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Abstract 

Objective  To identify recurrent venous thromboembolism (VTE) after discontinuation of anticoagulation in patients 
with isolated distal deep vein thrombosis based on its anatomic localization (axial or muscular veins).

Methods  Data were sourced from PubMed, Embase, Cochrane Library, Web of Science, and ClinicalTrials.gov 
databases in the time period up to October 2023. The study followed PRISMA guidelines using a registered pro‑
tocol (CRD42023443029). Studies reporting recurrent VTE in patients with axial or muscular DVT were included 
in the analysis.

Results  Five studies with a total of 1,403 participants were evaluated. The results showed a pooled odds ratio of 1.12 
(95% confidence interval 0.77–1.63) between axial and muscular DVT. Heterogeneity was low (I2 = 0%, p = 0.91) 
and there was no significant difference in the rate of recurrent VTE between axial and muscular DVT in each subgroup.

Conclusions  Muscular and axial DVT showed comparable recurrent VTE rates after anticoagulation. However, uncer‑
tainties regarding the possibility of recurrence affecting the popliteal vein or resulting in pulmonary embolism fol‑
lowing muscular DVT anticoagulation persisted. Randomized trials in patients with isolated distal DVT are still needed 
to clarify its prognosis for different anatomical thrombus locations.
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Introduction
Isolated distal deep vein thrombosis (IDDVT) accounts 
for 30–56% of all DVT cases [1–3]. The rate of proximal 
extension or pulmonary embolism (PE) in patients with 
untreated IDDVT can be as high as 22% [4].

IDDVT involves either the axial (posterior tibial, per-
oneal, and anterior tibial) or muscular (soleal and gas-
trocnemius) deep veins of the calf. Deep muscle veins 
are uniquely classified and run as sinusoids within the 
corresponding muscles of the same name. Soleal sinu-
soids may drain into the midperoneal or posterior tibial 
veins, whereas gastrocnemius sinusoids may empty 
directly into the popliteal vein. These differences lead to 
muscular vein reduced diameter and length, resulting in 
smaller thrombosis volumes and greater distance from 
the proximal veins than the axial deep veins (Fig. 1) [1, 5, 
6]. Therefore, there may be differences in the progression 
of these two thrombus types.
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The optimal management approach for IDDVT is the 
subject of ongoing debate, as reflected by heterogenous 
guideline recommendations [7–9]. Compared with con-
tinuous deep vein imaging suggeated by the American 
College of Chest Physicians, the European Society of 
Cardiology suggests that individuals at low risk of recur-
rence should be anticoagulated with LMWH for a shorter 
period (4–6 weeks), but lower anticoagulant doses, or 
ultrasound surveillance may be considered. There is cur-
rently no agreement on whether to categorize muscular 
DVT (MDVT) separately in the treatment of IDDVT. 
Some studies have reported the venous thrombosis prop-
agation rate of MDVT without anticoagulation treat-
ment. Retrospective studies by Sales et  al. [10], Lautz 
et  al. [11], and Kret et  al. [12] revealed venous throm-
bosis propagation rates without anticoagulation treat-
ment to be 28%, 30%, and 25%, respectively. Prospective 
studies by MacDonald et al. [13] and Schwarz et al. [14] 
reported venous thrombosis propagation rates of 16% 
and 25%, respectively. However, the findings by McDon-
ald et al. demonstrated that only 2.9% of all MDVT cases 
progressed to the popliteal vein level. In another ran-
domized controlled study conducted by Schwarz et  al. 

[15], the rate of thrombus extension in MDVT without 
anticoagulation was 4%. This rate was influenced by the 
inclusion of low-risk individuals in the study cohort. In 
addition, international guidelines often provide recom-
mendations with lowtomoderate certainty, reflecting the 
lack of robust clinical trial evidence. Studies from routine 
clinical practice have indicated that most patients with 
IDDVT are treated with anticoagulants [2, 16–18]. In the 
present study, a meta-analysis of randomized and cohort 
studies was performed in patients with IDDVT to assess 
whether there was a difference in the occurrence of 
recurrent VTE after anticoagulation treatment between 
MDVT and axial DVT (ADVT) and to explore the differ-
ences in progression of the two thrombus types.

Methods
The Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) guidelines were followed 
[19]. The study protocol was pre-registered on PROS-
PERO (CRD42023443029).

Search strategy
A systematic search was performed using electronic 
databases (PubMed, Embase, Cochrane Library, and 
Web of Science) up to October 2023 to identify all avail-
able studies on anticoagulation for IDDVT classified as 
ADVT and MDVT. ClinicalTrials.gov was also searched 
to identify any ongoing randomized controlled trials 
(RCTs). Appropriate medical subject heading terms and 
free word searches were utilized. The full search strategy 
is available in Supplementary Material (Table S1). Refer-
ences for the included studies were screened for further 
eligible articles. No language restriction was used.

