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Abstract

Key words

Background and Aims: Inferior vena cava filters (IVCF) are widely used in the prevention of fatal
pulmonary embolism (PE) and removed by interventional technique, and surgical removal may be
considered for filters that are irretrievable by endovascular approach or exceed the time window for
retrieval. This study was performed to evaluate the safety and feasibility of open surgery for removal of
the IVCF.

Methods: The clinical data of 27 patients who underwent open surgery for filter retrieval after IVCF
placement from February 2019 to August 2022 in the Vascular Surgery Department of Beijing Jishuitan
Hospital was retrospectively analyzed. In all patients, the median number of attempts of interventional
filter retrieval was 1 (1-2) before open surgery.

Results: All filters were removed and the technical success rate was 100%. The median time for filter
implantation was 20 (5-48) months. There were 8 cases (29.6%) of Aegisy filter, 1 case (3.7%) of Denali
filter, 10 cases (37.0%) of Cordis filter, 1 case (3.7%) of Simon filter, 3 cases (11.1%) of Celect filter,
and 4 cases (14.8%) of Tulip filter, respectively. The filter was located in the suprarenal inferior vena
cava in 1 case (3.7%), in the retrohepatic inferior vena cava in 1 case (3.7%), and in the subrenal inferior
vena cava in 25 cases (92.6%). During the operation, a suture line was placed at the retrieval hook, the
filter was removed by direct clamping the retrieval hook without occlusion of the inferior vena cava, and
a purse-string suture was performed after removal in 2 cases (7.4%); the filter was directly retrieved to
the vascular sheath followed by closure without occlusion of the inferior vena cava in 2 cases (7.4%); the
filter was removed by incision of the anterior wall of the inferior vena cava followed by continuous
suture of the vessel after blocking the blood flow of the bilateral renal veins and the inferior vena cava at
distal and proximal ends of the filter in 1 case (3.7%), blocking the blood flow of the distal inferior vena
cava, the first hepatic portal and the second hepatic portal in 1 case (3.7%), and blocking the blood flow
of the inferior vena cava at the distal end of the filter in 21 cases (77.8%). The average operative time
was (224.15+23.85) min. No deep venous thrombosis or symptomatic PE, no cardiopulmonary
complications, and wound infection during the perioperative period. Abdominal pain with bloody gastric
juice occurred in 1 case (3.7%), and hematuria occurred in | case (3.7%), which were relieved after
symptomatic treatment. The average hemoglobin level was (128.59+15.05) g/L before surgery, and
(110.56422.15) g/L after surgery. Six patients (22.2%) received 400 mL of red blood cell suspension
transfusion after surgery. No fatal hemorrhage or shock occurred. The median length of postoperative
hospital stay was 9 (8-12) d.

Conclusion: Although open surgical filter removal is difficult and technically complex, filter removal is
safe and feasible. Sufficient CT evaluation of the position of the filter and its hook before surgery and
using appropriate surgical approach, with specific surgical skills, the safety and success rate of open
surgery can be greatly improved.

Venous Thrombosis; Pulmonary Embolism; Vena Cava Filters; Device Removal
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B GRFRK LAE E B (deep venous thrombosis ,
DVT) J& I AMEHE WA B 2 —, FHFEBIE KR
A TR B Bl B o DVT 20 10 51 25 5E 1 il
#: %€ (pulmonary embolism, PE), VIR F .0 JJLAE 5E
R I 0, A O I L AR 9 AE T Y AR — KR
DL U2 TR s E ik g £8% (inferior vena cava filter ,
IVCF) &R PE & A4 09— Mol &0 T B, Hoad H
WE N AFTEDUBEAR =, PUBE 2 I B A 56 O &4
DL K AR BE B il ol A% A7 0 e I g R R
HIRA I E AR T —E ke, HEEHNEK
W AT RE 2 R BB TR RE L HL AN T R AR A
I JED S i Il e 4 2 ) o A R 4 5 i Y, BB AN
JUETs N AR R L Ak R i R T B BH ZE T
FEwE K, R S5 T AR e KR 3 3 Bk
SR A SE0 0 I, 36 2l R R
(food and drug administration, FDA) AW T
SR A A AE DR i SR POk R O
A 0B A B B S5 A I ) 2 78 LB S Y 29~54 d

