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Abstract: Objective To investigate the efficacy and safety of Acostream percutaneous aspiration thromboembolectomy (PAT)
sequential low-dose alteplase (rt-PA) in the treatment of lower extremity deep vein thrombosis (LEDVT). Methods The clinical
data of 22 patients with LEDVT admitted to the Affiliated Nanjing First Hospital of Nanjing Medical University from June 2022 to
March 2024 were retrospectively analyzed. Data on procedure-related parameters, parameters of combined low-dose rt-PA
use, hospital stay, thrombus clearance rate, swelling rate of the affected limb, hemoglobin changes at 48 h after operation, and
complications were recorded. Results The thrombus aspiration time was (2.1+1.0) min. Immediate post-PAT grade |lI
thrombus clearance was achieved in 3 cases (13.6%), grade |l clearance in 18 cases (81.8%), and grade | clearance in 1 case
(4.5%). Sequential rt-PA thrombolysis had a thrombolytic time of  (51.1+14.6) h and a dose of (26.7+9.0) mg, with grade I
clearance in 14 cases (63.6%), grade Il clearance in 7 cases (31.8%), and grade | clearance in 1 case (4.5%). The hospital stay
was (10.4+3.2) d. After thrombolytic therapy, the reduction in thigh circumference was  (1.7+0.8) cm, and the reduction in
calf circumference was (0.9+0.5) cm. Small bleeding events occurred in 7 patients during hospitalization. No new renal
function impairment, allergic reactions, or severe complications were observed. After 6 months of follow-up, thrombosis
recurred in 1 patient after the initial treatment, and 1 patient developed mild post-thrombotic syndrome 6 months
post-procedure; the mean Villalta score was 1.5+ 1.3 for the 22 patients. Conclusion Acostream mechanical thrombectomy
followed by low-dose rt-PA can rapidly reduce thrombus burden and restore limb blood flow, and it is preliminarily assessed

as a safe and effective treatment for LEDVT patients.
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Lower extremity deep venous thrombosis (LEDVT)
is a common vascular disease, affecting approximately
0.1% of the global population [1]. LEDVT thrombus
detachment can lead to pulmonary embolism, which can
be life-threatening in severe cases. Current treatment
methods for LEDVT include anticoagulation therapy,
catheter-directed thrombolysis (CDT), percutaneous
mechanical  thrombectomy (PMT), percutaneous

intraluminal angioplasty (PTA), and stent implantation [2].

Anticoagulation therapy is foundational, as standard
anticoagulation can reduce the risk of thrombus
propagation and decrease the likelihood of recurrence.
However, due to the lack of endogenous fibrinolytic
activity, anticoagulation therapy prolongs the presence of
the thrombus, thus increasing the risk of chronic
complications such as venous insufficiency and
post-thrombotic syndrome (PTS) [3-4]. Studies have
shown that early thrombus removal can reduce the risk of
chronic complications [5], and endovenous intervention
allows for early thrombus removal.

Endovenous interventions have been applied in the
treatment of deep venous thrombosis (DVT) for many
years. In recent years, with advancements in technology

and new equipment, there has been a growing range of
options for endovenous treatment [6]. Acostream, a novel
percutaneous aspiration thrombectomy (PAT) device, has
been explored, but there is limited research on its use in
conjunction with sequential low-dose alteplase (rt-PA) for
treating acute iliac-femoral and femoro-popliteal venous
thrombosis. Therefore, this study aims to investigate the
safety and efficacy of Acostream mechanical
thrombectomy combined with sequential low-dose rt-PA
in the treatment of acute iliac-femoral and
femoro-popliteal venous thrombosis.