Study selection
Two independent authors (WTY and ZYJ) analyzed the 
lists of retrieved articles and performed the study selec-
tion. Any disputes were resolved by a third reviewer 
(HLR).

The included articles had the following characteristics: 
(i) RCTs or prospective observational studies; (ii) objec-
tive diagnosis by ultrasonography (US) or venography of 
ADVT (i.e., posterior tibial, peroneal, and anterior tibial 
vein) and MDVT (soleal and gastrocnemius vein); (iii) 
intervention (anticoagulation for at least four weeks); (iv) 
availability of data on the incidence of DVT recurrence, 
proximal propagation, and/or PE; and (v) a minimum of 
50 patients with ADVT or MDVT. Excluded articles had 
the following characteristics: (i) retrospective studies; 
(ii) < 3 months of follow-up; (iii) patients aged < 18 years; 
(iv) DVTs with proximal extension into popliteal, femo-
ral, and oriliac segments; (v) endovascular or surgical 
interventions (e.g., catheter-directed thrombolysis); and 

Fig. 1  Anatomical diagram of calf veins. 1.Popliteal vein; 2.Short 
saphenous vein; 3.Gastrocnemius veins; 4.Soleus vein; 5.Anterior tibial 
vein; 6.Peroneal vein; 7.Posterior tibial vein
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(vi) case series, case reports, review articles, letters, and 
editorials.

The screening process was conducted using End-
Note X9 (Clarivate, Chandler, AZ, USA). All titles and 
abstracts retrieved from the initial search were screened. 
Articles meeting the inclusion criteria were subjected to 
an independent full-text review for final eligibility and 
data extraction. Relevant articles with incomplete infor-
mation based on the title or abstract were also subjected 
to a full-text evaluation.

Data extraction
All original articles selected for inclusion in the meta-
analysis were reviewed and the following data were 
extracted when available: general data (year of publica-
tion, design), population characteristics (number and 
type of included patients), and method used for IDDVT 
diagnosis, treatment (types of anticoagulant, dose, and 
duration), and follow-up (duration, surveillance method). 
For patients with IDDVT who underwent anticoagula-
tion, information on the following outcomes were col-
lected: recurrent DVT, proximal extension of IDDVT, 
and PE. Two reviewers (WTY and ZYJ) extracted the 
data independently using a template in Microsoft Excel. 
If the pre-specified data elements were not found during 
the review of published trial results, the authors of the 
publications were contacted to obtain additional study-
level summary information. Investigators from one trial 
[20] provided additional data upon request.

Quality assessment
Quality assessment was performed independently by 
two reviewers (WTY and ZYJ) using the revised tool for 
risk of bias in randomized trials (RoB 2 tool). Prospec-
tive cohort study quality was assessed using the New-
castle–Ottawa Quality Assessment Scale (NOS). Any 
discrepancies were mediated by a third reviewer (HLR). 
The Grading of Recommendations, Assessment, Devel-
opment, and Evaluation (GRADE) profiler tool was then 
used to assess the reporting quality of major study out-
comes [21].

Outcomes
The primary outcome of our meta-analysis was recurrent 
VTE defined as the composite of progression of IDDVT, 
recurrent IDDVT, proximal DVT, and PE occurring dur-
ing the study period. Progression of IDDVT was defined 
as a compression ultrasonography confirmed extension 
of isolated distal DVT to the calf trifurcation (if previ-
ously not involved), popliteal, femoral, or iliac vein using 
a standardised compression ultrasonography protocol. 
Recurrent IDDVT was defined as a new distal DVT in the 
contralateral leg, lack of compressibility of a previously 

compressible vein in the ipsilateral leg, or an increase of 
at least 2 mm in the diameter of the residual thrombus 
during compression in a previously non-compressible 
vein. Proximal DVT was defined by a new proximal DVT 
in the contralateral leg. US or venography were accepted 
for confirmation of recurrent VTE and a computed 
tomography scan or ventilation–perfusion scan for PE. 
In addition, subgroup analyses were performed based on 
the study type, with population excluding active cancer 
or previous VTE, and follow-up time.

Statistical analysis
The odds ratio (OR) and 95% confidence interval (CI) 
were calculated for each study. The results were com-
pared using a fixed-effects model [22]. Cochran’s χ2 test 
and I2 test for heterogeneity were used to assess between-
study heterogeneity [23]. Statistically significant het-
erogeneity was considered to be present at P < 0.10 and 
I2 > 50%. Analyses were performed with Review Manager 
5.4 (The Cochrane Collaboration, Oxford, UK) and Stata 
version 17 (StataCorp LP, College Station, TX, USA).

