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Recanalization after acute deep vein thrombosis

Recanalização após trombose venosa profunda aguda

Gustavo Muçouçah Sampaio Brandão1, Marcone Lima Sobreira1, Hamilton Almeida Rollo1

Abstract
The process of recanalization of the veins of the lower limbs after an episode of acute deep venous thrombosis is part 
of the natural evolution of the remodeling of the venous thrombus in patients on anticoagulation with heparin and 
vitamin K inhibitors. This remodeling involves the complex process of adhesion of thrombus to the wall of the vein, 
the inflammatory response of the vessel wall leading to organization and subsequent contraction of the thrombus, 
neovascularization and spontaneous lysis of areas within the thrombus. The occurrence of spontaneous arterial flow 
in recanalized thrombosed veins has been described as secondary to neovascularization and is characterized by the 
development of flow patterns characteristic of arteriovenous fistulae that can be identified by color duplex scanning. 
In this review, we discuss some controversial aspects of the natural history of deep vein thrombosis to provide a better 
understanding of its course and its impact on venous disease.
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Resumo
O processo de recanalização das veias dos membros inferiores, após um episódio de trombose venosa profunda aguda 
em pacientes anticoagulados com heparina e inibidores da vitamina K, faz parte da evolução natural da remodelagem 
do trombo venoso. Esse complexo processo de remodelagem envolve a adesão do trombo à parede da veia, à resposta 
inflamatória da parede do vaso, levando à organização e subsequente contração do trombo, à neovascularização e 
à lise espontânea de áreas no interior do trombo. A presença de fluxo arterial espontâneo em veias com trombose 
recanalizada tem sido descrita como secundária à neovascularização e se caracteriza pelo desenvolvimento de 
fluxo com padrão de fístulas arteriovenosas, identificadas por meio de mapeamento dúplex colorido. Nesta revisão, 
são discutidos alguns aspectos controversos da história natural da trombose venosa profunda, para uma melhor 
compreensão da sua evolução e do seu impacto sobre a doença venosa.
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to PE and 4% are fatal if left untreated1. Furthermore, 
according to Susan and Kahn, up to 50% can develop 
postthrombotic syndrome6.

RISK FACTORS
The most common risk factors for DVT are: 

prolonged immobility, traumas, postoperative 
period, advanced age, pregnancy, postnatal period, 
obesity, malignant neoplasms, estrogen-based 
female hormones, hereditary thrombophilias (natural 
anticoagulant deficiency, factor V Leiden and the 
G20210A prothrombin mutation) and the acquired 
thrombophilias (hyperhomocysteinemia and the 
antiphospholipid antibody syndrome)7.

EPIDEMIOLOGY
While it can affect young healthy people, 

DVT is uncommon before 20 years of age8 and 
incidence increases with age. In one review article, 
Fowkes et al. report the following annual incidence 
rates: 2-3 per 10,000 (ages 30-49), 5 per 10,000 
(ages 50-59), 10 per 10,000 (ages 60 to 69) and 
20 per 10,000 (ages 70 to 79 years)9. Similarly, 
Naess et al.10 observed three times greater incidence 
among 70-year-olds compared with people aged 
20-44. In terms of sex distribution, DVT incidence 
among females was 1.58 per 1,000 per year, against 
1.28 per 1,000 per year for males10. In the United 
States, annual mortality from PE has been estimated 
at 50,000 people and there are 300,000 to 600,000 
hospital admissions for DVT and PE every year1. 
A population study of 94,194 people over the age 
of 20 from the Norwegian town of Nord-Trøndelag 
found that mortality from DVT within 30 days of 
the initial event was 6.4%, that 12-month mortality 
was 21.6%, and that 30-day mortality for patients 
with PE was twice that for patients who only had 
DVT10. On the basis of an analysis of hospital 
admission data, it has been estimated that the rate of 
DVT diagnosed clinically and confirmed by duplex 
mapping or phlebography in Brazil is six cases 
per 10,000 inhabitants per year1. This estimate is 
very close to the figure reported by Fowkes et al., 
who observed an incidence of DVT in the general 
population of five cases per 10,000 inhabitants per 
year9. Several authors of previous studies have also 
reported incidence rates that were similar or that 
varied slightly. Hasson et al.11 reported an adjusted 
incidence of 5.8 cases of DVT per 10,000 inhabitants 
per year. White et al.12, conducted a large-scale 
population study including around 18,000 DVT cases 
and calculated an incidence of 4.9 cases per 10,000 
inhabitants per year. In another study, conducted in 

INTRODUCTION
Deep vein thrombosis (DVT) of the lower 

extremities (LE) is a serious and potentially fatal 
disease in which there is acute thrombus formation 
in deep veins of the LE that can cause partial or 
total obstruction of the venous lumen. Deep vein 
thrombosis is currently considered a component 
of the nosological entity venous thromboembolism 
(VTE). Venous thromboembolism is a wider 
designation that includes both DVT and pulmonary 
embolism (PE).

