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Abstract

Acute deep vein thrombosis (DVT) has a high mortality and a significant morbidity
risk. The most dreadful early complications of DVT are pulmonary embolism (PE)
and phlegmasia cerulea dolens, which is a consequence of circulatory impairment
due to venous obstruction. Another important complication is Post-thrombotic
syndrome (PTS), which may significantly reduce the quality of life in the long
term. Anticoagulation is the cornerstone of treatment in DVT and has been
proven to reduce the risk of fatal PE by avoiding thrombus propagation. However,
anticoagulant therapy may be ineffective in preventing venous gangrene and
PTS caused by chronic venous obstruction and venous valvular incompetence.
Endovascular treatment options, such as catheter-directed thrombolysis,
percutaneous mechanical thrombectomy, venous angioplasty/stenting and surgical
venous thrombectomy, can help remove acute thrombus and restore venous patency.
These methods can be performed as an adjunct to anticoagulant therapy and are
becoming the treatment of choice in extremity-threatening venous ischaemia, as
well as in iliofemoral venous thrombosis, and in vena cava thrombosis where the
risk of PE is high. In this study, we aim to review the thrombus removal methods
used in the treatment of acute DVT.

0z

Akut derin ven trombozu (DVT) yiiksek mortalite ve belirgin morbidite riski
tasimaktadir. Erken dénemde pulmoner embolizm (PE) ve ven6z tikanikhiga bagli
dolasim bozuklugunun sonucu olan phlegmasia cerulea dolens en cok korkulan
komplikasyonlardir. Ayrica uzun dénemde Post-trombotik sendrom (PTS) yasam
kalitesinde ciddi azalmaya neden olabilmektedir. Antikoaglilasyon akut DVT'de
tedavinin temelini olusturmaktadir ve trombozun ilerlemesini engelleyerek
Ollimcil PE riskini azalttigi kanitlanmistir. Ancak antikoagiilan tedavi venoz
gangreni, venoz kapakcik yetmezligini ve kronik venoz tikanikhigin yol actigi PTS'yi
engellemekte yetersiz kalabilmektedir. Kateter aracili trombolizis, perkiitan mekanik
trombektomi, vendz anjiyoplasti/stentleme gibi endovaskiler tedavi yaklasimlari
ve cerrahi vendz trombektomi, akut trombis ylkiiniin temizlemesini ve venoz
acikhigr saglayabilmektedir. Antikoagiilasyon ile birlikte uygulanan bu yontemler,
ekstremiteyi tehdit eden vendz iskemide, iliofemoral trombozda ve PE riskinin
yliksek oldugu vena kava trombozunda oncelikli tedavi secenegi haline gelmeye
baslamistir. Bu derlemede akut DVT tedavisinde kullanilan trombiis temizleme
yaklasimlarinin glincel literatiir bilgileri esliginde gdzden gecirilmesi amaclanmistir.
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Introduction

Venous thromboembolism (VTE) is defined as
the formation of an embolus somewhere within the
venous system and the partial or complete obstruction
of the venous blood circulation. The incidence of VTE
was reported to be 117 out of 100.000 in general
population and the risk is increased in elderly (1).
VTE typically occurs in the lower extremity veins such
as the femoral and the popliteal veins or the deep
pelvic veins, and this pathology is named as deep vein
thrombosis (DVT).

The most important complication of acute DVT
is a pulmonary embolism (PE), which carries a high
mortality risk. It has been reported that the annual
incidence of acute DVT episode is one million and
100.000 patients die due to PE each year in the USA
(2). However, the complications of lower extremity
acute DVT are not limited to PE. Venous thrombosis
can cause damage to the vessel wall and venous
valves or may cause permanent venous obstruction
(3). These chronic changes may result in venous
valve incompetence, venous reflux, and venous
hypertension. The ongoing pathological process
may eventually lead to edema, pain, varicosities,
venous claudication, and ulceration within one to two
years following the acute DVT episode. This clinical
presentation is known as Postthrombotic syndrome
(PTS) which is a common complication of DVT that
adversely affects the patient’s daily life meanwhile
leading to significant increases in healthcare costs
(4,5).

