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The early inferior vena cava filters (IVCF) were usually implanted permanently to prevent life-threatening pul-
monary embolism (PE) in the patients with venous thromboembolic diseases (VID) [1,2]. Because the permanent
IVCF (pIVCEF) were not designed for retrieving from a percutaneous approach, it was challengeable to retrieve
pIVCEF and the risk of deep vein thrombosis (DVT) increased with the longer indwell time of these permanent
IVCE The landmark PREPIC trial confirmed the increased risk of recurrent DVT associated with pIVCF plus
anticoagulation in the comparison with anticoagulation alone (3]. Thus, retrievable IVCF (rIVCF) were developed
to address this limitation of pIVCEF [4]. Different from pIVCE, the developed rIVCEF keep the filter structure for PE
prevention and also add the hook structure to facilitate retrieving filter [s).

Giinther Tulip filter was the first rIVCF approved by US FDA in 2003. Since then, several types of retrievable
IVCEF have been developed to further improve operation, filtration efficiency, mechanical stability, and retrievability
period [6]. However, the clinical outcomes associated with the approved rIVCFs are rarely compared in randomized
trial settings. Thus, this review aimed to identify the existing literature evidence to differentiate the approved rIVCF
regarding PE prevention, deploying and retrieving success rates and the complications associated with deploying,
indwelling and retrieving rIVCE

Methods

IVCF was introduced in China in 1995 and over 40,000 patients in China receive the treatments with IVCF per

year. [IVCF might be well studied in China and the evidence published in Chinese should be an important source for

this systematic review. Because the authors of this study have the Chinese language capacity, this study selected the

three English bibliographic databases (MEDLINE, EMBASE, Web of Science) and also the three mainstay Chinese .
bibliographic databases (China National Knowledge Infrastructure [CNKI], WANFANG, and VIP) to conduct Future '.'-:'.'-;
literature search from 2003, the year for the approval of first fIVCF in USA (2003), to the date (31 October 2019) Medicine ™
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when this study started. The literature search strategies were developed by combining the keywords for rIVCF
(‘retrievable IVCF’, ‘retrievable inferior vena cava filter’, or ‘rfIVCF’) and VTD (‘venous thromboembolic diseases’ or
‘VTD’). The initially identified references from each database were pooled to remove the duplicated references. The
titles and abstracts of the identified references were screened to exclude the irrelevant references. The full publications
of the identified references from screening were further reviewed for their eligibility using the defined inclusion and
exclusion criteria. This review included any original studies, including observational studies, phase I trial, phase
II trial, and randomized clinical trials, reporting PE and outcomes (including but not limited to success rate and
complications) associated with deploying indwelling, and retrieving rIVCF in patients with VTD or high risk for
VTD. The publication languages of the included studies were limited to English and Chinese. This review excluded
studies with unspecified IVCF type, case study, non-human study, editorial publications, guidelines, review, and
the study with inadequate information for data extraction. The full publication of the original studies meeting
both inclusion and exclusion were reviewed to extract the following information. The extracted study information
included patient characteristics, rIVCF information, and clinical outcomes were extracted by study groups. The
extracted clinical outcomes related to rIVCF deployment (deployment success rate, deployment operation time,
deployment fluoroscopy time, and incidences of complications associated with deployment), indwelling rIVCF
(incidences of symptomatic PE and complications during rIVCF indwell time), and retrieving rIVCF (retrieving
rate, advanced technology utilization rate for retrieving IVCE, and complications associated with retrieving rIVCEF).
This study used Jadad score [7] to assess the quality of included randomized clinical trials and the Newcastle Ottawa
Scale [8] to assess the quality of the included observational studies. The literature search, study eligibility assessment,
study quality assessment and data extraction were conducted independently by two research associates for quality
control. Any disagreements between the two research associates were resolved by consulting with the project lead.

The extracted outcome measures from the included studies were used to categorize the included studies into three
groups to assess clinical outcomes associated with deploying, indwelling and retrieving rIVCE, respectively. The
extracted information was synthesized using a single-arm meta-analysis. Continuity correction (0.5 event) was used
in the meta-analysis if the included studies reported 0 or all events for the measured outcome [9]. Plogit function was
used to transform proportion in the meta-analysis. This study also used the parameter testing method, including
one-way ANOVA for continuous data and chi-square tests for categorical data, to compare the pooled estimations
of patient characteristics (age, gender and disease indications), rIVCF deployment and retrieval approaches, and
clinical outcomes associated with the rIVCF types. This study performed the data analyses using statistical software
R (version 4.0.2). The statistical significance in the parameter tests was defined as a two-sided p-value less than
0.05.

