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might interact with pathogenic processes. Finally, 
we stress the increasing importance of risk strat‑
ification for PTS by classic or machine learning 
methods to identify the best candidates for spe‑
cific preventive therapies in the future.

Diagnosis PTS is a constellation of signs and 
symptoms in the affected extremity following 
DVT, which can vary from patient to patient.1 
There is no gold standard for diagnosis, and re‑
search has long been hampered by the use of dif‑
ferent diagnostic scores. To improve comparabil‑
ity between studies, in 2009 the International 
Society of Thrombosis and Haemostasis (ISTH) 
reached a consensus on adopting the Villalta score 
as the preferred diagnostic tool (TAbLE 1).6 This 
score combines 5 symptoms (ie, pain, cramps, 
heaviness, paresthesia, pruritus) and 6 signs 
(ie, edema, skin induration, hyperpigmentation, 
redness, venous ectasia, painful calf compres‑
sion). Each item receives a score varying from 
0 (absent) to 3 (severe), and PTS is diagnosed if 
the combined score is equal to or above 5 or ve‑
nous ulceration is present at least 6 months af‑
ter the acute DVT. Venous claudication, a tense 

Introduction Post ‑thrombotic syndrome (PTS) 
is the manifestation of chronic venous disease 
(CVD) following an episode of deep vein throm‑
bosis (DVT).1 PTS develops in about 1 in 3 pa‑
tients, making it the most frequent complica‑
tion of DVT.1 It adversely affects the quality of 
life, productivity, and health care costs.2-4 Thus, 
PTS is an important health issue, the prevalence 
of which is only expected to increase due to age‑
ing of the population, rising life expectancy, and 
improved DVT survival. Since PTS is considered 
an irreversible condition and treatment options 
are limited, the cornerstone of its management 
lies in prevention.1 However, currently there is 
a lack of unequivocally effective preventive ther‑
apies, which leaves clinicians empty ‑handed in 
the care for their patients. Luckily, the last de‑
cade has seen many advances in our understand‑
ing of the pathogenesis of PTS, mainly based on 
experiments in mouse models of DVT.5 These in‑
sights are gradually leading to translational stud‑
ies and clinical trials. In this review, we provide 
an overview of these advances and their trans‑
lation into clinical practice. We discuss sever‑
al promising therapeutic agents, and how these 
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Post ‑thrombotic syndrome (PTS) is the most frequent complication of deep vein thrombosis, and it 
can be detrimental to the quality of life of the affected patients. Once affected by this chronic condi‑
tion, the patient’s treatment options are very limited, so preventive therapies are crucial. Currently, 
the prevention of PTS is hampered by the lack of unequivocally effective therapies. However, improved 
insight into pathogenesis of this condition acquired in recent years, including the central role of residual 
venous obstruction, could lead to a better application of the existing therapies and identification of 
novel therapeutic targets. Plausible therapeutic agents include flavonoids and statins, while promising 
future agents include those that target leukocyte ‑endothelial interaction. Moreover, differences in PTS 
risk were found to be partly explained by a tendency of patients to form clots that are less susceptible 
to lysis. Finally, identifying patients that are expected to benefit most from certain therapies is equally 
valuable for the success of future preventive strategies. This requires exploration of better risk stratifica‑
tion through machine learning techniques.
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be observed as venous ectasia, and deposition 
of hemosiderin can lead to hyperpigmentation.9 
Causes of cramps, paresthesia, and pruritus are 
less clear. Finally, venous claudication is more 
characteristic of PTS, and can be explained by 
ambulatory hypertension upon increased blood 
flow with proximal obstruction during walking.10

Current prevention Anticoagulant therapy Fol‑
lowing DVT, patients routinely receive antico‑
agulant therapy for at least 3 months to prevent 
short ‑term complications and recurrent venous 
thromboembolism (VTE). Moreover, observation‑
al studies in patients receiving vitamin K antag‑
onists (VKAs) have shown subtherapeutic anti‑
coagulation within the first 3 months to be as‑
sociated with 2 ‑fold increased odds of develop‑
ing PTS.13,14 Extension of anticoagulant therapy 
beyond this time does not seem to have any pre‑
ventive effect, as demonstrated by 2 randomized 
controlled trials (RCTs).15,16 Studies suggest a re‑
duction of PTS risk in patients treated either with 
low‑molecular weight heparin (LMWH)17 or di‑
rect oral anticoagulants (DOACs),18 as compared 
with VKAs. For DOACs, these data are based al‑
most exclusively on factor Xa inhibitor rivarox‑
aban; a recent trial found no effect for a direct 
thrombin inhibitor dabigatran.19 Awaiting more 
convincing evidence, current guidelines do not 
recommend a specific type of anticoagulant to 
prevent PTS.20

