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Abstract 

 

Background:  

Post-thrombotic syndrome (PTS) is a common complication after deep vein 

thrombosis (DVT) of the lower limbs affecting patient’s quality of life (QoL). Although 

anticoagulation is considered the standard treatment of DVT, the role of oral 

anticoagulants in PTS prevention is still controversial. Τhis study aims  to present 

existing evidence of different oral anticoagulation modalities for the treatment of 

DVT leading to the risk reduction of PTS.  

 

Methods and Materials:  

A systematic review of the literature was undertaken according to Preferred 

Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) searching in 

Pubmed, Cochrane, MEDLINE and CENTRAL databases including studies reporting 

oral anticoagulation for prevention of PTS after acute episode of DVT. 

Results:  

A total of 59.199 patients (in 8 studies, 6 retrospective and 2 randomized controlled 

studies) received treatment with oral anticoagulation and followed up for the 

development of PTS. In all studies rivaroxaban was compared to initial LMWH and 

treatment continued with warfarin. Among patients, 19.840 received rivaroxaban 

and 39.377, warfarin. The mean age of the patients was 56.5±7 y.o. (56.6 for 

rivaroxaban vs 57.8 for warfarin) and 48.4% were females. Mean duration of 

anticoagulation was comparable between treatments groups (6 months for 

rivaroxaban vs 7.8 months for warfarin). The mean follow up of patients was 33.5 

months (range 12-61 months). The incidence of PTS was higher in warfarin group 

compared to rivaroxaban group (44.6% vs 28.9%) (p=<0.001). In addition patients 

treated with warfarin developed more severe PTS compared to patients treated with 

rivaroxaban (6.4% vs 3.7%) (p=0.024). Overall 11% of rivaroxaban treated patients 

and 12% of warfarin treated patients developed recurrent VTE event (p=0.32).  
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Conclusions: In conclusion, our study shows that treatment with rivaroxaban after 

acute DVT was associated with reduced risk of PTS compared to warfarin during mid-

term follow up. Patients being treated with warfarin developed more severe PTS 

compared to patients treated with rivaroxaban.  

Key words:  Deep vein thrombosis, direct oral anticoagulants, post-thrombotic 

syndrome, oral anticoagulation, rivaroxaban, warfarin
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 Introduction 

 

Post- thrombotic syndrome (PTS) is a frequent complication of deep vein thrombosis 

(DVT) of the lower limbs.1 PTS refers to chronic clinical manifestations of venous 

insufficiency following proximal DVT (popliteal vein and above) affecting patient’s 

quality of life (QoL) and reducing productivity. 2 PTS is associated with reduced ability 

to work with considerable consequences for both the patient and heath care 

systems.3 Almost half of the patients with DVT (20-50%) will develop PTS , despite 

conventional anticoagulation therapy, with a combination of different signs and 

symptoms of variable severity.4 Most often occurs within 24 months after an acute 

DVT episode, although some studies shown that the incidence increases up to 10 y. 

after the index event.5,6   

 

1.1 Pathophysiology 

 

The pathophysiology of PTS is attributed to venous hypertension due to valvular 

reflux caused by damaged valves and/or venous obstruction deriving from persistent 

residual vein thrombosis (RVT) and acute inflammatory response after acute venous 

thrombosis (Fig 1). 1 Vedovetto et al, reported that the relative risk of developing PTS 

was 1.9 (95% confidence interval (CI): 1.4–2.6) in patients with RVT alone, 1.1 (95% 

CI: 0.7–1.9) in patient with valvular reflux alone and 1.8 (95%CI: 1.3–2.7) in patients 

with both RVT and valvular reflux.7 This study suggests that the lack of recanalization 

is a strong factor for PTS development, while valvular reflux has a limited effect. 

Another important factor to PTS development is the chronic inflammation affecting 

the venous wall and the microcirculation.  Excessive capillary leakage and 

impairment of skin nutrition leads to skin changes and ulceration in more severe 

forms of PTS.8 Inflammation also delays thrombus resolution and cause fibrosis in 

the vein wall.9,10,11 
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Fig 1.   Pathophysiology of PTS 

 

1.2   Risk factors for PTS 

The following risk factors are associated with PTS development : 

 

1) Proximal DVT  (Most often ilio-femoral thrombosis followed by popliteal and 

infrapopliteal) 1 

2)  Previous ipsilateral DVT, 1 

3) Iliofemoral vein obstruction, 12,13  

4) Increased body mass index, 14,15  

5) Recurrent DVT and  obstruction of the collateral circulation, 15 

6)  Sub-therapeutic anticoagulant therapy, poor International Normalized Ratio 

(INR) control, 14,16 

7) Increased -IL-6, CRP and ICAM-1 , 17,18  

8) Extensive clot on presentation, 19 
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9) Less than 50% clot regression at 6months, RVT, 14,19 

10) Venous filling index (VFI) > 2.5 ml/sec at 6 months, 19  

11) <60% of the outflow volume depleted after 2 sec on presentation and/or at 6 

months. 19 

 

Risk models for predicting PTS are described in Table 1. 20,21,22 

 

Rabinovich Model Amin Model Méan Model 

Points Risk of PTS (%) Points Risk of PTS (%) Points Risk of PTS (%) 

