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Abstract
Aim: Early venous recanalization after acute deep vein thrombosis (DVT) is clinically important, as delayed thrombus resolution is associated with residual 
venous obstruction and post-thrombotic syndrome. This study aimed to compare early and mid-term venous recanalization outcomes in patients with acute 
lower-extremity DVT treated with rivaroxaban or conventional heparin followed by warfarin therapy.
Methods: This retrospective multicenter cohort study included 150 consecutive patients diagnosed with acute lower-extremity DVT between September 
2018 and September 2023. After exclusion of 20 patients due to insufficient imaging follow-up, 130 patients were analyzed (heparin–warfarin, n = 60; 
rivaroxaban, n = 70). Treatment selection was based on clinician judgment and patient characteristics. Venous recanalization was assessed using serial color 
Doppler ultrasonography at baseline and approximately 30, 90, and 180 days. Primary outcomes were the degree of venous recanalization and time to first 
recanalization; secondary outcomes included recurrent DVT and major bleeding. Kaplan–Meier analysis was used for time-to-event outcomes.
Results: Rivaroxaban was associated with significantly higher recanalization rates at 30 days (57.1% vs 18.3%, p < 0.001), 90 days (82.8% vs 53.3%, p < 0.001), 
and 180 days (94.2% vs 81.6%, p = 0.02). Complete recanalization at 180 days was more frequent with rivaroxaban (78.5% vs 63.3%, p = 0.04). Median time 
to first recanalization was shorter with rivaroxaban (41 vs 76 days, p < 0.001). 
Conclusion: In this real-world cohort, rivaroxaban achieved faster and more complete venous recanalization than heparin–warfarin therapy without increased 
adverse events, supporting its use as a first-line treatment for acute DVT.
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Introduction
Deep vein thrombosis (DVT) is a key component of venous 
thromboembolism and remains a substantial cause of both 
short- and long-term morbidity worldwide.1,2 Despite significant 
advances in treatment strategies, many patients continue to 
experience complications related to residual venous obstruction 
or recurrent thrombosis, ultimately leading to post-thrombotic 
syndrome (PTS), which negatively affects quality of life and 
functional capacity.4,7 Accumulating evidence indicates that 
both the timing and extent of venous recanalization following 
the initial thrombotic event play a critical role in determining 
long-term venous outcomes.7,13

For many years, conventional anticoagulation with parenteral 
heparin followed by vitamin K antagonists (VKAs) has been the 
cornerstone of acute DVT management.6 However, warfarin 
therapy is limited by its narrow therapeutic window, requirement 
for frequent laboratory monitoring, food–drug interactions, and 
interindividual variability in anticoagulant response.6 These 
limitations frequently result in subtherapeutic anticoagulation, 
which has been associated with delayed thrombus resolution 
and increased rates of residual venous obstruction on follow-up 
imaging studies.7

Direct oral anticoagulants (DOACs) have emerged as effective 
alternatives to conventional therapy in the management of 
acute DVT.2,6 Among DOACs, rivaroxaban offers predictable 
pharmacokinetics, rapid onset of action, and fixed dosing 
without the need for routine coagulation monitoring.14 
Consequently, current international guidelines recommend 
DOACs as first-line therapy for most patients with acute DVT in 
the absence of contraindications.2,3,6 Beyond their established 
efficacy in preventing recurrent venous thromboembolism, 
increasing attention has focused on the potential of DOACs to 
promote improved venous recanalization.5,8

Recent observational studies and comparative analyses 
suggest that DOAC-based regimens may be associated with 
more rapid thrombus regression and lower rates of residual 
thrombosis compared with warfarin therapy.5,12 Improved 
venous recanalization has also been correlated with a reduced 
incidence of PTS, underscoring its clinical relevance in 
contemporary DVT management.4,7,8 Nevertheless, available 
evidence remains heterogeneous, particularly with respect to 
time-dependent analyses of recanalization outcomes.
Color Doppler ultrasonography is a widely accepted noninvasive 
modality for evaluating thrombus burden, venous patency, and 
recanalization during follow-up in patients with acute DVT.7,10 
In addition, time-to-event analyses, such as Kaplan–Meier 
estimation of time to first successful recanalization, provide 
complementary insight into thrombus resolution kinetics 
that cannot be fully captured by fixed follow-up assessments 
alone.11 Within this context, the present study aims to compare 
early and mid-term venous recanalization outcomes in patients 
with acute lower-extremity DVT treated with rivaroxaban 
versus conventional heparin–warfarin therapy using serial color 
Doppler ultrasonography.