Elastic compressive therapy Elastic compressive 
therapy (ECT) for 2 years after DVT was intro‑
duced as an integral element of PTS prevention 
20 years ago, based on 2 RCTs that demonstrated 
a 50% risk reduction.21,22 Later, its effectiveness 
was questioned when a placebo ‑controlled larger 
SOX (Compression Stockings to Prevent the Post‑
‑Thrombotic Syndrome) trial failed to show any 
beneficial effects,23 and as a result ECT was no lon‑
ger recommended by most guidelines.24 This neg‑
ative RCT, however, has since been criticized due 
to reported low therapy adherence, which most 
likely influenced its results. A meta ‑analysis in‑
cluding subsequent trials indicated a trend fa‑
voring the use of ECT.25 Therapy adherence is 
critical for ECT to be effective. It might be im‑
proved by using more tolerable below ‑knee stock‑
ings, which were found to be as effective as thigh‑
‑length stockings.26 It might also be improved by 
individualized shortening of therapy duration 
up to a minimum of only 6 months based on the 
Villalta score, which was shown to have high ad‑
herence and to be noninferior to a regular 2 ‑year 
duration in the IDEAL trial (Individualised Ver‑
sus Standard Duration Of Elastic Compression 
Therapy For Prevention Of Post ‑Thrombotic Syn‑
drome).27 A recently completed RCT, the CELEST 
trial (Compression Stockings To Prevent Post‑
thrombotic Syndrome),28 investigated whether 
lower ‑strength stockings (25 mm Hg) are as ef‑
fective as currently used stockings (35 mm Hg). 
The tested hypothesis was that lower ‑strength 

painful feeling that occurs during walking and 
persists upon rest, is not included in this score. 
An important limitation of the ISTH consensus 
definition is that this chronic condition can be di‑
agnosed based on a single observation, although 
symptoms can be nonspecific and vary over time. 
This could result in an overestimation of the num‑
ber of patients with PTS, particularly its mild cas‑
es (Villalta score <10) without objective signs.7 
Thus, if feasible, it is preferable to confirm the di‑
agnosis on 2 consecutive assessments, in agree‑
ment with the original scoring method by Pran‑
doni.8 This requires regular visits during at least 
1 year following DVT.

Clinical manifestation The clinical manifestation 
of PTS shows a substantial overlap with that of 
primary CVD. Therefore, similarities in their 
pathophysiology are presumed, with a central 
role for venous hypertension. Hypertension from 
the deep veins is transferred to the capillary sys‑
tem, which increases the capillary leakage of plas‑
ma, red blood cells, and leukocytes into the inter‑
stitial space.9 Increased interstitial volume pres‑
ents as edema, and elevated intracompartmental 
and subcutaneous pressure can be experienced as 
heaviness.10 Proinflammatory cytokines released 
by leukocytes and other local cells activate noci‑
ceptors, which results in chronic pain and painful 
calf compression.11 Inflammation also leads to va‑
sodilation that can be observed as skin redness.10 
Venous hypertension causes fibrin and collagen 
deposition around dermal capillaries, which im‑
pairs oxygenation and nutrient perfusion. Sub‑
sequent loss of epidermal integrity can result in 
skin induration and, in extreme cases, lipoderma‑
tosclerosis with ulceration due to impaired wound 
healing.9 Dilated veins due to hypertension can 