Results

The literature search identified 4602 references from the included three English bibliographic databases and
2632 references from the included three Chinese bibliographic databases. After reviewing the titles, abstracts
and full publications associated with these references, this study included 80 references (70 English references
and ten Chinese references) reported clinical outcomes associated with ALN [10-19], Celect [18-45], Crux [46],
Denali [19,44,45,47-53], Giinther Tulip [17-19,29,38-42,53-88] and Option [19,43,50,51,53,75,86-89]. The literature search
flow charts for English and Chinese bibliographic databases are illustrated in Figure 1.

Pooled patient characteristics from the included references

This review pooled the reported patient characteristics from the included studies using the same type of rIVCE
Based on the pooled patient characteristics by the type of rIVCE the patients receiving the six types of rIVCF
had comparable age (ranging from 51.9 to 64.9 years, p = 0.992) but significantly different gender distribution
(male gender proportion ranging from 41.6 to 58.4%, p < 0.001). The underlying diseases associated with these
patients were also significantly different from the rIVCF types. Based on the summarized distributions of patient
indications, ALN, Celect and Denali were mainly used in patients with DVT and/or PE, Crux and Giinther Tulip
were mainly used in patients with high thromboembolic risk surgery, and Option was mainly used in patients with
an active or high risk of bleeding. The profiles of approaches used to deploy and retrieve the six types of rIVCF
were also significantly different. The femoral vein was the main insertion approach for Celect and Denali, and
jugular vein was the main insertion approach for ALN, Giinther Tulip and Option. The included studies didnt
provide sufficient information regarding the insertion approaches used for Crux. The right jugular vein was the
main retrieving approach for ALN, Celect, Denali, Giinther Tulip and Option. Crux was mainly retrieved from the
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@ Search hits from the search of the English bibliographic databases
¢ Medline (n = 2476)

+ Embase (n = 3336)

« Web of science (n = 2521)

Search hits after removing duplicates (n = 4602)

\ l

Exclusion of irrelevant references (n = 4078) ‘ ‘

Excluded studies (n = 454)

Full-text articles assessed for eligibility (n = 524) « Outcomes for unspecified rIVCF (n = 199)
« Unspecified rlVCF type (n = 122)
Inadequate information (n = 81)
Duplicates (n = 29)

Not rIVCF (n = 32)

Case study or sample size less than ten (n = 15)
Indwell time shorter than 2 weeks (n = 14)
Non-original research (n = 3)

Non-English articles (n = 3)

Editorial article (n = 1)

Studies eligible for data extraction and evidence synthesis (n = 70)

« Clinical outcomes associated with placing, indwelling and retrieving (n = 63)
« Clinical outcomes associated with placing and retrieving (n = 4)
« Clinical outcomes associated with placing and indwelling (n = 3)

Search hits from the search of the Chinese bibliographic databases
« WANFANG (n = 2709)

« CNKI (n = 2060)

* VIP (n = 2145)

|

Search hits after removing the duplicates (n = 2640)

\

Exclusion of irrelevant references (n = 2080) ‘

Excluded references after assessment (n = 543)

« Unspecified IVCF type (n = 219)

« Not rlVCF (n = 191)

« Inadequate information (n = 68)

« Indwell time less than 2 weeks (n = 26)

« Outcomes unspecified by rIVCF types (n = 23)

« Case studies or sample size less than ten (n = 12)
+ Duplicates (n = 3)

Studies eligible for data extraction and evidence synthesis (n = 10) « Non-original research (n = 1)
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« Clinical outcomes associated with placing and retrieving (n = 1)

Figure 1. The flowchart of the literature search. (A) English bibliographic databases; (B) Chinese bibliographic
databases.
IVCF: Inferior vena cava filters.

femoral vein. The indwell time associated with the six types of rfIVCF ranged from 4.6 to 17.2 months (p = 0.03).
The patient characteristics and the profiles of deploying and retrieving approaches associated with the six types of
rIVCEF are summarized in Table 1.