Results
Search results are represented in the PRISMA diagram 
(Fig. 2).

Study characteristics
The incidence of recurrent VTE after ADVT and MDVT 
was analyzed based on two RCTs and three prospective 
cohort trials. The studies were conducted in Italy [24, 
25], France [26], Norway [27], and Canada, France, and 
Switzerland [20] and published between 2012 and 2023. 
They featured 90–475 participants, with 1,403 patients 
included overall across the five studies. Most studies 
used compression US for initial diagnosis of IDDVT. 
Four studies followed up patients within three years after 
the first DVT, and one study followed up patients for an 
average of 4.7 years. In terms of intervention, almost all 
patients received anticoagulantion therapy and there 
were variations among the studies regarding the specific 
medications used and treatment duration. Further details 
on characteristics of each study are available in Table 1.

Risk of bias assessment and quality assessment 
of outcomes
Two RCTs were appraised using the RoB 2 tool and 
three prospective cohort studies were appraised using 
the NOS. Overall, the risk of bias was low in all studies. 
A summary of the quality assessment is provided in the 
Supplementary Material (Table S2). However, the major-
ity of the extracted data in RCTs were based on subgroup 
analyses, thereby raising the potential risk of bias due to 
the variation in baseline characteristics between groups. 
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Furthermore, the included studies encompassed observa-
tional studies. Thus, the quality of evidence was graded as 
low according to the GRADE criteria. A funnel plot was 
not generated to assess the publication bias since fewer 
than 10 studies were included in the analysis [28].

Recurrence in two types of IDDVT
The recurrent rates of both types of IDDVT during the 
follow-up period of each included study are shown in 
Table  1. Data from patients with two types of IDDVT 
who experienced recurrent VTE were weighted and 
pooled using fixed-effects meta-analysis. Comprehen-
sive analysis of these studies revealed the same rate of 
recurrent VTE in ADVT compared to that in MDVT (FE 
model: OR, 1.12; 95% CI, 0.77–1.63, I2 = 0%, p = 0.91). 
There was no significant difference in the rate of recur-
rent VTE between ADVT and MDVT in each subgroup 
(RCT, FE model: OR, 0.99; 95% CI, 0.57–1.73, I2 = 0%; 
cohort, FE model: OR, 1.24; 95% CI, 0.74–2.08, I2 = 0%; 
excluding active cancer, FE model: OR, 1.08; 95% CI, 
0.72–1.61, I2 = 0%; not excluding active cancer, FE model: 
OR, 1.44; 95% CI, 0.50–4.15, I2 = 0%; excluding previous 
VTE, FE model: OR, 1.22; 95% CI, 0.69–2.18, I2 = 0%; not 
excluding previous VTE, FE model: OR, 1.04; 95% CI, 
0.63–1.72, I2 = 0%; follow-up time less than three years, 

FE model: OR, 1.06; 95% CI, 0.67–1.66, I2 = 0%; follow-up 
time more than three years, FE model: OR, 1.27; 95% CI, 
0.64–2.54, I2 = 0%; Fig. 3, details are shown in Figure S1).

Discussion
The present meta-analysis examined the rate of recurrent 
VTE in patients with ADVT compared to MDVT after 
anticoagulation. The main study finding was that the rate 
of recurrence was similar in both types of IDDVT after 
anticoagulation within approximately five years. This evi-
dence implies a potential similarity in the progression of 
ADVT and MDVT. The anatomical differences in physi-
ology of axial and muscular veins did not appear to affect 
the rate of recurrent VTE in patients with IDDVT.

International guidelines favor serial imaging rather than 
anticoagulation in isolated MDVT [8]. However, the rate 
of recurrence in a retrospective study by Ho et al. [29] was 
similar between intramuscular IDDVT and non muscular 
IDDVT (14% vs. 7%, p = 0.13) and despite the lower rate 
of major VTE (defined as above-knee or proximal DVT 
and PE) recurrence in the intramuscular IDDVT popula-
tion. In another retrospective study by Utter et  al. [30], 
therapeutic anticoagulation did not show a significant 
association with proximal DVT or PE in patients with 
ADVT (adjusted OR, 0.52; 95% CI, 0.14–1.90). However, 

Fig. 2  Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram for studies reporting the incidence of recurrent 
events after isolated distal deep vein thrombosis at different anatomical locations included in the present meta-analysis
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a notable association was observed among patients with 
MDVT (adjusted OR, 0.12; 95% CI, 0.03–0.53). Some 
retrospective studies have presented conflicting con-
clusions based on this study. Kuczmik et  al. [31] com-
pared the difference in recurrent VTE between ADVT 
and MDVT after anticoagulation. This group noted that 
recurrent VTE was three times more common in ADVT 
compared to MDVT, particularly if anticoagulants were 
withheld. In general, these studies tend to indicate that 
MDVT is a more benign condition compared to ADVT. 
However, it is worth noting that in the study by Kucz-
mik et  al. [31], the ADVT group included patients with 
both ADVT and MDVT. In the study by Galanaud et al. 
[26], which categorized IDDVT into the ADVT, MDVT, 
and ADVT + MDVT groups, the 900-day cumulative 
recurrence rates for the ADVT and MDVT groups were 
similar. However, the ADVT + MDVT group exhibited 
a higher cumulative recurrence rate. The possibility of a 
higher recurrence rate among patients with both types of 
thrombosis suggests that it may be more appropriate to 
analyze such patients in a separate group to obtain more 
accurate findings.

