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Abstract: Post-thrombotic syndrome (PTS) is a venous stress disorder that develops from long-term effects

from a previous deep venous thrombosis (DVT). The morbidity associated with PTS may be significant and

patients can present with edema, chronic pain, swelling, skin changes, and heaviness of the affected limb.

PTS can eventually lead to a decreased quality of life and to a marked burden for the healthcare system.

This article elaborates on clinical aspects of PTS including the pathophysiology, diagnostic work-up and

management of the disease with a particular focus on endovascular options.
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Introduction

Post-thrombotic syndrome (PTS) has the highest clinical
significance as a long-term sequela of deep venous
thrombosis (DVT). PTS is associated with high morbidity
and decreased quality of life for affected patients. Patients
with PTS present with edema, chronic leg pain, swelling,
skin changes, and heaviness of the limb previously affected
by DVT (1,2). The symptoms from PTS result from
impaired venous blood return secondary to damaged venous
valves and obstructive disease caused by a prior DVT event.

The annual incidence of venous thromboembolism is
estimated at 1/1,000 persons per year (3) and studies have
shown that 20% to 50% of these patients develop PTS as a
long-term sequela (3). Severe manifestations of PTS include
development of venous ulcer disease (2,4,5). Venous ulcer
management in PTS patients is challenging. One long-term
follow-up study demonstrated 5% of PTS patients during
a 10-year course develop venous ulcers (5). Moreover, it is
important to emphasize that PTS does not solely affect the
adult population. The incidence of PTS in children after
upper and lower extremity DVT has been reported as high
as 26% (6,7). PTS treatment in the pediatric population
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is based upon guidelines in the adult population which are
discussed below (8).

The deceased quality of life and productivity that PTS
inflicts on patients overall health causes a significant cost
to the healthcare system. In the United States, the average
annual cost of treating a patient with PTS is estimated
at $7,000 per patient per year (9). Regarding the loss
of productivity, one paper estimated that venous ulcer
complications result cumulatively in 2 million lost workdays
in the United States annually (10). Another more recent
manuscript focused on the relationship between chronic
diseases and quality of life, concluding that PTS has a more
significant impact on decreased quality of life compared to
osteoarthritis, chronic lung disease, and/or angina (11).

Pathophysiology

Patients with acute DVT are usually treated with an
anticoagulation regimen. The overall goal of this treatment
approach is to prevent further extension of the DVT and
to prevent new thrombus formation. Studies are suggesting
that anticoagulation in DVT may partially but not
completely resolve the entire thrombotic burden (12,13).
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The residual thrombus burden puts the patient at risk for
PTS as a long-term sequela of DV'T.

There are three proposed pathophysiologic pathways
from development of acute DVT to PTS as a chronic
disease. In the majority of cases, all 3 pathways contribute
in different extent to the development of PTS. The first
mechanism relates to direct damage to venous valves by the
thrombus formation in acute DVT. The second mechanism
relates to indirect damage to venous valves through
inflammatory mediators. Shbaklo ez 4/. showed that certain
cytokines and adhesion molecules such as intercellular
adhesion molecule-1 and interleukin-6 were associated with
the development of PTS after a prior DVT (14). The third
mechanism relates to the thrombus burden in acute DVT
or residual burden post anticoagulation treatment since the
thrombotic burden leads to venous outflow obstruction.
These three processes ultimately result in valvular reflux,
venous hypertension, and impaired venous blood flow
return. The increased venous hypertension is associated
with increased tissue permeability with the consequence of
edema formation and subsequently with reduced arterial
blood supply to the skeletal musculature of the affected
limb. These mechanisms explain the clinical symptoms of
PTS including edema, limb pain, swelling, skin changes,
and heaviness of the affected limb (15). Visualized skin
discoloration or pigmentation of the affected extremity on
physical exam is related to breakdown of red blood cells
which have leaked out of the venous system (16).

