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Abstract
Post-thrombotic syndrome (PTS) is the most common chronic complication of deep vein thrombosis (DVT). Identifying 
high-risk patients for the development of PTS might be useful for its prevention. The COMMAND VTE Registry is a multi-
center registry that enrolled 3027 consecutive patients with acute symptomatic venous thromboembolisms (VTEs) in Japan 
between January 2010 and August 2014. The current study population consisted of 1298 patients with lower extremities 
DVTs who completed 3-year follow-up for those who developed PTS and those without PTS. We investigated risk factors 
for the development of PTS at the time of DVT diagnosis, using a multivariable logistic regression analysis. Of the entire 
1298 study patients, 169 (13%) patients were diagnosed with PTS within 3 years. The rate for anticoagulation discontinuation 
during follow-up was not significantly different between those with and without PTS. Chronic kidney disease (OR 2.21, 95% 
CI 1.45–3.39, P < 0.001), leg swelling (OR 4.15, 95% CI 2.25–7.66, P < 0.001), absence of transient risk factors for VTEs 
(OR 2.39, 95% CI 1.55–3.67, P < 0.001), active cancer (OR 3.66, 95% CI 2.30–5.84, P < 0.001), and thrombophilia (OR 
2.07, 95% CI 1.06–4.04, P = 0.03) were independent risk factors for the development of PTS. In this real-world Japanese 
DVT registry, we could identify several important risk factors for the development of PTS at the time of DVT diagnosis.
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Introduction

Deep vein thrombosis (DVT) is a major health problem in 
the world and has a long-term risk of recurrence, which 
could be prevented by anticoagulation therapy [1, 2]. To 
investigate the optimal treatment strategies for DVTs, previ-
ous clinical trials have focused on the prevention of recurrent 
venous thromboembolisms (VTEs) after a DVT. Post-throm-
botic syndrome (PTS), the most common chronic complica-
tion of DVTs, causes chronic limb pain, swelling and leg 

ulcers, which increases the healthcare costs and reduces the 
quality of life [3, 4]. Previous studies reported that 20–50% 
of patients with DVTs developed PTS [5–10].

Anticoagulation therapy with an appropriate intensity and 
duration is thought to be essential for the prevention of PTS, 
although PTS is still a common complication despite antico-
agulation therapy [11]. In addition to anticoagulation ther-
apy, those treatment options such as thrombolysis or elastic 
compression stockings (ECSs) could be useful to reduce the 
risk of the development of PTS. However, the routine use of 
such additional treatments is not recommended because the 
usefulness of them in all patients with DVTs is still contro-
versial. Identifying high-risk patients for the development of 
PTS at the time of DVT diagnosis could be useful for select-
ing good candidates for additional preventive treatment as 
an initial therapy; however, the risk factors have not yet been 
adequately studied and validated [6, 8, 9, 12–14]. Thus, we 
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aimed to investigate the risk factors for the development of 
PTS at the time of DVT diagnosis in a large observational 
study in Japan.

Materials and methods

Study population

The COMMAND VTE (COntemporary ManageMent AND 
outcomes in patients with Venous ThromboEmbolism) 
Registry is a physician-initiated, retrospective, multicenter 
cohort study enrolling consecutive patients with acute symp-
tomatic VTEs objectively confirmed by imaging examina-
tions (ultrasound, contrast-enhanced computed tomography, 
ventilation-perfusion lung scintigraphy, pulmonary angiog-
raphy, or contrast venography) or by autopsy among 29 cent-
ers in Japan between January 2010 and August 2014 before 
the introduction of direct oral anticoagulants (DOACs) for 
VTEs in Japan [15]. The relevant review boards or ethics 
committees in all 29 participating centers (Supplemen-
tary Appendix 1) approved the research protocol. Written 
informed consent from each patient was waived, because 
we used clinical information obtained in routine clinical 
practices, and no patients refused to participate in the study 
when contacted for follow-up. This method was concordant 
with the guidelines for epidemiological studies issued by the 
Ministry of Health, Labor, and Welfare in Japan.