I IVCF 75 2856 3 14 H: (el e 5 K AR 5% 9
JE o AH 5 SCHRU R T8 TVCE - 2 8] i R ALK 34% .
7E 3£ [, 2012—2016 4F [0] , u§ % A9 4F [ U 5 il
6.9% T+ 2 22.1% , R I A 22 8008 4% 18 R U,
JEE N A A& IVCF B i E 207 A, SOk i i =
B SR R34 97.6% o AHJ X I 9 A A TG 2 B B
R B ] B A9 TVCF, AT RUE o R B R L L
NER K I FARBCGH D, Ao e ar il 1
15 1) 4= i 1 52 T IVCF B (i IR 22 30T, IO ¢
U ROR TR 32 R T Il A o O e
KR 0 HE T 8 A o R T TRT A N RE ) SR DR 2% B
WIEUE & . W F5 TP R FAR MG,y H AT OC T IT
TR AR B e PR A A L AR RN ARG
Woifs 727 B IVCF JF 0T AR B 9 /3, ORI
., EWMT .
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1.1 —H&ER

[ Josi 4 4 A7 2019 4F- 2 H —2022 4F 8 H et 5t 1
KR = B i 4 A BHISCTR 19 IVCF B AR AT 1 i F R
U B IR RSk Ay A AR HE (1) ICVF hy [AT i 44
W BEJE 2R, AN ABCH R BE (2)
B[] 7 8 A TC IR B IR TR BB A 5 (3) T s Ik
e B S WA N I NKGE S s (4) R R R ik
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DVT & ) PiBEzE 2B H; ) WA ATEE,
2T HIFFE A0, FYFR R (42302 12.12) %,
B 136 (48.1%), Ltk 146 (51.9%) . i fi
R AR TIATIE FB CT K 2 3047 P74 B B ICVE B [T i
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BT AR TR A BRI N AT & A R B L)
FUF B Bk VI B 2R BO R o RuiE % . R
MO MRy EEZ Y, AR+ &= T
(LkN2h), RujwAER; Hk, KRur1dHk
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k. TR RENA S, e EEN, VPR,
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Fpfi s, ot 4 7k 58 B H KT 2 SRR koo TR
Jl w5 Ik, 3 A A FLEE K, BEL OB T 43 S L DR 8 2%
AT G T K, Ak S U8 A AL R AT IR TR A
PIJF T s # DK AT BE . 294 om, 58 8 3 B9 8 8% K 3
SRR, S 7 B, AT B IR B AR A3 R
e, WRBCE MRS IE , NRAS RT IR I aE gk, iE Lk
A MG RE, JFRCBH AT, A AT, BJE K
M, MEAH N . 2 50E KT 25 R R U8 A% 3 4
AR (E 1) @ X THIEES, 75
TR ERIK T, R R0 T AR, B A 4k
Ak, VI ERIKREZ 2 mm, B0 00 AL R B
AR, B4R A Lk, AUAT T Ik BE K
(El2), Q)X T Bk Lugss, BRoci&ifs F K
Tk AL, T B 58 B B RUE R K SR T R
Jik 5 4 BELWT I 3 05 0O R R Bk mRE S R IR
B RS R AT M RE SR AR S, R EE I EM
i+ 46 B OB RR o (4) FFJS T s ko 2% B 5
B L AT O, UE A IR S iR A
7 8 )5 BT I # bk 25 — 1T, SRR I
S, ST BT, Sy BT — . B T &
UE AR v RS K, D) OF KRR SRR UE AR
JEES S (E3),
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Figure 1 Intraoperative pictures 1
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A: CTHURGEILIES: (282 Ltkilid); B; VT FIERIKIBULIERS; C. 485

HBE e o FIRPUBEZS ) (FAR TR D ) o i
HARJE 2 YR -

TIEERIKEE; D: HUH Y

A: CT showing a spindle-shaped filter (28-year-old female patient); B: Filter removal by

incision of the inferior vena cava; C: Suture of the inferior vena cava wall; D: The spindle-shaped filter after removal

B2 AHER2
bk e

Figure 2 Intraoperative pictures 2

A: CTHURHEIEES: (35 BEEF); B: YIF MIEEFIKEULIEAR; C: BUBMHEIEIES:; D: 485 K

A: CT showing a conical-shaped filter (35-year-old male patient); B: Filter removal by

incision of the inferior vena cava; C: Suture the inferior vena cava wall; D: The conical-shaped filter after removal

