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dyspnea after treatment. The average IVC pressure 
decreased from 29.8 ±  3.4 cmH2O to 8.6 ±  2.1 cmH2O 
(P < 0.001). Clinical success was achieved in all patients. 
The average follow-up period was 15.3  ±  11.6  months 
(range 2–44  months). Long-term IVC patency was 
achieved in 15 of 17 patients.
Conclusion  Combined thrombus aspiration and IVC 
recanalization can be a safe and effective method for BCS 
patients with IVC thrombosis.

Keywords  Budd–Chiari syndrome · Inferior vena cava · 
Thrombosis · Aspiration

Introduction

Budd–Chiari syndrome (BCS) is a rare disease involv-
ing hepatic venous outflow obstruction at the level of 
hepatic vein (HV), inferior vena cava (IVC), or both [1–4]. 
Approximate 20 % of BCS patients have the IVC throm-
bosis involvement of IVC [3]. Standard IVC recanalization 
(balloon dilation/stent insertion) is considered to be a con-
traindication in these patients because of the risk of acute 
fatal pulmonary embolism (PE) [4].

Currently, combined catheter direct thrombolysis and 
IVC recanalization is widely used for BCS patients with 
IVC thrombosis [4–6]; however, catheter direct thromboly-
sis requires a long treatment period and has the attendant 
risk of hemorrhage, especially for patients with upper gas-
trointestinal bleeding. To overcome this problem, we used 
the thrombus aspiration technique to manage IVC throm-
bosis before IVC recanalization. The aim of this study was 
to assess the feasibility, safety, and effectiveness of com-
bined thrombus aspiration and IVC recanalization for BCS 
patients with IVC thrombosis.

Abstract 
Purpose  To investigate the feasibility, safety, and effec-
tiveness of combined thrombus aspiration and inferior 
vena cava (IVC) recanalization for Budd–Chiari syndrome 
(BCS) patients with IVC thrombosis.
Materials and methods  From March 2011 to October 
2014, 17 consecutive BCS patients with IVC thrombo-
sis [male 13, female 4 (mean age 52.6 ± 8.4 years, range 
43–72  years)] treated by combined thrombus aspiration 
and IVC recanalization were enrolled in this retrospective 
study. An 8F guiding catheter was used as the aspiration 
catheter. During the treatment, the aspiration catheter was 
placed from the right femoral vein to the IVC thrombi, and 
a 20-ml syringe was connected with the aspiration catheter 
for thrombus aspiration. IVC recanalization was performed 
after thrombus aspiration. Data on technical success, clini-
cal success, and follow-up were analyzed.
Results  Technical success was achieved in all patients. 
After thrombus aspiration, 12 patients had no visible 
thrombi on IVC venography, while 5 patients were shown 
to have the IVC mural thrombi. Afterwards, 13 patients 
were treated by IVC balloon dilation, and 4 patients were 
treated by IVC stent insertion. No patient experienced 
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Materials and methods

This was a single-center retrospective study. Our Institu-
tional Review Board approved this study. Before treatment, 
each patient received detailed information of combined 
thrombus aspiration and IVC recanalization, and provided 
the informed consent.

Patients and diagnosis

From March 2011 to October 2014, 17 consecutive BCS 
patients with IVC thrombus [male 13, female 4 (mean age 
52.6 ± 8.4 years, range 43–72 years)] were treated by com-
bined thrombus aspiration and IVC recanalization in our 
center (Table 1). All patients came to our center for primary 
treatment of BCS. None of these patients had a cardiopul-
monary disease. The risk factors of BCS, including JAK2 
mutation, factor V Leiden mutation, protein C deficiency, 
and protein S deficiency, were not present in any of these 
patients. None of these patients had an autoallergic dis-
ease or malignant tumor. The main clinical manifestations 
included abdominal distention, abdominal pain, ascites, 
hepatomegaly, and lower limb pigmentation. The duration 
of symptoms in these patients was 1–36  months (average 
13.6 ± 9.2 months). Patients’ liver function was evaluated 
by Child-Pugh grade (A 4, B 11, C 2).

The diagnosis of BCS was established on patients’ his-
tory and results of abdominal ultrasonography and mag-
netic resonance imaging (MRI). The diagnosis of IVC 
thrombosis was established on the results of abdominal 
ultrasonography and MRI. The length and diameter of IVC 
thrombus were measured from MRI. The average length 
and diameter of the IVC thrombi were 48.8 ±  18.0  mm 
(range 30–100 mm) and 20.1 ± 2.6 mm (range 15–25 mm), 
respectively. Concerning the nature of thrombus, 3 patients 
had fresh thrombus, 10 patients had mixed thrombus, and 4 
patients had old thrombus. The nature of IVC thrombi was 
differentiated by MRI [7]. All patients had at least one pat-
ent HV or accessory HV.