Clinical outcomes associated with deploying the six types of rIVCF

The pooled estimations of the deployment success rates associated with the six types of rIVCF were highly
comparable by ranging from 98.4 to 100.0%. The complication profiles associated with deploying the six types
of rIVCF were slightly different. The included studies did not report any incidence of dislocation associated with
deploying Denali, Celect and Option. However, the incidence of dislocation was reported for deploying ALN

Meta-Analysis

future science group www.futuremedicine.com

439



Meta-Analysis  Liu, Jiang, Tian et al.

Table 1. Summary of patient baseline characteristics and inferior vena cava filter information associated with the six

types of retrievable inferior vena cava filters.

Patient characteristics Denali Celect Option Crux ALN Giinther Tulip p-value
Sample size 693 1,685 429 125 722 2280
Age (years) 57.8 (55.2-60.4) 56.3 (49.6-63.1) 60.7 (55.9-65.5) 59.1 (56.1-62.1) 64.9 (57.7-72.2) 51.9 (46.8-57.1) 0.992
Male gender (%) 57.1% 50.4% 58.4% 58.4% 42.0% 46.6% <0.001
(52.4-61.7%) (47.2-53.7%) (49.6-66.7 %) (49.6-66.7%) (31.9-52.8%) (42.0-51.3%)
Patient indications
Active or high risk of bleeding 2.3% 0.2% 20.5% 0.0% 3.5% 2.6% <0.001
Bariatric surgery 0.0% 0.6% 0.0% 4.8% 0.0% 3.8% <0.001
Burn 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.241
Cancer 0.0% 0.1% 0.0% 4.0% 1.6% 0.1% <0.001
Cardiopulmonary disease 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.005
DVT 11.2% 13.8% 1.0% 15.2% 0.0% 12.2% <0.001
DVT and bone fracture 15.6% 4.3% 0.0% 0.0% 0.0% 0.0% <0.001
DVT and/or PE 23.6% 10.1% 13.7% 0.0% 25.7% 15.3% <0.001
Free-floating iliocaval 0.0% 0.5% 0.8% 0.0% 9.3% 0.3% <0.001
thrombus
High thromboembolic risk 1.5% 1.2% 13.2% 31.2% 1.4% 31.1% <0.001
surgery
High thromboembolic risk 0.2% 4.1% 0.0% 14.4% 1.1% 0.1% <0.001
trauma
ICU patients with high 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% <0.001
thromboembolic risk
Intracranial disease 0.0% 0.1% 0.0% 0.0% 0.0% 2.7% <0.001
Long-bone and pelvic bone 0.0% 0.8% 0.0% 0.0% 0.0% 0.0% <0.001
fractures with VTE
Non-gastric bypass surgery 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.001
PE 2.3% 5.8% 0.4% 8.8% 0.0% 3.6% <0.001
Thrombocytopenia 0.2% 0.0% 2.1% 0.0% 0.0% 0.2% <0.001
Transcatheter therapy 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.241
VTE 1.0% 0.0% 2.9% 0.0% 20.9% 2.7% <0.001
Unclarified 42.0% 58.4% 45.5% 21.6% 36.5% 24.1% <0.001

Insertion approach

Unspecified jugular vein 0.7% 4.2% 0.0% 0.0% 9.3% 14.2% <0.001
Left jugular vein 0.2% 0.0% 0.4% 0.0% 0.0% 0.1% 0.002

Right jugular vein 13.4% 0.7% 20.5% 0.0% 5.2% 20.3% <0.001
Unspecified femoral vein 26.3% 1.2% 0.0% 0.0% 11.8% 7.7% <0.001
Left femoral vein 4.6% 2.1% 1.4% 0.0% 0.0% 2.9% <0.001
Right femoral vein 7.5% 5.0% 10.0% 0.0% 0.0% 17.5% <0.001
Non-jugular non-femoral vein ~ 8.3% 0.0% 0.0% 0.0% 10.7% 0.1% <0.001
Unspecified vein 38.9% 86.9% 67.6% 100.0% 63.1% 37.1% <0.001
Indwell time (months) 5.8 5.4 6.7 4.6 17.2 9.1 0.030

Retrieving approach

Jugular vein 29.4% 9.2% 0.0% 29.6% 2.7% 5.3% <0.001
Left jugular vein 0.0% 0.1% 0.0% 0.0% 0.0% 0.3% 0.396
Right jugular vein 37.4% 18.5% 48.4% 0.0% 11.6% 31.8% <0.001
Femoral vein 0.0% 0.0% 0.0% 70.4% 0.0% 0.0% <0.001
Other 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.597
Unclarified 33.2% 72.2% 51.6% 0.0% 85.7% 62.5% <0.001