Regarding the rates of recurrent VTE, the stud-
ies included in our analysis demonstrate similari-
ties to those related to MDVT or ADVT. According 
to Schwarz et  al. [15], the rate of venous thrombosis 
propagation in MDVT patients treated with anticoagu-
lation and compression stockings was 4% during the 3 
month follow-up period. In their retrospective study on 
MDVT patients receiving anticoagulation treatment, 
Lautz et al. [11] indicated a venous thrombosis propa-
gation rate of 12% during the follow-up period of up to 
18.5 months. Furthermore, two RCTs by Horner et  al. 
[32] and Righini et  al. [20] compared the outcomes in 
patients with IDDVT who received anticoagulation 

treatment with those who did not. Both trials had a fol-
low-up period of 3 months, and the rate of recurrent 
VTE was 11.4% and 6.2%, respectively.

Longer-term outcomes remain inconclusive. In the 
study conducted by Jørgensen et  al. [27], the cumula-
tive incidence of recurrent VTE after anticoagulation 
for ADVT and MDVT after ten years of follow-up was 
29.1% (95% CI 17.5–40.2%) and 12.0% (95% CI 5.9–
18.0%), respectively [27]. This suggested the possibility 
of disparate long-term outcomes between the two types 
of thrombosis. Nevertheless, this study reported an 
HR of 1.69 (95% CI 0.73–3.93) for ADVT when using 
MDVT as the reference group.

The management of IDDVT is currently undergoing 
continuous improvement. Present guidelines recom-
mend that patients lacking severe symptoms or exten-
sion risk factors should undergo a two-week period 
of continuous deep vein imaging over anticoagula-
tion treatment. However, the strength of the available 
evidence remains inadequate. Within this subset of 
IDDVT, the management of MDVT remains the subject 
of ongoing debate. Although continuous compression 
US is a viable choice for isolated MDVT, the majority 
of patients in clinical practice still opt for anticoagulan-
tion therapy. This, in turn, complicates the execution 
of pertinent research. Therefore, the need for clinical 
RCTs focused on MDVT remains significant. Despite 
the present study indicating a similar recurrence rate 
between MDVT and ADVT after anticoagulation, 
distinctions in the occurrence of popliteal vein level 
involvement and PE within MDVT recurrence events 
remain unclear. Similarly, there is a paucity of research 
concerning recanalization and post-thrombotic syn-
drome rates for both thrombosis types following anti-
coagulation therapy.

Fig. 3  Recurrent venous thromboembolism (VTE) in patients with axial deep venous thrombosis (ADVT) or muscular deep venous thrombosis 
(MDVT)
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The strengths of our study include comprehensive 
inclusion criteria and a thorough statistical analysis that 
yielded a credible result. Only prospective studies were 
included due to the serious risk of selective reporting 
that would be expected with the inclusion of retrospec-
tive studies. All of the included studies were published 
after 2010, reducing the heterogeneity caused by obso-
lete diagnostic techniques and treatment modalities. In 
addition, our meta-analysis also had some specific limita-
tions. The majority of studies did not categorize the study 
population into distinct groups of MDVT and ADVT, 
resulting in most of the collected data being derived from 
subgroups. Populations also differed between studies. 
Due to lack of sufficient data, this study did not analyze 
individual outcomes like PE incidence with recurrence 
or proximal deep vein extension separately. Furthermore, 
the distribution of ADVT and MDVT was different in the 
included studies and the follow-up duration was incon-
sistent. While all participants received anticoagulation 
therapy, there was variability in anticoagulation type and 
duration.

Conclusion
The post-anticoagulation recurrence rate for MDVT is 
comparable to that for ADVT. However, uncertainties 
persist regarding the likelihood of recurrence affecting 
the popliteal vein or resulting in PE following MDVT 
anticoagulation. Currently, there are few prospective 
studies dedicated exclusively to ADVT and MDVT. 
Instead, most data stem from subgroup analyses within 
broader investigations. In the future, the possibility of 
initiating clinical trials specifically targeting these two 
discrete thrombosis types could be considered in order to 
bridge these knowledge gaps.
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