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Abstracts The purpose of this study is to compare IVC Celect and ALN filters in regard to their 

efficacy, retrievability, and 1-year follow-up after retrieval. Materials and Methods: This is a pro-

spective randomized study, conducted in three centers between April 2020 and May 2021. A total 

of 115 participants were randomized, of which 15 participants were excluded for various reasons. 

Each group of 50 participants was finally assigned a type of filter (Celect n= 50 and ALN= 50). Tilt 

angles at placement and retrieval together with rates of overall filter retrieval,  complications, com-

plex retrieval, and clinical follow-up at 12 months were compared. Results: One hundred partici-

pants (59 men and 41 women) were included. The mean age was 62.4±13.3 with no significant dif-

ferences between both groups (p 0.503). The mean of  dwelling time was 44.7±93 days. (p 0.520) 

Filter retrieval was successful in all participants (100%). The main complication in CT prior to re-

moval was inclination > 15º (31%) and filter tip embedment (16%). No significant differences were 

observed in the type of retrieval (standard or complex) between both filters (p 0.24); however, fluor-

oscopy time was significantly longer in the complex removal of the Celect filter 29.1±12 min vs 

17.5±10.3 (p 0.005). After one year, no recurrent pulmonary embolism was observed in both types 

of filters. Conclusion: The ALN filter had a significantly lower rate of tip and filter tip embedding 

with no differences in complexity or removal success rate. There were significant differences in the 

fluoroscopy time consumed for standard and complex retrievals between both filters with less time 

in the ALN filter 

Keypoints: The efficacy of the IVCF is similar in all models and the PE with filter is less than 2.5%; 

Filter Tilt and filter tip embedment are the most important factors in the difficulty of IVCF 
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extraction.; There are few differences in recoverability and safety between the different types of 

IVCF; FVCI and ALN do not show significant differences in efficacy; recoverability and safety 

Keywords: inferior vena cava filter; randomized study 

 

1. Introduction   

Venous thromboembolic disease (VTD) includes deep vein thrombosis (DVP) and 

pulmonary embolism (PE). VTE is a serious disease that affects 1-2 out of 1000 European 

citizens (1). The treatment of choice in VTD is systemic anticoagulant therapy that in-

cludes: heparin, low-weight heparins, warfarin, acenocoumarin, and the new oral antico-

agulants (2). When anticoagulation fails or is contraindicated, most clinical guidelines rec-

ommend implanting an inferior vena cava filter (IVCF) (3-5). 

Inferior vena cava filters can be permanent or temporary and recoverable. Currently, 

generally temporary and retrievable filter devices placed in the inferior vena cava are used 

(6-8). All types of filters can cause complications: IVC stenosis and obstruction, recurrent 

DVT, filter fracture, migration and penetration of the struts or hooks into the wall (9 ). 

Due to these complications, since 2010 the FDA (10,11) have warned about the need to 

withdraw IVCF between 29 and 54 days after implantation; once they were no longer clin-

ically necessary. 

There are few controlled prospective studies with limited clinical evidence regarding 

the efficacy and safety of retrievable filters (9).  

There are several models of recoverable filters on the market that are supposed to 

have the same safety in handling and similar recoverability on the market, however, there 

are few studies that compare the main characteristics of IVCF (12,13).  

The main objective of this study was to compare two IVCF’s available in our centers. 

For this purpose, a randomized study of the Celect and ALN filters was carried out in 

relation to efficacy at twelve months, safety (major complications), and filter recoverabil-

ity. 

2. Materials and methods 

2.1. IVCF indication 

According to the inclusion and exclusion criteria, following the recommendations of 

the guidelines (SIR and SIDI), all the indications were grouped into three main types of 

indications (14): 1. Contraindication for anticoagulation, 2. Prevention of high risk of pul-

monary embolism and 3. Recurrence of PE a despite correct anticoagulation. Table I, Table 

II. 

Table I. Baseline participant characteristics and filter release. BMI: Body Mass Index, IVC: Inferior 

vena cava, PE: Pulmonary Embolism, AC: Anticoagulation. 