Statistical significance: p < 0.05.
DVT: Deep vein thrombosis; PE: Pulmonary embolism; rIVCF: Retrievable inferior vena cava filter; VTE: Venous thromboembolism.
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Pooled estimations for the rates of sympomatic PE associated with retrieving IVCF in the included studies

Indwell time IVCF type Studies (n) Sample size Baseline (95% CI) References ID
ALN 1 13 ~— 0.0% (0.0%, 22.8%) 9
2 weeks to 1 month Celect. 1 141 - 0.0% (0.0%, 2.7%) 51
Denali 2 121 . 0.0% (0.0%, 1.5%) 44,51
Gunther tulip 1 143 - 0.0% (0.0%, 2.6%) 78
Celect 6 544 — 0.4% (0.0%, 5.4%) 17,23,26,27,31,41
1-3 months Gunther tulip 9 941 (] 0.0% (0.0%, 0.3%)  17,41,52,65,66,68,76,84,85
Option 1 21 ~— 0.0% (0.0%, 15.5) 85
ALN 3 537 - 2.1% (0.9%, 4.8%) 13,14,17
Celect 10 1835 .- 0.0% (0.0%, 2.1%) 19-21,24,25,28,32,35,38,50
3.6 months Crux 1 125 -— 2.4% (0.8%, 6.8%) 43
Denali 6 418 ° 0.0% (0.0%, 0.7%) 45,47-50,52
Giinther tulip 6 520 ° 0.2% (0.0%, 1.4%) 28,55,64,70,71,64
Option 4 271 — 0.2% (0.0%, 31.5%) 47,48,52,86
ALN 2 69 - 0.0% (0.0%, 2.7%) 11,16
6-12 months Celect 1 255 (4 0.0% (0.0%, 1.5%) 40
Giinther tulip 3 223 .- 0.4% (0.1%, 3.1%) 38,62,69
Option 3 767 ~— 0.1% (0.0%, 24.7%) 42,87,88
ALN 1 61 -— 0.0% (0.0%, 5.9%) 10
12-24 months Celect 3 141 L4 0.0% (0.0%, 1.3%) 30,34,42
Denali 1 200 [ 0.0% (0.0%, 1.9%) 46
Gunther tulip 8 809 — 0.1% (0.0%, 7.8%) 16,40,53,56,58,61,75,79
6 2‘0 4|0
(%)

Figure 2. Pooled incidence rate of symptomatic pulmonary embolism associated with the six rIVCFs by indwell time
periods.
IVCF: Inferior vena cava filters.

(0.4%, 95% CI: 0.0-5.5%), Crux (0.8%, 95% CI: 0.1-4.4%) and Giinther Tulip (0.1%, 95% CI: 0.0-0.8%).
Four of the six types rIVCF (ALN: 1.1%, 95% CI: 0.2-6.7%; Celect: 0.3%, 95% CI: 0.0-3.9%; Giinther Tulip:
0.2%, 95% CI: 0.0-0.6%; Option: 0.1%, 95% CI: 0.0-32.7%) were associated with the incidence of tilt, a
common complication associated with deploying rIVCE The perforation was only reported for deploying Denali
(0.9%, 95% CI: 0.3-2.4%) and Giinther Tulip (0.1%, 95% CI: 0.0-0.6%) in the included studies. Three studies
reported comparable operation time associated with three rIVCF (22.0 min for Crux; 17.8 min for Denali; 23.6 min
for Option) and fluoroscopy time associated with two rIVCF (3.6 min for Denali; 3.7 min for Option).

