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Deep vein thrombosis (DVT) is a prevalent disease. About 20 to 30% of patients with DVT
will develop postthrombotic syndrome (PTS) within months after the initial diagnosis of
DVT. There is no gold standard for diagnosis of PTS, but clinical signs include pitting
edema, hyperpigmentation, phlebectatic crown, venous eczema, and varicose veins.
Several scoring systems have been developed for diagnostic evaluation. Conservative
treatment includes compression therapy, medications, lifestyle modiﬁcation, and
exercise. Compression therapy, the mainstay and most proven noninvasive therapy
for patients with PTS, can be prescribed as compression stockings, bandaging,
adjustable compression wrap devices, and intermittent pneumatic compression.
Medications may be used to both prevent and treat PTS and include anticoagulation,
anti-inﬂammatories, vasoactive drugs, antibiotics, and diuretics. Exercise, weight loss,
smoking cessation, and leg elevation are also recommended. Areas of further research
include the duration, compliance, and strength of compression stockings in the
prevention of PTS after DVT; the use of intermittent compression devices; the optimal
medical anticoagulant regimen after endovascular therapy; and the role of newer
anticoagulants as anti-inﬂammatory agents.

Objectives: Upon completion of this article, the reader will be
able to describe the noninvasive therapeutic options (compression, medications, and lifestyle changes) for treatment
and prevention of postthrombotic syndrome.
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Deep vein thrombosis (DVT) affects 1.3 per 1,000 patients
in the United States annually.1 Postthrombotic syndrome
(PTS) develops in 20 to 50% of patients with DVT within the
ﬁrst months to years from the index event.2
Signs of PTS include phlebectatic crown, pitting edema,
brownish hyperpigmentation of the skin, venous eczema, and
secondary varicose veins, as well as manifestations of more
severe PTS such as atrophie blanche, lipodermatosclerosis,
and leg ulceration.
There are no standard criteria to diagnose PTS, although
several clinical scores exist that deﬁne the presence and
severity of the disease. The lack of a gold standard deﬁnition poses a challenge in evaluating the incidence and
prevalence of PTS, as well as the efﬁcacy of different
treatment strategies. The most common scoring systems
are brieﬂy described later.
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sidered ﬁrst-line therapy and includes compression therapy,
medications, lifestyle modiﬁcation, and exercise.

Scoring Systems
The most commonly used clinical scores are the Villalta score,
the Ginsberg score, the Brandjes scale, CEAP scale (clinical,
etiology, anatomy, pathophysiology), the VCSS (venous clinical severity score), and the Widmer classiﬁcation.
The Villalta score measures ﬁve subjective patient-reported
elements (heaviness, cramps, paresthesia, pruritus, and pain)
and six objective provider-reported ﬁndings (redness, venous
ectasia, pretibial edema, skin induration, pain on calf compression, and hyperpigmentation) and correlates with diseasespeciﬁc and generic quality-of-life scores. It reﬂects severity
and has been deemed the most reliable scale to diagnose and
rate the severity of PTS by the International Society of Thrombosis and Hemostasis.3
The Ginsberg score relies on patient report of symptoms
and deems the presence of PTS in patients who report that
they have daily pain that worsens with ambulation and is
relieved by elevation or rest, and that is present after 6 months
of the index DVT event. There is no rating of severity, but
there is a good correlation with quality of life4; a shortcoming
from this score is the nonspeciﬁcity of the symptoms that
might be related to nonvenous conditions.4
The Brandjes scale uses subjective (pain, edema, “heaviness,” impairment of daily activities) and objective criteria
(calf and ankle circumference increase, skin pigmentation,
presence of varicose veins, presence of ulcers), measured in
two separate visits 3 months apart. It classiﬁes patients as
having no PTS, mild to moderate PTS, and severe PTS.5
The Widmer classiﬁcation was originally developed to
classify chronic venous insufﬁciency (CVI) according to clinical signs (edema, lipodermatosclerosis/skin atrophy, and
presence of ulcers), but has been used to diagnose PTS and
assess effectiveness of compression therapy.6
The CEAP classiﬁcation is used to diagnose CVI and it is
useful in comparing effectiveness of treatments for venous
disorders, combining clinical presentation as well as description of etiology and pathology. It has been used to diagnose
and descriptively classify PTS, but does not differentiate
severity nor respond to clinical change.7
The VCSS score incorporates one symptom (pain), physical
elements from CEAP, presence of ulcers, and use of compression. It was developed as an evaluative instrument that would
be responsive to changes in disease severity over time and in
response to treatment.7
When comparing PTS scoring systems, there is poor to
moderate agreement between the Villalta scale and CEAP, and
VCSS shows poor correlation with other systems.8 Patients
might be classiﬁed as having PTS by Villalta scoring up to ﬁve
times more than if assessed by the Ginsberg measure.9 A
comparison between the Villalta score and VCSS showed good
correlation for mild to moderate PTS; however, VCSS was
more sensitive for severe disease.10
While scoring systems have been commonly used for
diagnostic classiﬁcation and treatment effect in evaluation
of compression and endovascular therapies, they are used less
frequently to describe improvements with medical therapies.
However, noninterventional therapy for PTS should be conSeminars in Interventional Radiology
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Compression
Compression has been used to manage venous disease since
400 BC in Ancient Greece.11 As the ankle venous pressure can
rise up to 80 to 100 mm Hg with standing, compression
therapy is effective by increasing venous return and reducing
ambulatory pressure.12 Compression therapy also reduces
levels of vascular endothelial growth factor and tumor necrosis factor-α in patients with venous ulcers, which correlates
with ulcer healing.13
Several classiﬁcations for strength of compression exist.
An international recommendation for standard compression
strength has been published establishing mild (15–20 mm
Hg), moderate (20–40 mm Hg), strong (40–60 mm Hg), and
very strong (>60 mm Hg).14 In the United States, compression strength is classiﬁed as light (<20 mm Hg), Class I or
moderate (21–30 mm Hg), Class II or high (31–40 mm Hg),
and Class III or very high (>40 mm Hg).11
Compression modalities include bandaging (single or multilayer), elastic compression stockings (ECS) of different
lengths and strengths, and intermittent pneumatic compression (IPC).