Inclusion criteria Exclusion criteria 

VTD  with contraindication to AC Age < 18 years 

Recurrent VDT or PE during AC Uncontrollable coagulopathy 

Prevention of PE in high-risk patients Preexisting IVCF 

 Massive PE with thrombectomy or 

thrombolysis 

 Floating thrombus In ilicaval sec-

tor 

 PE with por reserve o right failure 

Preganancy 

 Suprarenal IVCF  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 January 2023                   doi:10.20944/preprints202301.0296.v1

https://doi.org/10.20944/preprints202301.0296.v1


VTD: Venous Thrombosis Disease, AC: Anticoagulants, PE: Pulmonar Embolism, IVCF: Inferior 

Vena Cava Filter. 

Table II. Inclusion and exclusion criteria. VTD: Venous Thrombosis Disease, AC: Anticoagulation, 

PE: Pulmonary embolism, IVCF: Inferior vena cava filter. 

Variable 
Celect filter 

(n=50) 

ALN           

(n=50) 
P value 

 Age years (mean, sd, range) 
62,8±12,  

range (29-85) 

63,7±12, 

range(29-87) 
0.503a 

Sex ( n , %) 

  Male 

   Female 

 

27 (52%) 

23 (46%) 

 

32(64%) 

18 (36%) 

0.313b 

BMI (mean, sd, range)  
 27,1±4,6,  

range 21-39) 

28,2±5,  

range ( 21,3-40) 
0.314a 

Indications (n, %) 

  Contraindication for AC 

  Prevention of  High risk of PE 

  Recurrence of PE despite correct AC 

 

18 (36%) 

25 (50%) 

7 (14%) 

 

23 (46%) 

20 (40%) 

7 (14%) 

 0.317c 

 IVC área (mm
2
, mean, sd, range) 

433,7±190,  

range (265- 878,2) 

377,9±150,  

range 282-813) 
0.945a 

Deep venous thormbosis (n,%): 

  IVC 

  Iliac vein 

  Femoral vein 

  Popliteal and infra-poplietal Vein 

 

2 (4%) 

28 (56%) 

35 (70%)  

23 (46) 

 

1 (2%) 

23 (46%) 

29 (58%) 

22 (44%) 

 

0.629b 

0.687b 

0.398b 

0.685b  

Filter immediately after release 

  Centered Filter 

  Tilted Filter 

  Filter repositioning 

  

41 (82%) 

9 (18%) 

9 (185) 

 

43 (86%) 

7 (14%) 

6 (12%) 

 

  

0.538b 

0.424b 

Venous pressure in IVC (mm Hg) 

  Basal venous pressure (mean, sd, 

range) 

  Valsalva venous pressure (mean, sd, 

range) 

  

 

12±2,4,  

range (10-19) 

 

44,4±9,9,  

range (25-69) 

 

 

12±2,1  

range (8-18) 

 

43,8±11,9, 

range(12-84) 

  

 

0.827ª 

 

 

0.613a 

Fluoroscopy time (mean, sd, range) 
9,9±1,1,  

range(5-29) 

7,8±4,3,  

range 3-15) 
0.380a 

a: Significance of Mann-Whitney U test; b: Significance of Chi Square test; c: Significance of Likeli-

hood-ratio test. 

2.2. Study design  

This is a prospective randomized study carried out in three centers center between 

April 2020 and May 2021. The study was approved by the  Research  Ethics  Committee 

of Aragon (CEICA (EC21/012). All participants signed the corresponding informed con-

sent. The inclusion criteria were patients over 18 years of age, with an indication for IVCF, 

in accordance with the guidelines approved by the following Societies: Society of Inter-

ventional Radiology (SIR), Spanish Society of Vascular and Interventional Radiology 

(SERVEI) and Ibero-American Society of Interventionism (SIDI). (4,5) Both the inclusion 

and exclusion criteria can be seen in Table I. The study participants were followed up in 
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the interventional outpatient clinic and it was scheduled to have the device withdrawn 30 

days after implantation. (15)  

2.3. Randomization and blinding  

The patients were enrolled in the study when the patients had a temporary filter in-

dication accepted by our group following the SIDI-SERVEI and SIR guidelines. The team 

epidemiologist generated a random allocation sequence using Research Randomizer Ver-

sion 4.0 (16) and a research collaborator assigned eligible patients to the ALN or Celect 

group.  