Clinical outcomes associated with indwelling rIVCF

75 out of the included 80 studies reported the incidences of symptomatic PE and complications related to indwelling
rIVCE. The included studies did not report any incidence of symptomatic PE associated with indwelling Denali,
irrespective of the indwelling time. The incidence rates of symptomatic PE associated with the other five types of
tIVCEF over the classified indwell time ranged from 0.1-2.4% (Figure 2). Of the reported complications associated
with indwelling the six types, tilt and perforation were the main complications associated with indwelling rIVCE
Indwelling Celect was associated with the highest incidence rate of tilt over 2 weeks to 1 month indwell time
(31.9%, 95% CI: 24.8-40.0%), 1-3 months indwell time (4.2%, 95% CI: 1.0-16.0%) and 3—6 months indwell
time (2.1%, 95% CI: 0.5-7.9%). Indwelling ALN was associated with the highest incidence rate of tilt over 6 to
12 months indwell time (2.9%, 95% CI: 0.1-46.0%) and 12 to 24 months indwell time (6.6%, 95% CI: 2.6—
15.7%). Additionally, the pooled estimations of perforation rate associated with indwelling Celect was the highest
in all classified indwell times, except 1-3 months in which Option was associated with the highest perforation
rate (9.5%, 95% CI: 2.7-28.9%). Migration, fracture and IVC occlusion associated with indwelling the six types
rIVCF were much less prevalent. The highest pooled incidence rate of migration was associated with Celect over
12-24 months indwell time (0.4%, 95% CI: 0.0-25.5%). The incidences of fracture and IVC occlusion were only
reported for the indwelling with Celect, Giinther Tulip and Option. The highest pooled estimations of the incidence
rates for the two complications were 0.6% for fracture associated with indwelling Celect over 6-12 months and
0.7% for IVC occlusion associated with indwelling Option over 3—6 months. The pooled incidence rates of tilt
and perforation associated with indwelling six types of rfIVCF over different times are illustrated in Figure 3.
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Pooled estimations for the tilt rate associated with indwelling six IVCF types

Indwell time IVCF type Studies (n) Sample size Baseline (95% CI) References ID
ALN 1 13 — 0.0% (0.0%, 22.8%) 9
2 weeks to 1 month Celect 1 141 —_— 31.9% (24.8%, 40.0%) 51
Denali 2 14 —_—— 10.5% (6.1%, 17.6%) 44,51
Gunther tulip 1 143 -— 0.0% (0.0%, 2.6%) 78
Celect 4 312 —— 4.2% (1.0%, 16.0%) 23,27,33,41
1-3 months Gunther tulip 8 918 —-— 2.6% (0.7%, 9.2%) 41,54,65,66,76,81,84,85
Option 1 21 -— 0.0% (0.0%, 15.5%) 85
ALN 1 217 - 0.0% (0.0%, 1.7%) 13
Celect 10 1895 - 2.1% (0.5%, 7.9%) 19-21,24,28,32,35,37,38,50
Crux 1 125 ~— 0.0% (0.0%, 3.0%) 43
3-6 months Denali 4 195  o—— 2.0% (0.3%, 10.5%) 45,4748,50
Gunther tulip 8 642 -— 2.0% (0.6%, 6.4%) 28,37,55,64,70,71,74,82
Option 4 247 — 0.7% (0.0%, 12.6%) 47,48,74,86
ALN 2 69 2.9% (0.1%, 46.0%) 11,16
6-12 months Celect 2 350 0.5% (0.0%, 41.7%) 22,40
Gunther tulip 4 264 ~— 1.0% (0.1%, 11.1%) 38,62,66,69
Option 3 746 ~— 0.8% (0.0%, 16.0%) 42,87,88
ALN 1 61 —— 6.6% (2.6%, 15.7%) 10
12-24 months Celect' 4 191 o 0.4% (0.3%, 0.4%) 29,30,34,42
Denali 1 200 o 0.0% (0.0%, 1.9%) 46
Gnther tulip 8 809 — 0.2% (0.0%, 5.4%) 16,40,53,56,58,61,75,79
T T T T T T
0 10 20 30 40 50
(%)
Pooled estimations for the perforation rate associated with indwelling six IVCF types
Indwell time IVCF type Studies (n) Sample size Baseline (95% Cl) References ID
ALN 1 13 ~— 0.0% (0.0%, 22.8%) 9
Celect 1 141 - 5.0% (2.4%, 9.9%) 51
2weekstotmonth o 2 14 e 2.6% (0.9%, 79%) 44,51
Guinther tulip 1 143 - 0.0% (0.0%, 2.6%) 78
Celect 6 495 >-— 2.6% (0.1%, 33.5%) 23,26,27,31,33,41
1-3 months Giinther tulip 8 918 -— 1.0% (0.1%, 9.4%)  41,54,65,66,76,81,84,85
Option 1 21 —— 9.5% (2.7%, 28.9%) 85
ALN 1 217 L4 0.0% (0.0%, 1.7%) 13
Celect 1 2160 —_—— 8.9% (1.6%, 37.3) 19-21,24,28,32,35-38,50
3-6 months Crux. 1 125 L g 0.0% (0.0%, 3.0) 43
Denali 5 295 -— 3.6% (1.2%, 10.5%) 45,47-50
Gnther tulip 8 642 *~— 0.1% (0.0%, 16.6%) 28,37,55,64,70,71,74,82
Option 4 247 -— 4.8% (1.3%, 16.4) 4748,74,86
ALN 2 69 ld 0.0% (0.0%, 2.7%) 11,16
6-12 months Celect 2 350 1.9% (0.0%, 96.4) 22,40
Gunther tulip 4 264 0.0% (0.0%, 78.4%) 38,62,66,69
Option 3 746 ~— 1.9% (0.2%, 14.3%) 42,87,88
ALN 1 61 -— 0.0% (0.0%, 5.9%) 10
Celect 5 234 —_— 69.3% (54.7%, 80.8%) 29,30,34,39,42
12-24 months Denali 1 200 o 0.0% (0.0%, 1.9%) 46
Gunther tulip 9 1004 — 0.0% (0.0%, 65.0%) 16,39,40,53,56,58,61,75,79
T T T T T T
0 20 40 60 80 100
(%)

