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Abstract: This report evaluates the efficiency and safety of catheter-directed thrombolysis (CDT) using tissue plas-
minogen activator (tPA) and argatroban for the treatment of IVC filter thrombosis complicated by heparin-induced 
thrombocytopenia (HIT). From October 2012 to December 2014, 19 patients with unilateral lower extremity deep 
venous thrombosis were treated with standard anticoagulation, filter placement and urokinase-based CDT, all of 
whom developed IVC filter thrombosis and HIT. A revised protocol (tPA-based CDT and argatroban-based antico-
agulation) was performed to treat IVC thrombosis. The extent of lysis was graded from I to III. Technical and clinical 
outcomes and complications were monitored. A total of 22 filters were implanted, 20 of which were retrieved later. 
The technical success rate of revised CDT for IVC thrombosis was 100%. On evaluating IVC thrombus, thirteen cases 
(68.4%, 13/19) were identified as grade III (complete resolution of thrombus) and six (31.6%, 6/19) as grade II (50-
99% resolution of thrombus). No major bleeding related to CDT occurred. HIT in all patients was successfully treated 
with argatroban. Two patients with malignant tumor died during the follow-up. For patients with IVC filter thrombosis 
complicated by HIT, it seems tPA-based CDT and argatroban is an alternative regimen.
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Introduction

Implantation of a filter into inferior vena cava 
(IVC) has become an acceptable and reliable 
method to prevent or reduce fatal pulmonary 
embolism (PE) for patients with lower-extremity 
deep venous thrombosis (LEDVT). However, a 
filter dwelled in IVC may be associated with a 
higher incidence of thrombotic complications 
such as IVC occlusion, thrombosis, and the 
recurrence of deep venous thrombosis [1-5]. 
According to the literature [6, 7], IVC filter 
thrombosis is not a rare complication; its inci-
dence ranges from 2% to 10%, even rising to 
30% in some series, depending on the type of 
filters used [8].

Extensive IVC filter thrombosis may develop 
just from the captured clots in the filter, or 
extend from the ilio-femoral vein thrombosis. 
Type of filters used, hypercoagulable condi-
tions, and strategies of anticoagulation therapy 

have been reported as major factors contribu-
tory to IVC filter thrombosis [9-12].

The clinical significance is largely dependent 
upon the patency loss of IVC and the extent of 
compensatory collateral network. The manage-
ment of IVC filter thrombosis includes anticoag-
ulation therapy and thrombus removal strategy, 
basically similar to LEDVT does [13]. The use of 
heparin, or low molecular weight heparin 
(LMWH) is routinely accepted as a standard 
coagulation therapy [14]. Most of patients with 
venous thrombosis will respond to such treat-
ments. However, a rare but severe complica-
tion, heparin-induced thrombocytopenia (HIT), 
may occur due to exposure to heparin or LMWH 
[15, 16] and in turn complicates the treatments 
for previously existed LEDVT, usually making it 
refractory to the standard anticoagulation ther-
apy and catheter-directed thrombolysis (CDT), 
and sometimes going to extreme to induce 
extensive IVC filter thrombosis. Although some 
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guidelines for managing HIT have been avail-
able for referring to, the treatments for a patient 
with LEDVT and HIT are still a challenge, and to 
an extent, contingent upon the clinician’s expe-
riences. In the present study, we reported our 
experience in dealing with such cases of acute 
IVC filter thrombosis complicated by HIT.

Methods

Patients

Institutional Review Board approval was 
obtained from the ethics committee of our 
institution for this study. Between October 
2012 and December 2014, 19 patients (four-
teen of whom were male) were referred to our 
department with symptomatic IVC thrombosis 
following filter implantation. The mean age of 
the patients was 38.64 years (range, 23-72 
years). The onset time ranged from 2 to 14 
days.