0 6 0-2 10 0-3 24 

1 13 3-4 20 4-5 38 

2 16 5 40 6 80 

3 25     

4 30     

 

 Méan model includes 11 symptoms (heaviness, cramps, pain, pain during calf 

compression, paresthesia, pruritus, edema, hyperpigmentation, erythema, skin 

induration, venous ectasia) and each of them is awarded with 1 point. 
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Table 1. PTS risk prediction models 23 

 

1.3 Symptoms and signs of PTS 

 

The signs and symptoms of PTS include limb edema, various degrees of pain, 

heaviness, cramps, fatigue, itching, venous claudication, varicose veins due to 

venous stasis and skin changes.24 Skin changes are hyperpigmentation, venous 

eczema, lipodermatosclerosis and in more severe forms of PTS, venous ulceration 

(Fig 2). Symptoms are provoked by standing position or walking and reduce by rest 

and elevation of the leg. Patients can experience similar symptoms as an acute DVT. 

In the exacerbation of PTS the limb is warm, painful with edema and redness.  In 

some patients can present as venous claudication.25 

 

 

 

Fig 1. Skin changes in patient with PTS 
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1.4 Diagnosis of PTS 

 

No standard criteria exist for PTS diagnosis. PTS diagnosis should be generally 

attributed when signs and symptoms occurs after the acute episode of DVT has 

passed (after 6 months). 26  

Numerous scores have been used to diagnose PTS. Specifically developed tools 

to PTS diagnosis are:  Villalta scale 27, Brandjes scale 28, and Ginsberg measure 29. 

Also Clinical- Etiological- Anatomic- Pathophysiological classification (CEAP)30, Venous 

Clinical Severity Score (VCSS) 31, and Widmer scale 32 are used for PTS diagnosis, 

although these scores are typically developed for chronic venous disease.  

 

 

 

1.4.1 Villalta Scale 

 

 

Is the commonest scoring system used for diagnosis and grading of PTS in clinical 

studies (Table 2). It’s incorporates the assessment of 5 venous symptoms and 6 signs 

as well as the presence of ulcer in a limb previous affecting from DVT. 27 When the 

score is >5, PTS is considered present (Fig 3). The Villalta scale is recommended by 

the International Society on Thrombosis and Haemostasis for diagnosis and grading 

of PTS.26  

Severity of PTS (range 0- 33 points) 

 

SCORE (points) PTS severity 

<5 no PTS 

5-9 mild 

10-14 moderate 

>14 severe 

Ulcer severe 
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Table 2. Villalta scale 

 

1.4.2 Brandjes scale 

The Brandjes scale, combines subjective symptoms and objective signs (Table 3). 28 

Each sign and symptom is scored one point, and venous ulcer with 4 points. PTS is 

present when the score is ≥3.  

 

PTS severity 

Score (points) PTS Severity 

>3 Moderate 

>4 Severe 

 

Institutional Repository - Library & Information Centre - University of Thessaly
05/07/2024 14:30:00 EEST - 3.133.146.249



15 

 

 

Fig 3 
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Symptoms Score 

Symptoms (Mild to Moderate PTS)  

Calf pain (spontaneous) 1 point 

Thigh pain (spontaneous) 1 

Calf pain on standing/walking 1 

Thigh pain on standing/walking  1 

Edema  1 

Heaviness 1 

Symptoms (Severe PTS)  

Pain  1  

Calf edema 1 

Daily activities Impairment 1 

Signs (Mild to Moderate PTS)  

Circumference  of the calf increased by 1 cm 1 

Circumference of the ankle  increased by 1 cm 1 

Hyperpigmentation 1 

Venectasia 1 

Varicose veins 1 

Phlebitis 1 

Signs (Severe PTS)  

Circumference  of the calf increased by 1 cm 1 

Hyperpigmentation, Venectasia 1 

Venous Ulceration 4 

 

Table 3. Brandjes scale 
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1.4.3 Ginsberg measure 

 

According to the Ginsberg measure PTS is defined by the presence of persisting daily 

leg pain and swelling for at least 30 days in addition to valvular incompetence and 

occurs at least 6 months after an acute episode of DVT. 29 Symptoms and signs 

exacerbated after walking or standing and are relieved by rest and leg elevation. 

Symptoms need to be accompanied by documented valvular incompetence in order 

patients to be diagnosed with PTS. Although Ginsberg measure does not grade PTS 

severity, it correlates well with quality of life scores.33  

 

1.4.4 Clinical -etiological -anatomical -pathophysiological  (CEAP) Classification 
 

 

The CEAP classification categorizes venous disease according to clinical, etiological, 

anatomical and pathophysiological aspects (Table 4). 30 Although CEAP classification 

was developed to diagnose chronic venous disease (CVD), several studies in the past, 

have been used CEAP for PTS diagnosis.  Additionally CEAP classification does not 

grade PTS severity. 34 
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Table 4. Clinical Etiological Anatomical Pathophysiological Classification (CEAP)  
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1.4.5 Venous Clinical Severity Score (VCSS)  

 

VCSS combines CEAP classification with additional criteria such as severity of 

symptoms and signs, usage of compression therapy, number and duration of ulcers 

(Table 5).31 PTS is absent when the score is ≤3 and as present when the score is ≥8 .  