Bandaging
Inelastic short-stretch bandages reinforce calf pump function
during ambulation aiding venous return. Short-stretch bandages are more effective in resisting changes in venous
pressure than long-stretch bandages (e.g., ACE, BP Medical
Supplies). Long-stretch bandages may lose compression
strength quickly, especially with ambulation, requiring frequent changes. Short-stretch bandages are the appropriate
initial treatment of moderate to severe edema before ﬁtting
for maintenance ECS, or for patients who cannot tolerate ECS.
Bandages are usually applied in a 50% overlapping manner
from foot to the proximal end of the edema. Patients should
be educated that edema may accumulate above the proximal
portion of the wrap. Multilayer bandages that usually include
a cotton lining, short-stretch layer held in place by a more
rigid self-adherent support wrap layer (e.g., Coban, 3M) are
appropriate for patients with ulcerations or edema with
drainage, such as shown in ►Fig. 1.15
Venous ulcers are a complication of PTS that may be
initially managed by compression therapy. A meta-analysis
of 12 studies comparing compression stockings (650 patients)
with compression bandages (668 patients) revealed no overall difference in venous ulcer healing outcomes. Signiﬁcantly
more ulcers recurred in the stocking group compared with
the four-layer bandaging group (hazard ratio of 0.56; 95%
conﬁdence interval [CI]: 0.33–0.94; p ¼ 0.03). Four-layer
bandaging was also found to be no better for ulcer healing
compared with fewer layers. Fifteen trials were identiﬁed
comparing short-stretch bandages (910 limbs) with longstretch bandages (909 limbs) and revealed no difference in
wound healing between the groups. When only the three
most high-quality studies were included, a nonsigniﬁcant
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Fig. 1 A CVI patient’s leg before and after multilayer compression.

trend toward superior ulcer healing in the long-stretch group
at 12 months was found. No signiﬁcant difference in ulcer
recurrence between long-stretch bandaging and shortstretch bandaging was found, based on two studies with
365 patients who were followed up for 30 months. Based
on these results, the authors supported compression over no
compression, multicomponent systems over single component systems, and bandaging with an elastic component over
those without.16 These recommendations were incorporated
in the most recent clinical practice guidelines for venous ulcer
management from the Society for Vascular Surgery and the
American Venous Forum.17