All patients were blinded to the device used. The performing radiologists were not 

blinded, but the interventional radiologists performing the clinical follow-up were 

blinded to group allocation. The Consolidated Standards of Reporting Trials (CONSORT) 

flow diagram shows the randomization and flow of participant evaluations throughout 

the trial. Figure 1 

 

Figure 1. Consolidated standards of reporting trials diagram. 

2.4. Sample Size  

Assuming that both filters are equally effective in preventing thrombus embolization, 

based on the experience of the research (14,17), the primary outcome (i.e., clinical success) 

was not used to calculate the sample size. Instead, sample size was determined by com-

puter software (18) (G*Power 3.1; Universität Kiel, Kiel, Germany) using fluoroscopy time 

regarding filter retrieval for ALN filters (18) and Celect filters (19) comparing the mean 

total procedure time for both methods (16 min ± 9 min vs 4.25 min ± 13.38). To detect the 

above-mentioned differences with an α error of .05 and 80% power using a 2-sided test, a 

total of 27 patients was considered in each group.  

2.5. Filter placement.  

All filters were implanted with right jugular access. Once in the jugular vein through 

a 5 Fr and 10 cm introducer sheath (Radiofocus Introducer II Standard Terumo. Japan), a 

0.035"  Teflon-coated guidewire was passed. A pig-tail catheter with distal holes of 5 Fr 
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and 90 cm long (UHF Merit USA) was passed through it. A cavography was performed 

to determine its permeability and the height of the renal veins. The filter was implanted 

2-4 cm below the renal veins. Two types of filters were used. 

The Celect IVC constructed of cobalt alloy with platinum markings measures 30x 

49mm and passes through a 7Fr catheter. It is a modification of the Gunther Tulip filter 

(Cook, Inc), compatible with MR, that was introduced for potentially retrievable use in 

March 2008 and has a conical shape with four primary struts and eight short secondary 

struts. It is manufactured by Cook Medical (Bloomington, Indiana USA). The ALN filter 

is made of stainless steel and is non-ferromagnetic. It was approved by the FDA for use 

as a retrievable filter in 2008, it has 6 anchoring struts and 3 stabilization struts. It measures 

59 X 30 mm. It passes through a 7 Fr catheter. It is manufactured by ALN Implants Chi-

rurgicaux Borme les Mimosas France. Figure 2 

 

Figure 2. Types of filters compared in the trial. 

2.6. Filter retrieval  

In all cases, prior to  IVCF retrieval, a CT angiography of the chest and abdomen was 

performed to assess the evolution of the pulmonary embolism and the location, morphol-

ogy and possible thrombosis of the filter or in the IVC. 

IVCF recovery was performed in the interventional operating room, using aseptic 

measures, and always through the right jugular vein. Through a 5 Fr introducer 

cavography was performed with a 5 Fr pig-tail catheter (UHF Merit USA). 

Attempts were made to initially remove all IVCF with the same type of recovery sys-

tem (filter removal set Cook Medical, Bloomington. USA). For this purpose, the 11 Fr 

sheath included in the standard removal set (Cook Medical) was passed over the guide 

and the retrieval loop was passed coaxially to the sheath. In cases where it was impossible 
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to remove the IVCF, the attempt was repeated with a new device or a different strategy 

(e.g., using simultaneous jugular and femoral access, balloons, loops or forceps). After 3 

failed attempts, it was left as a permanent IVCF and the patient was kept anticoagulated. 

2.7. Outcome Measures 

The complexity of filter recovery was the primary endpoint of the study. Complex 

recovery was defined as that in which a technique or device other than the standard had 

to be used (11 Fr loop and sheath). Other secondary endpoints were the complications 

observed in the imaging studies: filter tilt, migration, filter fracture, and significant intra-

filter thrombosis. The recurrence of PE during the filter indwelling time and also IVCF 

indwelling time were studied. According to Kleedehn M et al (20), we do not consider the 

penetration of the legs (> 3mm into the wall), nor the inclination of less than 15º, nor mi-

gration as a cause of complexity to remove the IVCF. However, it is considered as a cause 

of increased complexity when the inclination > 15º with fixation of the hook to the wall of 

the IVC as well as the time of permanence of the IVCF. 