 

1.4.6. Widmer Classification 
 

The Widmer classification was developed in 1985. CVD is classified into 3 classes 

(class I: edema, class II: white skin atrophy or lipodermatosclerosis and class III: 

ulcer).  32,35  Additional is used for PTS diagnosis and to assess the effectiveness of 

compression therapy. 32,35   
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Table 5. VCSS 
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1.4.7 Imaging examinations for PTS diagnosis  

 

Duplex ultrasonography (DUS) must be performed in every patients with signs and 

symptoms of PTS in order to exclude an acute episode of DVT or to seek evidence for 

a previous episode. The deep veins of the lower limbs are investigated for lack of 

compressibility or presence of valvular incompetence.35,36 Others imaging techniques 

includes non invasive magnetic resonance and computed tomography, and invasive  

such as intravascular ultrasound and venography especially when iliac vein 

obstruction is suspected.  

  

1.5   Prevention of PTS 

 

Pharmacological or mechanical thromboprophylaxis is recommended to prevent 

PTS.37 Appropriate duration and intensity of anticoagulation therapy prevents 

recurrent DVT and occurrence of PTS. 38 When Vitamin K Antagonist (VKAs) is 

administrated, regular international normalized ratio (INR) monitoring to avoid sub-

therapeutic levels, is recommended to reduce the risk of PTS. 39 

  

1.5.1 Compression therapy for prevention of PTS  

 

Compression therapy increases venous return and reduces ambulatory pressure.40 

Additionally, helps in ulcer healing by reducing the levels of vascular endothelial 

growth factor and TNF-a. 41 Compression modalities include elastic compression 

stockings (ECS), bandaging and intermittent pneumatic compression. ECS has been 

considered a mainstay for PTS prevention. 38 Only one randomized placebo- 

controlled trial (SOX trial), found no significant benefit of ESC on PTS prevention. 42 In 

accordance to this study the American College of Chest Physicians recommends 

against routinely usage of compression stockings for PTS prevention after an acute 

episode of DVT (Grade 2B). 43 In patients with symptoms, a trial of ECS is often 

justified.43 The SOX trail was criticized for its methodology as the compliance of 

patients in ESC usage was not recorded.  A sub- study of the RCT, IDEAL-DVT, 
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reported that, the usage of ECS, reduces the risk of residual venous obstruction and 

the risk of PTS. 44  

 

 

1.5.2 Anticoagulation for PTS prevention 

 

Patients with venous thromboembolism (VTE) are treated with anticoagulants in 

order to prevent clot extension and embolization. 43 Anticoagulation also reduces 

the risk of PTS development. 45 The latest PTS guidelines, do not recommend a 

particular anticoagulant over another, although the quality and type of 

anticoagulation may influence the risk of PTS. 39 

 

 

1.5.2.1 Vitamin- K Antagonists (VKAs) 

 

 For more than half a century, VKAs have been recommended as the standard 

treatment for DVT. 46  VKAs inhibit the synthesis of coagulation factor II, VII, IX and X 

(Fig 4).  Numerous studies have documented that, the quality of VKA treatment plays 

an important role in PTS development. 16,47 Sub-therapeutic anticoagulation with 

VKAs has been related with a 3-fold higher risk of PTS in patients who had an INR less 

than 2.0 for more than 50% of the treatment duration. 16,47 About 30% of the 

patients, especially in the first weeks of treatment have sub-therapeutic INR . 16,47  
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1.5.2.2 Direct oral anticoagulants  

 

Direct oral anticoagulants (DOACs) have become the new standard treatment for 

VTE. 43 DOACs can be given in fixed doses without routine monitoring.  The following 

DOACs are licensed for VTE treatment: dabigatran, which inhibits thrombin, and 

rivaroxaaban, edoxaban and apixaban, which inhibits FXa (Fig 4).  The main 

characteristics of DOACs are described in table 6.  The latest guidelines by the 

American College of Chest Physicians (ACCP), recommends DOACs over VKAs for the 

treatment of VTE (Grade 2B) in patients without cancer.43 Theoretically, DOACs may 

also reduce the incidence of PTS compared to VKA, due to their more reliable dosing 

and predictable pharmacodynamics. It remains unknown whether DOACs, are 

equivalent to low molecular weight heparins (LMWH) with respect to PTS 

prevention. Nevertheless, little is known regarding the role of DOACs, with respect 

to PTS prevention as in most of the studies that investigated the use of DOACs for 

DVT therapy, PTS prevention was not an outcome.  
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 Dabigatran Rivaroxaban Apixaban Edoxapan 

Mechanism of 
Action 

FIIa  inhibitor FXa inhibitor - 
both free and 
Prothrombinase-
bound FXa 

FXa inhibitor - 
both free and 
Prothrombinase-
bound FXa 

FXa inhibitor - 
both free and 
Prothrombinase-
bound FXa 

Half-time 15-17h  5-9h 
Age >80y.o: 11-
13h -  

 8-15 h  10-14 h 

T-max 2 h 2.5-4 h 1-3 h 1-2 h 

Binding to 
plasma proteins 

35% 95% 87% 80% 

Elimination Renal 80% 

 
Hepatic 20% 
 
 