Figure 3. Pooled incidence rate of tilt and perforation associated with the six rIVCFs by indwell time periods. (A)
Pooled estimations for the tilt rate associated with indwelling six IVCF types. (B) Pooled estimations for the
perforation rate associated with indwelling six IVCF types.

IVCF: Inferior vena cava filters.

Clinical outcomes associated with retrieving rIVCF

74 of the included 80 studies reported clinical outcomes associated with retrieving tTIVCE The pooled success rates
of retrieving the six types of rIVCF through conventional techniques substantially varied from 75.6% to 98.4%
(Figure 4). Retrieving Denali was associated with the highest success rate among the rIVCF types over the indwell
time for 2 weeks to 1 month (95.4%, 95% CI: 89.5— 98.1%), 3-6 months (95.8%, 95% CI: 92.4-97.7%) and
6-12 months (97.6%, 95% CI: 93.1-99.2%). Retrieving Celect was associated with the highest advanced technique
utilization rate to retrieve rIVCF over the indwell time for 1-3 months (2.3%, 95% CI: 0.4-12.0%) and Option
had the highest advanced technique utilization rate to retrieve rIVCEF over the indwell time for 3—6 months (15.5%,
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The pooled estimations for the retrieval success rates associated with IVCF types in the included studies

Indwell time IVCF type Studies (n) Sample size Baseline (95% CI) References ID
Celect 1 100 — 91.0% (83.8%, 95.2%) 51
2 weeks to 1 month Denali 2 109 —e- ' 95.4% (89.5%, 98.1%) 44,51
Gunther tulip 4 140 —_— 90.8% (78.0%, 96.5%) 54,55,78,81
ALN 3 232 —e  08.4% (66.8%, 99.9%) 9,13,14
Celect 6 559 —_— 94.6% (89.0%, 97.5%) 17,21,26,27,31,42
Crux 1 54 —=e  98.1% (90.2%, 99.7%) 43
1-3 months
Denali 1 100 —e . 95.0% (88.8%, 97.8%) 49
. ) N o o 17,52,57,62,65,66,68—71,
Ginther tulip 16 1246 - 91.0% (88.5%, 93.1%) 76.80.82-85
Option 3 115 —— 83.5% (70.3%, 91.5%) 42,85,86
ALN 4 176 —_— 89.1% (79.9%, 94.4%) 10,11,17,18
Celect 1 938 —. 89.3% (85.0%, 92.5%) 18-20,22-24,28,32,35,37,50
3-6 months Denali 5 240 - 95.8% (92.4%, 97.7%) 18,45,48,50,52
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Figure 4. Pooled retrieving success rate associated with the six rIVCFs by indwell time periods.
IVCF: Inferior vena cava filters.

95% CI: 11.7-20.2%). According to the reported operation time and fluoroscopic time associated with retrieving
IVCEF in the included studies, retrieving Denali was associated with the shortest operation time (23.1 min, 95%
CI: 19.9-26.3 min) and shortest fluoroscopy time (1.1 min, 95% CI: 1.0-1.2 min). The complications associated
with retrieving rIVCF were not common as the two reported complications, fracture and perforation, were only
reported for retrieving Celect and Denali with pooled incidence rates less than 2%.