Current  treatment guidelines recommend
parenteral anticoagulation as the initial therapy
and to continue with vitamin K antagonists for at
least three months in patients with DVT or PE (6,7).
Anticoagulant therapy prevents the propagation of
thrombus and reduces the risk of PE significantly (3).
However, in more than 50% of patients with acute
DVT episode residual venous thrombus was found
following an appropriate anticoagulant therapy (8,9).
The residual thrombus may act as a focus that can lead
to formation of new thrombus and can be the cause of
thrombus expansion following the acute episode. The
presence of residual thrombus after anticoagulant
therapy increases the risk of DVT recurrence (10,11).
Residual thrombus is also found to be related to PTS
and indicates 1.5 to 1.6-fold increased risk (12,13).
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As a result, almost half of the DVT patients
managed with anticoagulant therapy alone suffer PTS
after one year of follow-up and severe complications
including venous ulceration may occur in 5-10% of
these patients (14). The only method that has been
recommended to avoid the development of PTS is
using elastic compression socks; however, this method
enables prevention in only 50 % of the cases (15,16).

In recent years, employment of invasive treatment
approaches providing the active removal of thrombus
in order to relieve acute symptoms, prevent venous
reflux and obstruction, and reduce the risk of PTS
development has been suggested as an alternative to
conventional medical treatment in acute DVT (Table
1). In this review, we aimed to summarize the surgical
and percutaneous interventional methods for acute
DVT treatment.

The Localization of Acute Thrombus and Its
Clinical Effects

Acute lower extremity DVT has been classified
anatomically as proximal (popliteal vein and veins
located proximal to popliteal vein) or distal (calf veins
and distal veins) thrombosis. Proximal DVT includes
thrombosis in femoropopliteal and the iliofemoral
segments. Although this classical classification is
clinically appropriate, it is inadequate regarding the
prediction of long-term morbidities and the course of
the disease.

The deep femoral vein which drains to the iliac
vein via the main femoral vein acts as an important
collateral vessel in the presence of a limitation in the
main venous flow pathway (17). Therefore, in case
of an isolated infrainguinal venous obstruction lower
limb venous return can still carry on. However, venous
drainage of the lower extremity is severely impaired

Table 1. Thrombus removal methods in acute vein
thrombosis

Systemic

Pharmacological thrombolysis Flow-directed

Catheter-directed

Rheolytic

Percutaneous mechanical Rotational

thrombectomy

Ultrasound-facilitated

Aspiration

Pharmacomechanical thrombolysis

Surgical venous thrombectomy
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when the thrombosis involves the common iliac
or the femoral veins. In 25% of symptomatic lower
extremity venous thrombosis, either or both the iliac
and femoral veins are involved and this condition is
called iliofemoral DVT (18).

llliofemoral DVT (IFDVT) may cause drastic
symptoms with a significant thrombus burden.
Phlegmasia cerulea dolens (PCD) is a clinical picture
characterized by massive edema, cyanosis, and pain
due to diffuse venous thrombosis. The underlying
mechanism of this rare clinical condition is the collapse
of small arteries due to increased compartment
pressure as a result of severe venous hypertension
and tissue edema (19,20). It indicates an intensive
circulatory disorder that can lead to loss of extremity
and therefore its treatment in the early period has an
utmost importance.

Recurrence of thrombosis following an acute DVT
episode is the major risk factor for PTS (21). It was
reported that the risk of venous thrombosis recurrence
in patients who had been treated with conventional
anticoagulant treatment is 2 to 4-fold higher in
iliofemoral thrombosis compared to femoropopliteal
involvement (22). The rates of ambulatory venous
hypertension, chronic venous hypertension, venous
ulceration and venous claudication in IFDVT patients
following five years of anticoagulant therapy were
reported to be 95%, 90%,15% and 15%, respectively,
(23).

Patients with thrombosis of common femoral
vein or iliac vein have a considerably higher risk of
PTS when compared to patients with distal venous
thrombosis (24). Therefore, it was asserted that a
treatment modality enabling thrombus removal as an
adjunct to anticoagulant therapy could be beneficial
in acute IFDVT to reduce morbidity.