Renal 66%  

 
Hepatic/Faecal 
28% 

Renal 27% 

 
Faecal 46-56%  

Hepatic 2-3% 
 
 

Renal 35% 

 
Hepatic/Faecal 
46-56% 

Quantitative 
assay 

dTT or  ECT Anti-FXa assay  Anti-FXa assay  Anti-FXa assay  

Reversal agents Idarucizumab - 
humanized, 
monoclonal 

 

Ciraparantag- 
synthetic small 
molecule 

Andexanet alfa -  modified  Factor Xa molecule that 
bind to FXa inhibitors 

 

 

Ciraparantag- synthetic small molecule 

Comments 

Contraindications 

CrCl<30ml/min  CrCl <15ml/min 
 
Liver 
impairment  

CrCl <15ml/min 

 Liver 
impairment  

CrCl <15ml/min 
 
 Liver 
impairment  

 

Table 6.  Main characteristics of DOACs 

Institutional Repository - Library & Information Centre - University of Thessaly
05/07/2024 14:30:00 EEST - 3.133.146.249



25 

 

Institutional Repository - Library & Information Centre - University of Thessaly
05/07/2024 14:30:00 EEST - 3.133.146.249



26 

 

 

Fig 4. Anticoagulants and their targets in coagulation cascade
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Table 7. Comparison of DOACs with VKAs 48 
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1.5.2.3 Low Molecular Weight Heparins 

 

LMWHs are polysulphated glycosaminoglycans derived from unfractionated heparin 

by enzymatic or chemical depolymerisation. The molecular weight is on average 4-5 

kDa (range 2-9 kDa). 49,50 LMWH inhibits factor Xa over thrombin (Fig 4). 49,50 

Fondaparinux is a synthetic pentasaccharide, which binds antithrombin (Fig 4). It has 

a molecular weight of 1.7 kDa and 700 U/mg anti-Xa activity , which is 7-fold higher 

than that of LMWHs. 50  

LMWHs have anticoagulant and anti-inflammatory properties.51,52,53 

Experimental studies have shown that LMWHs reduces venous wall inflammation, 51 

enhances endothelisation  52 and reduces fibrosis53 and  these  anti-inflammatory 

properties could have a role in preventing PTS. Hull et al 54, compared long term 

LMWH (≥3 months) with VKAs for DVT treatment and showed a more favored 

recanalization and lower incidence of venous ulceration with LMWHs.  Another study 

which compared tinzaparin to VKAs showed 23% reduction in signs and symptoms of 

PTS at three months. 55 

 

 

1.5.3 Thrombolysis and Endovascular Therapies  

 

Systemic (ST), pharmacomechanical (PCDT) and catheter-directed thrombolysis 

(CDT) thrombolysis  are techniques that aim in removal of thrombus.56 All these 

techniques aimed the “open vein” theory in which an earlier and more complete 

thrombus removal improves venous outflow, preserve valve and decrease venous 

hypertension.57,58 However, the evidence of the above techniques for PTS prevention 

is insufficient to support its routine  use in all patients with DVT.38,59 

ST has been related with an increased risk of bleeding, especially intracranial 

haemorrhage. 60 During CDT a thrombolytic agent is administrated, direct at the 

place of thrombosis , while special designed devices is used to macerate and aspirate 

the thrombus.61 With the use of smaller amount of fibrinolytic, CDT aims to reduce 

the thrombus load and the risk of bleeding. In the CaVenT trial, including patients 
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with iliofemoral vein thrombosis, PTS occurred in 43% of the CDT group and 71% of 

the control group at 5 years follow up. 62 Bleeding complications occurred in 9.6% of 

the patients.63 In the ATTRAC trial, patients with proximal DVT were randomized to 

PCDT or anticoagulation alone. The study did not demonstrate any significant 

difference in the rates of PTS at 24 months, although more bleeding complications 

occurred in the PCDT group. 64 Nevertheless, the study showed that the severity of 

PTS was reduced in patients with PCDT. 65 The CAVA trial randomized patients with 

proximal DVT to ultrasound-accelerated CDT or anticoagulation alone. 66 PTS at one 

year occurred in 29% of the patients allocated to CDT treatment and in 35% of the 

patients receiving standard anticoagulation alone with no difference in QoL 

measures. The study concluded that PCDT does not reduce the risk of PTS, 1 year 

after acute iliofemoral DVT.  

 

 

1.6 Treatment of PTS 

 

ECS are the cornerstone of PTS treatment. 39 The goals of ECS usage is symptoms 

relief (particularly limb swelling) and improvement of daily activities. Usually, 20–30 

mmHg graduated ECS are recommended with progression to 40 mmHg if not 

effective. Venous-return assist devices can be performed in patients that are 

unresponsive to ECS.23 Lifestyle interventions include weight loss, physical exercise, 

moisturizing creams and elevation of the limb at rest. 23 Physical exercises improve 

calf muscle pump function and reduce residual venous refill index. Weight loss 

reduces intra-abdominal pressure and thus reduces venous hypertension. 14 

Elevation of legs enhances microcirculatory flow and aids venous drainage by 

reducing hydrostatic pressure. 68 Venoactive drugs are commonly used to treat 

chronic venous disease symptoms, although, data supporting their use in PTS is 

limited. The most recent Cochrane review shows that venoactive drugs are not 

superior to placebo or ECS. 69,70  

Interventional techniques (endovascular, open and/or hybrid procedures) may 

be considered in selected group of patients with more severe PTS. 39 Possible 
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interventions include iliac vein stenting, saphenopopliteal or saphenotibial bypass, 

femoro-femoral bypass, valve reconstruction, great saphenous vein ablation or 

stripping for reflux, and hybrid procedures.71  
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Chapter 2 

