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Abstract
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Background and Aims: Inferior vena cava (IVC) thrombosis is often secondary to IVC filter
implantation. The acute phase mainly manifests as limb swelling and pulmonary embolism (PE), and the
chronic phase manifests as IVC stenosis, occlusion and post-thrombotic syndrome. Early removal of
acute IVC thrombosis is clinically recommended to reduce complications. AngioJet has been widely
used for removing acute lower extremity deep venous thrombosis, but there are few studies on the
method and effect of acute IVC thrombus removal. Therefore, this study was conducted to investigate the
efficacy and safety of the AngioJet thrombectomy device in the treatment of acute IVC thrombosis.
Methods: The clinical data of 58 patients with acute IVC thrombosis undergoing AngioJet treatment in
the Department of Vascular Surgery of Beijing Jishuitan Hospital from July 2020 to June 2021 were
retrospectively analyzed. The surgical safety, incidence of PE, efficacy of thrombus removal and rate of
filter removal as well as the increase in postoperative hospital stay and cost for thrombus treatment were
evaluated.

Results: All the 58 patients had retrievable filters implantation, of whom, the filters were successfully
removed in 56 cases (96.6%), and 2 cases (3.4%) were lost to follow-up 3 months later without filter
removal. After AngioJet treatment, 10 cases (17.2%) had grade III thrombus clearance, 34 cases (58.6%)
had grade II clearance, and 14 cases (24.1%) had grade I clearance; after combination of catheter
aspiration or catheter-directed thrombolysis (CDT), 14 cases (24.1%) had grade III clearance, 36 cases
(62.1%) had grade II clearance, and 8 cases (13.8%) had grade I clearance. During the three-month
follow-up, 2 cases (3.4%) developed IVC occlusion, and the venous patency rate was 96.6%. There were
16 patients (27.6%) with PE before operation, PE symptoms occurred or the PE symptoms became
exacerbated in 2 cases (3.4%) after operation, and remained unchanged or were relieved in the other
cases. The difference in symptoms of PE showed no statistical significance before and after operation (P>
0.05). The liver and renal function parameters of the patients were increased after operation, but all of
them did not reach the diagnostic criteria for acute liver injury and kidney injury. A total of 22 patients
(37.9%) were treated with AngioJet alone, their postoperative hospital stay was increased by (1.45+
0.51) d, and medical cost was increased by (27 248+78) yuan; a total of 36 patients were treated with
AngioJet combined with catheter thrombectomy and (or) CDT, their postoperative hospital stay
increased by (2.22+1.22) d, and the increase in medical expenses was (30 6071 134) yuan, and the
difference had statistical significance (both P<0.05).

Conclusion: AngioJet thrombectomy is safe and effective for removal of acute IVC thrombus without
increasing the risk of symptomatic PE. The combined use of catheter thrombectomy and CDT can
increase the thrombus removal effect, but it will prolong the postoperative hospital stay and increase the
related medical expenses.

Thrombosis; Vena Cava, Inferior; Vena Cava Filters; Thrombectomy; Pulmonary Embolism

CLC number: R654.3

T IE# Kk Ginferior vena cava, IVC) il 1 %
4k & T IVC JE %% (inferior vena cava filter, IVCF)
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1.1 —RER

] JBst P 43 A1 2020 4F- 7 H —2021 4F 6 H 7 b 5t
FROK B B B2 145 A BF AT IVCF BCHE 521 41 5 3% 1 9
Rl Hod i AngioJet XF A7 £ TVC I 12 HL &% B
I A% B TR] <14 d B 20 P 99 a4 3E 4T 3R 9T 3 107
(20.5%) ; HITHTHEAT THR . HRIGT HFAR
H 5 647 Wil 3h Bk CTA Ke A | i V% $8 A B0 85 58 8 iR
HIS8 ] (11.1%), 58 19 8 & Sy & 1 nl [l g Y
IVCF, A Bt J& >k FH # k8 75 F /s in i CT 1) 26 i
A7 AEIVC I B s B F R4 TR0 7 IR
100 TU/kg/ ¥R /12 h bR dEAL L EETR )Y, BH — Mok
UL 1o AHIESY B o b s BUK T BR B 1 B2 5
2t (BUERL# 745 20220121 5 ), Fr g
ARHrH & E AR E .