Based on the pathophysiology of the disease prompt,
safe and effective clearance of the entire thrombotic
burden is recommended to help to prevent PTS. During
the treatment of acute DVT provocation of inflammatory
responses and scarring should be minimized since these
processes can lead to damaged venous valves, eventually
increasing the risk of future PTS (17).

Risk factors

There are several known risk factors for developing PTS
after acute DVT. Some suggested risk factors include age,
sex, body mass index (BMI), thrombophilia, characteristics
of initial venous thromboembolism, recurrent DVT
episodes, residual thrombosis on ultrasound, and intensity/
effectiveness/duration of the oral anticoagulation regimen.
Age has been evaluated as a potential risk factor for PT'S;
however, studies thus far have been inconclusive. Some
investigations showed that there was an association between
increasing age and higher risk of PTS (18,19) whereas other
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studies could not confirm this (1,19).

Obesity is a well-established risk factor for PTS. A study
by Ageno et al. showed that patients with a higher BMI with
symptomatic proximal DVT were more likely to develop
PTS during a 12-month follow up interval (20).

Inherited or acquired thrombophilia disorders increase
the risk of DVT and recurrent DVT}; however, there is
insufficient evidence to suggest an association between
inherited or acquired thrombophilia and an increased risk
of PTS as a sequela of prior DVT (1,19).

Studies demonstrated a relationship between location
of the primary DVT and subsequent PTS development.
Investigations have shown that up to 20-80% of patients
were diagnosed with PTS after a distal calf DVT (21,22).

Subtherapeutic anticoagulation is another known risk
factor. Several studies have demonstrated that patients
may be at increased risk of developing PTS within
weeks to months post DVT secondary to subtherapeutic
anticoagulation. Particularly failure to initiate an early and
appropriate anticoagulation regimen for DV'T can lead to
an increased risk for PT'S (1).

Residual DVT identified on ultrasound examination after
anticoagulation treatment is another risk factor associated
with an elevated risk of PTS development (12,13).

Diagnosis
Clinical diagnosis

Diagnosing and recognizing PTS can be challenging since
symptomatic presentation varies in individual patients.
Presenting symptoms include pain, swelling, edema,
heaviness, and skin changes in the affected extremity. The
symptoms typically improve at rest while lying flat and with
elevation of the affected extremity. The symptoms typically
worsen while standing or walking. Other clinical signs
include telangiectasia, hyperpigmentation, eczema, varicose
veins, ulceration, or lipodermatosclerosis (23). Several
clinical scales and surveys have been developed to aid in
diagnosing and characterizing PTS. The Villalta scale (24)
and Ginsberg measure (25) were created to specifically
diagnose PTS after an established episode of acute DVT.
Others scales focus primarily on chronic venous disease
in general and include the CEAP (Clinical, Etiological,
anatomic, and pathophysiological) classification (26), and
Venous Clinical Severity Score (VCSS) (27).

The Villalta scale (Figure I) is the most widely used and
accepted clinical tool for diagnosing, assessing the severity,
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and evaluating treatment of PTS. The International society
of Thrombosis and Hemostasis subcommittee on Control
of Anticoagulation has recommended the Villalta scale as
the most appropriate measure to diagnose and evaluate
PTS (28). The Villalta scale consists of five patient
subjective rated categories and 6 clinician objective rated
categories that are graded from 0-3 based on severity.

The Ginsberg measure characterizes P'TS based on daily
leg pain and swelling that lasts for 1 month and occurs at

Symptoms Clinical signs
Pain Edema
Cramps Skin induration
Heaviness Hyperpigmentation
Pruritus Redness

Paraesthesia Pain during calf compression

Venous ectasia

Each symptom/sign rated as 0 (absent), 1 (mild), 2 (moderate),
or 3 (severe)

Scoring
Oto4 No PTS
5to 14 Mild/moderate PTS

>15 or presence of ulcers Severe PTS

Figure 1 Villalta scale of post-thrombotic syndrome (PTS).
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least 6 months after an acute DVT. Although less utilized
than the Villalta scale in the clinical arena, the Ginsberg
measure may better identify more severe forms of PTS than
the Villalta scale (25).