2. 1 Aim 

PTS is a common complication after DVT of the lower limbs affecting patient’s quality 

of life. While anticoagulation is the standard treatment of DVT, the role of oral 

anticoagulants in PTS prevention is still controversial. This study aims to present 

existing evidence of different oral anticoagulation modalities for the treatment of 

DVT leading to the risk reduction of PTS.  

 

2.2 Materials and Methods 

 

2.2.1 Literature search strategy 

 

We conducted a comprehensive search of the literature including Pubmed, Cochrane 

Library, Embase, Web of Science between January 1, 1980 and June 1, 2020. The 

P.I.C.O model (Table 8) was used to find the relevant evidence in the literature.72 The 

following keywords were used for our search “post-thrombotic syndrome” and “oral 

anticoagulation” or “post-thrombotic syndrome” and “direct oral anticoagulants” or 

treatment of deep vein thrombosis”. All the associated studies based on the title and 

abstract were primarily selected, followed by a secondary selection taking into 

account the full text of publications. To identify further articles a manual screening 

of the reference lists of selected articles was also undertaken.  

 

2.2.2 Study selection 

 

Two investigators (CK and PN) independently searched for eligible studies. Selected 

abstracts were subsequently reviewed to see if they meet the inclusion criteria. 

Duplicate data were examined for similarities, and if necessary, they excluded.  

 

Inclusion criteria were: 

1) original studies (case-control or randomized control studies) 

 2) studies including patients undergoing treatment for DVT with oral anticoagulants 
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Exclusion criteria were: 

 1) case reports 

 2) review articles 

3) studies including catheher-directed thrombolysis for the treatment of DVT 

 4) studies which did not report the outcome of interest (PTS) 

 5)  language other than English 

 6) ongoing trials, without final results. 

 

 

 

 

P Patient, Population or Problem Patients after DVT 

I Intervention, Prognostic factor 

or Exposure 

Treatment with oral anticoagulation 

C Comparison or Intervention  (if 

appropriate) 

Among Vit-K antagonists and Direct oral 

anticoagulants (DOACs)  

0 Outcome you would like to 

measure or achieve  

Incidence and severity of  PTS 

 What type of questions are 

you asking? 

Are DOACs effective treatment in the 

prevention of PTS? Do DOACs reduce the 

severity of PTS? 

 Type of study you want to find Any study reporting the incidence of PTS 

after treatment of deep vein thrombosis 

with oral anticoagulation 

 

Table 8. P.I.C.O. model 
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2.2.3  Data extraction and quality assessment 

 

The extracted information included publication date, sample size, patient’s 

demographics, duration of treatment and follow up, incidence of proximal DVT, 

incidence of unprovoked DVT, recurrent VTE events, incidence and severity of PTS. 

The primary outcome was the incidence of PTS and secondary outcome the 

severity of PTS.   

This systematic review was performed according to PRISMA guidelines.73 

 

 

2.3 Statistical analysis  
 
Comparisons among rivaroxaban and warfarin were undertaken in terms of VTE 

recurrence, incidence of PTS and severity of PTS. Data were analyzed using 

descriptive and inductive methods. Nominal variables were presented as frequency 

and relative frequency, while for scale variables we calculated mean values and 

standard deviation. For the fitting in the normal distribution, we used the 

Kolmogorov-Smirnov test. Mean value inter-group differences were assessed with 

independent sample t-test and ANOVA, while intra-group differences were assessed 

with repeated measures ANOVA. A p-value <.05 was considered significant. 

Statistical analysis was performed by SPSS 22.0 for Windows software (IBM Corp, 

Armonk, NY). 

 

 

 

 

 

 

 

 

 

 

Institutional Repository - Library & Information Centre - University of Thessaly
05/07/2024 14:30:00 EEST - 3.133.146.249



34 

 

Chapter 3 

 

3.1 Results 

3.1.1 Study selection  

A total of 361 papers were identified. 18 articles were assessed  full for eligibility. 

Only 8 studies (6 retrospective and 2 randomized controlled studies) met the criteria 

for inclusion in the review. 74-81 Figure 5 highlight the detailed literature search 

according to PRISMA guidelines. 

 

Fig 5.  Prisma flow diagram
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 Studies included 
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3.1.2 Baseline characteristics 

A total of 59.199 patients received treatment with oral anticoagulation and followed 

up for the development of PTS. In all studies rivaroxaban was compared to initial 

LMWH and treatment continued with warfarin (table 9). Table 10 shows the baseline 

characteristics for each study. Among patients, 19.840 received rivaroxaban and 

39.377, warfarin. The mean age of the patients was 56.5±7 y.o. (56.6 for rivaroxaban 

vs 57.8 for warfarin) and 48.4% were females. Mean duration of anticoagulation was 

comparable between treatments groups (6 months for rivaroxaban vs 7.8 months for 

warfarin). The mean follow up of patients was 33.5 months (range 12-61 months).  