Elastic Compression Stockings
Several trials have evaluated the prevention of PTS using ECS.
An open label trial randomized 194 patients with symptomatic proximal DVT to a custom-made, knee-high 40 mm Hg
ECS versus no socks; patients wore ECS for at least 2 years and
were assessed every 3 months, and later followed up every
6 months for 5 years. This trial showed that the use of
stockings reduced the incidence of mild to moderate PTS
from 47 to 20% and severe PTS from 23 to 11%, using the
Brandjes scale.5
A recent large multicenter double-blinded placebo-controlled trial (Sox trial) randomized 806 patients with ﬁrst
symptomatic proximal DVT to either a 30 to 40 mm Hg
graduated knee length ECS or a placebo stocking with no
more than 5 mm Hg compression. Patients were followed up
every 6 months for 2 years. There was no signiﬁcant difference in the incidence of PTS, evaluated by either Ginsberg
criteria or the Villalta score. This led the authors to conclude
that ECS did not affect the incidence of PTS at 2 years. Other
ﬁndings showed that ESC did not decrease the occurrence of

Silva, Rathbun

venous ulcers, rate of recurrent DVT, prevalence of venous
valvular reﬂux at 12 months, or improve generic or venous
disease-speciﬁc quality of life.18 The American College of
Chest Physician recently updated their 2016 guidelines to
recommend against the use of ECS for the prevention of PTS,
suggesting it only for edema control.19 The results of this large
trial, however, were controversial because patients received
the designation of frequent compression users if they used
their ECS three times a week or more. Compliance after 2 years
was low, with only 55.6% of patients reporting themselves as
“frequent compression” users. Previous trials suggesting
beneﬁt of ECS reported compliance rates of 90%.5
Compliance is considered a major determinant of the
effectiveness of ECS therapy. A questionnaire of patients
receiving ECS for prevention of PTS concluded that providers
should spend more time educating patients about ECS and
PTS and should support the ability of patients to don and
remove ECS independently.20
Two meta-analyses published in the same month in 2016
reached opposite conclusions regarding ECS effectiveness for
preventing PTS. An analysis of ﬁve eligible randomized
controlled trials (RCTs) with a total of 1,393 patients (sample
sizes ranged from 47 to 803 patients) concluded that it was
not justiﬁable to entirely abandon the recommendations of
using compression stockings to prevent PTS in patients with
DVT.21 The other study included ﬁve RCTs (n ¼ 1,418) and
concluded that highest-quality evidence available suggests no
effect of ECS on incidence of PTS.22
In an effort to shed some light in this controversy, another
multicenter, single-blinded, allocation concealed, randomized, noninferiority trial is underway. The IDEAL DVT study
randomizes 864 patients with acute DVT to an experimental
arm and an active comparator arm of the same ECS strength
(class III, 40 mm Hg ankle pressure). The intervention arm
will have a tailored duration of ECS therapy, based on signs
and symptoms according to the Villalta scale, following an
initial therapeutic period of 6 months. The active comparator
arm will have ECS with a standard duration of 24 months. The
primary outcome is the incidence of PTS at 24 months after
acute DVT. Enrollment is complete and results expected in
July 2017 (NCT01429714).

Adjustable Compression Wrap Devices
Due to challenges that remain in achieving acceptable, safe,
effective, and cost-efﬁcient compression therapy, adjustable
compression wrap devices using hook and loop fasteners,
commonly called Velcro brand fasteners, present new opportunities for improving treatment outcomes, and supporting
patient independence and self-management.23 A recent trial
randomized 40 legs of 36 patients with untreated venous
edema to adjustable wraps20 or inelastic bandages,20 wore
day and night, with the inelastic bandages renewed after
1 day and the adjustable wraps adjusted by the patients
whenever they felt loose. Leg volumes were measured at
baseline, day 1, and day 7. Inelastic bandages achieved higher
mean pressures than adjustable wraps (63 vs. 43 mm Hg), but
bandage pressure decreased over time, whereas the adjustable wrap maintained pressure due to patient adjustment.
Seminars in Interventional Radiology
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Volume reduction was higher in the adjustable wraps group
than in the bandage group (26 vs. 19%, p < 0.001).