All patients were diagnosed as acute LEDVT ini-
tially, with sixteen on the left versus three on 
the right. At this time, no involvement of the IVC 
was found by venography. They were then treat-
ed with LMWH-based standard anticoagulation 
plus urokinase-based CDT therapy. Prior to 
undergoing CDT, a filter was placed into the IVC. 
Three to 5 days after such treatments, all 
patients complained of no relief but aggrava-
tion of the present symptoms in comparison 
with onset, including bilateral lower limb swell-
ing (n=15), pain (n=8), cyanosis (n=6), palles-
cence (n=7), and rising skin temperature (n=3). 
Therefore, further examinations were per-
formed to evaluate if the thrombosis propagat-
ed. Risk factors were analyzed as well to evalu-
ate patients’ coagulable status, co-existence of 
HIT and the like.

The management at the initial stage

Once the diagnosis of LEDVT was established, 
all patients received the standard anticoagula-
tion therapy plus urokinase-based CDT after 
careful consideration about the risk of bleeding 
and benefits of clot removal. Unlike developed 
western countries, urokinase is a widely-used 
thrombolytic agent for venous thrombosis in 
China just because of economic concern. 
However, in the present study, the treatments 
for such patients were split into two stages: the 
initial stage, treated with LMWH-based antico-

agulation using LMWH and urokinase-based 
CDT, and the second stage, treated with a 
revised protocol, i.e., argatroban-based antico-
agulation and tissue plasminogen activator 
(tPA)-based CDT. 

Anticoagulation therapy: Anticoagulation thera-
py was performed as early as possible once the 
diagnosis of LEDVT was made. LMWH (Fragmin, 
Pfizer Inc, New York, USA) was used twice a day 
via subcutaneous injection (5000 IU per 
injection).

Implanting IVC filters: Prior to CDT, a filter was 
placed into the infrarenal IVC against potential 
PE. The indications and procedures of filter 
implantation in the study complied strictly with 
the Guidelines for the Performance of Inferior 
Vena Cava Filter Placement for the Prevention 
of Pulmonary Embolism from Society of 
Interventional Radiology [6, 17]. Before insert-
ing the filter, a cavogram was obtained using a 
4F pigtail catheter via the right jugular vein or 
the contralateral femoral vein approach. After 
confirming that IVC was free of thrombus, an 
OptEase (Cordis Corp., Miami Lakes, FL, USA) 
filter was placed into the segment of IVC 1-2 cm 
below the level of the renal vein confluence. No 
permanent filter was placed in the study. 

CDT for LEDVT: After inserting filter, a thrombo-
lytic catheter (UniFuse) with a 20- or 30-cm-
length side-hole (AngioDynamics, Queensbury, 
NY, USA), or Cook catheter, with a 16-cm-length 
side hole (Cook Medical, Bloomington, IN, USA), 
was placed into the thrombus in lower extremi-
ty deep veins via the right jugular vein, the ipsi-
lateral popliteal vein or the contralateral femo-
ral vein approach. The end of the catheter was 
connected with a self-controllable infusion 
pump, allowing a total of 500,000-750,000 IU 
urokinase per day to be infused in continuously 
and evenly. 

During the period, daily blood test and coagula-
tion function examination was performed. The 
physical examinations were also performed 
twice a day to evaluate the patient’s status. 
Daily repeated venography via the thrombolytic 
catheter was routinely performed to inspect 
the venous response to lytic therapy.  

The management at the second stage

The diagnosis of HITT: The diagnosis of HIT 
relied on clinical assessment as well as labora-
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tory tests. The clinical assessment should at 
least include the followings: recent exposure to 
heparin products, presence or absence of 
unexpected new or progressive thrombosis and 
skin necrosis at heparin injection sites. The 
repeated laboratory tests should be performed 
to ascertain whether an absolute thrombocyto-
penia (platelet count <150,000/µL) or relative 
thrombocytopenia (drop in platelet count of at 
least 50% from baseline value) was developed. 
Presence of HIT antibodies was also detected 
by ELISA immunoassay. We also adopted  
a pretest clinical score called the “4Ts” 
[(Thrombocytopenia, Timing, Thrombosis) and 
the absence of other explanation(s)] to assist in 
diagnosis [18]. 