Materials and Methods
Study Design and Population
This retrospective, multicenter cohort study included 150 

consecutive consenting adult patients with objectively confirmed 
acute lower-extremity deep vein thrombosis (DVT) who were 
treated at tertiary cardiovascular centers between September 
2018 and September 2023. The study was conducted in accordance 
with the principles of the Declaration of Helsinki, and the study 
protocol was approved by the institutional ethics committee.
Among the initial cohort of 150 patients with ultrasound-
confirmed acute lower-extremity DVT, 20 patients were 
excluded due to the absence of follow-up imaging or incomplete 
ultrasonographic evaluations. Consequently, the final study 
population consisted of 130 patients.

Inclusion and Exclusion Criteria
Eligible patients were adults (≥ 18 years) with symptomatic, 
objectively documented acute lower-extremity DVT, with 
symptom onset occurring within 14 days prior to diagnosis. 
Inclusion further required the availability of at least three 
follow-up color Doppler ultrasonographic examinations after 
initiation of anticoagulation therapy.
Exclusion criteria included pregnancy; severe renal impairment 
(estimated glomerular filtration rate < 30 mL / min / 1.73 m²); 
intra-abdominal thrombophlebitis; advanced hepatic disease; 
active malignancy requiring alternative anticoagulation 
strategies; known thrombophilia necessitating non-standard 
anticoagulation approaches; and a history of major bleeding.

Treatment Strategy
Patients received either rivaroxaban monotherapy or conventional 
anticoagulation consisting of initial parenteral heparin followed by 
warfarin therapy. Treatment allocation was not randomized and 
was based on physician judgment and patient-specific factors, 
including renal and hepatic function, bleeding risk, potential drug–
drug interactions, anticipated compliance, feasibility of laboratory 
monitoring, and patient preference.
In patients treated with warfarin, dose adjustments were 
guided by international normalized ratio (INR) measurements in 
accordance with institutional protocols. Due to the retrospective 
design and limitations of available INR data, calculation of time 
in therapeutic range (TTR) was not feasible.

Ultrasonography Protocol and Definitions
Baseline and follow-up color Doppler ultrasonography (CDU) 
assessments were performed by experienced vascular sonographers 
in accordance with standardized imaging protocols. The evaluated 
venous segments included the common and external iliac, common 
femoral, femoral, deep femoral, popliteal, anterior tibial, posterior 
tibial, and peroneal veins.
Venous recanalization was categorized as complete, partial, 
or absent, based on ultrasonographic findings of full venous 
compressibility with normal flow, the presence of residual non-
occlusive thrombus, or persistent venous occlusion, respectively. 
The number of involved venous segments was recorded at 
baseline and during follow-up.

Follow-up and Outcome Measures
Follow-up CDU examinations were scheduled approximately 
30, 90, and 180 days after initiation of anticoagulant therapy. 
The primary outcomes were the extent of venous recanalization 
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at each follow-up time point and the time to first documented 
venous recanalization. Secondary outcomes included recurrent 
DVT and major bleeding events, defined according to the criteria 
of the International Society on Thrombosis and Hemostasis.

Ethical Approval
The study was approved by the Ethics Committee of Ordu 
University Research and Education Hospital (Date: 2021-04-
29, No: 113).

Statistical Analysis
Continuous variables are presented as mean ± standard 
deviation or median with interquartile range, as appropriate, 
while categorical variables are expressed as frequencies and 
percentages. Between-group comparisons were performed 
using Student’s t-test or the Mann–Whitney U test for 
continuous variables, and the chi-square test or Fisher’s exact 
test for categorical variables.
Time-to-event analyses for first venous recanalization were 
conducted using Kaplan–Meier survival estimates, with intergroup 
comparisons assessed using the log-rank test. Owing to the 
retrospective design and limited sample size, multivariable 
adjustment for potential confounders such as age, provocation 
status, or DVT localization was not performed. All statistical 
analyses were conducted using standard statistical software, and 
a two-tailed p-value < 0.05 was considered statistically significant.