Intermittent Pneumatic Compression
IPC for venous disease uses an air pump and inﬂatable
auxiliary sleeves, gloves, or boots in a system designed to
improve venous circulation in the limbs by compressing the
limb sequentially with varying cycles (usually 30-second
inﬂation time, followed by 45-second deﬂation time) exerting a pressure of 40 to 60 mm Hg. It improves venous return
by mimicking calf pump function. These devices are considered beneﬁcial in patients with reduced calf muscle function,
for example, due to immobility or limited ankle mobility, who
cannot initially tolerate bandaging due to pain or experience
problems with edema control.24 A recent Cochrane systematic review identiﬁed nine randomized trials of IPC to aid
venous wound healing (489 patients). In one trial that
included 80 subjects, more ulcers healed with IPC than
with dressings (62 vs. 28%; p ¼ 0.002). IPC plus compression
and compression alone were compared in ﬁve trials. Two of
these (97 patients combined) found increased ulcer healing
with IPC plus compression than with compression alone. The
remaining three trials (122 patients combined) found conﬂicting results. Two trials (86 patients) reported no difference
between IPC and compression bandages alone. One trial (104
patients) compared different speeds of delivering IPC and
found that rapid IPC healed more ulcers than slow IPC (86 vs.
61%). The authors concluded that IPC was more effective than
no compression for venous wound healing, with some added
beneﬁt from concomitant use with layered banding.25 Clearly,
this is an area that requires additional research.
Traditional IPCs are bulky and the air pump device limits
mobility. Recently, a portable IPC was developed (Veno wave),
consisting of a rotating gear-motor attached to a ﬂexible sheet
via a linkage that generates a repetitive waveform motion
with a frequency of six cycles per minute. It has been
approved by the Food and Drug Administration for the
prevention of DVT. A recent small, two-center, randomized,
crossover controlled trial evaluated 32 patients with severe
PTS randomized to portable IPC for 8 weeks and regular IPC
also for 8 weeks, separated by 4 weeks with no device. The
mean Villalta scale score at the end of study period was
signiﬁcantly decreased (p ¼ 0.004) for the portable IPC (12.2;
SD: 6.3) compared with control (15.0; SD: 6.1).

Pharmacotherapy
Pharmacological treatment may include anticoagulation
therapy, use of anti-inﬂammatory medication, vasoactive
drugs, antibiotics for treatment of infection, and diuretics.

Diuretics
Use of low-dose diuretic (hydrochlorothiazide 25–50 mg/d or
furosemide 40 mg up to three times daily) for up to a week
can be considered as initial treatment for patients with
massive edema. Patients should be monitored for volume
depletion and electrolyte imbalance.15 Long-term use is not
encouraged.
Seminars in Interventional Radiology
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Anticoagulation
Poor international normalized ratio (INR) control in patients
treated with vitamin K antagonist (VKA) has been associated
with an increased incidence of PTS. One study reported an
increased risk of PTS (OR: 1.84; 95% CI: 1.13–3.01) in patients
whose INR was less than 2 for more than 20% of the time.26 A
previous study had reported a larger risk of PTS, 2.7-fold, in
patients whose INR results were subtherapeutic more than
50% of the time.27 American Heart Association guidelines
recommend frequent, regular INR monitoring to avoid
subtherapeutic INRs, particularly in the ﬁrst few months of
treatment after DVT diagnosis, to reduce the risk of PTS.2
A recent systematic review identiﬁed nine articles comparing treatment of DVT using long-term low-molecularweight heparin (LMWH) only therapy with any comparator
and found a risk ratio of 0.66 (95% CI: 0.57–0.77) in favor of
LMWH for recanalization of thrombosed veins, as well as a
reported 87% risk reduction of development of venous ulcers
at 3 months when compared with warfarin.28 One of those
studies reported that patients treated with continued therapeutic dose LMWH, compared with warfarin, had a 23%
reduction in symptoms and signs of PTS at 12 weeks.29 This
has led to speculation that the direct oral anticoagulants
(DOACs) may also decrease the incidence of PTS, in theory
due to their more predictable pharmacodynamics and
reliable dosing compared with VKA. This theory is supported
by the biological mechanism of a higher incidence of PTS as a
result of inappropriate anticoagulation in the ﬁrst 4 weeks. In
this period of time, thrombin generation may retard clot lysis
and stimulate connective tissue growth, and that these two
factors could lead to persistent ﬁbrotic occlusion and venous
damage. However, quality research exploring this concept is
lacking.30 The anti-inﬂammatory effects of LMWH, demonstrated in an early study with a DVT rat model, might also
explain the reported increased symptomatic relief with
LMWH than VKA.31