Aspiration catheter

Thrombus aspiration was performed using an aspiration 
catheter. The catheter was a commonly used 8F Brite-Tip 
guiding catheter (Cordis, Hialeah, FL, USA).

IVC thrombus aspiration

All procedures were performed by three interventional 
radiologists with 3, 8, and 16 years of interventional pro-
cedures experience under fluoroscopic and local anesthesia. 
The blood pressure, heart rate, respiratory rate, and arterial 

Table 1   Baseline data of the 17 patients who underwent combined thrombus aspiration and IVC recanalization

A ascites, AD abdominal distention, AP abdominal pain, H hepatomegaly, LP lower limbs pigmentation, Duration duration of symptoms at diag-
nosis, RHV right hepatic vein, LHV left hepatic vein, MHV middle hepatic vein, AHV accessory hepatic vein, IVC inferior vena cava

No./age (years)/
gender

Clinical manifestations Duration (months) Patency of hepatic 
vein

IVC thrombus Liver function 
(Child-Pugh)

Length (mm) Diameter (mm) Nature

1/52/female A, AD, H, LP 15 RHV, AHV 65 22 Mixed B

2/72/male A, AD, LP 3 RHV 40 19 Fresh B

3/65/male A, AD, AP, LP 9 AHV 36 20 Old B

4/43/female A, AD, AP, H, LP 36 RHV, MHV 55 20 Mixed A

5/56/male A, AD, LP 6 AHV 100 23 Fresh B

6/49/male A, AD, AP 1 AHV 60 25 Fresh C

7/63/male A, AD, H, LP 23 LHV, RHV 30 15 Mixed B

8/56/male A, AD, AP, H, LP 28 LHV, MHV 45 18 Mixed B

9/45/male A, AD, LP 12 AHV 30 20 Mixed C

10/56/female A, AD, LP 18 AHV 43 20 Mixed A

11/45/male A, AD, AP, H, LP 16 RHV 62 23 Mixed B

12/43/male A, AD, AP, H 8 RHV 63 21 Mixed A

13/51/male A, AP, H, LP 11 MHV 30 17 Old A

14/56/male A, AD, AP, H, LP 19 AHV 36 19 Old B

15/43/male A, AD, LP 9 RHV 48 22 Mixed B

16/46/female A, AP, H, LP 5 MHV 53 21 Mixed B

17/53/male A, AD, H, LP 12 AHV 33 16 Old B
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oxygen saturation were monitored throughout the entire 
procedure.

An 8F catheter sheath was placed in the right femoral 
vein, and a 5F Pigtail catheter (Cordis, Hialeah, FL, USA) 
was advanced into IVC for venography. The IVC thrombo-
sis was confirmed by venography, and we rapidly injected 
20 ml of physiologic saline and 100,000 unit of urokinase 
(Biochem, Tianjin, China) via the Pigtail catheter into IVC 
to loosen the thrombi.

The Pigtail catheter was withdrawn, and the aspiration 
catheter was advanced to the level of thrombi. The catheter 
was pushed forth and back, and simultaneously rotated at 
the area of the thrombus to facilitate the thrombus aspira-
tion. A 20-ml syringe was connected with the catheter 
for thrombus aspiration (Fig.  1). When only blood was 
aspirated, we removed and washed the catheter. The IVC 
venography was performed to confirm the effectiveness of 
thrombus aspiration, and the position of the aspiration cath-
eter was adjusted based on the result of IVC venography. 
The endpoint of thrombus aspiration was as follows: (a) no 

thrombi visible on IVC venography; and (b) persistence of 
not removable mural thrombi.

If the syringe was difficult to suction, it was suspected 
that the thrombi were at the tip of the catheter. We thus 
removed and washed the catheter. In case of the thrombi 
persisting at the valve of the catheter sheath, we advanced 
a guide wire through the sheath into the femoral vein and 
retained the guide wire. Then, the catheter sheath was 
advanced again to the femoral vein via the guide wire.