1.2 NEFRETNHER AR &

AGEARHE . SRR TE 18~75 % . IR K2k BiE
s AT B <14 d B Ak i, B
FHLUTFHERZ—F. (DIVC iR fEA8% . 5.
I # Jik P9 il A4 2 (N G U8 4% 55 8 E 4T PMT =k CDT
BITHIEAT IR AR B, A7 A U8 28 0 E 935 LR ) 5
(2) IVCF N I A4 3% 2€ 4% 5 (3) IVCF WA= =1 em BY R
MR, 5% 4 B L HEBR AR . (1) 124
IVC Il # . IVC 5 B 725 19 8 % (i # & A= i
6] >30 d); (2) AEAE IR YL s (3) MEA I & i i &
# (>180/110 mmHg, 1 mmHg=0.133 kPa); (4) ALT/H
>IEHE LB 2.5 51 B %, MWLEF (creatinine,
Cr) >178 pmol/L. (& I FEA U R ALE )
MR (5) ™ EEE N D) RERE AT 5 (6) R E AL |
Fili . BB s (7) Wk R R S
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Table 1 General information of the 58 patients

A Rl
— R

BN (%)) 24(41.4)
(% 7 +s) 56.7+12.2
BMI(kg/m?,% + s) 26.2+3.0
BEFE MR [n(%)] 2(3.4)
R L (%)) 16(27.6)
BRI (%)) 6(10.3)
(%)) 4(6.8)
WS (% )] 4(6.8)
R IR (%) ] 2(3.4)
Denali[n(%)] 51(87.9)
Sefidin(%)] 4(7.0)
Cordis[n(%)] 2(3.4)
J481[n(%)] 1(1.7)
MRS

AR TVC I A2]n (%)) 41(70.7)
IVCHEE R IR MR [0 (%) ] 14(24.1)
PR DVTn(%)] 3(5.2)

1.3 IR IR
() DVT iH R Bk TR @ AR5 (2) PE 1Y XU [

]2 RS 5 (3) AT [l & 7% A0 A R [l i e )
TN @) IERS APl em 2 KK, (5 BEA
HRUHS i #8 ZEoR 9,
1.4 RIPEIRS[ENT ML TR

ARAT72 h N AT MR A CALHE I R,
B DI RE R BE L RE) . WS bk CTA Ky, JCUE#% &
e T BN B IVC P ECE AT IR IVCE s 0 T
(1 Y TVCF 25 AR 408 AR i A6 A o A4 o7 ‘5 3 3% R8 ) i
S IOk S R 2R R, R AN I AR L B
1.5 BFFAHE
1.5.1 AU e it 38 o B Bk E A Bk 22 2
IVC 0 Ak, A AngioJet 6-F Solent 3 4 % Ifil #
5, KBRS RE E e w2, # kT
F Ak, R #EE 20 7 1U 3 T 100 mlL 2E B £R
b/ R 23 7 e L s Rl A R = i g
25~30 min &, S0 ARS8 i A AT IR IT
W% S Y R 50 mg JHF 2 AV F 500 mL A= 3R K s
IR B A DR LI A R D) el R B S K R A
S5 K g B ) SR A 5 480 s o 1 BT AR IR T I 2K
WO(K 1), RIGZT 1000 mL A 3 £5 7K % bk 4 i
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HRIMERR; Co M AngioJet AR GATF TG I, AR SE 2R

Figure 1 AngioJet treatment for non-conical filter acute IVC thrombosis

A: Thrombus obstruction in the non-conical filter;

B: Angiography after treatment with AngioJet thrombolysis mode, and partial removal of the thrombus; C: Angiography

after treatment with AngioJet thrombolysis mode, and complete removal of the thrombus

1.5.3 JEHE 7 ARG BRABOCR Ry 1 900 bR ik B2
AR A5 5 0 28 T BR AR o v — AT UR AR IO, i
T8 BRSO R 1k % BRI AR AS A5 A5 D8 2% T R A o
BRI RATHORER YT . fr AR AL AR E S AT IR
B CREEPLEE LA IR ) o PUsE 259 ik H A1k
YHE 15 mg 2 K/d, 3 85 2 20 mg 1 WK /d br i 1k
PLEEIRYTY . FREE3 AN AU, FEAE R S BE i 48 b
wH W BTEER R =6 .