Venoactive Drugs
The use of venoactive drugs such as rutosides, hidrosmin, and
deﬁbrotide to treat PTS has been supported by a few randomized trials, but the overall evidence is limited or of low
quality due to insufﬁcient blinding, lack of precision, short
follow-up duration, and varying methods used to conﬁrm
PTS.32 As a result, the American College of Chest Physicians
has recommended against their use33; however, the AHA
guidelines deemed their effectiveness and safety uncertain.2
Horse chestnut seed extract (HCSE) is an herbal supplement that is extracted from the seeds of Aesculus hippocastanum L, and has the active component, escin, that inhibits
the activity of hyaluronidase and accumulation of leucocytes
in CVI-affected limbs. A previous Cochrane review determined that HCSE was an efﬁcacious and safe short-term
treatment for CVI reducing leg volume, edema, and
pruritus.34
A Cochrane review published in 2016 extensively reevaluated phlebotonic herbal supplements (rutoside, French
maritime pine bark extract, grape seed extract, diosmin
and hidrosmin, disodium ﬂavodate, and centella asiatica)
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Pentoxifylline
A Cochrane systematic review evaluating 11 trials using
pentoxifylline for venous ulcer healing showed that it is an
effective adjunct to compression therapy and may be effective
as sole therapy.36

Antibiotics
Patients with cellulitis or infected stasis ulcers should be
treated with antibiotics effective against Staphylococcus and
Streptococcus species. Patients should avoid compression
garments until the infection is controlled but can reduce
edema using leg elevation.15 An appropriate sampling of
tissue should be considered to identify the pathogen or
pathogens and select the proper therapy, especially if the
infection is recurrent. Options include swabs, needle aspiration, and biopsy (most commonly punch biopsy). A recent
meta-analysis on infected wound sample procurement concluded that wound swab may be useful for initial monitoring,
the Levine technique being preferred (pressing and rotating
swab over 1 cm of tissue for 5 seconds), but biopsies are
preferred for evaluation of treatment-resistant wounds and
to monitor response. Needle aspiration was not recommended due to unreliability, as it could draw from healthy
tissue.37 The latest clinical practice guidelines from the
Society of Vascular Surgery regarding venous wounds
recommend against wound culture if no clinical signs of
infection are present.17

Complex lymphedema therapy (skin care, compression by
ESC and/or devices, manual lymphatic drainage, and exercise)
has been evaluated in patients with PTS. A small singlecenter, investigator-blind trial randomized 31 patients with
PTS to complex lymphedema therapy or ECS therapy alone.
Villalta PTS scores improved from moderate to mild over
3 months with either therapy.41
The latest scientiﬁc statement from the American Heart
Association recommends 6 months of exercise training in
patients with PTS who can tolerate it,2 but additional research
is warranted.

Lifestyle Modiﬁcations: Weight Loss,
Smoking Cessation, and Leg Elevation
Elevated body mass index (BMI) and obesity are associated
with a twofold increased risk of developing PTS.42 Visceral
adiposity has been correlated with the presence and severity
of PTS. In a study enrolling 120 patients with DVT who were
followed up for 2 years, 49 had PTS by the Villalta
scale; higher BMI (p ¼ 0.005) and waist circumference
(p ¼ 0.006) were found among patients with Villalta scale
5 compared with patients without PTS.43 Weight loss
should be encouraged in patients with obesity and DVT, or
conﬁrmed PTS.
Although smoking cessation beneﬁts overall cardiovascular health, there are few studies evaluating the beneﬁt in
patients with PTS. A case–control trial of 313 women who
suffered pregnancy-related DVT compared with 353 controls
without DVT reported that daily smoking before the index
pregnancy was an independent predictor of PTS.44
Patients should elevate their legs above the level of the
heart when supine and above the level of their thighs when
sitting for 30-minute intervals for at least 3 to 4 hours a day to
reduce edema.45 An early trial evaluating microcirculation in
venous disease studied 15 patients with lipodermatosclerosis
and 15 controls with laser Doppler ﬂux in different positions
and showed enhanced microcirculatory ﬂow velocity with leg
elevation.46 A more recent study used micro-light guide
tissue spectrophotometry (a technique that can analyze
both arteriolar and micro-venous circulation) in 25 healthy
volunteers to establish optimal postsurgical limb positioning
to prevent edema, and reported a 28% decrease on superﬁcial
venous pooling with leg elevation.47