 

3.1.3  Efficacy outcomes 

Efficacy outcomes are summarized in table 11. Five studies recorded the incidence of 

VTE recurrence. 74,75,76,80,81 Overall 11% of the patients treated with rivaroxaban and 

12% of the patients treated with warfarin developed recurrent VTE event (p=0.32). 

The incidence of PTS was higher in warfarin group compared to rivaroxaban group 

(44.6% vs 28.9%) (p<.001). In addition patients treated with warfarin developed 

more severe PTS compared to patients treated with rivaroxaban (6.4% vs 3.7%) 

(p=.024). 
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Table 9.  Summary of studies characteristics 

Authors Journal Publication 

Date 

Study Design Comparison 

 

Cheung W et al 74 

 

Thrombosis 

Haemostasis 

 

2016 

 

RCT post-hoc 

 

Rivaroxaban vs Warfarin 

Jeraj L et al 75 Thrombosis 

Research 

2017 Retrospective Rivaroxaban vs Warfarin 

Coleman C et al 76 Clinical and 

Applied 

Thrombosis/ 

Heamostasis 

2018 Retrospective Rivaroxaban vs Warfarin 

Soogard M et al77  The American 

Journal of 

Medicine 

2018 Retrospective Rivaroxaban vs Warfarin 

Ulte K et al 78 Thrombosis 

Research 

2018 Retrospective Rivaroxaban vs Warfarin 

de Athayde 

Soares R et al 79 

Surgery 2019 RCT Rivaroxaban vs Warfarin 

Pradoni P et al 80 Internal and 

Emergency 

Medicine 

2020 Retrospective Rivaroxaban vs Warfarin 

Ferreira T et al 81 Vascular 

Pharmacology 

2020 Retrospective Rivaroxaban vs Warfarin 

 

Abbreviations: RCT, randomized controlled study  

 

Institutional Repository - Library & Information Centre - University of Thessaly
05/07/2024 14:30:00 EEST - 3.133.146.249



37 

 

Table 10. Summary of patient’s characteristics 

Authors Female/ 

Male 

Mean 

Age 

Treatment 

duration 

Proximal  

DVT 

Unprovoked 

DVT 

Diagnosis 

of PTS 

Follow 

up 

 

Cheung W  

 

 

 

 

 

 

    

Rivaroxaban 

(n=162) 

71/91 54.9±3 6 m 92 (57%) 101 (62%) 

Villalta 

score 
60 m 

Warfarin 

(n=174) 

68/106 55.6±2 12 m 117 (67%) 114 (65%) 

Jeraj L         

Rivaroxaban 

(n=61) 

24/37 59         

(50-70) 

6 m 61 (100%) 37 (61%) 

Villalta 

score 
36 m 

Warfarin        

(n=39) 

19/20 59           

(50-68) 

6 m 39 (100%) 25 (56%) 

Coleman C         

Rivaroxaban 

(n=10463) 

5126/5337 NR 

6 m 

NR NR MacDougal 

algorithm 

16 m 
Warfarin 

(n=26494) 

13008/13486 NR NR NR 

Soogard M           

Rivaroxaban 

(n=8567) 

5504/3063 64.2 NR NR 6897 (80.5%) MacDougal 

algorithm 

30 m 
Warfarin 

(n=11390) 

4000/7390 64 NR NR 8643 (75.9%) 

Ulte K        

Rivaroxaban 

(n=161) 

52/109 60±14 6 m 101 (63%) 87 (54%) 

Villalta 

score 
25 m 

Warfanin 

(n=148) 

64/84 63±14 6 m 92 (62%) 76 (51%) 
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Table II. Continue 

Authors Female/                                

Male 

Mean 

Age 

Treatment 

duration 

Proximal  

DVT 

Unprovoked 

DVT 

Diagnosis 

of PTS 

Follow 

up 

de Athayde 

Soares R   

       

Rivaroxaban 

(n=46) 

26/20 54.9±3 6 m 46 (100%) 20 (43.5%) 

Villalta 

score 
12 m 

Warfarin 

(n=38) 

17/21 5.6±2.3 6 m 38 (100%) 21 (55.3%) 

Pradoni P        

Rivaroxaban 

(n=309) 

144/165 65±15.6 13.2±10.7 309 (100%) 228 (73%) 

Villalta 

score 
36 m 

Warfarin 

(n=1036) 

528/508 60.2±17 10±11.3 1036 

(100%) 

494 (47%) 

Ferreira T         

Rivaroxaban 

(n=71) 

39/32 42       

(33-56) 

6 m 71 (100%) 34 (48%) 

Villalta 

score 
61 m 

Warfarin 

(n=58) 

49/9 44       

(29-52) 

7 m 58 (100%) 22 (38%) 

 

Abbreviations:   DVT, deep venous thrombosis; m, months; NR, not reported; PTS, 

post-thrombotic syndrome 
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Table 11. Efficacy outcomes                                                                                            

Authors Recurrent VTE Incidence of PTS Severe PTS 

Cheung W     

Rivaroxaban (n=162) 34 (21%) 45 (29%) 5 (11%) 

Warfarin (n=174) 29 (17%) 66 (40%) 6 (9%) 

Jeraj L et al    

Rivaroxaban (n=61) 4 (7%) 15 (25%) NR 

Warfarin (n=39) 3 (8%) 19 (49%) NR 

Coleman C     

Rivaroxaban (n=10463) NR 3.69 /100 p.y. 1.1/100 p.y. 