1 Materials and methods
1.1 General information

This retrospective study collected data from patients
who underwent Acostream mechanical thrombectomy
followed by sequential low-dose rt-PA treatment for
LEDVT at Nanjing Municipal First Hospital between
June 2022 and March 2024. All patients signed informed
consent forms prior to treatment. Patients received
Acostream sequential low-dose rt-PA treatment for acute
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iliac-femoral or femoro-popliteal venous thrombosis. The
study included baseline data, thrombus location, LEDVT
risk factors, surgical-related parameters, postoperative
low-dose rt-PA parameters, hospital stay, thrombus
removal rate, limb edema reduction, hemoglobin changes
48 hours post-surgery, and complications. A total of 22
patients were included in this study, including 11 men and
11 women, with an age range of 18-78 (55.5 + 17.9) years,
and a body mass index (BMI) of 21.5-31.0 (25.2 + 2.9)
kg/m?. All patients were diagnosed with iliac-femoral or
femoro-popliteal venous thrombosis prior to surgery.
Baseline characteristics and clinical features of the
patients are shown in Table 1.

1.2 Treatment methods

All patients immediately began anticoagulation
therapy  after  diagnosis,  with subcutaneous
low-molecular-weight heparin (LMWH) at 100 units/kg
every 12 hours or adjusted apixaban standard
anticoagulation treatment. Preoperative blood tests,
coagulation, and renal function were completed.
Preoperative lower limb venography was performed to
determine the thrombus location and load. All patients
received inferior vena cava filter placement to reduce the
risk of pulmonary embolism during CDT or PAT.

During the procedure, blood pressure, heart rate,

oxygen saturation, and electrocardiogram were monitored.

The patient was placed in the supine position, and after
local anesthesia, a 4F vascular sheath (Terumo, Cook)
was inserted via the healthy side femoral vein. After
inferior vena cava venography, a filter was placed below
the renal vein level on both sides. Based on thrombus
location and load, an Acostream catheter was selected,
and either a Terumo was used from the healthy side to the
upper end of the thrombus segment or a short sheath was
inserted via the puncture of the affected popliteal vein
under local anesthesia. After heparinization, an
Acostream catheter was introduced via a 0.035-inch
exchange wire (Terumo) to the thrombus segment. The
Acostream catheter was controlled and advanced slowly
through the thrombus segment at a speed of 3-5 mm/s for
2-3 passes to reduce thrombus load. The operator
monitored the patient's blood pressure, heart rate, oxygen
saturation, and electrocardiogram for abnormalities.
Post-PAT venography was performed, and if iliac vein

stenosis or occlusion was found, balloon angioplasty and
iliac vein stent implantation were performed -either
simultaneously or electively. The CDT approach was the
same as PAT, using a 0.035-inch exchange wire to pass
through the thrombus, followed by the introduction of a
thrombolytic catheter. The catheter selection was based
on thrombus extent and load.

Once the thrombolytic catheter was successfully
placed, the sheath and thrombolytic catheter were
retained in the sickroom. If there were residual thrombus
or incomplete thrombus removal with a score lower than
Grade I post-PAT, sequential low-dose rt-PA thrombolysis
was considered. If plasma fibrinogen was >1.0 g/L, rt-PA
was administered in a reduced dose: 20 mg rt-PA was
infused through the reserved thrombolytic catheter at a
rate not exceeding 0.01 mg/(kgeh), with a maximum
infusion rate <1.0 mg/h, and the total dose did not exceed
40 mg within 72 hours. If plasma fibrinogen was <1.0 g/L,
rt-PA  infusion was  stopped, and fibrinogen
supplementation was administered as necessary. Regular
venography or dorsalis pedis venography was performed
to assess thrombus dissolution during thrombolytic
therapy. A typical image of an LEDVT patient during
different treatment stages was shown in Figure 1.

After excluding thrombus risk, all patients
underwent inferior vena cava filter removal during
follow-up. Upon discharge, patients were prescribed oral
warfarin for 3-5 days, followed by dose adjustment to
maintain an international normalized ratio (INR) of
2.0-3.0, or rivaroxaban 20 mg orally once daily for at
least 6 months. Patients were also advised to wear
compression stockings for at least one year post-discharge.
Tab.1 Basic information and clinical characteristics of patients