IVC recanalization

After thrombus aspiration, the right jugular vein was punc-
tured and a 5F catheter sheath was placed. A 4F angled-
tip catheter (Cordis, Hialeah, FL, USA) was advanced to 
the proximal end of IVC to perform the venography. Then 
a J-type steel needle (Cook, Bloomington, IN. USA) was 
used to puncture the IVC obstruction from top-to-bot-
tom. When this was achieved, the IVC recanalization was 
performed with a 26–30-mm-diameter balloon (Cook, 

Fig. 1   Combined thrombus aspiration and IVC recanalization was 
performed in a 52-year-old female with BCS and IVC thrombosis.  
a The preoperative MRI showed a mixed IVC thrombi (arrow).  
b IVC venography confirmed the thrombi. c, d The guiding catheter 
was used to aspirate the thrombi. e IVC venography showed per-

sistent mural thrombi (arrow) after thrombus aspiration. f, g Blood 
flowed from IVC to right atrium smoothly after balloon dilation and 
stent insertion. h Abdominal Doppler ultrasonography showed the 
patency of IVC at 3 months after treatment
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Bloomington, Ind. USA) or a 28–30-mm-diameter Z-type 
stent (Yongtong, Shenyang, China; Fig. 1). The stent inser-
tion was needed if there was more than 30 % residual steno-
sis of IVC after balloon dilation [2]. The IVC pressure was 
measured using the angiography catheter and piezomet-
ric tube before and after IVC recanalization, respectively. 
Because all patients had at least one patent HV or acces-
sory HV, the patients did not undergo HV recanalization.

After treatment, all patients received subcutaneous low-
molecular-weight heparin for 3 days, followed by warfarin 
sodium for 12 months. The international normalized ratio 
was maintained at 2–3.

Definitions and end points

Technical success of combined thrombus aspiration and 
IVC recanalization was defined as elimination of the IVC 
obstruction and collateral circulation as determined by IVC 
venography without any major procedure-related compli-
cations. The major and minor complications were defined 
according to the guidelines of the Society of Interventional 
Radiology [8]. Clinical success was defined as an improve-
ment in BCS-related manifestations after treatment. 
Patients underwent abdominal Doppler ultrasonography 
and physical examination at 7 days, 1 month, 3 months, and 
every 6  months after treatment to confirm the long-term 
patency of the IVC. Respiratory function after treatment 
was also monitored. If patients felt chest congestion or 

dyspnea, chest computed tomography (CT) was performed 
to confirm whether or not there was a PE. The primary end 
point was IVC re-obstruction. The secondary end points 
included PE, anticoagulation-related bleeding, and death.

Statistical analysis

Continuous variables were summarized as the 
mean ± standard deviation. The paired samples t test was 
performed to compare variables before and after treatment. 
A P value  <0.05 was considered statistically significant. 
All statistical calculations were performed using SPSS 16.0 
(SPSS, Chicago, IL, USA).

Results

Assessment of treatment

Combined thrombus aspiration and IVC recanalization was 
technically successful in all of the patients (Table 2). One 
patient developed a hematoma in the right groin after treat-
ment, and he was successfully managed with local com-
pression. None of these patients complained of chest con-
gestion or dyspnea after treatment. The time required for 
thrombus aspiration was 5–11 min (mean 7.7 ± 1.6 min). 
The time required for the entire procedure (including 
thrombus aspiration, washing catheter, IVC venography 

Table 2   Results of treatment and outcome of these 17 patients

IVC inferior vena cava

No. Residual visible thrombus  
after aspiration

Time of thrombus 
aspiration (min)

IVC recanalization IVC pressure 
(cmH2O)

Follow-up (months) Re-obstruction

Before After

1 Yes 8 Stent 33 10 13 No

2 No 6 Balloon dilation 29 7 2 No

3 Yes 8 Balloon dilation 22 5 18 No

4 No 8 Balloon dilation 35 11 9 No

5 No 11 Stent 26 9 44 No

6 No 8 Stent 30 11 7 No

7 No 6 Balloon dilation 28 6 29 Yes

8 No 6 Balloon dilation 32 8 15 No

9 No 5 Balloon dilation 29 8 5 No

10 No 8 Balloon dilation 35 11 31 No

11 Yes 9 Balloon dilation 26 9 3 No

12 No 8 Balloon dilation 30 11 12 Yes

13 No 9 Balloon dilation 31 9 8 No

14 Yes 7 Stent 34 11 11 No

15 No 6 Balloon dilation 29 8 7 No

16 No 8 Balloon dilation 28 5 29 No

17 Yes 10 Balloon dilation 29 8 17 No
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review, and IVC recanalization) was 40–65  min (mean 
50.6 ± 6.5 min). After thrombus aspiration, 12 patients had 
no visible thrombi on IVC venography, while 5 patients 
were shown to have the IVC mural thrombi. Afterwards, 
13 patients were treated by IVC balloon dilation, and 4 
patients were treated by IVC stent insertion. The average 
IVC pressure decreased from 29.8  ±  3.4 cmH2O (range 
22–35 cmH2O) to 8.6 ± 2.1 cmH2O (range 5–11 cmH2O; 
P  <  0.001). Clinical success was achieved in all patients 
after treatment. BCS-related manifestations improved pro-
gressively after treatment.

