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Abstract
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Background and Aims: Inferior vena cava filters (IVCF) effectively prevent fatal pulmonary embolism
(PE) and are widely used in clinical practice. They are suitable for patients with recurrent PE and those
with lower extremity deep vein thrombosis (DVT) who have contraindications to anticoagulation during
the perioperative period requiring mechanical thrombectomy or catheter-directed thrombolysis. Once the
thrombus has resolved or stabilized and the PE risk has decreased, experts widely accept that the IVCF
should be retrieved. Most retrievable IVCFs can be removed through endovascular surgery. However,
retrieval becomes problematic when the retrieval hook of a conical filter penetrates the inferior vena cava
(IVC) wall or when the spindle filter exceeds the retrieval time window. Forcibly retrieving the filter
endovascularly may damage the IVC, posing a life-threatening risk to the patient. Leaving the filter in
place permanently can result in complications such as filter fracture, perforation, IVC obstruction, and
the need for long-term anticoagulation, leading to patient anxiety. These patients may opt for open
abdominal surgery to retrieve the filter, which has shown satisfactory results. This study was performed
to further explore the methods, safety, efficacy, and short- to mid-term outcomes of open surgery for
retrieving IVCFs that are difficult to remove through the endovascular procedure.

Methods: The data of 36 patients who underwent open surgery to retrieve IVCFs that were difficult to
remove through endovascular procedures between January 2020 and December 2023 were
retrospectively collected. The types of filters, retrieval success rate, and postoperative complications, as
well as the changes in blood parameters and anxiety status after surgery were analyzed.

Results: Among the 36 patients, 30 cases (83.3%) involved spindle-shaped filters, and 6 cases (16.7%)
involved conical filters; two filters (5.6%) were located in the suprarenal IVC, while 34 filters (94.4%)
were located in the infrarenal IVC. The median retention time for the filters was 15 (5-41) months. All
36 filters were successfully retrieved, with a retrieval rate of 100%, and no perioperative deaths occurred.
Compared to preoperative levels, postoperative hemoglobin levels decreased, while D-dimer and
aspartate aminotransferase levels increased (all P<0.05), but no safety risks were observed. Both the
positive rate of anxiety and the Hamilton Anxiety Rating Scale scores were significantly reduced after
surgery (both P<0.05). There was one case (2.8%) of respiratory failure and one case (2.8%) of pericaval
hematoma, with no cases of symptomatic PE. During the 3-6 month follow-up, no recurrence or
worsening of lower extremity DVT was observed, IVC occlusion occurred in one case (2.8%), incisional
hernia occurred in two cases (5.6%), and three cases (8.3%) had minor residual filter fragments, with no
cases of symptomatic PE.

Conclusions: For the retrieval of IVCFs that are difficult to remove through the endovascular method,
open surgery is safe and allows for successful filter retrieval without symptomatic PE or new lower
extremity DVT. Additionally, it significantly improves patients' anxiety.

Vena Cava Filters; Device Removal; Surgical Procedures, Operative; Anxiety
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ML RO I AR RN I D) BE AR AR, W TF R



5% 6 0] EHH, T TP AR BDROE B T A YT R R 2 36 Bl AR 4 973

A AR ML, B AT o R JE P B LA WIENRZE A T72 0, EEEMBMSNYE . BRI
JEAER . B R . BN A A E R PR DEEIH . e A &k
HEA W] . BhPRIEE], 55, RIVCEERifGE, R

L A L
E1 TulipiERBENRE, BEXFBEIVCE A CT/RMIFEIVCEE; B R, C. B
B4 D WURY Tulip U8, COYWIAEE
Figure 1 Tulip filter indwelling for 12 years with filter leg penetrating the IVC wall  A: CT showing filter leg penetrating the

IVC wall; B: Intraoperative view; C: IVC wall after filter removal, showing minor intimal hyperplasia; D: Removed Tulip filter,

which is cut and deformed

B2 FHFERHARGERESR A SHBES 2T EIVCEE; B: 3R CTEA; C: AR WSO & # ik
BE; D: BUBUESRG IVCEE, NBNAE; E: 4845 1VC; Fo STIMIGH (025 ERIE E 25

Figure 2 Open surgery for the removal of a spindle filter ~ A: The supporting strut of the spindle filter completely penetrating the