The CEAP classification (Figure 2) was designed to
evaluate treatment outcomes for patients with venous
diseases. This classification is fairly non-specific for the
cause of chronic venous disease. The CEAP classification
consists of 7 clinical, 3 etiological, 3 anatomical, and 4
pathophysiological classes. The specific classes are listed in
Figure 2. CEAP has been used to diagnose PTS previously;
however, several limitations exist which include assessment
of disease severity, lack of a universally agreed cutoff for
the diagnosis of PTS, and limited ability to follow changing
clinical status post treatinent in the course of the disease (26).

The VCSS (Figure 3) most recently updated by Vasquez
et al., combines factors of compression therapy, number of
ulcers, and the CEAP scale to assess venous disease. The
VCSS is based on 9 clinical signs and 1 symptom which is
pain. The VCSS is well suited for advanced cases of venous
disease (27).

Iimaging diagnosis

For patients presenting with PTS, the first imaging test
of choice to evaluate for thrombus or valvular reflux is
duplex ultrasound of the affected extremity. The advantage
of duplex US is that the exam is inexpensive and non-

Clinical Etiology Anatomic Pathophysiologic
Co No visible or palpable Ec Congenital | s Superficial Pr Reflux
signs of venous disease
C1 Telangiectasia or Ep Primary P Perforator Po Obstruction
reticular veins
c2 Varicose veins Es Secondary | d Deep Pr,o Reflux and obstruction
C3 Edema Pn No venous
pathophysiologic
Identify
Cda Pigmentation and
eczema
C4b Lipodermatosclerosis
C5 Healed venous ulcer
C6 Active venous ulcer

Figure 2 Clinical-etiology-anatomic-pathophysiologic (CEAP).
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Attribute Absent [0] | Mild [1] Moderate [2] Severe [3]
Pain None Occasional Daily not limiting daily Daily interfering with daily
activities activities

Varicose veins (>4 mm in diameter) | None Few, scattered Confined to calf or thigh Involves calf and thigh

Venous edema None Limited to foot and Extends above ankle but | Extends to knee and above
ankle below knee

Skin pigmentation None Limited to perimalleolar Diffuse over lower third Wider distribution above lower
area of calf third with recent pigmentation

Inflammation None Limited to perimalleolar Diffuse over lower third Severe cellulitis or significant
area of calf venous eczema

Induration None Limited to perimalleolar Diffuse over lower third Entire lower third of leg or
area of calf more

Number of active ulcers 0 1 2 >2

Longest active ulcer duration N/A <3 months >3 months but <1 year Not healed for 1 year

Largest active ulcer size (cm) N/A Diameter <2 cm Diameter 2-6 cm Diameter >6 cm

Ulcer duration None <3 months 3-12 months >1 year

Compression therapy stockings None Intermittent use Most days Full compliance

Absence of venous disease is defined by a score of <3; a score of =8 defines severe disease

Figure 3 Revised venous clinical severity score.

invasive. If the duplex US is inconclusive or additional
anatomical information is required, CT or MR venography
can be performed to evaluate for venous collaterals,
masses that may cause extrinsic compression of veins,
and venous asymmetries. If the above imaging modalities
are inconclusive and the high clinical suspicion for PTS
remains, intravascular ultrasound (IVUS) can be performed
for further evaluation. IVUS can demonstrate intraluminal
and mural details and echogenicity of any thrombus
which can help for determining the age of the thrombus.
However, IVUS is an invasive procedure that requires a
9 F sheath and should be reserved for cases in which other
imaging modalities have been inconclusive. Percutaneous
transfemoral or transpopliteal venography is the gold
standard for evaluating for venous stenosis/occlusions.
However, transfemoral or transpopliteal venography
should be reserved for PTS cases in which endovascular
intervention is planned.

