (95%CI 8–80) effective up to 9 years, 63% (95%CI 
32–80) effective between 10 and 19 years, 50% (95%CI -19 to 
79) effective between 20 and 29 years, and 40% (95%CI -46 to 
76) effective between 30 and 40 years. “The vaccine seemed 
to reduce the risk of pulmonary tuberculosis, the infectious 
form of the disease, more than it did of all tuberculosis,” 
Nguipdop-Djomo and colleagues wrote. “Our results are 
consistent with long-lived BCG-derived immunity, adding to the 
evidence that BCG vaccination of individuals not yet infected 
by (Mycobacterium tuberculosis) infection itself nor sensitized 
by environmental mycobacteria might confer some protection 
against tuberculosis for at least 20 years.”

http://www.healio.com/infectious-disease/respiratory-infections/news/ 
online/%7B6d0d5d67-b5ec-4834-a0de-f93539fb215c%7D/bcg-

vaccine-demonstrates-long-lasting-effectiveness
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