Revised anticoagulation therapy: The previous-
ly used LMWH was discontinued immediately. 
The revised anticoagulation of argatroban (TIPR 
Pharmaceutical Responsible Co., Ltd, Tianjing, 
China) was administrated intravenously twice a 
day (40 mg per administration).

CDT for IVC filter thrombosis: After confirmation 
of IVC filter thrombosis, the previous CDT spe-
cifically for LEDVT should be modified. If the 
previous CDT was via the right jugular vein or 
the popliteal vein approach, the thrombolytic 
catheter was then exchanged into a new one 
with a longer porous segment, allowing it to 
cover the thrombus as much as possible. If the 
previous CDT is through the contralateral femo-
ral vein, additional coverage of caval thrombo-
sis with a new CDT was created, usually through 
the right jugular vein. 

To expedite the lytic process, the thrombolytic 
agent was also changed. Instead of urokinase, 
tissue plasminogen activator (tPA) (Boehringer 
Ingelheim China, Shanghai, China), 20 mg per 
day in total, was infused continuously for 2-3 
days through the thrombolytic catheter(s). A 
cavogram and lower-extremity venogram was 
repeated every day during thrombolysis thera-
py. The location of the thrombolytic catheter 
was adjusted according to the conditions of the 
residual thrombus. If second filter was needed, 
it commonly was placed into the supra-renal 
portion of IVC. 

Assisted thrombus-removal techniques: To 
expect a rapid reduction of clot burden, we also 
performed prior to CDT mechanical thrombec-
tomy by means of manual aspiration using an 

8F guiding catheter (Envoy, Cordis) or AngioJet 
device (Boston Scientific, Natick, MA, USA). A 
total of thirteen patients underwent the assist-
ed thrombus-removal treatments, 7 of them 
with catheter aspiration versus 6 with AngioJet 
devices. The AngioJet Rheolytic Thrombectomy 
System was primed for use as described in the 
Instructions. For each patient, 2 runs of rheo-
lytic thrombectomy were performed over the 
thrombotic segment. 

Filter retrieval

When no or minimal residual thrombus was 
remained in the IVC and iliofemoral veins, the 
thrombolytic therapy was terminated and the 
IVC filter was retrieved.

The retrieval techniques for OptEase have been 
described everywhere. In brief, a 10F guiding 
catheter (Cordis Corp., Miami Lakes, FL, USA) 
was inserted into the IVC near the filter. Due to 
its specific structure, the OptEase filter should 
be retrieved via the femoral vein approach. The 
snare for retrieving filter was passed through 
the catheter. The retrieval hook of the filter was 
engaged with the snare, and the filter was then 
trapped into the guiding catheter. After doing 
so, the filter was retracted and removed. A 
repeated cavogram was obtained following 
retrieval to inspect for complications. All 
patients accepted long-term anticoagulation 
treatment with oral warfarin following the 
retrieval procedure.

Outcome evaluation

The technical and clinical outcome, complica-
tions, and postoperative PE were monitored. All 
patients were asked a follow up at 6 months for 
angiographic and clinical evaluation and annu-
ally thereafter.

Based on the changes in venography, the 
extent of lysis was graded from I to III. Grade III 
lysis was defined as complete resolution of 
thrombus on visual assessment of venograms. 
Grade II and grade I lysis were deemed present 
when the extent of thrombus resolution was 
50-99% and <50%, respectively.

Results

The demographic and clinical data of all 
patients were listed in Tables 1 and 2.
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On initial venogram, all LEDVTs basically 
involved the iliac veins. Additional involvement 
of femoral veins was found in 12 patients. 
Sixteen of 19 patients were with left-sided 
LEDVT versus 3 patients right-sided. No caval 
thrombosis was found initially.