IVC wall; B: CT scan recheck 3 months later; C: Intraoperative view of supporting strut penetrating the venous wall; D:

IVC wall after filter removal, showing intimal hyperplasia; E: Suturing the IVC; F: Removed spindle-shaped filter, which is cut
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JG D= RAKFFDP AE Ak, UnAE 2L TR I B i) E AT
WA ER A, WA JCDVT 8 IVC I 48 T8 R sl &
K WECTRETG A JC PESEIR, G BERE R A i)
17 Wt 2 bk i 5 ALK E R L 3 52 (computed
tomography angiography, CTA) Fir .
1.7 RIEHEH
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FeAR Ak, REHR N CT K A iF 52 IVC 38 g ok & A A
%, MEARJEA T PESER . 5 HITERIT 3 A
JEATRUT BORIIVC S R A, WAL IVC 2 75 ] ZE /i
i A o A4 AR Ak
1.8 it

K0 SPSS 21.0 B Ak #E AT e it 4r A, Hodhit i
VORI AI R + bRifE2E (8 +s) T, HESRA K
LR T S T R W A 0 e e VA G O L i a1
i) (M (IQR) 13/~ , R H Wilcoxon Al K
5 WEERLAE (Ao h (%) 1ER,
Fe#e R PR, P<0.05 N ZERA SR E X,

21 BEMEBRIRISRIFE

36 5 1 2 B D8 2% R A T B AR Y (48.0
13.6) %, Hi 8176 (472%), BMI (25.2+
2.6) kg/m®. 36 ACUERS O B ERIE] 15 (5~41) 4~H,
Hrp 308 (833%) ZitRiEuess, 7H (233%)
SR ORI, 1R (3.3%) ZikRTE 4R CT R
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WA o R ke, TVC SR BB S L 64 (16.7%)
HEE B Ay, P2l oy el i 2k e, 3 (50.0%)
Tulip 8 #5 JIUIH 191 050 440 B Dy (HL 308 25 JC vk 1 A [l Wi 4
BOE R E R, 28 (33.3%) Celect
JEAS CT o [ 28 VG, A AR T B,
L# (16.7%) Option JEZRIE A& K A AR, 1 N ik
KW, BORUELRBUR RN . 1] (2.8%) K AEIEARBT
2409 54 (13.9%) KEEMRZIL, 164 (44.4%)
RAUERERE, 600 (16.7%) TH 4598 8% B H 5 &
BYERIT, 76 (19.4%) 1776 1 3 & 5 Wk
L] (2.8%) HABKZR (£1),

&1 36BIEEHEK
Table 1 Data of the 36 patients

i ol
(P 8+ s5) 48.0+13.6
B (%)] 17(47.2)
BMI(kg/m?,% + s) 252426
BEAE S [n(%)]

) 0(0.0)
MR 2(5.6)
o I 6(16.7)
JiiAsi5E 0(0.0)
R IR [0 (% )]
PE 7(19.4)
DVT 29(80.6)
WS R BT, MTQR)] 15(5~41)
PERRL B[ (%)]
BHHIve 34(94.4)
5 L1ve 2(5.6)
F BRI (%))
Cordis 19(52.8)
Jefi 11(30.5)
Celect 2(5.6)
Tulip 3(8.3)
Option 1(2.8)
FER IR (%))
T E 1(2.8)
IR 5(13.9)
gty 16(44.4)
E(EELRIS CE 7T 6(16.7)
JE AL 7(19.4)
HAle 1(2.8)

22 FRERFER

36 MOUE AR YA EL S, B 3 100% , F AR
B (198.1+42.5) min, FBIARMICIET R E, TCIE
RAEPE & A HEA W 52 (45~72) h, RJ54 0
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WA R 16 (2.8%) ARJE &4 0% 5 i #F A
ICU /YT 288 h s ¥k &2, WA Be . BH 612 W A Jk
Y B BRI AT MR T s 16 (2.8%) KA IVC JH
FL A IE L, 2R SFIRIT ar e thibe s 341 (8.3%)
KA T IVCEENIES &8/ DRk E, BE I AE
B, RJE3ANHATNHGEA & IVC CT R d, R
B R 2R B DVT i 5 i A4 i, 1 41 & 4 TVC A
FEW . JCRERME PE KA, 26 (5.6%) KAEVIH
i, 1BFAME AT TN TR R, 1 F R B
YOI mskaE G AR, REHWE RIF. 5 1buEt