Reporting Guidelines
This retrospective, multicenter cohort study is reported in 
accordance with the STROBE statement.

Results
Baseline Characteristics
A total of 130 patients with acute lower-extremity DVT were 
included in the final analysis. Sixty patients received heparin 
followed by warfarin, whereas 70 patients were treated with 
rivaroxaban. There were no significant differences between the 
two groups with respect to age, sex distribution, body mass 
index, cardiovascular risk factors, or smoking status. In addition, 
the proportions of patients with provoked DVT, proximal versus 
distal thrombus involvement, and baseline thrombus extent—
expressed as the number of affected venous segments—
were comparable between groups. No statistically significant 
differences were observed in these baseline characteristics 
(Table 1).

Venous Recanalization Outcomes
Patients treated with rivaroxaban demonstrated significantly 
higher venous recanalization rates during early follow-up. At 30 
days, venous recanalization occurred in 57.1% of patients in 
the rivaroxaban group compared with 18.3% in the heparin–
warfarin group (p < 0.001). This difference remained significant 
at 90 days, with recanalization rates of 82.8% and 53.3% in 
the rivaroxaban and heparin–warfarin groups, respectively (p 
< 0.001).
At 180 days, the overall venous recanalization rate continued 
to be significantly higher in the rivaroxaban group (94.2% vs 
81.6%, p = 0.02) (Table 2). Complete venous recanalization at 
the end of follow-up was achieved more frequently in patients 
receiving rivaroxaban than in those receiving heparin–warfarin 
therapy (78.5% vs 63.3%, p = 0.04), whereas the rate of partial 

Table 1. Baseline demographic and clinical characteristics

Characteristic Total 
(n = 130)

Warfarin 
(n = 60) Rivaroxaban (n = 70) p-value

Age, mean ± SD 58.7 ± 14.2 59.9 ± 13.8 57.6 ± 14.6 0.41

Male sex, n (%) 84 (56.0) 35 (58.3) 38 (54.3) 0.64

BMI (kg / m²) 28.3 ± 4.6 28.7 ± 4.4 28.0 ± 4.8 0.52

Diabetes mellitus, n (%) 42 (28.0) 18 (30.0) 19 (27.1) 0.72

Hypertension, n (%) 71 (47.3) 30 (50.0) 31 (44.3) 0.52

Smoking, n (%) 39 (26.0) 17 (28.3) 18 (25.7) 0.74

Provoked DVT, n (%) 56 (37.3) 24 (40.0) 25 (35.7) 0.61

Proximal DVT, n (%) 92 (61.3) 37 (61.6) 44 (62.8) 0.88

Initial venous segments involved 2.94 ± 1.1 3.02 ± 1.0 2.88 ± 1.1 0.38

Table 2. Venous recanalization and clinical outcomes according to anticoagulant strategy

Outcome Warfarin 
(n = 60)

Rivaroxaban 
(n = 70) p-value

30-day recanalization (%) 18.3 57.1 < 0.001

90-day recanalization (%) 53.3 82.8 < 0.001

180-day recanalization (%) 81.6 94.2 0.02

Complete recanalization at 180 days (%) 63.3 78.5 0.04

Median time to recanalization (days) 76 41 < 0.001

Recurrent DVT (%) 6.6 2.8 0.28

Major bleeding (ISTH) (%) 5.0 1.4 0.27
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recanalization was similar between the two treatment groups. 
Residual venous obstruction at 180 days was less frequent in 
the rivaroxaban group.

Time to First Recanalization
Kaplan–Meier analysis demonstrated a significantly shorter time 
to first documented venous recanalization in patients treated 
with rivaroxaban compared with those receiving heparin–
warfarin therapy. The median time to first recanalization was 
41 days in the rivaroxaban group and 76 days in the heparin–
warfarin group (log-rank p < 0.001). Separation between the 
recanalization curves was evident early during follow-up and 
persisted throughout the observation period (Figure 1).

Secondary Outcomes
Recurrent DVT occurred in 2 patients (2.8%) in the rivaroxaban 
group and 4 patients (6.6%) in the heparin–warfarin group; this 
difference was not statistically significant (p = 0.28). Major 
bleeding events were infrequent and did not differ significantly 
between treatment groups, occurring in 1 patient (1.4%) receiving 
rivaroxaban and 3 patients (5.0%) receiving heparin–warfarin 
therapy (p = 0.27). No fatal bleeding events were observed.