B3 KFEEL3
D: YT FIESEKEGEIERS; E

Figure 3 Intraoperative pictures 3

A: Hﬁiﬁﬂzﬁ%ﬂ‘ﬂFTﬂ’”%%%%ﬁﬁ/aﬁ%ﬁ B: CT%FH?FTV%%%%@%(F%% C: FHIEE —HF 5

s HEG T IEERIKEE; Fo BUH IYTERIEUE &

A: Plain abdominal X ray showing a spindle-shaped filter in the retrohepatic inferior vena

cava; B: CT showing a spindle-shaped filter in the retrohepatic inferior vena cava; C: Occlusion of the second hepatic hilar;

D: Filter removal by incision of the inferior vena cava; E: Suture of the inferior vena cava wall; F: The spindle-shaped filter

after removal
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Wi, SRy AR R AR B WIRE K&
O I8 2R 5 5 HE O T R E
1.4 Sit=F4iE
TFEERAAIES oM, DL« b 2
(% +5) Fm, AR IES S0 LA A % (pd 4
LR ) (M (IQR) 13w, HECFeR @ ) (|
) [n (%) 13w . BS540 1 R JH SPSS 23.0 48
TR E . P<0.05 MR A IT27 8 L

21 BEMER

il B, 4 (14.8%) & MZ T,
124 (44.4%) & DVT 4k % T F A Irsish 0,
361 (11.1%) B3 DVT 4k & i 4 ok b J&g 1 B
A, 84 (29.6%) HH R LM DVT., W5 A
B3l (11.1%) A&k, 16 (3.7%)
HRERIE, 161 (3.7%) fEAa R, 656000 B
Ho WEIE A BEIE A BT MR AL . 8 1] (29.6%)
g JBE DK + IE % ik DVT, 15 6] (55.6% ) 4 JIE # ik
DVT, 1 % (3.7%) A % & Wk + ) & Ik DVT,
L (3.7%) R Bk + T BE#R Ik DVT, 261 (7.4%)
o JE e K + fil A4 ZE DVT . IR yT 7K 261 (7.4%)
95 T R VOEE S R+ IR R AR VD BE R B BE R T
21 B (77.8%) R I £ ¥ BE 40 BE, 2 B
(7.4%) W MRAEZEMGTEE, 14 (3.7%) 1R FT A
VEAK, WMCMRMRIP IR, 1] (3.7%) 1ARET A T
M, B R MR BTEER YT o PG RETAT A A2
B P RECH T (1~2) W ARBTD- R K
(0.52+£0.82) mg/l. (%£1),
22 RFRBERHER

BANUEA P, Aegisy JE 7% 8 ] (29.6%)
Denali & #% 1 7l (3.7%) , Cordis J§ #% 10 (37.0%)
5], Simon JE #% 1 ] (3.7%) , Celect JE 2% 3 #
(11.1%) , Tulip JE %% 4 ] (14.8%) . B 38 45 7
W 261 (7.4%) Rugasid, 341 (11.1%) A
W B 2B I RE 6 B (22.29%) M R 9 ol O
76 (31.8%) MIEda LA HiEE, 7] (31.8%) A
O RPN ER U, 26 (7.4%) Ay [l 4 4
BilE#s (£2).
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®1 27HIBE MR
Table 1 The general date of the 27 patients

Bkt HfE
AT R [ (%)]
2p7eig 4(14.8)
N RCETES M 12(44.4)
iy ke e D0 T AR 3(11.1)
JRAEYEDVT 8(29.6)
MARFE R (%) ]
B -+ Mk 8(29.6)
JE ik 15(55.6)
R+ B Dk 1(3.7)
Bk Bk 1(3.7)
I+ it 42 € 2(7.4)
JE A ABUE URBIIR , M(IQR)] 1(1~2)
B IHER(%)]
R Il 3(11.1)
BEIRI 1(3.7)
i 5 1t 1(3.7)
JEE LI 0(0.0)
MARRTT [ (%) ]
PRUGHRR R+ R D BE 2(7.4)
R PE 21(77.8)
LEZDRN 2(7.4)
B DEAR , SO RIS PE R 1(3.7)
B ] AR, BOR AR TEAR 1(3.7)

RAETD-— 2R (mg/L,% + ) 0.52+0.82

F2 27BIBERFRBEEBREERMR (%) ]
Table 2 The filter type and reason for removal of the

27 patients [n (%)]