Follow‑up

The average follow-up period was 15.3  ±  11.6  months 
(range 2–44 months). The 5 patients who had the persistent 
IVC mural thrombi after thrombus aspiration were shown 
to have resolution of the thrombus on abdominal ultra-
sonography during the follow-up. Long-term IVC patency 
was demonstrated in 15 of 17 (88 %) patients. Two patients 
experienced the re-obstruction of IVC without thrombosis 
recurrence at 6 and 8 months after treatment, and were suc-
cessfully treated with repeat IVC balloon dilation (Table 2). 
None of the patients experienced chest congestion, dysp-
nea, or anticoagulation-related bleeding during the follow-
up. All patients were alive at the time of this report.

Discussion

This study evaluated the feasibility and effectiveness of 
combined thrombus aspiration and IVC recanalization in 
the management of BCS patients with IVC thrombosis. The 
preliminary results were positive. Technical and clinical 
successes were achieved in all patients. No patient experi-
enced chest congestion or dyspnea after treatment and dur-
ing the follow-up.

In Western countries, HV thrombosis continues to be 
most common in BCS patients [9]; however, IVC obstruc-
tion is more common in Asia [9]. Blood flow is slow, and 
even reversed, thus a thrombus can easily occur in IVC 
[9]. Zhang et al. [6] and He et al. [10] used catheter direct 
thrombolysis and oral warfarin to manage 132 and 16 BCS 
patients with IVC thrombosis before IVC recanalization, 
respectively; complete resolution of thrombi was achieved 
in 90 and 88 % patients, respectively. Although no patient 
experienced bleeding complications during the manage-
ment of the thrombi in these two studies, the patients still 
had BCS-related symptoms during the management of the 
thrombi because the IVC could not be opened before effec-
tive management of the thrombi.

IVC thrombi should be cleared rapidly, safely, and 
effectively in BCS patients. Currently, the mechanical 

thrombus aspiration device (Aspirex; Straub Medical, 
Wangs, Switzerland) has been widely used in thrombus 
clearance instead of thrombolysis [11, 12]. This device 
consists of a high-speed rotating spiral located in the body 
of the device that creates negative pressure through an 
L-shaped aspiration system that can macerate and remove 
the thrombus [11]; however, use of this device is very 
expensive. Thrombus aspiration can also be achieved by 
catheter. Ferrigno et  al. [13] used a 6F dual lumen aspi-
ration catheter (AngioJet) to aspirate the thrombus for 16 
patients with PE. One lumen carries high-pressure saline 
that loops back through the distal end into the second 
lumen, creating a low-pressure vortex that macerates and 
aspirates the thrombus [13]. Mauri et al. [14] also success-
fully used a 6F angiographic catheter (Imager II) to aspi-
rate the thrombus for one patient with superior mesenteric 
vein thrombosis.

In the current study, we used a normal 8F guiding cath-
eter as the aspiration catheter to clear the IVC thrombi. 
Before the aspiration, we injected the miscible liquids of 
physiologic saline and urokinase directly to thrombi to 
loosen the thrombi. Syringe suction was applied manually 
to the catheter, with the thrombi entrained in the catheter by 
the extraction strength. In addition, the angled-tip catheter 
can be better guided for treatment of IVC mural thrombi 
[12, 15]. Our results demonstrated that 12 of 17 (71  %) 
patients had no visible thrombi on IVC venography after 
thrombus aspiration. This rate is comparable to the com-
plete thrombus clearance rate of previous studies regarding 
thrombus aspiration using 7–9F angled-tip guiding cath-
eters [12, 15]. Although there were 5 patients who had the 
IVC mural thrombi which could not be aspirated, it was 
difficult to entirely dislodge the mural thrombus to drop 
off [9]. In addition, oral warfarin could effectively clear the 
IVC thrombus after recanalization [9]. Anticoagulation can 
make the body’s natural fibrinolytic system to dissolve the 
thrombus [9]. Our results also demonstrated that the resid-
ual IVC mural thrombi in 5 patients disappeared with oral 
warfarin during follow-up. Long-term IVC patency follow-
ing IVC recanalization after thrombus aspiration was 88 %, 
which is comparable to a previous study regarding IVC 
recanalization after catheter direct thrombolysis for BCS 
patients with IVC thrombosis [6].

This study had some limitations. First, the current study 
was retrospective and the sample size was small. Second, 
these patients were from a single center. Third, there was 
no control group in this study.

In conclusion, although further clinical trials are needed, 
our results demonstrated that combined thrombus aspi-
ration and IVC recanalization can be a safe and effective 
method for BCS patients with IVC thrombosis. The 8F 
guiding catheter can be a good choice as the aspiration 
catheter.
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