IB IID

Ttem Case (%)
Age(year, x-+ts) 55.5+17.86
Male 11(50.0)
BMI (kg/m?, x+s) 25.042.88
Left-side thrombosis 15(68.2)
Thrombosis extent
Inferior vena cava, iliac-femoral vein + femoro-popliteal vein ~ 3(13.6)
Iliac-femoral vein + femoro-popliteal vein 14(63.6)
Femoro-popliteal vein 5(22.7)
LEDVT risk factors
History of DVT 4(18.2)
Rheumatologic diseases 3(13.6)
Postoperative or traumatic immobility 7(31.8)
Active tumors 3(13.6)
May-Thurner syndrome 4(18.2)
Unknown etiology 3(13.6)

F

Note: A, B were catheter-directed venography showing thrombosis in the femoro-popliteal and iliac-femoral veins; C, D were post-Acostream mechanical
thrombectomy showing reduced thrombus load on catheter-directed follow-up; E, F were post-sequential low-dose rt-PA showing near-complete resolution of
thrombus on follow-up.

Fig.1 Images of typical LEDVT patients at different treatment stages
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1.3 Evaluation of efficacy and safety

1.3.1 Efficacy

Thrombus clearance rate was evaluated by
preoperative and postoperative venography. Thrombus
clearance levels were graded according to the standards in
the LEDVT vascular intervention report [7]: Grade III
(thrombus clearance rate>95%), Grade II (thrombus
clearance rate 50%-95%), and Grade I (thrombus
clearance rate <50%). Thrombus clearance rate was
calculated by scoring the thrombus load in the inferior
vena cava, common iliac vein, external iliac vein, femoral
vein, superficial femoral vein proximal and distal, and
popliteal vein [8]. Complete occlusion was scored as 2
points, partial occlusion as 1 point, and complete patency
as 0 points. The total score before and after
thrombectomy was calculated and the difference divided
by the preoperative total score to determine the thrombus
clearance rate. Limb edema was assessed by measuring
the difference in circumference between the affected and
unaffected thighs (15 cm above the patella) and calves
(10 cm below the patella) before and after treatment. The
reduction in circumference difference was used to
calculate the limb edema reduction rate.

1.3.2 Safety

Changes in hemoglobin and complications during
treatment were recorded. Postoperative success rates and
complications of combined procedures were assessed.
Complications included allergic reactions, bleeding, renal
dysfunction, pulmonary embolism, and death. Minor
bleeding events were defined as those controlled by
pressure or cessation of thrombolysis, such as puncture
site bleeding or oral bleeding. Severe complications
included hemoglobin drop >2 g/dL requiring >2 units of
red blood cell transfusion, intracranial hemorrhage,
retroperitoneal hemorrhage, symptomatic pulmonary
embolism, and death. Clinical success was defined as
thrombus clearance >Grade II  without severe
complications.

1.4 Postoperative follow-up

All patients were followed for at least 6 months
post-discharge. Follow-up included clinical assessment
and ultrasound or lower limb venous CT venography
(CTV) to evaluate vascular patency. The Villalta score
was used to assess the presence and severity of PTS:
normal (0-4), mild (5-9), moderate (10-14), and severe
(=15).

1.5 Statistical methods
SPSS 22.0 software was used for all data. The

measurement data were expressed as xzs, and the count
data were expressed as case (%).

2 Results

2.1 Efficacy

Among the 22 patients, 3 had inferior vena cava,
iliac-femoral, and femoro-popliteal venous thrombosis;
14 had iliac-femoral and femoro-popliteal venous
thrombosis; and 5 had femoro-popliteal venous
thrombosis. Filters were successfully implanted in all
patients, with 12 patients receiving OptEase filters
(Cordis), 6 receiving Denali filters (Bard), and 4
receiving Aegisy filters (Lifetech).