1.6 FARARZRELMHEM Z 1T

1.6.1 RPHoL BRI FLE . AngioJet #E4T IVC IfiL
P BR O, RTRE 4 B K E M 2 R B, R
Bainbridge F1 Bezold-Jarish Jz 51", & 3% 2 Y B o]
R R AN AR o M ol 0 428 43 R TE i PR R IR
2 B I ARE IR (g o] ROy R PTIN AZ, JE I 0 R
I 3 21 ) RER B R AR (B ) AR 4 T v Tt
%, BRORAME B S, 0% TR E 30 K /min,
BRI —BIRYT) o

1.6.2 KA m Hil: A5G A ™ 5
I, A LS AL . B, B
70 R VAR 11 07 N S N Bl T S s o 1 )
000 1 . S AR TE L P Y o s
Prap o 7 2R, PE MR . R AT 72 h A
ARG 24 h WATH BT Ik CTA 14k AF, M TR
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P AVERFO . MR (W 2 1
m) AT E RIS . 2 E . R
2013 4 KDIGO-AKI i2 ¥ 45 R 'k 47 7™ 1 2 2 DEAd o
1.6.4 REGAERRAERF® A ARG Bt
] 1 & AR IVC IR TR YT B I BT S . AR5 B
B[] 8 1 A4 8 BRI 9T BIR IS B KB, & TVC
A8 36 T7 18 I i B 7 2% AL 45 AngioJet AILAH I #
bR, Ry . BESE . WERSE . R
A
1.7 RIigh&is

ARJGTHT3A HATE A pr WD, B 1k, W
A TMBE K, RIGH 3 A48T Bk &8
FIVC R A Ay, UL 3 1 I V7 BR AR .
1.8 GitFariE

K SPSS 19.0 # A AT Ge it 40 B o IR
B R + bR (R+s) R, MAEEADR
Lo 35 R T X REAR o K 56, 140008 R LR T X2 4
5, P<0.05NERAGIFE X
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58 15 B B E T Al I AL IVCF, AR5 56 14l
WENBCH, B3R 96.6%, 24 (3.4%) 34 AJE%R
ViARRH, —WIuE RSO 146 (241%), — WUk
PR 426 (72.5%) . 58 & 4 T AngioJet
BIUAR I A4 0 B R 5 v i s 25 B XVR 97 . PMTIRYT
Je ML AR T 2% 38 BR 10 61 (17.2%) , 11 238 B 34 i
(58.6%) , 1935 Bg 14 # (24.1%) , H v 36 #i

E2 H#RIESSIVC M2 {E A Angiolet i87 E & £ IVC FAE

IVC TCHE AR

Figure 2 IVC occlusion after AngioJet treatment for conical filter IVC thrombus

(62.1%) HEHSFEW M, 26 (34%) BHNE
CDT %M 4, w3 H (JR BB 50~75 J7 TU/d)
J5 AT B W5 I 4 ¥ % (Digital  Subtraction
Angiography, DSA) P¥Afi; 6 6 (10.3%) i JH3k 3%
ook, 16 (1.7%) ZHIBCE IO, 205k
B A IR IO 2% 3 B 14 6] (24.1%) , 11 97
i 36 1 (62.1%), 1490EFR 84 (13.8%), e
BRI E (P>0.05); RG34 HATRAR F K A 4
B, IVCiE 56 6] (96.6%), Hrh24] (3.4%) %
A IVCBHZE, BB igds (Kl2) (%2).

A: PLBEI/NAMSRCT; B: IVCPHZE; C: dESSIIELL,

A: Enhanced CT after 3-month

anticoagulation; B: IVC occlusion; C: Successful filter removal, without damage of the IVC

&2 BEPMTEXIENR
Table 2 The surgical variables of PMT of the patients

T Bfd
THARIE] (s, = 5) 88.8+49.5
PREGBEH R (I 10, % £ 5) 10.424.0
FEWHE (%)) 36(62.1)
CDT (%)) 2(3.4)
HERF I [ (%)) 56(96.6)

— R 14(24.1)

I 42(72.5)
HoAth[n(%)]

A5 11 H 4(6.9)

IVC FHZE 2(3.4)

