
ORIGINAL RESEARCH • CARDIAC IMAGING

An indwelling inferior vena cava (IVC) filter (IVCF) 
may predispose one to IVC thrombosis (IVCT), 

which can result in substantial patient morbidity. Histori-
cally high use of IVCF has left a large population at risk 
for IVCT; however, there are limited data informing its 
prevalence and potential predisposing risk factors, which 
are essential for limiting complications in patients with 
an IVCF (1,2).

We aim to evaluate the incidence of IVCT among pa-
tients with an IVCF and identify risk factors that are as-
sociated with the development of IVCT.

Materials and Methods
An institutional review board–approved and Health  
Insurance Portability and Accountability Act–compliant 
retrospective review of all patients with an IVCF between 
January 1, 2009, and January 1, 2019, who underwent 
either catheter venography (at the time of retrieval) or 
CT imaging of the abdomen or pelvis was included in 
this study. Informed consent was waived by the institu-
tional review board. Patients were routinely observed in a 
dedicated IVCF clinic where imaging and retrieval were 
performed, as clinically indicated. Patients who under-
went no follow-up imaging after filter placement were 
excluded from the study. IVCT was defined as complete 
caval thrombosis through the indwelling filter. History 
of prior venous thromboembolism (VTE), neurologic 
disease, prior or current malignancy, known genetic hy-
percoagulability, contraindications to anticoagulation, 
anticoagulation therapy at the time of follow-up, IVCF 
model, and implantation time were assessed for asso-
ciation with IVCT. Filter types used in fewer than 50 
patients were excluded from statistical analysis. Neuro-
logic disease included any disorder involving the brain 
or spine, including neurologic cancers or injuries. Sen-
sitivity analysis and logistic regression were performed at 
implantation times of 6, 12, and 24 months to assess for 
temporal association with IVCT.

Univariable analysis was performed to evaluate for as-
sociation of IVCT with potential risk factors. A Bonfer-
roni correction was applied, and P , .0026 (ie, .05/19) 
indicated a significant difference. To assess for independent 
predictors, multivariable logistic regression models using 
Firth penalized likelihood were constructed using the sig-
nificant risk factors identified in the univariable analysis. 
Results were expressed as odds ratios (ORs), with 95% CIs.

Results
A total of 2077 patients were encountered over the study 
period, and 1582 met inclusion criteria (Table 1). IVCF-
related IVCT occurred in 38 patients (2%), all of whom 
were symptomatic with varying degrees of postthrombotic 
syndrome. Male sex (OR, 5.0), central neurologic disease 
(OR, 4.4), and implantation time longer than 6 (OR, 
3.8) or 12 (OR, 3.1) months were deemed significant at 
univariable analysis (Table 2). These variables remained  
significant with multivariate adjustment.

Mean filter implantation time was 17 months. Mean 
time from filter placement to diagnosis of IVCT was 33 
months. Seventeen filter types were encountered in this 
study; Denali filters (OR, 8.9) were significantly associ-
ated with IVCT (Table 2).

Discussion
Filter-related inferior vena cava (IVC) thrombosis 
(IVCT) can result in debilitating symptoms secondary 
to postthrombotic syndrome (2,3). The reported inci-
dence of filter-related IVCT in the literature is highly 
variable, ranging from 1.6% to 33%, which is poorly 
informative of the true risk of IVC filter (IVCF)-
related thrombosis (1,2). These prior studies are also 
outdated, as most were conducted in an era of low re-
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Table 1: Patient Characteristics and Occurrence of 
IVCT

Characteristic Finding
No. of patients 1582
Sex
  Male 828 (52)
  Female 754 (48)
Age (y)* 56.5 616.2
Follow-up imaging modality
  Contrast-enhanced CT 298 (19)
  Catheter venography 1522 (96)
No. of IVCTs 38 (2)
Implantation time (mo)† 2.5 (17 6 69.4)
Time to IVCT diagnosis (mo)* 32.9 6 56.5

Note.—Unless otherwise indicated, data in parentheses are 
percentages. IVCT = inferior vena cava thrombosis.
* Data are mean 6 standard deviation.
† Data are the median, with mean 6 standard deviation in 
parentheses.
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Patients with filter dwell times longer than 6 months 
showed significantly higher rates of inferior vena cava (IVC)
thrombosis (IVCT), suggesting that those with long-dwelling 
IVC filter (IVCF) have increased risk of developing IVCT. 
Most patients in this cohort underwent prompt retrieval of 
their IVCFs before 6 months of implantation, skewing to-
ward lower overall dwell times and potentially underestimat-
ing risk of IVCF-related IVCT. Other limitations of this 
study include its retrospective nature and nonuniformity of 
imaging follow-up. However, the data presented accurately 
reflect clinical practice and provide guidance in assessing risk 
of IVCF-related IVCT.