Warfarin (n=26494) NR 4.73 / 100 p.y. 1.38/100 p.y. 

Soogard M      

Rivaroxaban (n=8567) 0.96 (95% CI 

0.83-1.23) for Rivaroxaban 

0.53 /100 p.y.  NR 

Warfarin (n=11390) 0.55/ 100 p.y. NR 

Ulte K     

Rivaroxaban (n=161) 6 (3.7%) 71 (45%) 9 (6%) 

Warfanin (n=148) 12 (8.1%) 88 (55%) 15 (10%) 

de Athayde Soares R     

Rivaroxaban (n=46) NR 4 (8.7%) 0 

Warfarin (n=38) NR 11 (28.9%) 4 (10.5%) 

Pradoni P     

Rivaroxaban (n=309) 29 (9.4%) 87 (28.2%) 12 (3.8%) 

Warfarin (n=1036) 123 (13.8%) 443 (42.8%) 61 (5.8%) 

Ferreira T     

Rivaroxaban (n=71) 10 (14%) 36 (50.7%) 4 (5.6%) 

Warfarin (n=58) 12 (20.7%) 40 (69%) 10 (17.2%) 

Abbreviations: p.y., person-years; VTE, venous thromboembolism 
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Chapter 4 

4.1 Discussion  

  The current systematic review investigated different oral anticoagulation modalities 

for the treatment effects of DVT leading to the risk reduction of PTS. Specifically 

assess the risk of PTS in patients being treated with DOACs and VKA. This study 

demonstrated that rivaroxaban is more effective in prevention of PTS compared to 

warfarin. Rivaroxaban also provided a more favorable outcome in terms of the 

severity of PTS.  

We have only indentified studies comparing rivaroxaban versus warfarin. 

Rivaroxaban was administered 15 mg twice daily for 21 days, followed by 20 mg 

once daily, while subcutaneous LMWH was administered initially and then  followed 

by warfarin (target INR 2–3). 

The majority of studies included in this review were 

retrospectives.75,76,77,78,80,81 Two registries 76,77  used  the International Classification 

of Diseases (ICD-10) codes to indentified patients treated for DVT. Although both 

studies included a significant number of patients, were excluded from final analysis 

due to incomplete data and high risk of bias.  In a registry by USA rivaroxaban was 

associated with a significant risk reduction of PTS compared to warfarin (23%).76 In 

the Danish registry rivaroxaban was associated with decreas risk of PTS compared 

with warfarin within 3 years follow-up (0.53 per 100 p.y. versus 0.55 per 100 p.y., 

respectively).77 

 Four of the studies included in the analysis were non-randomized; 75,78,80,81 all 

of these studies indicated that rivaroxaban was more effective in reducing pevalence 

of PTS compared to warfarin.  Also 2 RCTs were included in the present analysis; a 

post-hoc subgroup analysis of patients who participated in the Einstein DVT trial 74 

and a study by de Athayde Soares et al. 79 The Einstein DVT trial compared the 

efficacy and safety of rivaroxaban with subcutaneous enoxaparin followed by VKA in 

3449 patients with  DVT. 82 After the completion of the study, all centers were 

invited to collect assessments for PTS and to participate in this sub-study.  In total, 

336 patients were included of whom 174 (52 %) had been treated with 
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enoxaparin/warfarin and 162 (48%) with rivaroxaban. The trial concluded that 

rivaroxaban group was associated with a numerically lower but statistically non-

significant risk of PTS compared to enoxaparin/warfarin group. 74 In a small RCT by 

de Athayde Soares et al 79, rivaroxaban treated patients had lower incidence of PTS 

and a better total vein recanalization rate at 1 year follow up compared to warfarin 

treated patients.  

Six studies reported the severity of PTS. 74,76,78,79,80,81  Our analysis shows that, 

patients with PTS being treated with warfarin developed more often severe PTS 

compared to patients treated with rivaroxaban (6.4% vs 3.7%). Only the study by 

Cheung W et al, 74 reported higher incidence of more severe PTS, although not 

statistically significant, in patients being treated with rivaroxaban. Coleman et al, 76 

reported that rivaroxaban was associated with a lower risk of PTS with venous ulcer 

(1.11 events per 100 p.y with rivaroxaban vs 1.38 events per 100 p.y, with warfarin).  

Recurrent VTE is a  risk factor for PTS. 39  Numerous studies have reported that, 

rivaroxaban is associated with reduced occurrence of recurrent VTE.83,84,85  In our 

study, rivaroxaban was as effective as warfarin in reducing the incidence of  

recurrent VTE events. In our study the incidence of recurrent VTE were similar in 

both groups. 