22 FARZEWMMZMHEITEER

AR5 o # 4 6 (6.9%) , FLrf 2 )
(50.0%) & CDT #4828 il fi i, 2 B AR5
i /N AR R B E A . AR R
O BEREAR VA, . JCAEAR & 31 01 (40.8%), 52 I
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PRAE AR % 37 i (48.7%) , J™ H Il IR A AR 2 il
(3.4%), o1 63300 0% F B 2 34 R /min, 5
1 GG Y7 o 72 v B Tk T A2 4 4 0 — D TR R
57, MU E W XTHRET 72 h ARG 24 h N
JF B hBe 284k, AL45 ALT . AST #l Cr, H:Hh AST Al
Cr R B R EZEFFIT¥AE X (¥ P<0.05), RIE
SR F O RER i dE m AR vE, AST AT Cr B
HIARIRB 2D Re i 05, HAREUE - FHHE T
B K & . TARAT72 h WK 5 24 h ATl 30
ik CTA K4, AHi16 F (27.6%) B3 0N AF7E
PE; FARIGITFE, 240 (34%) i 8 PE ¢ PE il
#i, HICH BIGERAER, 106] (172%) £ H& PE
WA, 46 ] (79.4%) A5 PE LW WAL (&
AR PE R M FREFEH L PEHR ), TR
Wi J& PE I 0L 22 5% E 4 it 2+ & L (£=0.753, P=
0.385) (#£3).

http://www.zpwz.net



5 6 11

H %F, %F : AngioJet V& I 2 M T 1 78 ik fn A2 B9 Wl AR 3R A 749

R3 FAUBEENRIEREL
Table 3 Changes in the main observation variables before
and after operation

=] Rii72h  RJ524h Z P
MRS (% + 5)

ALT(IU/L) 58.5+545  60.8+582  -0.465  0.642
AST(IU/L) 4194321  64.4+445  -2915  0.004
Cr(pumol/1.) 58.0+16.1  659+27.2  -2971  0.003
PE [n(%)]

RETFFAE 16(27.6) —

AR S n = 2(3.4)

i B 46(19.4) 0.753 0385
e — 10(17.2)

34 E4f AngioJet 5 AngioJet BX

2.3 AREFERMBFLZE IVC MEiETi8me Efr

ATt

24l )i AngioJet 3£ 22 1 (37.9% ), AR5
5 B i 18] 54 (1.45£051) d, BEJ7 2% 1 34
(27 248 +78) JC, AngioJet A S8 W #4 5/ 1 CDT
36 ], ARJEAEFERT G (222+122) d, &
SESR AN (30 607 £1 134) JC, ZSARIT¥E
X (¥ P<0.05) (#£4),

E5EREM () CDTLEE

Table 4 Comparison between AngioJet alone and AngioJet combined with catheter thrombectomy and (or) CDT

=] AngioJet(n=22) A B WAL A (50 CDT (n=36) Z P
MAREERR (% )]
NS 10(17.2) 14(24.1)
EE R 34(58.6) 36(62.1) 2.360 0.307
195 R 14(24.1) 8(13.8)
ARG AR E (d, % < 5) 1.450.51 2.22+1.22 2.894 0.005
HEmEF R Ot,x £ 5) 27 248+78 30 607+1134 13.822 0.000

3 it #

SEIVC M F % ETIVCFBEARE, 2t
Winr e BRI . kB PE, BAMIESS
T Ik 7K A B AU 11, T 0 T B L B IV C Bk
A EMA . ST R PTS, & %R E G AR
B, s AR B 5 [ M R B O A s 4 g U
i AT BURAT ARG B, BTG IR FIEBR IVC I f
Mok FEMAE . RERKR . CDT 2 EH K.
AngioJet LA VE BR 55 o 8 ke 20 i S8 =
111 o0 11 B 0 s S WA 1 Ll (1 =57 NS S =
M IR B35 A0 0 bR ke B R, AR 2 5 A i A
WERITIRECA N, EEESE DR MR,
I 3 IR R0 O d 3, T A R B AL B
WG A AR I R W, nT A R R i T
iR E R AR RO, BARPHEERESEME
ZiMFsE, AREMWSIEAKIMELE; CDT R
EIRRRIRYIT AR IVC AR 55 B B T RR S i NI 2y
PIwy S8, TR e 2 W vk B v O 78 A ik il A
INB AR RO . SCERPIHGE , CDT ] A &4 By
PTS F# ik R 528, BEARE & XU o {H CDT £27E
wAE R R, Y R ERCR, W KR A R
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U AngioJet I8 T B 25 i 2 B 2k {10 %5 A i B
oy B IR JF AR A, SR T AR SR I R iR T 2k
i B DVT 13836 97 ik, B AT 4 01 R i
B . f#BRAERH . J AR i AL BRI
KA AR AP (H R W R e AR v 2 O A1 4
JiL IR E S AR IR ACRE . JUHRYT A IVC I
e, BESHEION . WAERERN, KK
il TR E BR AR, B I IR X AngioJet
Bk 2PE TVC I AR fif A K S5 i 3E o

