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Purpose: Observe uninterrupted thrombolytic therapy via indwelling catheter for lower limb deep vein thrombosis.

Methods: We retrospectively studied data from 32 patients with lower extremity deep vein thrombosis who received comprehensive
treatment, consisting of general treatment, inferior vena cava filter implantation, interventional thrombolysis, angioplasty, stenting, and
post-operative monitoring.

Results: The efficacy and safety of the comprehensive treatment were observed for a follow-up period of 612 months. The treatment
was 100% effective; patient results indicated no serious bleeding, acute pulmonary embolism, or death after surgery.

Conclusion: The combination of intravenous and healthy side femoral vein puncture and directed thrombolysis to treat acute lower
limb deep vein thrombosis is safe, effective, and minimally invasive while still achieving a good therapeutic effect.
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Introduction
Deep vein thrombosis (DVT) of the lower extremity refers to abnormal coagulation of blood in the deep vein cavity, which
leads to obstruction of blood return, swelling, pain and dysfunction of the lower limb.'* Abscission of a thrombus can cause
pulmonary embolism (PE). If DVT is not effectively treated in the early acute stage, venous valve dysfunction is often a lasting
result, called post-thrombotic syndrome (PTS).? The clinical efficacy and safety of the classical treatment of lower limb DVT,
such as simple anticoagulation, surgical thrombectomy, and systemic thrombolysis, are not satisfactory. Anticoagulation can
inhibit the spread of a thrombus and reduce the risk of recurrence of PE and DVT but it cannot directly accelerate
thrombolysis. In recent years, with the development of interventional technology, catheter directed thrombolysis (CDT) for
DVT has become a more developed and commonly used treatment method. CDT can promote the directional clearance of
a lower limb DVT, restore venous patency, and reduce the risk of venous valve insufficiency. CDT can also reduce bleeding
complications and increase thrombolysis efficiency, which is more effective than systemic thrombolysis.*>

Meta analysis shows that CDT has a higher thrombolytic rate than anticoagulation alone and can reduce the incidence
of DVT recurrence and PTS. CDT approach veins include the contralateral femoral vein, jugular vein, tibial vein, great
saphenous vein, and small saphenous vein.®® There are few reports on the efficacy of CDT, and there are differing
reports on the application of the technology, thrombolytic dosage and method, postoperative monitoring indicators, and
complications. To further evaluate the difference in efficacy between conventional treatment and CDT for patients with
lower limb DVT, we reviewed data from 32 patients who received comprehensive treatment of acute lower extremity

DVT and interventional catheter insertion at our hospital between January 2016 and March 2017.
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Materials and Methods

General Information
Data was collected from 32 patients with DVT, including 11 males and 21 females, ranging in age from 38 to 80 years

with an onset time from 4 h to 15 days. Within the selected DVT patient group, there were eight postpartum cases, seven

cases with malignant tumors, eight cases without obvious inducement, three cases with recent traumatic fractures, and six

cases involving surgical operations (hip and knee joint replacement, abdominal surgery, and gynecological myomect-

omy). Plasma D-dimer, plasma fibrinogen (FIB), plasma activated partial thrombo time (APTT), vascular ultrasound, and

lower limb deep vein angiography were assessed before surgery. Patients were evaluated and treated per the process

portrayed in Figure 1. All patients provided written informed consent.

General Treatment
Patients were instructed to rest in bed, raise the affected limb by 30 cm, perform foot and ankle exercises, and massage

the soft tissues to promote venous return and reduce the swelling of the affected limb.
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Figure | Flow chart of treatment for lower limb venous thrombosis.
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Inferior Vena Cava Filter (IVCF) Implantation

To prevent pulmonary embolism during the operation or thrombolysis treatment, an IVCF was implanted in all patients
before thrombolysis. Thirteen patients were diagnosed with acute pulmonary embolism by chest-enhanced computed
tomography before thrombolysis, three patients were diagnosed with a floating thrombosis in the iliofemoral vein by
intraoperative angiography, and two patients were found to have common iliac vein thrombosis and distal inferior vena
cava thrombosis. Five patients were not received IVCF due to age (>70 years), and one patient was not successfully
received IVCF due to excessive tortuosity of the vena cava.