TAbLE 1 The Villalta scoring system

Criteriaa None Mild Moderate Severe

Subjective criteria: symptoms

Pain 0 1 2 3

Cramps 0 1 2 3

Heaviness 0 1 2 3

Paresthesia 0 1 2 3

Pruritis 0 1 2 3

Objective criteria: clinical signs

Pretibial edema 0 1 2 3

Skin induration 0 1 2 3

Hyperpigmentation 0 1 2 3

Redness 0 1 2 3

Venous ectasia 0 1 2 3

Pain on calf compression 0 1 2 3

Venous ulcer Absent Present

a Each item receives a score from 0 to 3 based on severity. Post ‑thrombotic 
syndrome is diagnosed if the total score is at least 5. It can be categorized as mild 
(score 5–9), moderate (score 10–14) or severe (score ≥15). If venous ulcer is present 
and the total score is below15, then a total score of 15 is assigned, which puts it in 
the severe category.
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manifestations, PTS has a very different etiol‑
ogy to that of primary CVD, involving distinct 
pathogenic processes. While primary CVD is char‑
acterized by a gradual buildup of venous hyper‑
tension and skin changes with aging primarily 
due to valvular reflux, PTS has a relatively rap‑
id onset.1 Following DVT, there is an acute onset 
of venous hypertension due to venous obstruc‑
tion. This DVT is then gradually resolved over 
the duration of several weeks to months through 
an immune ‑mediated process similar to wound 
healing, including an acute, subacute, and chron‑
ic phase.1 In some patients, however, restoration 
of the vein patency is incomplete due to an in‑
terplay of pathogenic processes leading to resid‑
ual venous obstruction (RVO) as visualized in 
FIguRE 1. This interplay can be summarized as a vi‑
cious circle, which is shown in FIguRE 2. In brief, 
venous obstruction causes hypertension, leading 
to endothelial dysfunction with increased leuko‑
cyte extravasation and activation. This promotes 
persistent inflammation, which delays thrombus 
resolution. Meanwhile, vein wall fibrosis contin‑
ues, and the thrombus is gradually incorporat‑
ed into the vein wall, resulting in RVO. Below we 
discuss the latest insights into each of these pro‑
cesses, based mainly on mouse models of DVT.36 
We look for correlations between them and clin‑
ical observations and highlight several potential 
therapeutic targets.

(Residual) venous obstruction Venous obstruction 
by DVT, and later RVO, is considered the major 
driver in the pathogenesis of PTS. Indeed, clini‑
cal ultrasound assessment shows RVO as strong‑
ly associated with the risk of PTS.37 Thus, it has 
been hypothesized that early restoration of pa‑
tency—before fibrosis has occurred—can lower 
the risk of PTS, which is referred to as the open 
vein hypothesis.38 This has been supported by 
findings in mouse models, where smaller vein 

stockings might improve adherence, and findings 
of this trial are expected to be published soon.28

Therapeutic thrombolysis Thrombus removal has 
long been advocated to have the potential to low‑
er the risk of developing PTS but trials using ther‑
apeutic thrombolysis have yielded mixed results.29 
So far, 3 RCTs using catheter ‑directed thrombol‑
ysis (CDT) in addition to a regular therapy have 
been published. The CaVenT trial (Post ‑Thrombotic 
Syndrome After Catheter ‑Directed Thrombolysis 
for Deep Vein Thrombosis) in patients with fem‑
oral or iliofemoral DVT observed an absolute PTS 
risk reduction of 14% after 2 years, and of 28% 
after 5 years.30,31 The CAVA32 trial (Ultrasound‑
‑Accelerated Catheter ‑Directed Thrombolysis Ver‑
sus Anticoagulation For The Prevention of Post‑
‑Thrombotic Syndrome) in patients with iliofem‑
oral DVT did not find significantly less frequent 
PTS after 1 year, although using the ISTH consen‑
sus definition a significant 22% absolute reduction 
in PTS was observed after a median follow ‑up of 
39 months.33 Finally, the ATTRACT trial (Acute 
Venous Thrombosis: Thrombus Removal With 
Adjunctive Catheter ‑Directed Thrombolysis) in 
patients with proximal DVT did not find any dif‑
ference in PTS after 2 years,34 although CDT did 
lower PTS severity in patients with iliofemoral 
DVT.35 This uncertain efficacy is offset by signif‑
icantly higher major bleeding risk in patients al‑
located to CDT, which is the reason why the cur‑
rent guidelines do not recommend routine CDT in 
proximal DVT.24 On a case ‑by ‑case basis, patients 
with extensive thrombosis, limb ‑threatening clin‑
ical presentation, and low bleeding risk might be 
selected for CDT in experienced centers.24