ARG LA 107 B B E BE A T E>1.0 em
MAS, KPR 220.5%, %18 50758 h A4 &
T2 IR MR AR OC o AF A A 4 bk 2L 58 4]
HAd ] AngioJet 15 B 20 PE IVC IR, SR I B 35
Gt R, VCF AT £33 mm & DL BB # F,
JIN LA T 3 ok O e RN R A s bk, A BR TVC i
BBy, A RURS: 48 R B it B i i o R A 0N B it
FEm AR B VE PE KA. L, ARBFRAEARAT 72 h
MR G 24 w53 3 64T T Bl 2l Bk CTA K 4, & 76 0
LIVCF B A BY HIA W PE & A4 KUK . &5 R F I,
A2 (34%) BENGEKAET PESPEME, H
¥y 0o WY & s R PE AE IR, UE W AE IVCF {47 F

AngioJet 1f b 2 ME IVC R S EUE & ™ H PE R I .
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A 528 AngioJet ¥ FR 2 PE IVC L F2, IVC
W FRIK 96.6% . M ARTHBRFE 9. 1. 1. T2
HEREDS N 146 (241%) . 3461 (58.6%) Fi
105 (17.2%) , T 548 W ke 5 CDT %+ 2
BRI, T I, ML BR 25051 8 1 (13.8%) .
36 5 (62.1%) F1 144 (24.1% ), 112 AN IIT 2% Ifi A4
HRR R B L, Ui Angiolet 1 B 2 PE TVC 1ML A2
SRR R, (S TR 5 CDT ¥ R nl ik —
AN A T BR AR, SRR KRR A E M, H
ZEFORE TR AkSE R IR AR AR . 2 B
IVCRHIZERH, 10IRIM BB EZTHh, &
BFFARFT A BT B DVT i E T s &8, KRG &
A PEIVC 58 2 B 2E . Angiolet 1697 5 B0 R A,
MAREBR T H 1, BERNEHECDTHERFE KR
RUEERIRIT s 3 1B R S BE 8 D8 A% & A2 IVC B
€, FRPBEAT Angiolet 16T Ja UR AL, IS W B 43
R 2 B TG B Ak 8 R AR VD BE BT BE IR T
3AHJA, B4 KB IVC JIH M ke T8 B 22, u&
PRI, BE L PEME ., 244K, Angiolet I
ESFEWH (8 CDT, 2380548 & 25 W) fdi 1]
W, AR SE K AR S A e A T 1 0 B R .

fdi FH AngioJet 1697 2 M IVC I K 5o A% vh 7 G 1
DR () ke e g, RA K —u
g po O L WA AR JER S RE IR, g AR AR 2 i
PR S 5 g RE IR, — EL B I 2 R T A R 45
1F i T B IA T R SR T O R OE R A . AR BFS
W2 (3.4%) 3™ EE R G ik gk SR i 2R T
o 1 ) B8R B — 3 0 R R B A 34 WK /min, IfiL
SR RS A Tl . B A IR T BR A YT S 2 min
POE R A 5 o /I TVC I A4 35 Bk B8 4 5 1) B k17
T UCIR T I A 2R AE 20 s A2 A, AR R R R R
BIRIT K, RE ZWERAE, WM R4 B X i
B BRSO TC I B, (2) B R ™
. AngioJet 75 K 2 VE 2 A6 AR 55 HEAT M2, (R
B 24 W Tk B A K OF AT BRI 25 R i, Gk B AR
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