In cases of large intrafilter thrombus or vein thrombosis, the guidelines and various 

authors recommend thrombolysis (15,16). Subjective difficulty felt by the operator was 

assessed and classified into five grades based on the time of inverted fluoroscopy or filter 

removal: No difficulty: (IVCF removed in less than 10 minutes), Medium difficulty: (IVCF 

withdrawn between 10 and 25 minutes), Quite difficult: (recovered between 25 and 50 

minutes using special maneuvers) Difficult: (IVCF removed in more than 50 minutes with 

special maneuvers) Impossible (IVCF Could not be recovered) 

2.8. Statistical Analysis 

Statistical Analysis Statistical analysis was performed using SPSS software (version 

28; IBM, Armonk, NY). Continuous variables were described as mean ± standard devia-

tion and compared by the student’s t test. Categorical variables were described as frequen-

cies and percentages and compared by the Chi-square or Fisher’s exact tests. All analyses 

were by intention to treat. P values \0.05 indicated statistical significance. 
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3. Results  

Table III. Filter retrieval data and some results. 

Variables Celect Filter ALN  

indwelling time of vena cava 

filter (mean, SD, range) 

55.4±131.9 range (26-

996 d)  

34.0±5.8 range (26-

61d)  
0.520a 

CT complications before re-

moval 
   

 Tilt at retrieval 21 (42.0%) 12 (24.0%) 0.056b 

 Filter tip embedment 12 (24.0%) 4 (8.0%) 0.029b 

 Struts penetration 7 (14.0%) 4 (8.0%) 0.338b 

 Filter migration 0 (0.0%) 0 (0.0%) - 

 Filter fracture 0 (0.0%) 0 (0.0%) - 

 Intrafilter thrombous 2 (4.0%) 1 (2.0%) 1.000c 

 VCI thrombosis 1 (2.0%) 0 (0.0%) 1.000c 

Anticoagulation (treatment)  
Yes= 47 (94.0%) No= 3 

(6.0%) 

Yes= 48 (96.0%) No=2 

(4.0%) 
1.000c 

Filter removal    

 Standard 41 (82.0%) 45 (90.0%) 
0.249b 

 Complex 9 (18.0%) 5 (10.0%) 

Subjective ease of IVCF re-

moval 
    

  Without difficulty 33 (66.0%) 43 (86.0%) 

0.047d 

 Medium difficulty 9 (18.0%) 5 (10.0%) 

 Quite difficulty 5 (10.0%) 2 (4.0%) 

 Hard 3 (6.0%) 0 (0.0%) 

 Impossible 0 (0.0%) 0 (0.0%) 

Fluoroscopy time minutes  

(mean, SD,range)   

   

 Standard 6.9± 2.5 range (3.2-12.5) 
5.9±4.1 range (2.2-

26.4) 
0.006a 

 Complex 
29.1±12.0 range (15.0-

51.0) 

17.5±10.3 range (6.5-

29.3) 
0.095e 

Removal IVCF (mean, SD, 

range) 
    

 Success 50 (100%) 50 (100%) 
- 

 Failure 0 (0.0%) 0 (0.0%) 

Recurrent pulmonary embo-

lism 
0 (0.0%) 0 (0.0%) - 
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Post- Thrombotic syndrome  

(mild-moderate) 
   

 1 Month 14 (28.0%) 12 (24.0%) 0.648b 

 12 Month 18 (36.0%) 19 (38.0%) 0.836b 

CT: Computer tomography, IVCF: Inferior Vena Cava Filter, SD: Standard Desviation. 
a: Significance of Mann-Whitney U test; b: Significance of Chi Square test; c: Significance of Fisher's 

exact test; d: Significance of Likelihood-ratio test; e: Significance of Student’s t test for independent 

simples. 

 

Of the 115 participants initially recruited, five were excluded, two didn’t meet the 

inclusion criteria and three refused to participate in the trial. One hundred and ten partic-

ipants were randomized, fifty-five to each filter arm (55 to the Celect filter arm and 55 to 

the ALN filter arm). In the Celect filter arm, 1 participant, a 71-year-old man with meta-

static neoplasm, without anticoagulation, presented with thrombosis of the inferior vena 

cava and both iliac veins 20 days after implantation and refused recanalization treatment. 