trieval rates, poor follow-up, and with fewer filter types. In 
this cohort reflective of current practice patterns, IVCT was 
seen in 2% of cases and was significantly higher in male 
patients, those with neurologic disease, and Denali filters. 
These results are consistent with prior studies suggesting a 
predilection for proximal venous thromboembolism (VTE) 
in men (3,4). While the mechanism by which neurologic 
derangements are associated with VTE remains unclear, 
studies have shown that hypercoagulability can result from 
prothrombotic factors released from damaged nervous tis-
sue, with compounding risk for VTE related to stasis from 
impaired mobility (4,5).

Table 2: Association of Risk Factors and Occurrence of IVCF-related IVCT

Comorbidity
No. of  
Patients No. of IVCTs Univariable OR P Value* Multivariable OR† P Value

Male sex 828 (52) 32 (3.8) 5.0 [2.1, 12.1] ,.001‡ 4.3 [1.8, 10.4] .001‡

History of VTE 1051 (66) 25 (2.4) 0.9 [0.5, 1.9] .923 … …
Contraindication to anticoagulation 1367 (85) 32 (2.3) 0.8 [0.3, 2.0] .635 … …
Anticoagulation at follow-up 1069 (72) 30 (2.8) 2.3 [0.9, 6.0] .084 … …
Central neurologic disease 390 (25) 22 (5.6) 4.4 [2.3, 8.5] ,.001‡ 3.8 [2.0, 7.5] .001‡

Hypercoagulability
  Protein C or S deficiency 7 (0.4) 1 (14) 6.9 [0.8, 60.0] .053 … …
  Antiphospholipid syndrome 19 (1) 0 (0) 1.1 [0.06, 17.1] .991 … …
  Factor V Leiden 36 (2) 1 (2.8) 1.2 [0.2, 8.7] .882 … …
  Prothrombin mutation 2 (0.1) 0 (0) 8.0 [0.4, 169.7] .182 … …
  History of malignancy 408 (26) 7 (1.7) 0.6 [2.8, 1.5] .297 … …
Implantation time (mo)§

  .6 365 (23) 19 (5.2) 3.8 [2.0, 7.2] ,.001‡ 4.0 [1.9, 8.5] ,.001‡

  .12 224 (14) 13 (5.8) 3.1 [1.5, 6.1] .001‡ 3.7 [1.8, 7.5] ,.001‡

  .24 185 (12) 9 (4.9) 2.3 [1.1, 4.9] .034 … …
Filter type
  ALN (ALN Implants Chirugircaux) 445 (28) 5 (1.1) 1 [Reference] … … …
  Denali (Bard Peripheral Vascular) 50 (3) 5 (10.0) 8.9 [2.5, 31.8] .001‡ 6.1 [1.6, 23.3] .008‡

  Celect (Cook Medical) 529 (33) 11 (2.1) 1.9 [0.7, 5.5] .243 … …
  G2 (Bard Peripheral Vascular) 50 (3) 1 (2.0) 1.7 [0.2, 15.5] .602 … …
  Option (Argon Medical Devices) 125 (8) 2 (1.6) 0.82 [0.1, 7.1] .90 … …
  Gunther Tulip (Cook Medical) 218 (14) 8 (3.7) 3.3 [1.1, 10.1] .040 … …
  Other (Trapease [Cordis], Recovery [Bard], 

Venatech Convertible [B. Braun], Simon 
Nitinol [Bard], Greenfield [Boston Scientific], 
Optease [Cordis], VenaTech [B. Braum], 
Crux [Volcano], Eclipse [Bard])

165 (10) 6 (3.6) … … … …

Note.—Data in parentheses are percentages, and data in brackets are 95% CIs. IVCF = inferior vena cava filter, IVCT = inferior vena cava 
thrombosis, OR = odds ratio, VTE = venous thromboembolism.
* Significance for univariable analysis was accepted at P , .0026 (0.05/19) after Bonferroni correction.
† Multivariable logistic regression models using Firth penalized likelihood were constructed using the significant risk factors identified in the 
univariable analysis.
‡ Difference is significant.
§ Multivariable analysis of implantation time was performed with each respective time category separately with male sex, central neurologic 
disease, and Denali filters.
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