We searched the hospital databases for clinical diagnoses 
and imaging examinations, and enrolled consecutive patients 
who met the definition of acute symptomatic VTEs diag-
nosed within 31 days from the symptom onset during the 
study period [16]. The symptoms of VTEs were defined as 
follows; sudden onset of dyspnea, pleuritic chest pain, sub-
sternal chest pain, cough, fever, hemoptysis, and syncope for 
a pulmonary embolism (PE), and erythema, warmth, pain, 
swelling, tenderness, and pain upon dorsiflexion of the foot 
for a DVT [17, 18]. Additionally, sudden onset abnormalities 
in the vital signs such as a decrease in the arterial oxygen 
saturation and hypotension were also regarded as symptoms 
of a PE. The presence or absence of symptoms was evaluated 
at the time of the imaging studies.

The registry enrolled 3027 consecutive patients with 
acute symptomatic VTEs after screening for eligibility in 
19634 consecutive patients with suspected VTEs through 
chart reviews by the physicians at each institution. In the 
present analysis, we excluded 482 patients without lower 
extremities DVTs, 499 patients who died within 3 years 
without PTS, and 748 patients who did not complete 3-year 
follow-up without PTS. Therefore, the current study popula-
tion consisted of 1298 patients with lower extremities DVTs 
who completed 3-year follow-up for those who developed 
PTS and those without PTS (Fig. 1).

Data collection and definitions of the patient 
characteristics

Data for the baseline characteristics were collected from 
the hospital charts or hospital databases according to the 
pre-specified definitions. The physicians at each institu-
tion were responsible for data entry into an electronic 
case report form in a web-based database system. Data 
were automatically checked for missing or contradictory 
input and values out of the expected range. Additional 
monitoring for the quality of data was performed at the 
general office of the registry.

Hypertension was diagnosed if the peripheral blood 
pressure was>140/90 mmHg or if the patient was tak-
ing medication for hypertension. Chronic kidney disease 
was diagnosed if there was persistent proteinuria or if the 
estimated glomerular filtration rate (eGFR) was <60 mL/
min/1.73 m2 for more than 3 months. The values of the 
eGFR were calculated based on the equation reported 
by Japan Association of Chronic Kidney Disease Initia-
tive [male: 194*Scr−1.094*age−0.287, female: 194*Scr−1

.094*age−0.287*0.739]. A proximal DVT was defined as a 
venous thrombosis, which was located in the popliteal, 
femoral, or iliac veins. Transient risk factors for VTEs 
included recent surgery (within 2 months prior to VTE), 
recent immobilization (defined as non-surgical bed-rid-
den patients with bathroom privileges for>4 days within 
2 months prior to the VTE), long-distance travel (travel 
lasting ≥6 h in the previous 3 weeks), central venous 
catheter use, pregnancy or puerperium, recent leg trauma, 
fracture or burn (any events requiring immobilization in 
the past 2 months), severe infection, and estrogen use 
[19]. Patients with active cancer were defined as those 
on treatment for cancer such as chemotherapy or radio-
therapy, those scheduled to undergo cancer surgery, those 
with metastasis to other organs, and/or those with termi-
nal cancer (expected life expectancy of 6 months or less) 
at the time of the diagnosis. Thrombophilia included a 
protein C deficiency, protein S deficiency, antithrombin 
deficiency, and antiphospholipid syndrome. Initial antico-
agulation therapy was defined as a parenteral anticoagula-
tion therapy in the acute phase (heparin or fondaparinux) 
for ≤10 days after the diagnosis, whereas anticoagulation 
therapy beyond the acute phase was defined as anticoagu-
lation therapy (warfarin, DOAC, or heparin) that was con-
tinued beyond 10 days after the diagnosis. The detailed 
definitions of other patient characteristics are described 
in Supplementary Appendix 2.
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Clinical follow‑up and definitions 
of the endpoints

Collection of the follow-up information was mainly con-
ducted through review of hospital charts. In this retrospec-
tive cohort study, the data collection for follow-up events 
was performed between July 2016 and March 2017.