Interventional Thrombolytic Therapy

Before the operation, tourniquets were tied at the ankle and above the knee of the affected side, a contrast agent was
injected into the dorsal foot vein, and deep and superficial veins were displayed in lower limb phlebography to visualize
valve function and the specific location and scope of thrombosis. During the operation, 24 patients underwent popliteal vein
puncture. Of these, eight patients had a large number of popliteal vein thrombosis and no popliteal vein access was found,
so an opposite femoral vein puncture was performed. During the operation, a guide wire and 4F catheter were used to go up
the popliteal vein to the superficial femoral vein, common iliac vein, and the lower part of inferior vena cava. Alternatively,
the opposite femoral vein was used and the guide wire and catheter crossed the common iliac bifurcation to enter the
affected limb and slowly entered the thrombotic segment of the affected limb through the venous valve. Angiography was
performed section by section to further define the location and scope of the thrombus. After measuring the length of the
thrombus, the corresponding length of thrombolytic catheter was placed in the thrombotic segment and urokinase was
injected. The perfusion segment was retained in the area of the thrombosis, bound, and fixed (Figure 2).

Uninterrupted thrombolysis consisted of a continuous urokinase micro pump of 40,000 [U/h and continuous pumping of
heparin sodium into the vascular sheath at 500 U/h. FIB concentration and APTT were monitored every 4 hours. The
thrombolytic effect was observed through thrombolytic catheter angiography every 24 h, and the catheter perfusion section
was promptly adjusted to maintain its location in the thrombus. In the thrombolytic process, when FIB was <1.5 g/1, urokinase
was reduced by half to 20,000 IU/h, and when FIB was <1 g/l, urokinase was stopped. Cold precipitation was infused when
FIB was <0.5 g/l, FIB was supplemented, and bleeding was prevented. When APTT was >60 s, heparin sodium was halved to
250 U/h; when APTT was >90 s, heparin sodium was stopped. When re-examination angiography showed an unobstructed
deep vein or no progress in thrombolysis in two consecutive angiographies, thrombolysis and anticoagulation were suspended
(Figure 3). The thrombolytic treatment time lasted 48—72 h.

Angioplasty and Stent Implantation

After 48—72 h of thrombolysis, venography was rechecked, and balloon dilation or stent implantation for the stenosis and
occluded segments were performed, including 21 cases of simple balloon dilation with a balloon diameter of 8—12 mm.
In cases where an angiogram after balloon dilation showed that the stenosis of the venous lumen was still >50%, stents
were implanted. All patients with stents were treated with WALLSTENT™ closed-loop dense mesh stents, with
a diameter of 10—14 mm and a length of 9-12 cm (Figure 4).

Postoperative Treatment

A dose of 4000 U of low-molecular-weight heparin sodium was administered once every 12 h after discontinuation of the
heparin sodium provided during surgery. Initial anticoagulant doses of warfarin, aspirin, and clopidogrel (Plavix) were
3 mg, 100 mg, and 75 mg, respectively; oral doses of these medications were taken concurrently to prevent platelet
aggregation. Three days after surgery, the international standardized ratio of prothrombin time (PT-INR) was reviewed;
when it reached 1.5-2.5 times the normal value, the dose of warfarin was adjusted according to the measured value.
When the INR reached 2—3 times the normal value, the use of low-molecular-weight heparin sodium was discontinued
but warfarin, aspirin, and Plavix were continued. Plavix was discontinued after 3 months but the dosages of warfarin and
aspirin were maintained. Re-examination of lower limb phlebography indicated the discontinuation of warfarin in the
absence of thrombosis recurrence or progression; however, aspirin was recommended for more than 12 months. For those
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Figure 2 Radiographic image before thrombolysis. (A) Popliteal vein thrombosis. (B and C) lliac vein occlusion. (D) Guide wire recanalization angiography showed
numerous thrombi in the iliac vein.

over 50 years of age or with risk factors of thrombotic disease, lifelong aspirin use was recommended. For patients over
70 years of age, obvious bleeding or thrombotic recurrence during the period of taking warfarin, 15 mg/day of rivalsaban
was administered orally for anticoagulation. All patients wore medical elastic stockings for 2 years after their operation.

Criteria for Efficacy Determination
Patient results were divided into four categories based on the efficacy of their thrombolysis procedure: cured, remarkably
effective, effective, and ineffective.