Pathogenic processes and therapeutic targets To 
find ways to move forward in the prevention of 
PTS, it is worthwhile taking a closer look at its 
pathogenesis. Despite similarities in clinical 

FIguRE 1  Overview of pathogenic processes involved in the development of residual venous obstruction after deep vein thrombosis 
Abbreviations: Mφ, macrophage; RVO, residual venous obstruction
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and 41%, respectively, based on magnetic reso‑
nance venography (MRV).46 These patients are 
beyond the reversible period and should not be 
exposed to unnecessary bleeding risk induced by 
CDT. Also, there was a considerable overlap be‑
tween acute and subacute thrombi; adding nov‑
el MRV labels of fibrin accessibility might pro‑
vide further differentiation in these specific cas‑
es.44 Conclusively, therapeutic innovations and 
improved pre ‑selection are needed to increase 
the efficacy of CDT. Most patients, however, are 
expected to remain ineligible and require other 
preventive strategies.

Venous hypertension Obstruction by DVT leads 
to hypertension in the affected veins, which is 
perpetuated in the presence of RVO. Valvular re‑
flux due to local valve damage caused by DVT also 
contributes to hypertension, although its contri‑
bution to the risk of PTS seems limited based on 
ultrasound assessment of popliteal reflux.37 Apart 
from local valves, also distal valves can become 
insufficient due to vein dilation and remodeling 
in response to increased wall tension induced 
by hypertension.9 A consequence of venous hy‑
pertension is endothelial dysfunction, which is 
promoted through shear stress and glycocalyx 
injury, but also through hypoxia due to stasis.47 

As further discussed below, this has a detrimen‑
tal effect on the thrombus resolution and vein 
wall fibrosis. Venous hypertension can be coun‑
teracted with ECT, which uses graded compres‑
sion to lower the venous pressure by improving 
the venous ejection fraction.48 In a mouse mod‑
el, normalized blood flow significantly improved 
thrombus resolution and reduced vein wall fibro‑
sis.49 Trials found that immediate ECT in DVT 

wall damage is observed if the thrombus is ad‑
jacent to the vein wall for a shorter time.39 How‑
ever, more recently this hypothesis has lost its 
credibility due to the lack of effectiveness in clin‑
ical trials with CDT.38 Interestingly, subanalyses 
of these trials showed that complete patency 
was often not achieved and postprocedural RVO 
was associated with PTS.40-42 Experiments have 
since revealed that the efficacy of therapeutic 
thrombolysis is highly dependent on the throm‑
bus age: no effect on thrombus resolution or 
vein wall fibrosis was observed when thrombo‑
lytics were administered more than 4 days af‑
ter DVT in mice, which correlates with about 
a week in humans.5,35 Accordingly, a post ‑hoc 
analysis of the ATTRACT trial found that only 
patients included 8 days or less after the symp‑
tom onset benefited from reduced PTS symp‑
toms by CDT. Surprisingly, those included ear‑
lier than 4 days after the symptom onset did not 
benefit from CDT, perhaps because anticoagula‑
tion alone was sufficient in these fresh throm‑
bi.38,43 These findings highlight that the thera‑
peutic window for CDT is much narrower than 
the 3 weeks assumed in other trials.30,35 This 
could be explained by thrombus endothelializa‑
tion, which occurs in the subacute phase, start‑
ing after about 1 week, and makes the thrombus 
inaccessible to administered thrombolytics.44 
Thus, CDT might expand its therapeutic window 
by innovations that allow for penetration of this 
endothelial layer. Moreover, it is important to be 
aware that the patient ‑reported symptom onset 
is not a robust indicator of the thrombus age.45 
In a post ‑hoc analysis of the CAVA trial, the pa‑
tients reporting symptoms since 1–2 weeks or 
2–3 weeks already had chronic thrombi in 16% 

FIguRE 2  Interplay of pathogenic processes leading to post ‑thrombotic syndrome 
Abbreviations: CAM, cell adhesion molecule; CDT, catheter ‑directed thrombolysis; ECT, elastic compressive therapy; 
Esel ‑inh, E ‑selectin inhibitor; ET1 ‑inh, endothelin ‑1 inhibitor; others, see FIguRE 1
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increase healing of venous ulcers, although this 
is based on low ‑quality evidence.64 In an obser‑
vational study, sulodexide treatment after DVT 
was associated with significantly lower incidence 
of PTS after 1 and 5 years.65 However, this study 
used a modified definition of PTS, hampering 
comparability with other studies. Thus, a clinical 
trial using the ISTH consensus definition is war‑
ranted to confirm its findings.