Prevention of PTS

There are several preventive measures to avoid PTS.
Prevention of the initial DVT if possible would be ideal
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and therefore, the use of pharmacologic or mechanical
thromboprophylaxis in patients at risk for DVT is
encouraged. If a patient already had a DVT event,
prevention of a recurrent DVT is highly recommended
since a recurrent ipsilateral DVT is a significant risk
factor for the development of PTS (29). Frequent follow-
up post initial acute DVT event is crucial to avoid
subtherapeutic anticoagulation. Anticoagulation treatment
for DVT has been shown to be most effective in the first
3 months following the initial presentation (29). Delayed
anticoagulation therapy later than 3 months has been shown
to increase the risk of PTS development (29).
Non-pharmacologic methods such as elastic compression
stockings (ECS) have been studied. The theory behind
ECS is that compression from the stockings would help
return venous blood. Multiple studies have been performed
on the effectiveness of ECS post-acute DVT for PTS
prevention and the results are conflicting. One multicenter,
randomized-controlled trial did not demonstrate any
significant benefit for prevention of PTS in patients with
a central DV'T after 2 years of wearing active compression
stockings (30). However, there have been at least two
studies that supported wearing 30-40 mmHg knee-high
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ECS for PTS prevention in patients with proximal DVT
(18,31). Therefore, it is reasonable to provide a trial of
ECS in patients with proximal acute DVT as a preventive
measure for PTS development.

In terms of thrombolytic therapy to prevent PTS,
the use of thrombolysis with heparin has been shown
to improve patency rates following acute DVT (32).
Systematic thrombolytic therapy can be used. However
catheter directed thrombolysis (CDT) with or without
mechanical disruption (pharmacomechanical thrombolysis)
of the thrombus in selected patients can be a safer approach
with less systemic side-effects as opposed to systemic
thrombolysis (33). Prompt clearance of thrombus burden
in DVT decreases the risk of subsequent PTS, as it opens
the vein, relieving venous outflow obstruction immediately,
maintaining valvular function, and preventing venous
hypertension. CDT or pharmacomechanical catheter
directed thrombolysis (PCDT) has a decreased risk of
systemic side effects (34). Current recommendations state
that CDT and PCDT may be considered in a selected
patient with acute (<14 days) symptomatic DV'T, extensive
proximal DVT with good functional capacity, >1 year life
expectancy, and low expected bleeding risk (34). Systemic
anticoagulation should be used before and after CDT or
PCDT. Balloon angioplasty with or without stenting of
underlying obstructing lesion after CDT/PCDT may be
indicated in a limited subset of patients to prevent recurrent
thrombosis. Systemic thrombolysis is not recommended for
the treatment of DVT (34). For patients who are not good
candidates for CD'T/PCDT, surgical thrombectomy may
be considered as an alternative (30).

Treatment of PTS
Non-interventional treatment

PTS treatment can be divided into non-interventional
and interventional treatment approaches. Conservative
non-interventional treatments include compression based
therapies, pharmacotherapy, and lifestyle changes. The goal
of compression based therapies is to alleviate symptoms.
Even though there are only a limited number of controlled
studies that have demonstrated the effectiveness of
compression therapies, treating patients with compression
therapy is still a viable option given the low risk profile
of this treatment. A trial of 20-30 mmHg ECS can be
attempted. Below the knee ECS have be showed to have
similar effectiveness as above the knee ECS. Below the knee
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ECS are associated with increased patient compliance. If
patients remain symptomatic, stronger ECS of 30-40 or
even 40-50 mmHg can be tried (34).

Severe cases may require intermittent pneumatic
compression sleeve units with 20-30 minutes duration for
2-3 times per day. A randomized control trial by Ginsberg
et al. followed patients with severe PTS with intermittent
pneumatic compression at 50 mmHg and demonstrated
up to 80% improvement in edema over a four week
period (35). There are several disadvantages of using
intermittent pneumatic compression. First, the pneumatic
compression therapy is inconvenient for patients. Patients
need to spend several hours a day using the compression
device to improve their symptoms. Also, the pneumatic
compression devices are expensive. A trial of pneumatic
compression therapy may be reasonable in immobile
patients with severe PTS and edema who are not ideal
candidates for interventional therapies.