The pathophysiologic process of thrombus 
formation was described by the German pathologist 
Rudolf Virchow (1821-1902) in 1856. The process 
itself is known as thrombogenesis and its chief 
characteristic is a loss of normal homeostasis due 
to an imbalance between procoagulatory factors 
and natural anticoagulants. These factors can 
act independently or interdependently, exerting 
varying degrees of influence on the thrombogenic 
process. For example, in cases of venous trauma the 
predominant factor in development of thrombosis 
is endothelial injury, whereas in spontaneous 
thrombosis hypercoagulability and venous stasis are 
the most important thrombogenic factors.

LOCATION
The most common sites in which thrombi 

originate are the muscular or trunk veins of the legs, 
according to studies using phlebography and the 
labeled fibrinogen test1. The thrombi can propagate 
proximally to the popliteal, femoral and iliac veins, 
resulting in the multiple types of thrombosis that are 
seen in clinical practice or autopsies1. In the lower 
extremities, the deep veins most often involved are the 
external iliac, the common femoral, the deep femoral, 
the femoral, the popliteal, the gastrocnemius, the 
soleus, the posterior tibials and the fibular2,3. Both 
the great and small saphenous veins can also be 
affected by thrombosis, but since these veins are 
part of the superficial system this condition is known 
as superficial vein thrombosis (SVT)4. However, 
the saphenous veins are connected to the deep vein 
system and cases of SVT can progress to PE5, and they 
should not therefore be ignored when investigating 
the deep vein system. In clinical practice, DVT of 
LE are generally subclassified as either proximal 
or distal1. They are considered proximal when they 
involve the iliac, femoral or popliteal veins, with or 
without involvement of veins in the legs, and are 
considered distal when they only affect veins of the 
legs. The importance of this differential definition is 
that around 46% of proximal DVT cases can progress 
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1992 in the Swedish city Malmö, Nordström et al.13 
observed an incidence of 9.5 DVT cases per 10,000 
inhabitants. Oger14 observed incidence of 8.7 cases 
of DVT for every 10,000 inhabitants per year.

DIAGNOSIS
Patients with DVT may not exhibit specific 

and/or pathognomonic signs and symptoms of the 
disease. Clinical presentation is highly variable and 
may be restricted to simple localized discomfort 
in the affected limb, and this can also be the case 
with the much-feared PE. While pain, edema and 
muscle rigidity have been identified in up to 86.7% 
of patients with DVT, these signs and symptoms can 
also present in other conditions, such as: lymphangitis 
, cellulites, ruptured Baker’s cyst, congestive heart 
failure, nephrotic syndrome, traumas, muscle 
hematomas, myositis and muscle tears1. In view of 
this, a clinical diagnosis alone is not sufficient to 
confirm diagnosis in suspected cases of DVT15,16. 
Patients who go undiagnosed and are therefore 
treated inadequately can suffer chronic venous 
insufficiency (CVI) and even death caused by PE. 
Therefore, when faced with a clinical suspicion of 
DVT and a need to assess the status of a thrombosed 
vein in order to treat its complications, specific 
examinations or supplementary diagnostic methods 
capable of directly or indirectly demonstrating the 
presence and extent of the thrombus must be used. 
Clinical prediction models such as those proposed 
by Wells et al.17, in combination with laboratory 
D-dimer testing and imaging exams with color duplex 
mapping (CDM), have made it easier to reliably 
diagnose DVT18,19.

TREATMENT
Current recommendations on treating DVT are 

the same as for VTE and are based on anticoagulant 
therapy, as described in the 9th edition of the American 
College of Chest Physicians Evidence‑Based 
Clinical Practice Guideline (ACCP)20. Initial 
treatment consists of parenteral administration 
for 5 to 7 days of unfractionated heparin (UFH), 
or subcutaneous administration of low molecular 
weight heparin (LMWH) and oral vitamin K 
antagonists (VKA), adjusting the dose to achieve 
a prothrombin time as close as possible to the 
international standard for thromboplastin, which is 
expressed in INR (international normalized ratio) 
and should remain between 2 and 3. In addition 
to conventional anticoagulant therapy, the ACCP 
has recommended that all patients with acute 
symptomatic DVT should wear graduated elastic 

compression stockings, because of their potential to 
cut the rate of postthrombotic syndrome (PTS) by 
half20. In addition to anticoagulant treatments, some 
ongoing studies have suggested that pharmacological 
removal of acute thrombi using fibrinolytic therapies 
can preserve vein valve function21. The ATTRACT 
study has been designed to show whether the new 
treatment prevents the serious later complications 
of DVT by conducting a prospective assessment of 
692 patients with symptomatic proximal thrombosis 
of the iliac, common femoral and femoral veins22.