Leukocyte extravasation When endothelium be‑
comes dysfunctional, there is an increased expres‑
sion of cell adhesion molecules (CAMs) on its sur‑
face. These CAMs increase activation and extrav‑
asation of circulating leukocytes into the throm‑
bus and vein wall.5 Inhibitors of CAMs, such as 
P ‑selectin, E ‑selectin, intercellular adhesion mol‑
ecule 1 (ICAM ‑1), or vascular cell adhesion mole‑
cule 1 (VCAM ‑1) were found to accelerate resolu‑
tion and reduce vein wall fibrosis in animal mod‑
els of DVT.66,67 Their clinical relevance is sup‑
ported by circulating marker studies in DVT pa‑
tients. High levels of soluble ICAM ‑1 after DVT 
were consistently over time associated with PTS 
risk.68,69 Also, patients with PTS tend to have 
higher levels of soluble VCAM ‑1,70 and those with 
severe PTS (Villalta score ≥15) have higher levels 
of soluble E ‑selectin. Finally, high levels of solu‑
ble P ‑selectin were found to predict DVT recana‑
lization.71 Consequently, inhibition of CAMs has 
been considered a therapeutic target, particu‑
larly for selectins. Exogenous inhibition of P ‑se‑
lectin or E ‑selectin has shown great promise by 
reducing leukocyte extravasation, accelerating 
thrombus resolution, and reducing vein wall fi‑
brosis and thickness in a baboon model, which 
is considered comparable to human DVT.66 Sev‑
eral P ‑selectin antagonists have been developed, 
and registered antibodies inclacumab and crizan‑
lizumab are currently studied in trials for vari‑
ous diseases, although not in VTE.66 It must be 
noted that P ‑selectin is also present on platelets, 
making E ‑selectin a more specific target to inhib‑
it leukocyte extravasation. Uproleselan, an E ‑se‑
lectin antagonist, had an acceptable safety pro‑
file in healthy individuals, but a trial in patients 
with DVT unfortunately experienced difficulties 
in patient accrual, possibly because its adminis‑
tration was intravenous.72 Despite promising pre‑
liminary outcomes, there are currently no ongo‑
ing trials with these drugs in the context of PTS 
prevention. For now, we have to wait on their 
effects and off ‑target effects in trials with other 
diseases, an overview of which was recently pub‑
lished by Purdy et al.66

Delayed resolution DVT elicits an immune re‑
sponse with leukocytes infiltrating the throm‑
bus. In the acute phase neutrophils are the pre‑
dominant subset, but in the subacute phase this 
role is shifted to monocytes, which then differ‑
entiate into macrophages.5 Lymphocytes, main‑
ly effector ‑memory T cells, have also been ob‑
served to infiltrate the thrombus.5 This immune 

patients significantly reduces the incidence of 
RVO as compared with ECT delayed by several 
weeks, when acute edema has resorbed.50,51 Cor‑
respondingly, the patients with immediate ECT 
had lower incidence of PTS.50 This observation 
supports the hypothesis that the therapeutic tar‑
get of ECT should be the acute and subacute res‑
olution phase. It is unsure what ECT can contrib‑
ute after this period, and optimal therapy dura‑
tion remains uncertain. Interestingly, a recent ob‑
servational study suggested that prolonging ECT 
is only worthwhile in patients with RVO, mea‑
sured 3 months after DVT; again, the presence 
of popliteal reflux was irrelevant.52 Thus, ECT 
might still be beneficial in the chronic phase for 
those with delayed resolution. Taken together, 
in contrast with current guideline recommenda‑
tions, recent evidence supports ECT as an essen‑
tial part of PTS prevention, on the condition of 
its immediate application and adherence.