Several venoactive drugs have be tried in the past as a
pharmacologic therapy for PTS. Such venoactive drugs were
rutosides, defibrotide, prostaglandin E2, thrombomodulin,
and hidrosmin. Unfortunately, there is limited clinical
trial evidence to demonstrate significant improvement of
symptoms with these agents. Therefore, these medications
are not recommended for treatment per current guidelines.
Clinical trials proving effectiveness of these medications is
needed in the future (36).

Several studies have shown that exercise with leg
strengthening can help treat PTS. Patients benefit from
exercise and leg strengthening by promoting venous blood
return and initiating weight loss. A study by Padberg ez /.
demonstrated that 30 patients who completed a 6-month
exercise program focused to increase leg strength showed
improvement in PTS symptoms (37).

Endovascular treatment of PTS

For a select number of patients with PTS, endovascular
or surgical management can be performed to improve
symptoms. Endovascular options include angioplasty
and stent placement. Surgical options include various
venous bypass surgeries based on the location of the
DVT. If patients with PTS suffer from chronic superficial
venous reflux, venous stripping, foam sclerotherapy, or
radiofrequency/laser ablation are surgical options for
superficial venous reflux. Valvuloplasty is a surgical option
for intact but incompetent venous valves. If the venous
valves are completely destroyed, autotransplantion of the
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axillary vein is another surgical option (38). For purposes
of this paper, more focus will be placed on endovascular
management of PTS based on the authors’ institutional
experience.

PTS patients who score >3 on the CEAP classification
and failed conservative management are considered
candidates for endovascular management. Patients with
CEAP scores of 2 or less can be considered candidates for
endovascular management if they have significant pain
associated with their PTS (39,40).

Typically, local anesthesia and moderate sedation is
sufficient for angioplasty and stenting of post-thrombotic
venous occlusion disease. The two main approaches to
angioplasty and stenting of Iliofemoral stenosis or occlusion
from prior DVT include an ipsilateral transfemoral
approach while the patient is in a supine position or an
ipsilateral transpopliteal approach while the patient is in
a prone position. If the thrombus extends into the IVC,
a jugular vein approach can be considered. In addition, if
the patient has an IVC filter in place, removal should be
considered prior to angioplasty and stenting. Once access is
gained into the vein, a venogram is performed to determine
the amount of stenosis or occlusion. Greater than 60%
stenosis is considered hemodynamically significant (41).
Stiff Guidewires in conjunction with supporting catheters
are advanced until the lesion of interest is completely
crossed. Angioplasty is then performed to dilate the lesion
prior to stenting. To prevent stent migration within
Iliofemoral veins, the stent should extend 3-4 c¢m into the
IVC. The 12-16 mm WallStents (Boston Scientific)
are sufficient for Iliofemoral stenting while larger 18-
24 mm Wallstents (Boston Scientific) are used for Iliocaval
stenting (41). If stents have to be overlapped, 2 cm should
be sufficient overlap of the stents to prevent detachment.
After all the stents are deployed, repeat angioplasty should
be performed. In addition, a post-stent venogram should
be performed to demonstrate increased venous flow and
improvement of the stenosis. (41).

Intra-procedural and post-stenting anti-
coagulation

Intra-procedural IV heparin is administered during
iliofemoral and iliocaval angioplasty and stenting
procedures. There are differing approaches with
anticoagulation post-stenting. Some physicians will
treat with 6 months of coumadin while others will start
antiplatelet medications such as aspirin and Plavix.
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Patients with unexplained DVT should be worked-up for
coagulopathies (42).

The following two cases in which endovascular
management of proximal DVT was treated with a
combination angioplasty, PCDT, and/or stenting based on
our institutional experience. Case #1 is a 58-year-old male
with chronic thrombosis of the infrarenal IVC and bilateral
common and external iliac veins with CEAP classification
of C3EsAdPo. Despite compression stockings and exercise
therapy for 3 months, the patient still had persistent lower
extremity pitting edema, and discoloration of feet and ankle
with significant discomfort. Endovascular management
of this patient is shown in Figure 4. Case #2 involves a
73-year-old male with left lower extremity DVT
thrombosis of 5 weeks duration and CEAP of C3-4a/Es/
Ad/Po. The patient underwent angioplasty, PCDT, and
stenting (Figure 5).