Early Thrombus Removal in Acute Deep Venous
Thrombosis

The treatment methods which aim at thrombus
removal in acute DVT can help to maintain venous
blood circulation, to reduce inflammatory response,
and to preserve the integrity of venous walls and
venous valvular functions (25). These treatments
help to achieve a quick relief of symptoms such as
pain and edema in the affected extremity while
decreasing the risk of PE and avoiding long-term
postthrombotic morbidity (18). Such a therapeutic
approach may be preferred in patients with diffuse

thrombus burden and in consequence a higher risk of
PE. The conventional treatment has a limited success
rate in phlegmasia cerulea dolens (PCD), so the
thrombus should be removed and venous circulation
should be immediately restored to prevent the
development of venous gangrene (Table 2) (26).

Early thrombus removal approach should be
performed in young or active patients in whom the
symptoms have a short course. The patients with
short life expectancy, who are bedridden, or who
have a chronic or critical disease are generally not
regarded as candidates for invasive thrombus removal
techniques (27). Comorbidities that can increase
the risk of complications including active bleeding,
intracranial pathologies, history of recent trauma
or surgery, severe liver dysfunction, gastrointestinal
bleeding, uncontrolled hypertension, pulmonary
hypertension, cardiopulmonary disorders, kidney
failure and acute infection should be evaluated before
using such methods (Figure 1).

Society for Vascular Surgery in collaboration
with American Venous forum have published “Early
Thrombus Removal Strategies for Acute Deep Venous
Thrombosis” guideline in 2012 and recommended
the use of thrombus removal methods in selected
patients. It was emphasized that ambulatory patients
who have undergone their first IFDVT episode, whose
symptoms have lasted less than 14 days, who have
a low bleeding risk, optimal functional capacity, and
a considerable life expectancy are good candidates
for thrombus removal. It was also recommended
that strategies regarding early thrombosis removal
might be the treatment of choice in the presence
of extremity-threatening ischemia due to IFDVT and
conventional anticoagulant treatment should be
chosen in cases with femoropopliteal DVT (28).

Systemic Thrombolysis

Thrombolytic agents disintegrate the thrombus
through activation of plasminogen. Plasmin, which
is formed by activation of plasminogen, breaks down

Table 2. The potential benefits of thrombus removal in
acute deep vein thrombosis

Achieving venous patency and treating acute symptoms

Reducing the risk of pulmonary embolism

Eliminating the risks of venous ischemia and gangrene
development

Preventing the post-thrombotic syndrome
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the bonds between fibrin molecules constituting
the thrombus. Thrombolytic agents, which help
to accelerate thrombus resolution, can be used
systemically via peripheral venous infusion in acute
DVT to restore venous patency. The period in which
thrombolytic treatment is most effective is the acute
phase (<3 days), and the efficacy of the treatment
decreases within time, especially when the duration
of thrombosis exceeds four weeks (27).

The studies comparing the anticoagulation and
the systemic thrombolysis have revealed that the
thrombolytic therapy is better in restoring venous
patency and improvement of venous hemodynamics
in the early period. Systemic thrombolysis leads
to a 50% reduction of PTS risk when compared to
conventional treatment in middle course (28,3).
The rate of venous valvular incompetence was 9 %
following successful thrombolysis whereas this rate
was 77% if the thrombolysis was not achieved (29).

Laboratory and clinical studies have revealed
that systemic administration of thrombolytic agents
cannot achieve sufficient effectiveness in DVT
therapy. The lack of effectiveness is probably due to
the inactivation of thrombolytic agents by potential
circulating inhibitors and the incomplete diffusion of
the thrombolytic agent into the matrix structure of the
venous thrombus. The success rate of thrombolysis in
partially obstructed venous segments was reported
to be 50% but this rate decreases to 10% when the
vessel is completely obstructed (30). Indeed, systemic
thrombolytic treatment causes a significant increase
in risk of major hemorrhagic complications when
compared to anticoagulant therapy used alone (3,31).