A patient was considered cured when the circumferential diameter difference at 15 cm below the knee of both lower
limbs was less than 1 cm, the affected limb swelling had disappeared, the skin color was normal, and activity was
unrestricted. Also, lower limb phlebography showed that the deep vein wall was smooth and unobstructed.

A remarkable effect was considered when the circumference difference at 15 cm below the knees of both lower limbs
was 1-2 cm, the swelling of the affected limb was significantly reduced, and the sense of heaviness and fatigue was
significantly alleviated. Venography of the lower limbs showed that most of the deep veins were reopened, and the pipe
wall was only slightly unsmooth.

The thrombolysis procedure was considered effective when the circumference difference at 15 cm below the knee of
both lower limbs was more than 2 cm, the swelling of the affected limb was slightly relieved, additional symptoms were
slightly relieved, phlebography indicated that part of the deep veins of the lower limb were reopened, and a small amount
of collateral circulation was established.
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Figure 3 Radiographic image after thrombolysis. (A and B) The blood flow of iliac vein and femoral vein was significantly improved. (C) Stenosis of the iliac vein entering the
vena cava. (D) Balloon dilation of iliac vein.

Ineffective thrombolysis was defined as the circumference difference at 15 cm below the knee of both lower limbs
was more than 2 cm, the swelling of the affected limb was not relieved, additional symptoms were not relieved,
phlebography indicated that the deep veins of the lower limb were not obviously reopened, and the collateral circulation

was not obvious.

Results

Among 32 patients, 21 underwent balloon dilation alone and 11 underwent balloon dilation combined with stent placement,
and the technical success of all procedures was 100%. The plasma D-dimers continued to increase 24 and 48 hours after
admission for treatment, and decreased after 72 hours. FIB decreased 24 and 48 hours after treatment, and increased after 72
hours. APTT continued to increase 24 and 48 hours after treatment, and slightly decreased after 72 hours (Figure 5).

After one, three, and six months post-operative periods, intravenous angiography was performed again and treatment
results were classified; 28 cases were cured, three cases were considered remarkably effective, one case was deemed
effective, resulting in a total effective rate of 100%. There were no cases of serious bleeding, acute pulmonary embolism,
death, or other complications after each operation. Four patients had gingival bleeding and epistaxis during thrombolysis,
which disappeared after adjustment of their medication. Subsequent follow-up with 30 patients (two patients lost the
follow-up) with color ultrasound reexamination found two patients with thrombosis in the stent, which was determined to
be caused by poor compliance, and insufficient anticoagulation and antiplatelet after the operation. In both cases, the
thrombus disappeared after repeated catheter thrombolysis.
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Figure 4 Radiographic image after stent implantation. (A) Common iliac vein implantation with bare stent. (B) Balloon dilation after stent implantation. (C and D)
Angiography of iliac vein patency after stent implantation.
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Figure 5 Changes in plasma D-dimer, FIB, and APTT levels within three days after patient admission for treatment. (A) D-dimer level change. (B) FIB level change. (C)
APTT level change.

Discussion

At present, the incidence rate of DVT is increasing year over year, with more than 600,000 new DVT patients in the
United States annually.”'® The prevalence and diagnosis rates of DVT in China have also been increasing in recent years.
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Thus, it is important to use effective measures to diagnose and treat this condition to improve the prognosis of the
growing number of DVT patients. At present, there is no uniform standard for effective thrombolytic methods and drug
dosage for the treatment of acute DVT. The focus of standard DVT treatment is the use of anticoagulants to prevent
pulmonary embolism and dissolve the thrombosis. However, anticoagulants alone have no direct thrombolytic effect. At
present, conventional DVT treatment often fails to restore venous patency, and venous valve function can be permanently
damaged.'"'?