R2 FAREREREER

Table 2 Surgical variables and postoperative conditions

Eiztan Kl
FARIE] (min,x £ 5) 198.1+42.5
e [n(%)] 36(100.0)
fEBERTTRN(d, % + 5) 17.0+7.1
AICU[R(%)] 18(50.0)
FARIAn(%)]

IVCHmYIIT 33(91.7)
oA i 3(8.3)
Hii[n(%)] 11(30.6)

" - ] o ) HEAUN ), MUIQR)] 52(45~72)
:{lzl HJT_: 3 /I\H EE ’ ﬂim%ﬁk IVC Iﬂ %%ﬂ%ﬁk%’\‘fﬁ? Clav1en—D1nd03\?Z€E§}2&[n(%)]
EDVT (£2). I 24(66.6)
2.3 ZEMS5HHUESH 1l 11(30.6)
CEN R E A S N AR/ (Fa: 4= L @QM ( IEZ-S;
| - - KHHFET [0 (% )] 0(0.0
v , D-"3 N 251 iR A FE i BH i
ﬁ%ﬁ %Mg“ Al %&@&QL%%H i THEDVT & %[n(%)] 0(0.0)
Thi (¥ P<0.05), T WITFIE 08 2% Bt PR & 4 B IVC L n(%)] 1(2.8)
SR, S AR O LR TS AR, X R PESEIR[(%)] 0(0.0)
PR AUMENEENIES N L E 227 SN DI (%) 2(56)
WA FIE G40, (0 FIER RN, WFAZS ”?fﬁf;i;q‘j[f | 12:;
IVC JA n(% 1(2.
A X IHRET R . 5 AR,
%iﬁ,ikﬂ%ﬂw 57 %#mwﬁ i R 83)
B BT AR A OIS BH 4 R 5 HAMA 1 43 34 BH & %
ik (¥ P<0.05) (£3).
F3 FARAFMEIERMEERESLER
Table 3 Comparison of blood parameters and anxiety levels before and after surgery
Bzt A ARG 7 P
I 2128 AR (/1) 130(119~139) 117(104~121) 3.821 0.001
D-—F & (mg/L) 0.26(0.22~0.45) 2.81(1.71~4.7) 3.435 0.001
ARSI (U/L) 16(15~18) 17(12~29) 1.905 0.061
KRINARRAEILH I (U/L) 16(14~17) 23(17~32) 2.945 0.004
JILEF (umol /L) 61(51~65) 55(48~65) 1.197 0.236
LRSS
FAYER(%)] 26(72.2) 11(30.6) 12.510 0.004
PP (% + ) 9.6+4.2 7.1+1.4 3.489 0.001
3 it # M R I B T R TR, 3 2

IEAR KA BEAR e K ARSI RIE, =
o B KGR A I A B RLC B P AR R S e O, 4
(0] W B A% 1 B S © R 2 L ZORI A BTkl A
2. HATE A E R 25 Y 98 4 & W 14 d NI
WP, AR g DA A AR PEXURS: i A 1 A R
i BCHR B DA R K i it B 3 O Hh 14 d B0 AT ] i g
[ g 1Ot els g A HE T DB #r A, R ik A A [l

E GRS S R S A G 7T B S
UE AR AR Y B R, nTRE S B AR Bk AL . g
i S A s AN e I 1 - . [N N 1
P OGO & 4 Tl BT

AT, TR IES B I, g
I % 100% , AR B & A RIS A2, I (6 3R 7
IR 13 oL, RIGHEIPLEEIRYY . KK 1VC
MFEEFHLZE . FRIUF B DVT; ARJG 3~61 H B 14
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KAHEIVC M 26, R BOR JE YA B35 AR 1 PE,
UL T AR B IVCF AR 4. A%, X e
IVC sz /N, i IVC N BB 5 J5 Al 45 FHATBER T -