Thrombolytic treatment is contraindicated in
numerous conditions that can increase the rate
of hemorrhagic complications. In general, one
out of five patients diagnosed as DVT is a suitable
candidate for thrombolytic treatment (32). Active
internal  hemorrhage, hemorrhagic  diathesis
such as disseminated intravascular coagulation,
cerebrovascular  event, recent neurosurgical
intervention (intracranial or spinal), cranial or other
major trauma within last 3 months, suspect of
aortic dissection and general contraindications for
anticoagulant use are absolute contraindications
for  thrombolytic  therapy  (26,7). Relative
contraindications for thrombolytic treatment includes
history of major surgery, recent child delivery, or
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cardiopulmonary resuscitation within last ten days,
intracranial tumor or other cerebrovascular disorders,
pregnancy, gastrointestinal hemorrhage within
last 3 months, uncontrolled severe hypertension
(systolic blood pressure >180 mm/Hg, diastolic blood
pressure >90 mm/Hg), thrombolytic or radiocontrast
agent allergy, right to left intracardiac or pulmonary
shunt, thrombus located in the left heart, bacterial
endocarditis, and renal failure (serum creatinine level
>2 mg/dL) (26,7,33).

Systemic thrombolytic treatment has not
reached a widespread use due to high hemorrhage
risk and low probability of achieving complete
thrombus resolution. However, the better results of
systemic thrombolysis regarding complete thrombus
resolution and reduction of PTS risk when compared
to conventional anticoagulant therapy has provided
a basis for development of thrombolytic treatment
methods.

Catheter-directed Thrombolysis

Methods that allow intensive delivery of the
thrombolytic agent to the close vicinity of the
thrombus can be divided into two main groups
as catheter-directed thrombolysis (CDT) and
flow-directed thrombolysis. Catheter-directed
thrombolytic treatment enables the thrombolytic
agent to be administered within the thrombus by
using interventional techniques under fluoroscopy
guidance. The thrombus-focused administration of
the thrombolytic agent allows using lesser doses
and faster thrombus removal with reduced risk of
systemic side effects. In flow-directed thrombolytic
treatment the thrombolytic agent is delivered into
the deep venous system via an ipsilateral dorsal foot
vein. Although thrombolysis can be achieved in crural
veins with flow-directed thrombolytic treatment,
this method is of limited use since it requires a larger
thrombolytic agent dose compared to CDT.

Catheter-directed thrombolytic treatment has
been recommended as an adjunctive therapy to
conventional anticoagulation in patients with severe
proximal deep venous thrombosis in American Society
of Interventional Radiology (2006) and American
Heart Association (2011) guidelines (26,7). American
College of Chest Physicians also recommended
anticoagulant therapy as the primary treatment
choice in acute proximal DVT in “antithrombotic
treatment and thrombosis prevention in VTE
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disorder” guideline (2012); however it was suggested
that catheter-directed thrombolytic treatment might
be preferred in IFDVT patients in whom the duration
of symptoms is less than 14 days, with optimal
functional capacity, more than 1-year life expectation,
and low hemorrhage risk (6).

The venous access in CDT is carried out by
percutaneous intervention. The entrance into the vein
is usually performed under ultrasonographic guidance
and by using small caliber needles to avoid damage
to vessel wall and neighbouring arteries (26). The
procedure should be performed under fluoroscopic
guidance since an embolus can emerge from the
loosened thrombus due to radiocontrast injection
and catheter manipulation. The popliteal vein of the
affected extremity is preferred for access in iliac and
femoropopliteal venous thrombosis. This approach
allows performing the intervention in the same
directionasthevenousvalvesopen, therefore enabling
easier access while avoiding any unintentional entry to
the sub-branches (34). When both the femoral and the
popliteal veins are obstructed, jugular or contralateral
femoral vein can be used alternatively (35). With the
purpose of preservation of venous valvular functions
and maintenance of venous circulation, a tibial vein
approach might be additionally required for removing
the thrombus in popliteal vein. Routine use of
venography is recommended after achieving venous
access (36). The main venographic finding of DVT is
the identification of an intraluminal filling defect. The
other findings include an interruption of anatomical
continuity of the vein, septation or a fold-like image
of the venous wall (26).