Exercise Training
There is a paucity of evidence supporting exercise training in
the treatment of PTS. However, there is evidence that it does
no harm nor aggravates symptoms of PTS.38 In a prospective
study, 42 patients with PTS were randomized to 6 months of
exercise training compared with usual care. Exercise training
was associated with reduction in PTS severity as assessed by
Villalta score, improvement in quality of life, leg strength, and
leg ﬂexibility, without adverse events.39 In another trial, 30
patients with CVI were randomized to 6-month leg muscle–
strengthening exercise program or control (all patients were
given Class II ECS); exercise was associated with improved calf
muscle pump function and dynamic calf muscle strength.40
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Conclusion
Compression therapy remains the mainstay and most proven
therapy for patients with PTS. ECS are most commonly
applied and should be used at least three or more times a
week for maximum beneﬁt. If neither ECS nor bandaging is
tolerated, adjustable wraps can be applied. In the presence of
ulcers, aggressive compression therapy with multilayer
bandaging should be considered initially with concomitant
pentoxifylline therapy. The strength and duration of compression to achieve maximum efﬁcacy in the prevention and
treatment of PTS is under investigation, as it is the choice of
initial treatment for DVT. If tolerated, exercise training can be
Seminars in Interventional Radiology
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and synthetic products (calcium dobesilate, naftazone,
aminaftone, and chromocarbe). This efﬁcacy analysis
included 53 trials (involving 6,013 patients) that studied
rutosides (28 trials), hidrosmin and diosmin (10 trials),
calcium dobesilate (9 trials), Centella asiatica (2 trials),
aminaftone (2 trials), French maritime pine bark extract (2
trials), and grape seed extract (1 trial). Studies evaluating
topical phlebotonics, chromocarbe, naftazone, or disodium
ﬂavodate were not included. Their ﬁndings of moderatequality evidence showed that phlebotonics may have beneﬁcial effects for reduction of edema and on signs and symptoms
related to CVI such as trophic disorders, cramps, restless legs,
swelling, and paresthesia. No beneﬁt compared with placebo
was found for ulcer healing. Additional high-quality trials
focused on clinically important outcomes are needed.35
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prescribed for patients with PTS. Smoking cessation,
leg elevation, and weight loss are also recommended. Most
importantly, education regarding disease presentation,
progression, and prognosis is essential for patient
compliance.

17 O’Donnell TF Jr, Passman MA. Clinical practice guidelines of the

18

19

References
1 White RH. The epidemiology of venous thromboembolism. Circu2

3

4

5

6

7

8

9

10

11
12

13

14

15
16

lation 2003;B(23, Suppl 1):I4–I8
Kahn SR, Comerota AJ, Cushman M, et al; American Heart Association Council on Peripheral Vascular Disease, Council on Clinical
Cardiology, and Council on Cardiovascular and Stroke Nursing. The
postthrombotic syndrome: evidence-based prevention, diagnosis,
and treatment strategies: a scientiﬁc statement from the American Heart Association. Circulation 2014;130(18):1636–1661
Kahn SR, Partsch H, Vedantham S, Prandoni P, Kearon C; Subcommittee on Control of Anticoagulation of the Scientiﬁc and Standardization Committee of the International Society on Thrombosis
and Haemostasis. Deﬁnition of post-thrombotic syndrome of the
leg for use in clinical investigations: a recommendation for
standardization. J Thromb Haemost 2009;7(5):879–883
Galanaud JP, Holcroft CA, Rodger MA, et al. Predictors of postthrombotic syndrome in a population with a ﬁrst deep vein
thrombosis and no primary venous insufﬁciency. J Thromb Haemost 2013;11(3):474–480
Brandjes DP, Büller HR, Heijboer H, et al. Randomised trial of effect
of compression stockings in patients with symptomatic proximalvein thrombosis. Lancet 1997;349(9054):759–762
Kolbach DN, Sandbrink MW, Neumann HA, Prins MH. Compression therapy for treating stage I and II (Widmer) post-thrombotic
syndrome. Cochrane Database Syst Rev 2003;(4):CD004177
Vasquez MA, Rabe E, McLafferty RB, et al; American Venous Forum
Ad Hoc Outcomes Working Group. Revision of the venous clinical
severity score: venous outcomes consensus statement: special
communication of the American Venous Forum Ad Hoc Outcomes
Working Group. J Vasc Surg 2010;52(5):1387–1396
Kolbach DN, Neumann HA, Prins MH. Deﬁnition of the postthrombotic syndrome, differences between existing classiﬁcations. Eur J Vasc Endovasc Surg 2005;30(4):404–414
KahnSR,DesmaraisS,DucruetT,ArsenaultL,GinsbergJS.Comparisonof
theVillaltaandGinsbergclinicalscalestodiagnosethepost-thrombotic
syndrome:correlationwithpatient-reporteddiseaseburdenandvenousvalvularreﬂux.JThrombHaemost2006;4(4):907–908
Jayaraj A, Meissner MH. A comparison of Villalta-Prandoni scale
and venous clinical severity score in the assessment of post
thrombotic syndrome. Ann Vasc Surg 2014;28(2):313–317
Attaran RR, Ochoa Chaar CI. Compression therapy for venous
disease. Phlebology 2016;0(0):1–8
Partsch B, Partsch H. Calf compression pressure required to
achieve venous closure from supine to standing positions. J Vasc
Surg 2005;42(4):734–738
Murphy MA, Joyce WP, Condron C, Bouchier-Hayes D. A reduction
in serum cytokine levels parallels healing of venous ulcers in
patients undergoing compression therapy. Eur J Vasc Endovasc
Surg 2002;23(4):349–352
Partsch B, Partsch H. Which pressure do we need to compress the
great saphenous vein on the thigh? Dermatol Surg 2008;34(12):
1726–1728
Rathbun SW, Kirkpatrick AC. Treatment of chronic venous insufﬁciency. Curr Treat Options Cardiovasc Med 2007;9(2):115–126
Mauck KF, Asi N, Elraiyah TA, et al. Comparative systematic review
and meta-analysis of compression modalities for the promotion of
venous ulcer healing and reducing ulcer recurrence. J Vasc Surg
2014;60(2, Suppl):71S–90S, e1–e2