TiH HfE
BB pEE RS
Aegisy 8(29.6)
Denali 1(3.7)
Cordis 10(37.0)
Simon 1(3.7)
Celect 3(11.1)
Tulip 4(14.8)
TEAR T 2(7.4)
[ ) 2375 ML A BE 3(11.1)
JEI B 6(22.2)
FEL L HTBE 7(31.8)
DHIR R 7(31.8)
Il A 451 1 U 2(7.4)
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2.3 IESEEHER

AR B IR N 100%, FiA iEdaiMmt,
AHALEFE] 2R 20 (5~48) DNH o 14 (3.7%) UE+#s
N F Bk E N gk, 16 (3.7%) TR
FEw K, 2561 (92.6%) g T B &Ik T T s #%
ko R 26 (7.4%) FUE#% B ik B3 ' for £
G gk, ANBHWT R B E Ko, G B e ]
W Ry, B S AT AR A A2 (7.4%)
oA BEL DT s IOk O 3, 0 A T AT O & o A
JEAT AL AE A 1] (3.7%) BH T XU & ik &% 0 2%
ICAT RO KO, 1B (3.7%) 4y S BE G
iR uvh R SN R I W 8 e o

21 5] (77.8%) & 3 BH Wr i &% 2t 3T o & S K Il
T, SR T I I U)JF R R KR RE BEAT U AR O,
B 5 AT I RE R LR 8 S . TR F ¥y ik al
(224.15+£23.85) min. [HF AW PEEL DVT k4=,
T M Rt L GE, TR, 16 (3.7%)
PR S, 16 (3.7%) HBLILER, fRSF
XEREIR YT Ja 2 A, ARTTI 2L 8 (1340 (128.59 +
1505) ¢/L, AR J5 N (11056+22.15) gL, 6 f
(222%) A J5 i A B 77 2040 i 400 mL, 7 WL 2 Ay
PER I R T . RS EHBE A B TR
9 (8~12) d (#%3).

®3 27G1BEFAREFARPABEXIER

Table 3 Surgical variables and perioperative variables of the 27 patients

EgE| ¢l EE| Kl

TER Eln(%)] FIF AR LIE (%))

UEERAL T bk 2(7.4) PES{DVT 0(0.0)

UEEALT KR 25(92.6) il RGEI RAE 0(0.0)
USSR B B M (IQR)] 20(5~48) 1310 e 0(0.0)
FARI (%)) H B 1(3.7)

TS A+ A I 2(7.4) WK Z 43 1(3.7)

T A 85 A+ A 2(7.4) ML (/L% £ 5)

YIFF IR EE+ T IR ST TBE 1(3.7) AR 128.59+15.05

YIFFHIREE+ T Ik 5 B ik SEL T 1(3.7) VN 110.56+22.15

VI KB+ T i UK BEL R 21(77.8) MGy (%)) 6(22.2)

FAREHE] (min,x + s) 224.15+23.85

AJFEBERS R, M(IQR)] 9(8~12)

3 i #

SRS IVCF 78 T B 808 2% PE J7 3k 25, (H K
S A A O I R AE AN T 240 . IVCE /940 6 9F
FBARERN RS, B A LA 5RO A K,
W BE 22 W 4R A 2 i, 2R AL A R SR i 45, 4k
M BH ZE R B 5 K B ™ A PE AEP . SCHRY R
TE 7 A 0] A A m I S o T B ik B A T B
W, M2, fE KA. Bk, MATEIVCF &
FECR A AE FH R nT g8k JLECH o BE A IVCE i it
KB 7 N R AN SF AR 2 40%~60% 11 IVCE
2 N A AR TETE B, E LR R Sy [
WCAE I BE Y 2E L UEERAS AL L R ] R SRR,

XFTHE N A AR TCi B 1 IVCF, AT 2545
SARFFR, BETE BB A I RCF R M B
BR KL NG BB o T8 I Bl Bh B AR B4 /)
{FLSE W7 G ™ A, 6F T DS 28 T T 5 TKORE 1) £R
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Bl TERENKEESE A L HA — @, [BMig
ANFEPSN H R OC T b A TR Ty i A BR 9 191
WA, B = KR A B I 52 22 4k e nT AT
FECF AR DL 5E 4 2 S0 4% Bt T s #i ik, 7% 258
G L VBT 08 2% JC 3T ot L O, A T B A A U A B i
ik Jeg S G bk S L g, BRI AS L, FE o8 B
W 8 8 BT R K L I B, nT D) T R
HEAT DR AR B o X AN [ 2 0 8 25 1 O XA o
AN, G0 g5 6 IE 08 45 T B YT EAT R B B AE S
17 < T 5 4% AT Y1 B, ] 1 3 g i A
L aE G, TE AT e s nT s g g, O
SRR, R T N I EIK DI T ARG .