A consensus has not been reached on the regarding
the use of a particular thrombolytic agent, the method
and the treatment dose in venous thrombosis.
Streptokinase and urokinase are fibrin-non-specific
thrombolytic agents. Streptokinase has a high risk of
hemorrhagic complications and may lead to allergic
reactions (28). Previously the most commonly
used agent in the catheter-directed thrombolytic
treatment of DVT was urokinase. However, tissue
plasminogen activator (tPA), which is a fibrin-specific
thrombolytic agent, has recently become the first
choice (27). Novel thrombolytic agents, reteplase and
tenecteplase activate thrombus-related plasminogen
more specifically; however, experience on the use
of these agents in CDT is limited. American Society

of Interventional Radiology recommends 120.000-
180.000 unit/hour urokinase, 0.5-1.0 mg/hour tPA,
0.25-0.75 unit/hour reteplase, or 0.25-0.5 mg/hour
tenecteplase in catheter-directed thrombolytic
treatment of unilateral lower extremity thrombosis
(26). However, these doses should be adjusted
according to the status of the patient, the severity of
thrombosis and the potential risk of hemorrhage.

Patients undergoing thrombolytic treatment
should be preferentially followed-up in intensive
care units. Bedrest should be provided while paying
utmost attention to immobilization of the catheterized
extremity. The byproducts of thrombolytic agents are
thrombogenic and can trigger thrombin production.
Therefore, it is necessary to initiate anticoagulation
simultaneously  with  thrombolytic  treatment.
Bodyweight-adjusted,  low-dose  unfractionated
heparin protocol should be preferred to decrease
the peri-procedural hemorrhage risk, and bolus
heparin administration should be avoided (18).
The dose should be adjusted by activated partial
thromboplastin time (aPTT) assessment at every
4-6 hours, and the aPTT should be maintained at
1.5-2 folds of baseline aPTT level (34). Intermittent
evaluation of hematocrit, thrombocyte count, and
fibrinogen levels may be helpful in early recognition
of hemorrhagic complications. Furthermore, clinical
findings that address increased tendency to bleeding
such as a peri-catheter leak and epistaxis should be
monitored.

Control venography should be performed at 8-24
hour intervals for confirmation of the catheter position
and for monitoring the success of thrombolysis (28).
The optimal duration of thrombolytic treatment is
controversial. Although some authors recommend
continuation of treatment until the thrombus is
fully resolved, other authors recommend cessation
of thrombolytic treatment after 24-30 hours even if
the thrombus has not been found to be completely
resolved (34,35). The reason for the limitation of
treatment durationistheincreased risk of hemorrhage
with thrombolysis lasting more than 24 hours. The
treatment can be completed within 24 hours in 95%
of patients, and clinical improvement can be observed
within hours (34).

The most common complication of thrombolytic
treatment is hemorrhage. In a meta-analysis involving
19 studies about CDT, the risk of major hemorrhage
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was reported as 8% (37). The risk of major hemorrhage
necessitating blood transfusionis 0-25%, and is related
to various factors including the type and the dose of
the thrombolytic agent, duration of the therapy and
the simultaneous use of anticoagulants (27).

Another important complication of catheter-
directed thrombolytic treatment is symptomatic PE
which is encountered in 1-1.3% of patients (18,30).
The thrombus fragments that are formed during both
the catheter-directed and the systemic thrombolytic
treatments can be resolved by circulating thrombolytic
agents. Although such fragments may go through
the pulmonary circulation, this situation usually
remains asymptomatic (27). The risk of PE is not
significantly increased in catheter-directed treatment
when compared to treatment with anticoagulants
(26) and routine prophylactic use of permanent or
temporary inferior vena cava (IVC) filters has not
been recommended (28). However, IVC filter may be
helpful in patients with limited cardiac reserve whose
resistance against embolic events is low or in the
presence of a free vena cava thrombus (27,37) and
the clinical conditions usually necessitates the use of
temporary filters.

Anticoagulant therapy at a therapeutic dose should
be inititated following the thrombolytic procedure
with standard heparin. There is not enough evidence
about the use of low-molecular-weight heparin.
Although anticoagulant therapy can be paused for a
short period during the withdrawal of the vascular
sheath, the therapy should be resumed immediately
after achievement of hemostasis. The anticoagulation
should be continued for 3-6 months following the
procedure; however, there is no consensus about
the duration of the therapy (28). The patient should
be followed-up clinically, and Doppler ultrasound
or venography should be performed one year after
the treatment. The anticoagulant therapy can be
terminated if there is no predisposition to thrombosis.
Patients are usually advised to use 30-40 mmHg
graded compression socks with for reduction of PTS
risk (27).