Seminars in Interventional Radiology

Vol. 34

No. 1/2017

20

21

22

23
24
25

26

27

28

29

30

31

32

33

34
35

36
37

Society for Vascular Surgery (SVS) and the American Venous
Forum (AVF)–Management of venous leg ulcers. Introduction.
J Vasc Surg 2014;60(2, Suppl):1S–2S
Kahn SR, Shapiro S, Wells PS, et al; SOX trial investigators. Compression stockings to prevent post-thrombotic syndrome: a randomised
placebo-controlled trial. Lancet 2014;383(9920):880–888
Kearon C, Akl EA, Ornelas J, et al. Antithrombotic therapy for VTE
disease: CHEST guideline and expert panel report. Chest 2016;
149(2):315–352
Bouman AC, Ten Cate-Hoek AJ, Dirksen CD, Joore MA. Eliciting
patients’ preferences for elastic compression stocking therapy
after deep vein thrombosis: potential for improving compliance.
J Thromb Haemost 2016;14(3):510–517
Burgstaller JM, Steurer J, Held U, Amann-Vesti B. Efﬁcacy of
compression stockings in preventing post-thrombotic syndrome
in patients with deep venous thrombosis: a systematic review and
metaanalysis. Vasa 2016;45(2):141–147
Berntsen CF, Kristiansen A, Akl EA, et al. Compression stockings for
preventing the postthrombotic syndrome in patients with deep
vein thrombosis. Am J Med 2016;129(4):447.e1–447.e20
Williams A. A review of the evidence for adjustable compression
wrap devices. J Wound Care 2016;25(5):242–247
(WUWHS) WUoWHSPrinciples of Best Practice: Compression in
Venous Leg Ulcers: A Consensus Document. 2008
Nelson EA, Hillman A, Thomas K. Intermittent pneumatic compression for treating venous leg ulcers. Cochrane Database Syst
Rev 2014;5(5):CD001899
Chitsike RS, Rodger MA, Kovacs MJ, et al. Risk of post-thrombotic
syndrome after subtherapeutic warfarin anticoagulation for a ﬁrst
unprovoked deep vein thrombosis: results from the REVERSE
study. J Thromb Haemost 2012;10(10):2039–2044
van Dongen CJ, Prandoni P, Frulla M, Marchiori A, Prins MH, Hutten
BA. Relation between quality of anticoagulant treatment and the
development of the postthrombotic syndrome. J Thromb Haemost
2005;3(5):939–942
Hull RD, Liang J, Townshend G. Long-term low-molecular-weight
heparin and the post-thrombotic syndrome: a systematic review.
Am J Med 2011;124(8):756–765
Hull RD, Pineo GF, Brant R, et al; LITE Trial Investigators. Home
therapy of venous thrombosis with long-term LMWH versus usual
care: patient satisfaction and post-thrombotic syndrome. Am J
Med 2009;122(8):762–769.e3
Baglin T. Prevention of post-thrombotic syndrome: a case for new
oral anticoagulant drugs or for heparins? J Thromb Haemost 2012;
10(8):1702–1703
DowningLJ,StrieterRM,KadellAM,WilkeCA,GreenﬁeldLJ,Wakeﬁeld
TW. Low-doselow-molecular-weight heparin is anti-inﬂammatory
duringvenousthrombosis.JVascSurg1998;28(5):848–854
Cohen JM, Akl EA, Kahn SR. Pharmacologic and compression
therapies for postthrombotic syndrome: a systematic review of
randomized controlled trials. Chest 2012;141(2):308–320
Kearon C, Akl EA, Comerota AJ, et al. Antithrombotic therapy for
VTE disease: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of Chest Physicians EvidenceBased Clinical Practice Guidelines. Chest 2012;141(2, Suppl):
e419S–e94S
Pittler MH, Ernst E. Horse chestnut seed extract for chronic venous
insufﬁciency. Cochrane Database Syst Rev 2012;11:CD003230
Martinez-Zapata MJ, Vernooij RW, Uriona Tuma SM, et al. Phlebotonics for venous insufﬁciency. Cochrane Database Syst Rev 2016;
4:CD003229
Jull AB, Arroll B, Parag V, Waters J. Pentoxifylline for treating
venous leg ulcers. Cochrane Database Syst Rev 2012;12:CD001733
Copeland-Halperin LR, Kaminsky AJ, Bluefeld N, Miraliakbari R.
Sample procurement for cultures of infected wounds: a systematic
review. J Wound Care 2016;25(Suppl 4):S4–S6, S8–S10