The outcome of the first stage

A total of 19 filters were successfully placed in 
the infrarenal segment of IVC. The CDT was 
through the right jugular vein in 11 patients, the 
popliteal vein in 5 patients and the contralat-
eral femoral vein in 3 patients. The average 
duration of CDT at the first stage was 3.6 ± 0.7 
days (range, 3-5 days). The total dose of uroki-
nase used was 2,236,800 ± 348,350 IU (range 
1,500,000-3,000,000 IU). During this process, 
no severe complications were found and all 
patients showed a good compliance to the CDT. 

The diagnosis of HIT

All nineteen patients were diagnosed with HIT. 
They all got a high score (≥6) estimated with 
the “4Ts” system. They all experienced a dra-
matic drop of platelet count to -116,000/µL 

and -84,500/µL 3 and 4 days after exposure to 
LMWH respectively. The platelet count began to 
return 3-4 days after instead use of argatro-
ban, getting to normal about twelve days. The 
longitudinal changes of the platelet count were 
showed in Figure 1.

On repeated venography two to 5 days after 
urokinase-based CDT, the infrarenal IVC and fil-
ter was filled with newly developed thrombosis, 
causing complete caval occlusion in 12 patients 
but partial occlusion with seemingly unaffected 
caval flow in the others. The previous DVT 
proved not to be cleared but progressed in all 
patients, and newly formed thrombus in the 
contralateral iliofemoral veins was found in 3 
patients.

The outcomes of the second stage

The revised CDT: The technical success rate of 
the revised CDT was 100%. The duration time 
of the revised CDT was 3.08 ± 0.45 days (range, 
2-4 days) and the total dose of tPA was 59.71 ± 
15.02 mg (range, 40-80 mg). Grade III of lysis 
was achieved in 13 (68.4%) and 12 patients 
(63.2%) in the setting of IVC filter thrombosis 
and iliofemoral thrombosis respectively, versus 
grade II in 6 (31.6%) and 7 (36.8%) patients 
respectively (Figures 2, 3). No major bleeding 
occurred, but minor ecchymosis was found in 
four patients (21.1%, 4/19).

Clinical outcomes

All patients reported a relief of clinical symp-
toms at discharge. The median follow-up time 
was 12.11 ± 6.15 months (range, 2-25 months). 
During the follow-up, no clinically detectable PE 
or lower extremity swelling were observed 
except one with lung carcinoma reported a 
recurrent LEDVT. No further endovascular inter-
vention was performed for the recurrence. 
During the follow-up, two patients with malig-
nant tumors died of the complications directed 
to the progression of tumors. 

Filter retrieval

Three patients underwent insertion of a second 
filter (Figure 2), making a total of 22 filters 
inserted into the IVC. Two patients who had 
malignant tumor declined the attempt of 
retrieval. Twenty filters were ultimately retrieved; 
a success rate of 100%. No procedure-related 
complications occurred.

Table 1. Demographic data of patients 
(n=19)

Factors No. of patients  
(% total)

Male gender 14 (73.7%)
Age ≤40 yrs 12 (63.2%)
Initial left-sided DVT 16 (84.2%)
Risk factors for DVT
    Malignant tumor 2 (10.5%)
    Post trauma 4 (21.1%)
    Calf soft tissue infection 3 (15.8%)
    Post operation 2 (10.5%)
    Postpartum 2 (10.5%)
    APS 1 (5.3%)
    Unknown 5 (26.3%)
Symptoms of caval thrombosis
    Unilateral limb swelling 4 (21.1%)
    Bilateral limb swelling 15 (88.9%)
    Pain 8 (42.1%)
    Limb cyanosis 6 (31.6%)
    Limb pallescence 7 (36.8%)
    Rising skin temperature 3 (15.8%)
DVT, deep venous thrombosis; APS, antiphospholipid 
syndrome.
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and hemodynamic insult; and HIT. The both 
then might produce a synergistic effect expe-
diting the caval thrombosis. 