Outcomes of lliocaval and lliofemoral stent
placement for PTS

Several studies have been conducted to assess the patency
rates and effectiveness of endovascular management of
post-thrombotic venous occlusion disease. Primary patency
rates following stenting of post-thrombotic occlusion have
varied from 61-83% (43,44). In a study by Rosales ez 4l., 34
patients with post-thrombotic symptoms following DVT
underwent stenting for iliocaval or iliofemoral occlusion and
chronic venous insufficiency. Two-year primary patency
rate was 67%. With those who were successfully recanalized
(94%) symptoms of edema and venous claudication
resolved. Further, 4 out 7 ulcers that were document from
the 34 patients healed (45). In a study by Raju ez 4/., balloon
dilatation and stent placement for iliac vein stenosis was
performed in 304 symptomatic limbs. The results of this
study included primary and secondary patency rates of
71% and 90% at 24 months. In addition, the ulcer healing
rate was 62% at 24 months (46). Endovascular stenting
for treating venous claudication, edema, and venous ulcer
formation cause by post-thrombotic venous occlusion has
demonstrated good patency rates and improvement of

symptoms.

Conclusions

PTS is a complication of DVT which is associated with
significant morbidity and decreased quality of life. P'TS has
a marked burden on the healthcare system. For diagnosis
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A B

Figure 4 Case #1 is a 58-year-old male with chronic thrombosis of the infrarenal IVC and bilateral common and external iliac veins. (A)
Initial bilateral common iliac venogram demonstrates chronic occlusion of the bilateral common iliac veins and infrarenal IVC. Multiple
bilateral venous collaterals are present; (B) fluoroscopic image of the pelvis demonstrates recanalization of the chronic occlusions of the
bilateral iliac veins and infrarenal IVC. Angioplasty of the bilateral common iliac veins was performed; (C) fluoroscopic image of the
abdomen demonstrates placement of Wallstents (Boston Scientific, Natick, MA, USA) within the IVC and bilateral common iliac veins.
Incidentally noted is a duplicated left renal collecting system; (D) digital subtraction venography (DSV) demonstrates restored patency of
the IVC and bilateral common iliac veins status post angioplasty and Wallstent placement.

Figure 5 Case #2 is a 73-year-old male with left lower extremity DVT and leg swelling for 5 weeks. (A) While in a prone position, a
left femoral venogram demonstrates multiple filling defects consistent with thrombus; (B) digital subtraction venogram (DSV) of the
left proximal femoral vein demonstrates multiple filling defects and complete occlusion of the left external and common iliac veins; (C)
fluoroscopic image of an EKOS catheter (EKOS, a BTG International Group company, Bothell, WA, USA) placed into the left common
femoral, left external iliac vein and left common iliac vein; (D) DSV of the left common femoral, left external iliac vein and left common iliac
vein status post catheter directed thrombolysis via an EKOS catheter with improved venous blood return and decreased thrombus burden;
(E,F) fluoroscopic and DSV images demonstrating angioplasty and placement of 14 cm x 6 cm Lifestent (Bard, Tempe, AZ, USA) in the left
common iliac vein with markedly improved vascular patency of the left common femoral vein, left external iliac vein, and left common iliac
vein. DVT, deep venous thrombosis.
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of PTS several measures have been created including the
Villalta scale, Ginsberg measure, CEAP, and VCSS to help
physicians diagnose the disease. Appropriate therapeutic
anticoagulation status post DVT is of utmost importance
to prevent PTS development. In addition, non-invasive
measures for preventing and treating PTS include ECS,
exercise, anti-coagulation, and pneumatic compression (34).
Endovascular management of PTS includes angioplasty and
stenting which has shown promising results for improving
patency and resolving symptoms (34).
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