Due to the poor efficacy of anticoagulant therapy alone and systemic thrombolytic therapy, and the possible serious
complications for patients with DVT, it was proposed in the 1990s that a thrombosis should be directly exposed to
thrombolytic agents through CDT. Compared with peripheral venous thrombolysis and surgical thrombectomy, seamless
catheter thrombolysis and anticoagulation treatment for acute DVT have high thrombolytic efficiency and a low bleeding
risk. This method continuously gives thrombolytic drugs in the thrombotic segment, reducing the thrombolytic exposure
time. Regular monitoring and timely adjustment of medication mitigates the bleeding risk. It has the advantages of a high
local drug concentration, rapid thrombolysis, low postoperative thrombosis recurrence rate, low bleeding risk, and is
minimally invasive.'> The advantages of CDT for the patient include a reduction in thrombosis, dosage of lysate,
hospitalization time, and complications. Additionally, CDT provides timely symptom relief and maintains venous
patency and valve function to prevent PTS. Du et al reported that anticoagulation plus CDT can more effectively
improve venous patency and prevent PTS than anticoagulation alone.'*'® CDT is usually used to treat acute femoral vein
thrombosis, but few studies have reported the efficacy and safety of CDT, especially in the treatment of acute extensive
lower extremity DVT. In contrast to proximal DVT, whether anticoagulation or other methods should be used for the
treatment of distal DVT remains controversial.

Severe DVT is usually treated with catheter thrombolysis and mechanical thrombus clearance through anticoagula-
tion. Meta analysis shows that intracatheter thrombolysis is more effective than standard anticoagulant therapy alone and
can improve deep vein patency and significantly reduce the incidence of PTS. In our study, it was safe and effective to
use a comprehensive treatment scheme to treat lower limb DVT, and the patients had no significant serious
complications.'” ' With the development of interventional technology, multiple interventional thrombolytic therapies
will be used together to restore venous patency and accelerate the thrombolytic process and effect, which is the future
trend of interventional thrombolysis.

The recurrence rate of DVT is 2.6-29%. It is reported that the incidence of PTS after distal DVT is as high as 23%.?°
Yang et al reported that the main causes of PTS were venous obstruction and venous valve insufficiency.”' Therefore,
prevention is crucial. Auxiliary technologies such as ultrasound assisted CDT and percutaneous mechanical thrombect-
omy combined with CDT can more effectively and quickly accelerate thrombolysis, reduce the dosage of thrombolytic
agents, and shorten the hospital stay.?' >* However, these treatments increase the financial burden on the patient. Our
study shows that CDT treatment is a feasible, effective, and safe method. The overall patency was better than with
standard treatment and did not significantly increase the economic burden on patients.

IVCF implantation is effective in preventing a fatal pulmonary embolism. While the indications and complications of
IVCF implantation have always been a concern, more reasonable indications include symptomatic pulmonary embolism,
large floating thrombosis in the iliofemoral vein, and contraindications of anticoagulation therapy.> IVCF implantation
can not only prevent a fatal pulmonary embolism, but also provides a safety guarantee for interventional catheter
thrombolytic therapy.”® We believe that after thrombolysis, the stenosis of the deep vein lumen is more than 50%, and
balloon dilation combined with stent implantation should be done with caution. The stent itself can cause damage to the
inner wall of the blood vessel, produce an inflammatory reaction, or cause endothelial hyperplasia. Platelet aggregation
can cause stenosis in the stent, which slows down blood flow and can cause thrombosis recurrence, which affects the
long-term efficacy of the treatment.>’ After catheter thrombolysis and endovascular stent implantation, it is necessary to
continue anticoagulation and antiplatelet therapy and wear elastic stockings for an extended period to prevent thrombosis
recurrence, promote venous valve function recovery, and reduce the incidence of PTS.® In our follow-up there were two
patients with recurrent DVT in their iliac vein stents, both of which were related to insufficient anticoagulation.
Therefore, effective anticoagulant therapy and regular monitoring and re-examination of various indicators during foot
therapy are the key to maintaining long-term patency and preventing thrombosis recurrence.
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This study has some limitations. As a single center retrospective study and an initial project in our unit, the number of
cases is relatively small. Moreover, our study also lacked a standard control group and comparative indicators to
determine the specific advantages of our CDT treatment. Despite these limitations, our study results support the treatment
of acute lower limb deep vein thrombosis with a combination of intravenous and healthy side femoral vein puncture and
directed thrombolysis as a safe, effective, and minimally invasive method with a good therapeutic effect.

Conclusion

It is safe, effective, and minimally invasive to treat acute DVT of lower extremities through popliteal vein and healthy
femoral vein puncture and deep vein seamless thrombolysis combined with endovascular angioplasty. We believe this
treatment is worthy of routine clinical consideration among physicians.
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