Discussion

To our knowledge, this study could be the most comprehensive literature review as it included the published
English and Chinese studies since the first approved rIVCF by FDA in 2003. This review synthesized the identified
evidence to comprehensively assess the clinical outcomes associated with deploying, indwelling and retrieving six
common types of rIVCF in patients with a high risk of developing PE. Even though most of the included studies
used the single-arm observational study design to evaluate rIVCE, the six types of rIVCF had the same indication
that could substantially reduce the heterogeneity of patient characteristics across studies. The approaches used to
deploy and retrieve these six types of rIVCF were also similar. The confounding effects associated with deployment
and retrieving could be minimized. Thus, the pooled evidence based on many studies and a large sample size should
be robust for validity and reliability. Since it is challenging to assess rIVCF in randomized trial settings, the pooled
evidence in this review could be an alternative evidence source to support clinical decision making and policy
making regarding the clinical utilization of rfIVCEF to control PE risk in patients with VID.

Many included observational studies in this review provided a large body of real-world evidence to characterize the
patients using rIVCF and the approaches used to deploy and retrieve rIVCE The summarized evidence for patient
demographics indicated that the patients receiving the six types of rIVCF had comparable age but significantly
different male gender proportions. We believe that the surgeon didn't have a preference to select rIVCF type by
patient gender but the skewed gender distribution associated with underline diseases could confound the gender
distribution in the patients utilizing rIVCE The pooled distribution of patient indications by rIVCF types indicated
that Denali and Option were likely to be used more often in patients with bone fracture or active bleeding, which
were usually related to trauma and occurred more often in males [90,91]. The other rIVCF types were used more often
in patients with DVT, PE, or high thromboembolic risk surgery. Even though the six rfIVCF were mainly used in the
prophylactic patient groups, the differences in the distribution of patient indications could confound the patient
characteristics and also the clinical outcomes. Based on the collected information for deploying and retrieving
approaches, the six types of rIVCF were mainly deployed and retrieved through the jugular vein. Deploying and
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retrieving approaches should have limited confounding effects in the pooled evidence. However, the potential
impact of gender on certain clinical outcomes, such as PE and complications associated with rIVCF over indwell
time, should be taken into account because the risk of venous thrombosis could be doubled in male people above
60 years of age [92].

The pooled evidence in this review suggested that Denali was likely to be superior to the other five types of rfIVCF
in many aspects related to effects, operation and safety. The pooled evidence for the incidence of symptomatic PE
associated with the six types of rIVCF in this review confirmed more effective embolic filtration associated with the
two levels of the filter structure. Denali was the only rIVCF without any reported symptomatic PE over indwell
time in the included studies. When compared with the other five types of rIVCE, the cranial and caudal anchors
of Denali are located at the base of the six lower filter arms [93]. This structure could resist superior and inferior
migration and further stabilize the filter by providing points for incorporation into the caval wall. Thus, the risk
of tilt associated with Denali is minimized and the middle position of Denali in the caval could maximize the
performance for embolic filtration [94]. Of the other five types rfIVCE, ALN, Celect, and Giinther Tulip have two
levels filter. This explained why the pooled incidence rates of symptomatic PE associated with these three rIVCF
were relatively lower than that for Option, which has one level filter [95]. Crux has an entirely different structure
when compared with the other five types of rIVCE Crux has two symmetric spiral wire forms connected at the
ends with a web of expanded poly-tetrafluoroethylene (ePTFE) in the caudal portion, five tissue anchors, and
a sinusoidal retrieval tail at each end [96]. Thus, Crux only has one level filter and the pooled incidence rate of
symptomatic PE associated with Crux was comparable with those of the one level filter rIVCEF in this review.