AHIFSE 3250 TR IVCF [ 7 v fdE . (1) B
M YIIFIVC BE (91.7% ), L7 ikt S & vl 5
UE AR IVC PR HEATHRAE i SR X TVC BE i 73 55
K, FERNHTC 584 WAL IR HETE 58 2% A1
Gy HEIE B 2% 5 (2) SR UD JF OB AR M0 R
IVC BE I 1l B8 m A 4 5, LU ok 8 )5 45 L7 43 1k
I (8.3% ), AL s 2 AT B 5y 20 = PP TVC BE Y 4
P, B 0% A R B 2 A T IVC JE RE T B AR
PRI HE

ZiHRETE 8 A% B B USR], o AR B AN TR
BB A3 R A R 2F R DK RE B A B R 8 A Y £ 2 2
0 IKRE A R AR A B S AT Y W W e, D) OF
IVC J5, & Y5 HEIE U & R AL 35 22 467 T I BE 32
FE o X T 1 o 25 44, DR 7 U8 2% 1E R 28 1]
Wk ds, A IVC BER O3 E 5 ™8, g A% )5 AT U
Jry B ML A RE 22 A WA, B AR B AR IVC B 78 R
M ZEH MY E, A T U8 4% 51 A 5 W i BE =2
FE, U8 A% 2 JF R PR 4y, DR AR IO v AT ELEE RS
B, 30 i o] AN IVC BE PN 43 591 39 i) 42 7 g — 2%
BESCRE, 3K 3 18] 0 A% O U0 TVC BE 5 4 1 45 21
EARJE3A A 5 A& EH N CT Al L3 %1 (8.3%)
/D RIES &R T IVCREN R/, DR I 09 B uE 2%
53 B IS 8 25 19 75 vk AT B AIR IVC BE 473, {H 233
TnuE 2% 4 5% B AU

FEIE [ W0k 4% 1 2 AL AL 45 - (1) 38 2% AT 2 Bl
W, BEARSR AT N LIS 0 TVC i XU 5 (2) 4k 22
BB T 3~6 N H , FFIVCIEE 5 a5 0Pkt 2
Y, e IR BTEEZS Y s (B) S ok BE R0 B 2%
AKARE AT RIE B R R AL T 5, RO B
Jo TR - (1) A 45 s e ik a8 o 235 1R BB
o R K, IVC DI e i vk R (2) JF
R s T AR A S BRE , W ZAs i . N .
Silpith . WIREW . R E . BRI
(3) B4 i & BT % AT AR A4 .

PRI, 35 R i ™ A O 5 R 3T G ol e A
ARHG, T dEAT 7 0 e, BERE AR C AL AR E
PE XU C B 2 BRI, A B 5245 2% ke A 1VC TE I
FEHRDH M IKEY, BA R L5 AEM
wiE, M IVCA RIS, ARJF &4 IVC I
e SR A 2 DVT KU AR . AR, 75 A7 4 53 Bkt
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fRIiEERIT Z3~6 N H, HEEEBRERAE, £
UL IVC P € R & 20 DVT FR45 P EEIR I

Kim 5Pz 38 T 92 [ 4[5 £ vt 190 7 7 ™
i & RE I U8 2 [, 90 1) i 9 TR [l
100 51 F¥ 1 F A B, FF 8CTF AR v 45 647 B F
AR, S5EATHF TR, TR EA & VIE
IfRAE K AR, AR SE IVC X F R DVT B & & ,
JCAERPE PE B, [ B 4 38 il £2 20 F T R A7
TE 5% MR AE3 M ARAEIE JCFE TR B, 43 A7 D A
A fE 5 ST N A AR ASOR TR A OG, AR AA
I 191 32 L R JE U A B B A 14 AT E N A
ol HETE U8 A DA 2535 A e, B 1 A7 AE B Y
FEEAE, T Kim S5 P8 55 6 2 AE 7 W 2 . BB A 5%
P JF R o 8 4R B R T R DI O
= 7 A6 2 I i D SRR e IXURS: A IR 5 T M TR
U IR 5 AR ]

254 5 AFVIGE T2 R B 26 4] IVCF LT
KRB 0% Ml 7, E2EHGE T 26 B
A FARBAE %, FHAAMGE T FF AR A
IEEARE , A BIEFE 2 O T IR BE AR D TR
WAL, fE9 KT HEAS & 0 [ B, 5 i
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