The exact mechanism underlying the effect of rivaroxaban in reducing PTS is 

not fully understood.  The rapid onset of anticoagulant activity and the stable 

pharmacokinetics and profibrinolytic effects may play an important role. 86 In 

addition binding and inhibition of FX man play also a role. 86 A recent study has 

reported that, that rivaroxaban was associated with a more rapid reduce in 

thrombus load within the first 21 days than enoxaparin.87 Moreover; experimental 

studies have demonstrated the anti-inflammatory properties of rivaroxaban due to 

the inhibition of thrombin generation which may contribute to the prevention of PTS 

development. 88,89 Local inflammation may damage the vessel wall and  valves 

causing venous hypertension and PTS.90 

Appropriate dosage, intensity and duration of anticoagulation have been 

suggesting as factors that may play an important role in PTS prevention. 16,47 Van 

Dongen et al 16 demonstrated that the risk of PTS increases by 2.7-fold if the INR 
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range (INR 2-3) is insufficient during the first 3 mths of treatment with VKA 

(subtherapeutic INR>50% of treatment period). An adequate anticoagulation, 

especially during the first 7 days after a DVT episode, is also an important factor for 

PTS prevention. 47 The Einstein DVT trial demonstrated that,  21% of VKAs treated 

patients were below the therapeutic INR levels .82 A large Danish survey including 

310.300 patients being treated with VKA reported that, around 70% of patients were 

in therapeutic range, whereas another study from USA shows that only 54% of the 

patients achieved continuing target levels of INR. 91,92 Erkens et al, 93 reported that 

patients treated with VKAs, spend only about 50% of their time in the target level of 

anticoagulation (INR 2-3), with a strong tendency toward subtherapeutic INR (42%  

in 0-1 month, 35% in 1-3 months and 24.1% in 1-6 months). All the aforementioned 

studies reflected an overall poor anticoagulantion control in patients being treated 

with VKAs, particularly in the first 4 weeks after the event.93 In this period, delayed 

clot lysis and stimulated connective tissue growth due to  thrombin generation, may 

cause permanent fibrosis and venous damage.94 DOACs have more stable 

pharmacodynamics with early achievement and persistence of  anticoagulation 

effect compared to VKA and this may be one of the reasons explaining why patients 

treated with rivaroxaban in our study were associated with reduced risk of PTS.  

Another potential factor for PTS development is the presence of RVT detected 

on duplex, 3 to 6 months after an episode of DVT. 95,96,97 Pradoni et al,80 reported 

that the degree of residual thrombus in the rivaroxaban group, decreased from 50% 

to 40%,  at 3 months and continuous to decreased  even to 20% at 6 months after 

the episode of DVT. The study concluded that vein recanalization progressively 

increases over time in patients treated with DOACs in contrast to those treated with 

warfarin.98 Ferreira et al,81 demonstrated a significant low rate of RVT in patients 

treated with rivaroxaban (24.4%) compared to patients treated with VKAs (64.6%). 

Others reported that, the incidence of total recanalization 1 year after the episode 

was significantly higher in rivaroxaban group than in warfarin group, whereas  partial 

or absent venous recanalization was higher in the warfarin group.79 The earlier and 

more complete recanalization correlates with lower risk of PTS development. 99 

DOACs may produce an earlier vein recanalization due to more rapid and stable 
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antithrombotic effect by facilitate endogenous thrombolysis, preventing further 

thrombus growth and reducing damage of venous valve.94  

The main limitation our study was the lack of large randomized studies. Most 

of the studies were retrospectives. Two studies were registries and sampling biases 

are always important limitations these studies. The definition of PTS used in these 

registries was based of PTS symptoms and not to clinical diagnosis as the Villalta 

score. This may have impact in the incidence of the PTS reported by these studies. 

Nevertheless, even when the Villalta score is used, PTS diagnosis is based on the 

subjective symptoms reported by patients and objective signs documented by the 

investigator, and therefore observation bias could not be excluded. Although all of 

the studies included patients with proximal DVT (iliofemoral and/or femoropopliteal 

DVT) the incidence of PTS in accordance to the location of thrombosis was not 

recorded. Patients with iliofemoral DVT develop more often and more severe PTS. 1 

INR measurements and times in therapeutic rages were not available in all studies, 

and consequently the compliance of patients with warfarin treatment and the 

incidence of PTS could not be analyzed. Another possible limitation was that the 

follow up duration of the included studies varied. Two studies,76,79 reported 

outcomes with less than 2 years follow up.  These patients could develop PTS if the 

duration of follow-up was longer. Nevertheless, it is unlikely that we underestimated 

the PTS incidence in the rivaroxaban group, since more patients with short follow- up 

(less than 2 years) were treated with warfarin (10.547 vs 26.540, respectively).   In 

our literature search, only studies with rivaroxaban were indentified and conclusions 

about others DOACs cannot be exported.   All these limitations, potentially increases 

the heterogeneity of our analysis.  
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Chapter 5 

 

5.1 Conclusions  

In conclusion, our study shows that treatment with rivaroxaban after acute DVT was 

associated with reduced risk of PTS compared to warfarin during mid-term follow up. 

Patients being treated with warfarin developed more severe PTS compared to 

patients treated with rivaroxaban.  
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