Treatment with anticoagulants has been his-
torically directed toward prevention of recurrent 
venous thromboembolism. Anticoagulants are 
encouragingly put in use as early as possible 
for the candidates, especially who has a con-
firmed DVT. Nowadays, LMWH is the standard 
agent for anticoagulation. It is very common 
that thrombocytopenia occurs in patients 
receiving heparin or LMWH, but only a minority 
can be called HIT [18]. The underestimation of 
HIT may compromise the outcomes in patients 
with a previous thrombosis. It might be the 
case when a previous thrombosis is refractory 
to LMWH and lytic agents. Once HIT is suspect-
ed or confirmed, Heparin or LMWH should be 
replaced with appropriate non-heparin antico-
agulant. Argatroban, a direct thrombin inhibitor, 
is approved for treating thrombosis complicat-
ing HIT. It is also recommended that warfarin 
not be started until substantial resolution of 
thrombocytopenia has occurred (preferably, 
platelet count >150,000/µL) [18]. 

Nowadays, urokinase and tPA are the most 
common thrombolysis agents [13]. In China, 

Discussion

In the present study, we reported that some 
cases with LEDVT, even treated with LMWH-
based anticoagulation and urokinase-based 
CDT, soon got a HIT and new or progressive IVC 
filter thrombosis, which was finally removed 
with a revised protocol. In our opinion, the 
revised protocol (argatroban-based anticoagu-
lation and tPA-based CDT) was over the initial 
protocol, the advantages including: a rapid 
removal of thrombus, effectiveness in salvag-
ing HIT, significant improvement on clinical pre-
sentations, and a short catheter indwelling 
time. Also, the revised protocol seemed to be 
highly safe, as proved in our study that no 
severe complications developed.

Widespread use of IVC filters for LEDVT patients 
has been closely associated with increasing 
number of complications. Owing to the draining 
of lateral veins, not all cases of IVC filter throm-
bosis are clinically meaningful. However, throm-
bus propagation into the IVC filter, even above 
the level of renal vein, is potentially a cata-
strophic complication, leading to a spectrum of 
sequelae ranging from mild ambulatory lower-
extremity swelling to incapacitating edema at 
rest, venous claudication and/or venous ulcers, 

and even recurrence of PE 
and renal failure [9, 19].

The mechanism of filter 
thrombosis covers several 
potential factors, includ- 
ing hemodynamic changes 
after IVC filter implanta-
tion, vein wall injuries re- 
sulting from the stimulus of 
the filter’s radial force, and 
captured thrombus in fil-
ters [20]. In addition, the 
failure of anticoagulant 
therapy may increase the 
risk of thrombosis [9, 12]. 
In the present study,  
the patients suffered from 
a progressive thrombosis 
having been refractory to a 
standard anticoagulation 
and urokinase-based CDT, 
which might be attributed 
to the followings: filter 
induced caval wall injuries 

Table 2. Patients treated with the revised protocol (n=19)
Factors value
Filters in total 22
    No. of filters initially inserted 19
    No. of filters secondly inserted 3
Duration of tPA-based CDT 3.08 ± 0.45 days
The total dose of tPA used 59.71 ± 15.02 mg
No. of patients with assisted techniques (% total) 19
    Guiding catheter aspiration 7 (36.8%)
    AnjioJet rheolytic thrombectomy 6 (31.6%)
    None 6 (31.6%)
No. of lysis grade (% total) achieved in caval thrombosis* 19
    Grade I 0
    Grade II 6 (31.6%)
    Grade III 13 (68.4%)
No. of complications (% total)** 19
    Major 0
    Minor 4 (21.1%)
tPA, tissue plasminogen activator; CDT, catheter-directed thrombolysis. *Lysis grade: 
grade III, complete resolution of thrombus on visual assessment of venograms; Grade 
II, 50-99% resolution; grade I, <50%. **Major complications including massive bleed-
ing, severe allergy, renal dysfunction and the like, usually requiring prompt treatments.
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Figure 1. The longitudinal response of platelet count to LMWH and argatroban. (A) showed a dramatical drop of platelet count after exposure to LMWH (lower mo-
lecular weight heparin). The platelet count returned steadily to normal level twelve days after administration of argatroban (B).
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Figure 2. A-D. A 60-year-old man with left-extremity deep venous thrombosis (DVT) developed filter-related inferior 
vena cava (IVC) thrombosis. A. Venogram revealed a sign of “filling defect” within the IVC, indicating thrombus (black 
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arrow). B. A thrombolytic catheter was placed within the thrombus via the right femoral vein (white arrow). C. Follow-
up venogram revealed complete resolution of thrombus (grade III). D. The filter was retrieved successfully.
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urokinase is greeted due to its wide availability 
and affordable cost. Xiao et al. [20] reported 
that after infusion of urokinase through a 
thrombolytic catheter, the residual thrombus in 
the IVC was <10% in four of five patients with a 
thrombo-occlusive IVC filter, the blood flow in 
the IVC was recovered in all five patients, and 
swelling of the lower extremity disappeared or 
was relieved in all 10 limbs. Angle et al. [21] 
reported a similar thrombolytic success rate of 
88% in seven of eight patients using local cath-
eter-directed infusion of urokinase. However, 
urokinase-based CDT needs a long dwelling 
time of catheter in the veins that might discom-
fort the patients and increases the risks for 
developing complications. 