1 patient died a few days after filter implantation by respiratory insufficiency  (seven days) 

and 3 died of their underlying disease (2 COVID and 1 neoplasm) between 54 and 74 days. 

In the ALN filter arm, 5 participants were also excluded: 1 was lost to follow-up after filter 

implantation and 4 died of complications of their pulmonary embolism early on (between 

days 1 and 10 after filter implantation). A total of one hundred participants (59 men and 

41 women) with a mean BMI of 27.6 ± 5.2  (range 21.3-39.2 ) were definitively included in 

the trial. The mean age was 62.4±13.3 range (29-87 years old), with no significant differ-

ences between both groups (p 0.503). The indications for IVCF implantation were: 1 Con-

traindication for anticoagulation (recent bleeding, recent surgery, recent stroke), 2. Pre-

vention of high risk of pulmonary embolism (patients with poor respiratory reserve and 

massive pulmonary embolism, large floating thrombus in iliac vein or vena cava) and 3. 

Recurrence of pulmonary embolism despite correct anticoagulation. Table II shows the 

percentages of each of the indications for both filters. No significant differences were ob-

served. The areas of the vena cava were similar in the filter types (433±190 mm2 and 

377.9±150 mm2, respectively (p 0.945). There were also no significant differences in IVC 

pressures after IVCF implantation both at baseline and with the Valsalva maneuver. 

Deep vein thrombosis of one of the lower extremity segments was found in 83% of 

all patients. There were no significant differences in both arms of the study (p 0.599. 

Fluoroscopy performed immediately after IVCF implantation did not show signifi-

cant differences in centering and tilting of the filters (p 0.538 (see Table II). Filter reposi-

tioning was necessary in the same intervention on 9 (18%) occasions with the Celect filter 

and 7 (14%) in the ALN. (p 0.424) There were no significant differences in fluoroscopy 

time in the implantation of both filters (Celect filter 9.9 ± 1.1 minutes vs ALN filter 7.8 ± 

4.3 minutes) (p 0.380) 

Filter recovery was generally scheduled for 30-35 days after implantation (15). How-

ever, there were cases in which the recovery of the filter was delayed for medical or patient 

reasons. There were no significant differences in filter recovery time in both groups. 

Whenever possible, when there was no contraindication for anticoagulation, the patients 

remained anticoagulated with low molecular weight heparin or dicumarin at therapeutic 

doses. Ninety six percent of all patients were on anticoagulation at the time of filter re-

moval with no significant differences in both groups (37.4±11 vs 34.4±5.2) (p 0.453) 

All patients underwent abdominal and chest CT to assess the filter and the evolution 

of PE. There were significant differences between both groups in the inclination of the 

filter,  42% vs 24 % (p 0.05) in the apposition of the hook-tip to the wall of the CV 24% vs 

8% (p 0.02) but  there were no significant differences in the penetration of the struts into 

the wall of the IVC 14% vs 8%  (p 0.338) . 

Small intrafilter thrombi were seen in 3 participants and adhered to the IVC wall in 

2. In all cases they were resolved with aspiration, prior to filter removal using a 14-16 Fr 

sheath introducer without complications. 
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There were no significant differences in the type of filter retrieval (standard and com-

plex) 82% vs 18%  and 90% vs 14% respectively (p 0.249), Regarding  fluoroscopy time, 

there were very significant differences when the standard technique was used (p 0.006) 

but they were not as significant with the complex technique (p 0.095). 

In all cases , it was possible to recover the filter. There were significant differences in 

the subjective degree of difficulty in  recovery , a simpler result in the ALN filter ( p 0.047) 

In the Celect filter group, a re-embolism was found that occurred at seven months. 

There was no re-embolism in the ALN group. Regarding post-thrombotic syndrome, the 

incidence was similar in both groups, being mild or moderate in all cases (p 0.836). 