The pooled evidence in this review indicated that six types of rIVCF were associated with high and comparable
deployment success rates. Additionally, the pooled complication rates of deployment associated with the six types
of rIVCF were minimum and less than 1.6%. Thus, the differences in the structures of the six types of rIVCF were
unlikely to impact the performance of rfIVCF deployment. However, the pooled evidence related to the indwelling
and retrieving rIVCEF in this review suggested that the structures of these rfIVCF had substantially impacted the
complications related to rIVCF over indwell time and the performance of retrieving rIVCE First, this review
identified that Celect was associated with much higher rates of tilt and perforation than other types of rIVCF over
indwell time. Different from other conical rIVCE Celect was designed to have anchors on the primary filter legs
(first level). The secondary legs of Celect don’t have anchors to support fixation on the caval wall. The tilted Celect
could further increase the risk of perforation through changing the allocation of the total forces on the primary
strut [(97). Thus, the rIVCF with anchors on the two levels of filter legs could reduce the risk of tilt and further
reduce the risk of perforation. The pooled evidence in this review confirmed this theory as the rIVCFs with this
type of design, such as ALN and Denali, were associated with much lower pooled incidence rates for both tilt
and perforation indeed. The pooled evidence for the retrieve rate, advanced technique utilization for retrieving
tIVCE and operation time and fluoroscopic time associated with retrieving the six types IVCF further confirmed
that the rIVCF design mattered the retrieving performance. Of the assessed six types of rIVCE, only Crux does
not have a conical design that could facilitate the rIVCF retrieving. However, the complications during indwell
time, such as tilt and perforation, could substantially increase the difficulty in retrieving rIVCE In addition, the
cranial and caudal anchors of Denali are located at the base of the six lower filter arms. This structure can resist
superior and inferior migration that are the main challenges for filter retrieving. That is why ALN and Denali
could have much better performance, characterized by higher retrieve rate using normal techniques, lower advanced
technique utilization rate than Celect, Giinther Tulip and Option. Because the utilization of advanced technique for
retrieving rIVCF could reduce the complications associated with retrieving the six rIVCE, the reported incidences
of complications associated with the six rIVCF were not common and occurred less than 2% of the patients in
the included studies. With this confounding effect associated with advanced technique, the utilization of advanced
technique for retrieving rIVCF could be more appropriate outcome measure for assessment than the incidence
of complications caused by retrieving. Thus, Denali were more attractive than other types of rIVCF by reducing
radiation exposures, improving performance and outcomes associated with retrieving and saving health resources.

As a systematic literature review, this study identified several evidence gaps that should be considered in future
research. Even though this review included enormous numbers of studies for evidence synthesis, most of the
included studies (78 out of 80 studies) were observational studies and this review was unable to identify enough
studies that could be used to conduct indirect comparisons across the six types rIVCE Thus, the comparisons of the
pooled outcomes associated with the six types of rIVCF were not adjusted. The reported differences in the pooled
estimations associated with the six types of rIVCF should be further confirmed in future studies that could conduct
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adjusted analysis using individual patient-level data. This review stratified the included studies by indwell time for
the pooled analysis of the incidence of complications. However, the analysis did not observe any trend indicating
the relationship between the incidence of complications and indwell time. Instead, some pooled incidence of
complications, such as tilt, was even higher in the group with the shortest indwell time. As most of the included
studies were observational study, this result might reflect more attention to monitoring complications in the first
month after the placement of rIVCF in real-world clinical practices. Another explanation was that the self-center
design of the rIVCF could correct tilt over indwell time. Future studies longitudinally and regularly following up
the patients for complications after the rIVCF placement are needed to clarify the association between the incidence
of complications and indwell time. Additionally, this review had limited capacity of using the secondary data or
information collected from the included studies to conduct subgroup analyses by patient indications, patient gender
and rIVCF access sites, which could confound PE occurrence and the measured outcomes, including success rate
and complications associated with deploying and retrieving rIVCE. Finally, the common limitations associated with
retrospective study design could bias the assessment as well. For example, the complications could be under-reported
due to incomplete information and lack of standard methods for outcome measurement. Thus, a prospective cohort
study with a well-designed data collection and measurement methods could be a more suitable design to assess
retrievable rIVCEF in the future.

Conclusion

Based on 80 original studies, the pooled evidence in this comprehensive literature review indicated a high and
comparable success rate of deploying rIVCF for PE prevention. However, the pooled evidence related to the
indwelling and retrieving IVCF suggested that Denali caused fewer complications during indwell time and improved
retrieving performance and efficiency, which were characterized by higher retrieve rate using normal techniques and
shorter operation time. Since this review was unable to conduct the adjusted analysis to compare clinical outcomes
associated with the rIVCE future prospective cohort studies with a well-designed data collection approach are
needed to further differentiate clinical uility of the assessed rICVF in this review.

Summary points

e Existing evidence indicated that deploying the six types of retrievable inferior vena cava filter (rIVCF) were
associated with high and comparable success rate.

e The pooled incidences of pulmonary embolism and complications associated with the approved rIVCF during
indwell time were relatively low.

e Denali had the highest success rate for retrieving among the six types of rIVCF in the market.

e The difficulty in retrieving rlVCF would be the main concern for the utilization of rIVCF to prevent pulmonary
embolism in patients with venous thromboembolic diseases.
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