The data about the long-term results of catheter-
directed treatments in acute DVT are limited. In a
randomized study of Elsharawy and Elzayat (38), 35
patients with IFDVT were assigned either to be treated
with CDT or anticoagulant therapy only and followed
for six-months. The authors reported that venous
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patency was better in the thrombolysis group and
venous reflux was more severe in the anticoagulation-
only group. Catheter-directed venous thrombolysis
study is a randomized, multi-center study which
compared anticoagulation in conjunction with CDT
therapy with the anticoagulation only therapy in
patients with IFDVT. lliofemoral venous patency
and 24-month PTS incidence was monitored for six-
months. llliofemoral venous patency was achieved in
65.9% of the thrombolysis patients, andin 47.4% of the
anticoagulated patients. The absolute risk reduction
regarding PTS was 14.4% in the thrombolysis patients
(39). Acute Venous Thrombosis: Thrombus Removal
with Adjunctive CDT (ATTRACT) study is a recent trial
which involves 692 patients with acute DVT episode.
The patients were randomized into two groups as
the group treated with conventional anticoagulation
only and the group treated with anticoagulants and
catheter-directed thrombus removal. Although the
addition of pharmacomechanical-thrombolysis to
standard anticoagulant therapy did not reduce the
risk of PTS, the severity scores for post-thrombotic
disease were lower in the thrombolytic treatment
group (40).

Percutaneous Mechanical Thrombectomy

Percutaneous mechanical thrombectomy (PMT) is
the mechanical removal procedure of the thrombus
by using catheter-directed interventional techniques
and devices. This approach enables avoiding the risks
of surgery and removing the thrombus rapidly in a
similar manner to venous thrombectomy. Mechanical
thrombectomy has gained a widespread use due to
introduction of modern devices and development
of novel endovascular techniques (41). The method
of mechanical thrombectomy involves softening,
fragmenting, and aspirating the thrombus by using
rotational movements, rheolytic effect, or the
ultrasound waves (42). Mechanical thrombectomy
can additionally be performed through aspiration
of the thrombus manually by using wide vascular
sheaths and catheters (43).

The devices based on rotational movement
remove the thrombus by breaking the thrombus into
microscopic particles with the help of high-speed
rotating helix or spiral-shaped wires. Endothelial
damage may occur when these devices get in
contact with the vessel wall (42). Rotational devices
mimicking Archimedes’ screw in which the moving
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part is covered with a nitinol scaffold were designed
to overcome this problem, (Figure 1). The mechanism
of action for devices working through rheolytic effect
is to drag and remove the thrombus into the device
with the help of a “vortex” formed by spraying high-
speed fluid onto the thrombus (Figure 2). These
devices are suggested to cause less endothelial and
valvular damage compared to rotational devices since
there are no moving parts in direct contact with the
vessel wall (30). However, it was asserted that release
of adenosine and potassium as a consequence of
hemolysis caused by administration of high-pressure
fluids, may lead to bradycardia (43). Ultrasound-
mediated devices cause expansion and loosening in
the fibrin structure of thrombus through emission of
radial, high frequency, low-energy waves. Thus, the
permeability of the thrombus is increased, resulting in
an increased exposure of plasminogen receptor sites
to thrombolytic agent thus enhancing the impact of
thrombolysis. Such devices were suggested to cause
less endothelial damage when compared to rotational

Figure 2. Rheolytic thrombectomy device

devices and less hemolysis compared to rheolytic
devices (42).

Although PMT can be used solely to remove
the thrombus, it is commonly used in conjunction
with catheter-directed thrombolytic treatment.
Concomitant use of PMT and CDT methods increases
the effectiveness of pharmacological thrombolysis,
limits both the dose and duration of thrombolytic
agent and prevents thrombolysis-related morbidities,
particularly  the  hemorrhagic  complications
(44). This combined treatment approach s
named as pharmacomechanical thrombolysis.
Pharmacomechanical thrombolysis reduces thrombus
burden especially in massive long-segment thrombi
and facilitates the removal of residual or resistant
thrombus in prolonged thrombolysis (>36 hours)
(35). In cases that only one of the femoropopliteal or
iliac segments is involved, mechanical thrombolysis
can be effective. However, if thrombus has lead to
obstruction of two or more segments, a combined
treatment approach should be preferred (34).
When mechanical thrombectomy is used alone
the risk of clinical PE increases and the chance of
effective decreases so using this method without
employing thrombolysis is not recommended.
Recently published guidelines also recommend
using pharmacomechanical thrombectomy when
appropriate equipment and sufficient experience
are present (26). Pharmacomechanical thrombolysis
yields significant reduction in thrombolytic agent
dose, infusion period, number of interventions,
and fluoroscopy time. However, using IVC filter as
a preventive measure may be preferred before the
procedure when pharmacological thrombolysis is
contraindicated (28).