In the present study, urokinase was ineffective 
to LEDVT in all patients. Presumably, the follow-
ing factors were responsible. First, two of 19 
patients in our study suffered from concurrent 
malignant tumor and four females were post-
partum. These patients perhaps were in a state 
of hypercoagulation, instigating an insensitive 
response to urokinase and being prone to 
recurrence of DVT. Second is the existence of 
HIT resulting in propagation of DVT. 

We then used a revised protocol to expect a 
rapid removal of thrombus. In such complicat-
ed cases with caval thrombosis and HIT, the 
revised protocol consisting of argatroban and 
tPA proved to be highly effective and safe. The 
merits of such a protocol include: a steady res-
olution of thrombocytopenia over an average of 
two weeks; a rapid removal of clot burden, a 
favorable outcomes in terms of thrombus reso-
lution and clinical improvements; a minority of 
minor complications. We surmise that these 
merits are most likely to be associated with a 
synergistic effect between argatroban and tPA, 
as proved in some animals studies [22, 23].

Our results are in line with that of Janivier et al. 
[24], who reported a case of bilateral renal vein 
thrombosis caused by IVC filter migration, 
which was successfully treated using catheter-
directed infusion of tPA. Sharifi et al. [25] 
reported that 33 patients with massive symp-
tomatic iliac and femoropopliteal DVT under-

went CDT with tPA and argatroban. Complete 
resolution of thrombus on venography was 
achieved in 30 patients (91%).  

However, massive bleeding is still a main con-
cern over the combination of argatroban and 
tPA. In their small phase II study, Barreto et al. 
[26] reported that four of 65 patients (6.2%) 
with acute ischemic stroke using tPA and arg-
atroban simultaneously suffered a significant 
intracerebral hemorrhage. Sharifi et al. [25] 
suggested that the following measures might 
reduce the risk of bleeding: using a lower dose 
of argatroban; injecting both drugs within the 
thrombus rather than using bolus injection; and 
using imaging guidance to reduce the probabil-
ity of inadvertent arterial puncture. We are in 
agreement with this opinion. In addition, close 
monitoring of the serum fibrinogen level is very 
important. A rapidly decreased fibrinogen level 
indicates that reducing the dose of tPA is 
necessary.

This study was not randomized and had no con-
trol arm, and was a retrospective study with a 
small sample size. Future studies directly and 
prospectively comparing tPA and urokinase are 
therefore required. Nevertheless, to our knowl-
edge this report is the first to describe the effi-
cacy and safety of tPA and argatroban in the 
treatment of IVC filter thrombosis and HIT for 
which urokinase and LMWH are ineffective.

In conclusion, we surmise that for those 
patients with DVT and HIT having no positive 
response to urokinase and LMWH, tPA plus arg-
atroban may be an effective regime in thrombo-
lytic therapy.
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