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

66

Silva, Rathbun

38 Shrier I, Kahn SR, Steele RJ. Effect of early physical activity on long-

43 Rattazzi M, Callegari E, Sponchiado A, et al. Visceral obesity, but

term outcome after venous thrombosis. Clin J Sport Med 2009;
19(6):487–493
Kahn SR, Shrier I, Shapiro S, et al. Six-month exercise training
program to treat post-thrombotic syndrome: a randomized controlled two-centre trial. CMAJ 2011;183(1):37–44
Padberg FT Jr, Johnston MV, Sisto SA. Structured exercise improves
calf muscle pump function in chronic venous insufﬁciency: a
randomized trial. J Vasc Surg 2004;39(1):79–87
Holmes CE, Bambace NM, Lewis P, Callas PW, Cushman M.
Efﬁcacy of a short course of complex lymphedema
therapy or graduated compression stocking therapy in the
treatment of post-thrombotic syndrome. Vasc Med 2014;19(1):
42–48
Kahn SR, Shrier I, Julian JA, et al. Determinants and time course of
the postthrombotic syndrome after acute deep venous thrombosis. Ann Intern Med 2008;149(10):698–707

not metabolic syndrome, is associated with the presence of postthrombotic syndrome. Thromb Res 2015;136(2):225–228
Wik HS, Jacobsen AF, Sandvik L, Sandset PM. Prevalence and
predictors for post-thrombotic syndrome 3 to 16 years after pregnancy-related venous thrombosis: a population-based, cross-sectional, case-control study. J Thromb Haemost 2012;10(5):840–847
Xia ZD, Hu D, Wilson JM, Cherry GW, Ryan TJ. How echographic
image analysis of venous oedema reveals the beneﬁts of leg
elevation. J Wound Care 2004;13(4):125–128
Abu-Own A, Scurr JH, Coleridge Smith PD. Effect of leg elevation on
the skin microcirculation in chronic venous insufﬁciency. J Vasc
Surg 1994;20(5):705–710
Darmanin G, Jaggard M, Hettiaratchy S, Nanchahal J, Jain A.
Evaluating optimal superﬁcial limb perfusion at different angles
using non-invasive micro-lightguide spectrophotometry. J Plast
Reconstr Aesthet Surg 2013;66(6):821–826

39

40

41

42

44

45

46

47

Seminars in Interventional Radiology

Vol. 34

No. 1/2017

67

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

Medical Treatment for Postthrombotic Syndrome