In a meta-analysis of sixteen retrospective studies
involving 481 patients who had undergone mechanical
thrombectomy, the ratio of patients with 50% or more
vessel lumen patency following the treatment was
found to be 83-100%. The rates of symptomatic PE
and hemorrhage necessitating blood transfusion were
1% and 7.5%, respectively (42). Although these results
indicate that PMT method is effective and reliable,
randomized clinical studies showing short-term and
long-term results are needed.

Percutaneous Venous Angioplasty and Stenting

In acute DVT, residual thrombus or venous
outlet stenosis may remain despite early thrombus
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removal with interventional treatments or surgical
thrombectomy. Management of such lesions may
require percutaneous transluminal angioplasty (PTA)
and stenting. The application of PTA or stent should
be considered when the vessel diameter is reduced,
flow is slow, and collateral veins are visualized during
contrast injection (45).

Any residual lesion determined during the initial
thrombolysis should not be left behind and treated
by using endovascular methods to prevent early
thrombus reformation or stenosis. An aggressive
management in iliac venous stenosis helps to
maintain venous patency in both the early and late
periods (46,47). The rate of achieving venous patency
and eliminating clinical symptoms are reduced if the
iliofemoral obstruction is not relieved immediately
following thrombolysis (35). Combining PTA and
stenting procedures with the thrombus removal
techniques -as complementary measures- may reduce
the risks of thrombus recurrence and PTS, increase the
quality of life and facilitate healing of venous ulcers by
eliminating the underlying venous obstruction (48).

Since the fibrotic nature of venous obstructions
can result in elastic re-coil after the balloon
angioplasty, stent placement is usually preferred in
iliac vein obstructions (26). Residual iliac vein lesions
can be either stenosis and residual thrombosis or a
combination of both. Stentingis an effective treatment
option in both scenarios since the stent restores the
luminal patency and fixes the residual thrombus to
the vessel wall.

Pathologies related with a permanent local
narrowing of the vessel such as a thrombolysis-
resistant organized thrombus or an external
compression of the vein by a tumor can also be
treated by stenting (27). May-thurner syndrome, also
known as the Cockett syndrome, is the development
of a left-sided IFDVT due to the compression of the left
common iliac vein by the right common iliac artery. In
this syndrome, stenting the iliac vein after removing
the iliac venous thrombus prevents recurrence of
compression (18).

Self-expanding stents are usually preffered in
endovascular interventions of the venous system. It
is recommended to use 18-22 mm, 14-18 mm, 12-
14 mm and 10-12 mm sized stents for IVC, common
iliac vein, external iliac vein, and common femoral
vein, respectively. Balloon-expandable stents can
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be used for preventing the collapse of the stent or
management of the stenosis when self-expandable
stents have failed (35). If the adequate venous blood
flow has not been achieved, the stent can be placed
into the common femoral vein along the inguinal
ligament to eliminate stenosis completely (49). In
such cases, especially if the blood flow in the deep
femoral vein is reduced, temporary arteriovenous
fistula (AVF) can be constructed to increase femoral
venous blood flow.

For the treatment of iliac stenosis after CDT,
percutaneous catheter-directed thrombectomy or
surgical venous thrombectomy, a stenting procedure is
recommended; whereas in limited occlusive lesions of
the femoral vein PTA without stenting is recommended
by American Heart Association. Furthermore, it was
emphasized that the general anticoagulant treatment
protocol used in DVT patients should be used
following the implantation of the venous stent and
antiaggregant therapy should be added in patients
with high risk of thrombus recurrence (33).