Endothelial dysfunction Endothelial cells are 
essential regulators of thrombus resolution.53 
They regulate extravasation and activation of 
leukocytes, regulate fibrinolysis, endothelialize 
the damaged vein and thrombus, form neovascu‑
lar channels, and modulate fibrosis.5 While these 
cells accelerate thrombus resolution, their dys‑
function and reduced survival can have detrimen‑
tal effects on the thrombus resolution and vein 
wall fibrosis.53,54 Thus, endothelium ‑protective 
therapy in patients with DVT might be benefi‑
cial. A drug group already on the market that fits 
this description are flavonoids. These antioxidants 
protect endothelial cells from hypoxia and inflam‑
mation, have affinity for venous endothelium, and 
were found in clinical studies to reduce markers 
of endothelial damage and dysfunction.55-58 Fla‑
vonoids, in particular modified variants of ruto‑
side and micronized purified flavonoid fraction 
(MPFF), were found to reduce the symptoms in 
both primary CVD and PTS.59,60 Guidelines rec‑
ommend these flavonoids in the treatment of pri‑
mary CVD, and a large trial is ongoing to confirm 
the effectiveness of MPFF in reducing the symp‑
toms of PTS (NCT03833024). Based on these 
observations, it is plausible that early flavonoid 
treatment might prevent the onset of PTS. This 
was recently assessed in a pilot trial of 90 patients 
treated with MPFF, which found accelerated vein 
recanalization and reduced incidence of PTS after 
1 year, with 8.9% PTS in the participants treat‑
ed with MPFF and 48.9% PTS in those not re‑
ceiving MPFF.61 This striking finding will have to 
be confirmed in future trials. Moreover, the tri‑
al did not clarify if its effect on PTS symptoms 
persisted after stopping MPFF. Another pilot tri‑
al assessing the effect of rutoside treatment on 
the presence of RVO is ongoing (NCT04670432). 
One more endothelium ‑protective drug is sulo‑
dexide, a glycosaminoglycan that protects endo‑
thelial cells mainly by supporting their glycoca‑
lyx, similarly to heparin or LMWH but without 
the anticoagulant effect.63 It has been found to 
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fibrosed and gradually incorporated into the vein 
wall.1 This occurs through rapid collagen deposi‑
tion in the residual thrombus and adjacent vein 
wall combined with remodeling by matrix metal‑
loproteinases.5 Once fibrin is replaced, a slower 
maturation process similar to wound healing fol‑
lows in the chronic phase, including further re‑
modeling and replacement of collagen type 3 by 
type 1.5 While vein wall fibrosis is dependent on 
the presence of adjacent residual thrombus, it is 
also determined by local signaling factors.39 A ma‑
jor driver of fibrosis by fibroblasts is transform‑
ing growth factor β. Its release from endothelial 
cells is stimulated by endothelin ‑1 (ET‑1). Exog‑
enous inhibition of ET‑1 was found to accelerate 
thrombus resolution and reduce vein wall fibro‑
sis in a mouse model.85 Thus, this has been con‑
sidered as a therapeutic target and its effect was 
reproduced with ET‑ 1 inhibitor bosentan.85 Un‑
fortunately, this drug has several off ‑target ef‑
fects including an antidiuretic effect leading to 
peripheral edema.86 Therefore, its use in clinical 
practice would benefit from targeted drug deliv‑
ery systems (eg, nanobody ‑based) currently un‑
der development.

Influence of clot properties Aside from the above‑
‑described response to DVT, the thrombus itself 
also plays a role in the pathogenesis of PTS. This 
includes the extent and proximity of DVT with, 
for example, a 2 ‑fold increased risk of PTS in pa‑
tients with iliofemoral DVT.1 However, the throm‑
bus composition also has an important role. In 
mouse models, the mechanism of thrombogenesis 
(eg, stasis or nonstasis) was found to have more 
impact on the vein wall response than the throm‑
bus size.39 In clinical care, it has been found that 
patients with RVO or PTS form denser clots with 
thinner fibers, which make them less permeable 
and impair their susceptibility to lysis.87,88 More‑
over, these clot properties assessed 3 months af‑
ter DVT could also predict PTS, its severity and 
venous ulceration.89,90 These clot properties are 
known to depend on various patient ‑specific fac‑
tors, which are summarized in FIguRE 3. An ex‑
ample of such a factor is elevated thrombin gen‑
eration. Interestingly, elevated circulating pro‑
thrombin fragments upon DVT diagnosis, rep‑
resenting thrombin generation, are associated 
with poor vein recanalization.91 Other factors, 
such as inflammatory diseases or fibrinogen poly‑
morphisms, have received limited attention in 
the context of PTS. These clot properties part‑
ly explain why some patients develop PTS while 
other patients readily lyse their DVT. It can be 
speculated that these properties also play a role 
in the efficacy of CDT, which is something that 
warrants further investigation.