4. Discussion  

Despite the FDA recommendation (11) to remove IVC filters as soon as possible in 

patients who no longer clinically need them, few IVC filters are removed. In a systematic 

review of 103 articles (7) from 1984 to 2016, 10 different IVCF models were identified in 

20,319 patients. The authors found that two-thirds of implanted retrievable filters were 

not removed, despite the fact that more than 85% of them were initially implanted with 

intent to remove. Different reasons for remaining permanent were observed: primary in-

dication as permanent, deaths, need for protection in ongoing PE, and technical impossi-

bility of recovering the filter. In a total of 7,820 IVCF (38.4%) withdrawal was attempted, 

achieving technical success in 7,095 patients (90.7%). In a study of 725 patients (9.2%) of 

the IVCF, the filter could not be removed due to technical difficulties. Technical success 

in IVCF withdrawal is estimated to be 84-100% (14,19, 20). In general, IVCF recovery is 

simple (6,17). The main reasons that make filter removal difficult are tilting >15º of the 

filter at the time of removal and apposition of the removal hook to the IVC wall (23). Some 

authors also stated IVCF dwelling time as a cause of recovery difficulty. However, there 

are studies such as Desai KR et al. (24) that compare the technical success in removal in d 

patients with more than or less than 6 months of filter permanence and have not observed 

significant differences (94% versus 97% technical success) based on these difficulties. 

Kleedehn M (21) established two types of IVC filter removal: standard and complex. In 

the present series, in 84 participants (84%) recovery of IVCF was standard.   While in 16%, 

despite differences in degree of difficulty, fluoroscopy time, radiation dose, and device 

cost (between standard and complex recovery types), the procedure’s technical success 

rate in recovery is similar in the two types of recovery. (21,25) There are no significant 

differences published between the different types of filters in terms of their recoverability. 

In the systematic review by Liu Jet al. (26), conducted on 80 original studies (11,413 pa-

tients) between 2003 and 2019, no significant differences were observed in the 6 types of 

IVCF compared (ALN, Celect, Gunther Tulip, Denali, Crux and Option). The authors ob-

served an overall recoverability of 98.4-100% with less than 2% complications. Another 

non-randomized study (27) has compared the Denali, Option and Gunther Tulip filters in 

a single center, concluding that the Denali and Gunther Tulip filters are easier to remove 

than the Option. In this study, removal of the Denali filter required less fluoroscopy time 

and less complex techniques than the other two filters. However, there are few prospec-

tive randomized studies comparing particular filters with others (12,13). The two random-

ized studies compare two filters (Denali and Option with Celect). The reason for selecting 

the Celect filter may be that this filter is the most used and for which there are more bib-

liographic references. (6,8,14,17)  

There is agreement that the degree of inclination of the filter (>15º) and the penetra-

tion of the hook of the tip into the wall of the inferior vena cava are the most important 

factors when considering the complexity of IVCF recovery. In the present series, both fil-

ters (Celect and ALN) presented an inclination greater than 15º at the time of recovery of 

38% and 24%, respectively. 

While the filter tip embedment was 24% in the Celect filter, it was 4% in ALN. The 

presence of the two findings (tilt and embedment) in the CT prior to removal, determined 

that 76% of both filters required complex removal when there was only one complication 

(tilt or embedment). Removal was complex in 35% (tilt) and 41% (embedment). The 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 January 2023                   doi:10.20944/preprints202301.0296.v1

https://doi.org/10.20944/preprints202301.0296.v1


subjective sensation of difficulty did not present significant differences in the two filters, 

with no difficulty in 77% and 86%, respectively. However, despite the differences in the 

findings of complications on CT, and the degree of complexity in the removal of both 

types of filters, technical success was 100%. 

Based on our experience (15) in this study it was established that without contraindi-

cation 

 the IVCF was removed between days 30 and 40 post implantation 

During the dwelling time of filter , no re-embolism was observed in any case. This 

coincides with that published in the literature (> 2.5%) (9,17). Once the filter was removed, 

one case of re-embolism was observed in the Celect arm at 7 months. Mild or moderate 

post-thrombotic syndrome was observed in both arms (Celect and ALN) 

The main limitations of the study are that it is from a single center and the n is not 

very large, although it is sufficient to establish clinical significance. 

The conclusions of the study are that the ALN filter presented in our study shows a 

significantly lower rate of inclination and filter tip embedment, without differences in the 

complexity or in the rate of success in the removal of the filter. There were significant 

differences in the fluoroscopy time consumed for standard and  complex removals be-

tween both filters, with less time for the ALN filter. 
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