Discussion
In this retrospective cohort analysis of patients with acute lower-
extremity deep vein thrombosis, treatment with rivaroxaban 
was associated with more rapid and more extensive venous 
recanalization compared with the conventional heparin–
warfarin regimen. Differences between treatment strategies 
became evident as early as day 30 and persisted throughout the 
mid-term follow-up at days 90 and 180. Consistent with these 
findings, time-to-event analysis demonstrated a significantly 
shorter median time to first documented venous recanalization 
in patients treated with rivaroxaban.
Early and successful venous recanalization is increasingly 
recognized as an important prognostic factor for long-term 
venous outcomes following acute DVT.7,13 Residual venous 

obstruction has been associated with an increased risk of post-
thrombotic syndrome and impaired quality of life.4,7 Although 
post-thrombotic syndrome was not systematically evaluated 
in the present study, the higher rates of early and complete 
recanalization observed in the rivaroxaban group may have 
clinically relevant implications for long-term venous function 
and symptom burden.
A potential explanation for the observed intergroup differences 
may lie in the pharmacological and practical characteristics of 
the anticoagulant regimens used. Warfarin therapy is limited 
by a narrow therapeutic index and substantial interindividual 
variability, frequently resulting in subtherapeutic anticoagulation 
levels.6 In contrast, rivaroxaban is characterized by predictable 
anticoagulant effects, rapid onset of action, and fixed dosing, 
which may allow more stable inhibition of thrombin generation 
during the early phase of thrombus organization and remodeling.14 
The present findings are consistent with previous observational 
studies demonstrating more favorable venous recanalization 
outcomes with DOACs compared with vitamin K antagonists.5,8,12

Several limitations should be acknowledged, including the 
retrospective design, absence of adjustment for confounders, 
and lack of long-term PTS assessment. Despite these limitations, 
the present study provides real-world evidence supporting 
faster venous recanalization with rivaroxaban, consistent with 
contemporary guideline recommendations.2,3,6

From a clinical perspective, the present findings may have 
practical implications for the contemporary management of 
acute lower-extremity DVT. Current international guidelines 
recommend direct oral anticoagulants as first-line therapy for 
most patients, primarily based on their efficacy in preventing 
recurrent venous thromboembolism and their favorable safety 
profile compared with vitamin K antagonists.2,3,6 The observed 
earlier and more frequent venous recanalization associated with 
rivaroxaban in this study suggests a potential additional benefit 
beyond thromboembolic prevention, particularly during the early 
phase of thrombus resolution. Although causality cannot be 
inferred from this retrospective analysis, faster recanalization 
may contribute to improved venous patency and reduced 
residual venous obstruction, which have been linked to adverse 
long-term outcomes, including post-thrombotic syndrome.4,7,13 
These findings support the preferential use of rivaroxaban in 
appropriately selected patients, especially in clinical scenarios 
where early thrombus resolution and preservation of venous 
function are considered important therapeutic goals.

Limitations
This study is limited by its retrospective, non-randomized 
design, which may have introduced selection bias and residual 
confounding. Time in therapeutic range could not be reliably 
assessed in patients treated with warfarin because of 
incomplete longitudinal INR data. In addition, multivariable-
adjusted analyses were not performed, and long-term clinical 
outcomes were not systematically evaluated.

Conclusion
In patients with acute lower-extremity deep vein thrombosis, 
rivaroxaban was associated with earlier and more complete 

Figure 1. Kaplan–Meier curves showing time to first venous 
recanalization in patients treated with rivaroxaban versus 
heparin–warfarin. Rivaroxaban therapy was associated with 
significantly earlier recanalization (log-rank p < 0.001)
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venous recanalization compared with heparin–warfarin therapy, 
while rates of recurrent thrombosis and major bleeding were 
comparable between treatment groups. These findings indicate 
that rivaroxaban is an effective and safe therapeutic option and 
may offer advantages in thrombus resolution. Nevertheless, 
prospective studies with larger cohorts and longer follow-up 
are warranted to clarify the clinical implications of accelerated 
venous recanalization.
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