During the procedure, there were no significant
abnormalities in blood pressure, heart rate, oxygen
saturation, or electrocardiogram. The thrombus aspiration
time was 2.10 + 1.00 minutes, with Grade III thrombus
clearance achieved in 3 cases (13.6%), Grade II in 18
cases (81.8%), and Grade [ in 1 case (4.5%). All patients
received sequential low-dose rt-PA thrombolysis, with
thrombolysis time of 51.1 + 14.6 hours and total rt-PA
dose of 26.7 £ 9.0 mg. After sequential rt-PA, Grade III
thrombus clearance was achieved in 14 cases (63.6%),
Grade Il in 7 cases (31.8%), and Grade [ in 1 case (4.5%).
Hospital stay averaged 10.4 + 3.2 days. Post-thrombolysis,
the average reduction in thigh circumference was 1.7 £
0.8 cm, and calf circumference reduction was 0.9 £ 0.5
cm. Fifteen patients received balloon angioplasty, and 2
patients received iliac vein stent implantation.

2.2 Safety

Among the 22 patients treated with PAT + CDT, 7
patients experienced minor bleeding events during
hospitalization, including 4 cases of puncture site
bleeding, 2 cases of oral bleeding, and 1 case of both
puncture site and oral bleeding. No new renal dysfunction
or allergic events were observed. No serious
complications such as intracranial hemorrhage,
gastrointestinal bleeding, or death occurred.

2.3 Follow-up

All 22 patients completed at least 6 months of
follow-up. One patient experienced thrombus recurrence
after initial treatment, and one patient developed mild
PTS at 6 months. The average Villalta score for all 22
patients was 1.5 £+ 1.3 points.

3 Discussion

In patients with acute lower extremity deep vein
thrombosis (LEDVT), especially those with iliac-femoral
and femoro-popliteal venous LEDVT, the condition can
cause obstruction of the main venous return, potentially
leading to unilateral limb pain, swelling, skin
discoloration, venous hypertensive ulcers, and venous
claudication [10-11]. Compared to below-knee DVT,
iliac-femoral and femoro-popliteal LEDVT is associated
with higher incidences of pulmonary embolism, thrombus
recurrence, and PTS. Early thrombus clearance can
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alleviate obstruction, restore venous valve function in the
affected segment, prevent the development of venous
valve insufficiency in the unaffected distal veins, and help
reduce the occurrence of PTS [12]. Therefore, rapid
thrombus removal is especially important in the treatment
of iliac-femoral and femoro-popliteal venous DVT, with
active management of existing iliac vein pathology to
promptly improve symptoms and reduce complications.

Although CDT has been proven to be effective in
rapidly removing thrombus, improving vessel patency,
and reducing the incidence of PTS [13], it carries
relatively long bed rest periods, thrombolysis time, and
bleeding risks, while also extending hospitalization. For
some rapidly progressing and severe LEDVT cases, CDT
may be inadequate to prevent disease progression,
increasing the likelihood of PTS occurrence [14]. In
contrast, PAT uses negative pressure to rapidly clear
thrombus, reduce the dosage of thrombolytic agents, and
lower the risk of bleeding, gradually being applied to the
treatment of venous thromboembolism [15-16]. The
results of this study showed that Acostream mechanical
thrombectomy followed by sequential rt-PA treatment in
LEDVT patients achieved an immediate success rate of
95.45% (21/22), with an average thrombolytic agent dose
of (26.70£9.04) mg. This indicates that Acostream
thrombectomy provides a fast and effective technical
approach for the treatment of acute LEDVT and can be
considered as a first-line thrombectomy method for this
group of patients. Based on the rapid and effective PAT,
single-session endovenous treatment is technically
feasible.

Currently, the main PMT devices available in China
include the AngioJet and Aspirex thrombectomy systems.
While these devices can rapidly clear thrombus, reduce
thrombolytic agent dosage and time, and decrease
bleeding risks, they may damage venous valve function
and the vessel wall, potentially increasing the risk of
secondary thrombosis. Additionally, during PMT suction,
red blood cell destruction is unavoidable, and the released
hemoglobin is excreted through the kidneys, potentially
leading to hemoglobinuria [17-18]. Mechanical damage
to red blood cells can increase plasma hemoglobin levels,
which then decompose into heme and globin. High heme
levels may affect glomerular filtration rate through their
bioactivity and pro-oxidative effects, posing a potential
risk of worsening kidney damage, particularly in patients
with pre-existing renal conditions [18].