CLINICAL COURSE
One feature of the natural history of DVT that 

remains controversial is its progression. After a DVT 
episode, there is an acute inflammatory response in 
the vein wall and in the thrombus itself, leading to 
a dynamic process in which the thrombus regresses 
due to recanalization. Recanalization is defined as 
the return of blood flow to a venous segment that 
had previously been occluded. Recanalization is a 
complex process that initially involves adhesion of 
the thrombus to the vein wall and an inflammatory 
response in the vessel wall, leading to organization 
and subsequent contraction of the thrombus, and to 
neovascularization and spontaneous lysis of areas 
inside the thrombus23. However, recanalization is not 
the only phenomenon observed during the natural 
course of DVT and propagation of the thrombus has 
been identified in 20 to 40% of patients monitored 
using CDM, despite adequate anticoagulation24. 
It is therefore very important to understand these 
pathophysiologic mechanisms because delayed 
regression or propagation of the thrombus may be 
related with development and exacerbation of the 
signs and symptoms of CVI.

POSTTHROMBOTIC SYNDROME
Postthrombotic syndrome (PTS) is a common 

cause of CVI and has significant socioeconomic 
consequences for both patients and for health 
services. The total additional cost of treating PTS, 
over 15 years, was approximately US $3,000 in the 
United States. Additionally, PTS was responsible 
for 74 to 81% of all DVT treatment costs25. A study 
that analyzed data from patients with diagnoses of 
PE or DVT estimated that on average health services 
in the United States spent US$7,000 per patient/year 
on PTS25. In Brazil, Ramacciotti et al. calculated 
that average annual cost was US$ 400 for moderate 
cases and US$ 1,200 for more serious PTS cases26. 
According to Susan and Kahn, around 20 to 50% 
of patients with idiopathic DVT will develop PTS6.
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intima, localized fibrinolysis and fragmentation of 
the thrombus after cellular invasion by newly formed 
vessels28,29.

RECANALIZATION AND NEOANGIOGENESIS
Wakefield et al. reported the results of on 

an experimental study that suggested that 
neoangiogenesis occurs during the process of 
organization of a thrombus, resulting in recanalization 
of occluded vessels30. Along the same lines, other 
authors have claimed that recanalization is part of 
the physiological process of thrombus remodeling. 
Labropoulos et al. studied the remodeling process in 
veins of the calf and found that length, lysis patterns 
and the location of thrombi are all factors that affect 
this process31. Furthermore, Labropoulos et al., and 
Barros et al. have observed flow patterns that fit 
the profile of arteriovenous fistulae (AVF) in the 
thrombus interior as part of neovascularization after 
acute DVT episodes32,33. The spontaneous arterial 
flow that can be identified by color duplex mapping of 
thrombosed veins during the first weeks after an acute 
event appears to be secondary to the inflammation 
and neovascularization that occur after formation and 
remodeling of a thrombus32. Pulsating flow in the 
interior and adjacent to a thrombus can be identified 
by the observation of aliasing (which appears 
as a mixture of colors) and is characterized by a 
spectral curve with high end-diastolic velocity and 
low resistance index (RI), which is a typical AVF 
presentation, as illustrated below in Figures 1 and 2.

POSTTHROMBOTIC SYNDROME AND 
VENOUS RECANALIZATION

The pathophysiology of PTS is not entirely 
understood. However, it is probable that the presence 
of the thrombus releases inflammatory mediators 
which, together with the process of recanalization 
that takes place after a DVT episode, damage 
venous valves, leading to valve incompetence. Valve 
incompetence, persistent obstruction of veins by 
residual thrombus, or both, cause chronic venous 
hypertension, which leads to edema, to tissue hypoxia 
and even to ulcerations of the skin. Many different 
authors have proposed definitions of PTS based 
on combinations of clinical symptoms and signs, 
evidence of venous obstructions, elevated venous 
pressure or valve reflux, identified on the basis of 
ultrasound and/or plethysmograph findings. While 
a diagnosis of PTS cannot be made in the absence 
of these clinical signs, the majority of symptomatic 
patients exhibit valve incompetence, although many 
people with incompetence do not manifest PTS 
clinically6,27. Therefore, delayed recanalization after 
a thrombotic episode appears to be an important 
predictor of PTS development. However, the time and 
rates that are favorable to restoration of the lumen 
of different thrombosed venous segments have yet 
to be well-defined. Sevitt28,29 have suggested that 
recanalization is part of the process of fibrocellular 
organization of the thrombus. They consider that 
this process involves contraction of the thrombus, 
multiple tears between the thrombus and the tunica 

Figure 1. Color duplex mapping (cross-section) of the acutely thrombosed left common femoral vein. The vein exhibited pulsating 
flow, increased end-diastolic velocity, low resistance index and absence of normal physiological flow. These flow characteristics are 
consistent with an AVF.
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Figure 2. Color duplex mapping (cross-section) of the acutely thrombosed right external iliac vein. The vein exhibited pulsating 
flow, increased end-diastolic velocity, low resistance index and absence of normal physiological flow. These flow characteristics 
are consistent with an AVF.
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