Venous Thrombectomy

Surgical thrombectomy is the removal of thrombus
located in the deep veins via main femoral vein
incision by using a thrombectomy catheter. This
method was first described by Lawen in 1937 and
became popular in the following years. However, the
milestone in the history of venous thrombectomy
was the demonstration of increased venous
insufficiency and venous valvular dysfunction within
five years after the operation in 1968 by Lansing and
Davis. Although the study was deficient regarding
methodological aspects, it was well recognized in the
world, and the venous thrombectomy has then been
performed in a few numbers of centers (50). However,
the introduction of balloon catheters (Fogarty
catheter), intraoperative venography and changes in
postoperative anticoagulation protocols popularized
venous thrombectomy again.

Performing venography to define the proximal
and distal extensions of the thrombus before venous
thrombectomy is important. The procedure should
be done under fluoroscopic guidance particularly in
cases with thrombus of vena cava. Methods that are
used to prevent iatrogenic PE in cases with a free vena
cava thrombus are using vena cava filters, temporary
blockage by placing a balloon catheter to proximal of
the thrombus, and positive pressure ventilation (51). It
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is recommended to perform intraoperative venography
forassessment of blood flow in iliac veins and vena cava,
and establishig an AVF between the saphenous vein and
the femoral artery until endothelization is completed
in the thrombogenic lumen (31). Continuation of
postoperative oral anticoagulant therapy for at least
one year is required (51).

In a study conducted by Scandinavian researchers,
IFDVT patients on anticoagulant therapy were
compared to IFDVT patients who had undergone
venous thrombectomy with temporary AVF in addition
to anticoagulant therapy. They reported that, in
surgical patients, venous patency in iliofemoral veins
was better and valvular functions of femoropopliteal
veins were well-preserved in the early period (52).
Ten-year follow-up of the same patient group revealed
that iliac vein occlusion rate was 59% in anticoagulant
therapy group while it was 17% in the surgical
group. Furthermore, less edema and ulceration rates
were observed in thrombectomy patients (53). In
a meta-analysis comparing venous thrombectomy
to anticoagulant therapy alone, thrombectomy was
found to significantly reduce PTS and venous reflux;
however, these studies were not able to reach to a
satisfactory level of evidence (54).

Advanced age, malignancy, local wound healing
problems, and comorbidities may increase the risk
of surgery (55). Venous thrombectomy is usually
preferred in patients in whom the pharmacological
thrombolysis is contraindicated. When the other
treatment methods have failed in phlegmasia cerulea
dolens (PCD), venous thrombectomy is the treatment
of choice for relieving the symptoms and correcting
circulatory problems that threaten the vitality of
extremity (56). Recent guidelines have recommended
using CDT and percutaneous pharmacomechanical
methods as the first-line treatment in acute DVT.
Venous thrombectomy should be preserved for
cases with a well functional capacity, and a life
expectancy of more than one year. Thrombectomy
should be performed by an experienced team of
surgeons only when the methods mentioned above
are contraindicated and the symptoms are present for
less than seven days (6,7).

Conclusion

The morbidity and mortality associated with DVT
are potentially preventable. The mechanical and

pharmacological treatment methods aiming to achieve
venous patency in acute DVT are beneficial in both
the early and late periods. The innovations in surgical
and endovascular techniques have made it possible
to resolve symptoms by removing the thrombosis, to
treat extremity-threatening circulatory problems, and
to avoid venous occlusion and valvular incompetence
as well asto decrease morbidity of PTS. Early thrombus
removal in patients with severe venous thrombosis is
usually done by CDT methods. Pharmacomechanical
thrombolysis methods have come forward in acute
thrombus removal. It can be asserted that thrombus
removal methods for treatment of acute DVT will
be more popular in the future as clinical experience
on interventional methods is increased, innovations
related to endovascular methods are achieved, and
fast-acting pharmacological thrombolytic agents
with less hemorrhagic complications are produced.
Randomized studies investigating the results of
endovascular treatments in acute DVT are ongoing,
and it is believed that the results of these studies
will change the current guidelines radically. However,
conventional anticoagulant therapy still constitutes
the fundamental of acute DVT treatment, and it
is recommended to use endovascular treatment
methods in the experienced clinics and in selected
patients.
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