In this study, no significant arrhythmias were
observed during PAT thrombectomy, and postoperatively,
there was no notable hemoglobinuria or increase in serum
creatinine levels. Seven minor bleeding events occurred
after sequential rt-PA treatment, which were managed by
reducing the rt-PA infusion rate and applying pressure to
achieve hemostasis. Although the sample size in this
study was limited, the results suggest that Acostream
mechanical thrombectomy has a low-risk, high-reward
potential. In patients with May-Thurner syndrome,
thrombus removal followed by percutaneous transluminal
angioplasty (PTA) and stent placement can help alleviate
symptoms and improve quality of life.

Due to the rapid pharmacological decline of rt-PA,
continuous infusion was maintained using an infusion
pump after PAT to sustain the drug concentration [19].
Based on clinical experience with 1t-PA and the
characteristics of LEDVT, and after considering the
potential increased bleeding risk, this study restricted
rt-PA use to the following parameters: (1) infusion rate <
0.01 mg/(kgeh), with a maximum flow rate < 1.0 mg/h; (2)
infusion duration < 72 hours; (3) total rt-PA dose not
exceeding 40 mg; (4) rt-PA infusion only when plasma
fibrinogen >1.0 g/L. Following Acostream mechanical
thrombectomy  with low-dose rt-PA, satisfactory
therapeutic efficacy and safety were achieved without
significant dose-dependent major bleeding events. The
combined use of low-dose rt-PA further enhanced
thrombus clearance, partially due to Acostream
thrombectomy reducing thrombus load in the affected
limb.

In the acute venous thrombosis ATTRACT
randomized trial, mechanical thrombectomy significantly
reduced the incidence of PTS compared to
anticoagulation therapy starting at 6 months. After 12
months, the reduction was slightly attenuated but
still >20% [20]. In this study, the 6-month follow-up
showed a relatively low incidence of PTS. However, due
to the short follow-up period and the lack of a control
group, longer follow-up data and further controlled
studies are needed.

In conclusion, Acostream mechanical thrombectomy
followed by sequential low-dose rt-PA can rapidly reduce
thrombus load, restore blood flow in the affected limb,
and can be safely and effectively applied to the treatment
of LEDVT patients.
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Abstract: Objective To investigate the efficacy and safety of Acostream percutaneous aspiration thromboembolectomy
(PAT) sequential low-dose alteplase (rt-PA) in the treatment of lower extremity deep vein thrombosis (LEDVT).
Methods The clinical data of 22 patients with LEDVT admitted to Nanjing First Hospital from June 2022 to March
2024 were retrospectively analyzed. Data on procedure-related parameters, parameters of combined low-dose rt-PA use,
hospital stay, thrombus clearance rate, swelling rate of the affected limb, hemoglobin changes at 48 h after operation,
and complications were recorded. Results The thrombus aspiration time was 1.7 (1.4, 2.7) min. Immediate post-PAT
grade [ll thrombus clearance was achieved in 3 cases (13.6% ) , grade Il clearance in 18 cases (81.8% ), and grade [
clearance in 1 case (4.5%). Sequential rt-PA thrombolysis had a thrombolytic time of (51.1+14.6) h and a dose of
21.0 (20.0, 36.5) mg, with grade Il clearance in 14 cases (63.6% ), grade Il clearance in 7 cases (31.8%), and
grade [ clearance in 1 case (4.5%). The hospital stay was (10.4+3.2) d. After thrombolytic therapy, the reduction in
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events occurred in 7 patients during hospitalization. No new renal function impairment, allergic reactions, or severe
complications were observed. After 6 months of follow-up, thrombosis recurred in 1 patient after the initial treatment,
and 1 patient developed mild post-thrombotic syndrome 6 months post-procedure ; the mean Villalta score was 2 (1, 2)
for the 22 patients. Conclusion Acostream mechanical thrombectomy followed by low-dose rt-PA can rapidly reduce

thrombus burden and restore limb blood flow, and it is preliminarily assessed as a safe and effective treatment for LEDVT
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Tab. 1 General data and clinical characteristics
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Fig. 1 Images of typical LEDVT patients at different treatment stages
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