I TF T AR UE 25 BCH 19 166 PR 5 9] 41 3 47>
FEA A /NS 1720 s BRI PR RS IR T IF IR AR
LI B 25, A T — 2 R . Aol
W7 27 T TR AT IVCF BUH B B, ROR B
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Fo A BHE IVCR AN B, B AR B e ™ & I
RAE KT, IVCF UL % 247 45 G A5
DML, JFlFARITIESBOR 2 EZE LT IL
M HE, RETEMESIEW HE, RlgiE
SUNE R RO S NS EB- A1 0  7  N =8 9 NI 11 4
UL T T E A R, R — o 58 4 Ui B U AR
BT Uil N 2 1 A < e I B S N O
A5 B G i BH BT I 9, G047 R R 58 4 BH BT I O
N 2% ST K A Ay S KA, AR TE
N AT HL, R S BLW I, Y RS i bk BE
ARESEH B gAY, WO =, WIRIES
(VAN RS O N N T 1 (N 1 ]
BRI, ASBEIEA LB, RIS EE AL B K
HiiE, R Ugr g sk B RE, Ris B RIR
MR, PRSFIRIT 1V G I Ao idiiid 1 1 4l
PEAS AL TG T s bk i B, Rh B S uE A8 i
ity RS E K, S — T R T, SE A B L
bu | (IRFTO =R 7)BAR VI DN V)5 N I B NS 1 oy g
BERIG R, M XIFRAEE, %% 6] B i
CHRIRIE . DU, MEAREAREKKNEE, N
58 e ML R B, anuE s ok R R
AT I S % 0 RS, R G o AT B SO K
BEROG o 550, X FHOBATIESS B E, Bt
MEAEFEZE, KPR E, HeHEfa
&, W uER S B B, BIEERRE,
T 7 e R ARSI YRR 2 i, A BF
A 4 (14.8%) &4 A 7 R B, I
Bl T AR AR DG T i HBOR 1 2% .

1E 2016—2017 4 3¢ [5 [ 5 AT B f8 5 2ds v
Tanner £ i 38 T 100 6] FF i F AR 58 2% B 19 B
H, Hasfl (45%) RITMFAR, 556 (55%)
RIFEFAR, BIFAREAE 106 (10%) £H5 R
WP AR G801 KR, 20 0] (209%) B il A A 2E JF
RAE, WIRIE KB W iE R G RAEAS 5B (5%) ,
501 (5%) IR, Bl FARIMHILE N 5%, F
¥ Benst (] A 6.5 do (HZ 5T R T F AR )
AHOCIE RHE , oA X B B A% 0 BT R B TR
D5 AR R . A5 27 191 28 5 BT R0 e
PE 5 DVT k4, Jo.O i RG I AAE, Tofh Fsge,
LB (3.7%) 3 RE IR fE a2 S, 161 (3.7%)
MR, Y8 T ARSEXTREIR T G &R, 6 1
(22.2%) A J5 % A B TF 2040 400 mL, = W8 Ay
PER I KR TE, TEAET B o RIS,
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A HR B AR BORS R R D7 2, R R R L
B, AT G A OGO RE B B, R T RO
B3} T IVCF, 38R 27 A% A B, 8 A 1 1 8
v, BCRPICHY RS uE AR T E A L O R R
FAR K I KAE o

A M B B T DB AR BB J — R RLBD B TR
Jrae AL e ARaE 115 4 I 4 A B
TUEAR IO By 22 g1, LR R U R O 93.3%, [
FARWA 16 (67%) % F &My, 14
(6.7%) BZJRERGE , SR MM Il B A B3 & T [T i
a5 T I KORE A B TR D8 A% R R G20 BHL IR 98
LRl iy i o A R 1 N A DLl et =
7 U8 25 BU OB mi A R B R] . TR R R R DR A% IR
S HEIE Ul 2 35 D T TR #EAT O, X TR
i B BB HE % WA 8 4% R T T RECHE B A (R A
TERCF AT A, A v 2B A 5% I 3 A i
B EAS , TARKMERE K HEAR 3%, &
BAARJEENRRRIEAER K (2D UE), BIF AW
Wi B ST AZ . FARREK, &35 AK5EK
SIS o SR, G T T A i 2 Ik A
A, RBTFE I HE A AR RS E R AR BOR R T
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