Risk stratification to guide prevention Stratifica‑
tion of PTS risk in patients following DVT can be 
expected to gain importance once effective pre‑
ventive therapies are established by future re‑
search. Patients at increased risk should be offered 

response is initially of an inflammatory type, 
which aims to stabilize the thrombus and guar‑
antee sterility.5 Next, a resolving response is ini‑
tiated by macrophages that shift into a proresolv‑
ing phenotype to orchestrate the thrombus res‑
olution.5 Proresolving macrophages do this by 
clearing cellular and matrix debris, promoting fi‑
brinolysis, influencing tissue remodeling, and fa‑
cilitating neovascularization.5 However, if an in‑
flammatory response persists instead, thrombus 
resolution is delayed and fibrosis continues, lead‑
ing to RVO.5 Indeed, increased proinflammatory 
markers, such as interleukin 6 (IL‑6) in patients 
after DVT are associated with both the presence 
of RVO71,73 and onset of PTS.69,74  Also, an in‑
creased level of proresolving marker IL‑10 at 6 
months after DVT, but not at earlier timepoints, 
is associated with PTS, supporting the negative 
role of delayed resolution in patients.69 After 
the onset of PTS, patients still have increased in‑
flammatory markers and their leukocytes express 
more proinflammatory factors than leukocytes 
in unaffected patients.75-77 Reasons why some 
patients present with persistent inflammation 
and delayed resolution are unclear. Inhibition 
of inflammation has been proposed as a thera‑
peutic target to accelerate thrombus resolution 
and prevent PTS, for example using a registered 
IL‑6 inhibitor tocilizumab. However, inhibition 
of IL‑6 has yielded conflicting results in different 
mouse models, even finding delayed resolution 
in 1 study, which showed an initial inflammatory 
response is essential for thrombus resolution.5,78 
Also, IL‑6 inhibition is known to have off ‑target 
effects on immunity. A more promising drug class 
with anti ‑inflammatory properties are statins. 
Rosuvastatin and atorvastatin accelerated throm‑
bus resolution and reduced vein wall fibrosis in 
a mouse model.79 An observational study iden‑
tified statins as protective factors for PTS, and 
another study found that statin use was associ‑
ated with improved thrombus resolution on ul‑
trasound 1 month after DVT.80,81 Furthermore, 
an RCT with 3 ‑month adjuvant use of rosuvas‑
tatin after DVT reported a significantly decreased 
PTS incidence from 48% to 38%.82 In contrast, 
a recently published RCT did not find any differ‑
ence in PTS incidence after 6 months of rosuvas‑
tatin therapy.83 A potential explanation for this 
lack of effect might be that the therapy in this 
RCT was started within a month after DVT (me‑
dian, 16 days), which might have been too late to 
exert a positive effect on the thrombus resolu‑
tion. Thus, the jury is still out on whether there 
is any place for statins in the prevention of PTS. 
Meanwhile, an exciting new advent is the use of 
specialized proresolving mediators to promote 
resolution. Research on such mediators is still 
in its infancy but recently the endogenous lipid 
resolving D4 was identified as a potent promo‑
tor of thrombus resolution.84

Excessive fibrosis If thrombotic material re‑
mains present into the late subacute phase, it is 
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than VKAs. Nevertheless, there remains a high‑
‑risk population of DVT patients who require ad‑
ditional preventive therapies that are currently 
not available. In recent years, however, exten‑
sive insight has been gained into the pathogen‑
esis of PTS with identification of several thera‑
peutic targets. Trials using statins or flavonoids 
have been performed or are underway, but their 
further translation into clinical practice is dearly 
needed. Personalized risk stratification to sup‑
port adequate patient selection will be of para‑
mount importance for the effectiveness of these 
therapies in the near future.
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