The outcome measure in the current study was the 
development of PTS within 3 years. PTS was defined as 
the presence of subjective venous symptoms and/or objec-
tive venous signs in the lower extremity that developed 
the index DVT, which persisted beyond the acute phase 
or occurred newly. Subjective venous symptoms and 
objective venous signs included the followings: pain, leg 
swelling, eczema, skin induration, pigmentation, ulcer, or 
venous claudication [20]. Those with any new thrombus or 
exacerbation of the thrombus by ultrasound examinations 

were not regarded as PTS. Those with other specific causes 
of them than PTS were not also regarded as PTS. The 
members in independent clinical event committee, who 
were unaware of the patient characteristics, reviewed all 
study outcomes (Supplementary Appendix 3).

Discontinuation of anticoagulation was defined as a 
withdrawal of anticoagulation therapy lasting >14 days for 
any reasons including bleeding events, drug side effects, 
non-adherence of the patient, or the physician’s judgment 
in the absence of adverse events. Data on the international 
normalized ratio (INR) during the follow-up in patients 
receiving warfarin were collected from the hospital charts 
of the centers where the index VTE was diagnosed. The 
time in a therapeutic range (TTR) was calculated by the 
Rosendaal method [21], according to a therapeutic INR 
range of 1.5–2.5, which is recommended in the Japanese 
guideline [22].

Fig. 1   Study flow chart. VTE 
included both PE and/or DVT. 
DVT, deep vein thrombosis; 
PE, pulmonary embolism; PTS, 
post-thrombotic syndrome; 
VTE, venous thromboembolism
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Statistical analysis

We presented categorical variables as numbers and percent-
ages, and continuous variables as the mean with standard 
deviation or the median with interquartile range based on 
their distributions. Categorical variables were compared 
using the chi-squared test when appropriate; otherwise, a 
Fisher’s exact test was used. Continuous variables were com-
pared using the Student’s t test or Wilcoxon’s rank sum test 
based on their distributions. We constructed multivariable 
logistic regression models to estimate the odds ratios (OR) 
and 95% confidence intervals (CI) of the variables for the 
development of PTS within 3 years after the DVT diagno-
sis. We selected 15 variables at the time of DVT diagnosis, 
which consisted of 11 clinically relevant variables consistent 
with the previous reports (age, sex, obesity, history of DVT, 
3 types of DVT symptoms at the time of the diagnosis [leg 
swelling, pain/tenderness upon dorsiflexion of the foot for 
DVT, and erythema/warmth], proximal DVT, varicose vein, 
absence of transient risk factors for VTEs, and thrombo-
philia) [20], and 4 variables with P values <0.1 in univari-
ate models in the current study population (hypertension, 
chronic kidney disease, connective tissue disease, and active 
cancer) (model 1). Furthermore, to adjust for the variables 
related to therapeutic intervention, we included additional 
5 variables related to therapeutic intervention with P val-
ues <0.1 in univariate models (initial anticoagulation ther-
apy, inferior vena cava filter use, anticoagulation therapy 
beyond the acute phase, corticosteroids at discharge, and 
non-steroidal anti-inflammatory drugs at discharge) together 
with the 15 variables at the time of DVT diagnosis (model 
2). All statistical analyzes were conducted using R software 
packages (version 3.2.4; R Development Core Team). All 
the statistical analyzes were two tailed and P values <0.05 
were considered statistically significant.

Results

Patient characteristics

In the current study population, the mean age was 
65.6 ± 15.4 years, 62% was female, and the mean body weight 
and body mass index were 59.2 ± 13.6 kg and 23.7 ± 4.3 kg/
m2, respectively. Of the entire 1298 patients, 169 (13%) 
patients had diagnosis of PTS within 3 years. The mean age, 
proportion of women, and the mean body weight were not 
significantly different between patients with and without PTS 
(Table 1). Patients with PTS more frequently had chronic kid-
ney disease, connective tissue disease, and active cancer, but 
less frequently had transient risk factors for VTEs. Proximal 
DVTs at the time of the presentation and symptoms at the 
time of the diagnosis were significantly more prevalent in the 

patients with PTS. The prevalence of anticoagulation therapy 
beyond the acute phase, median TTR for warfarin users, and 
the prevalence of discontinuation of anticoagulation during 
the follow-up were not significantly different between the 
patients with and without PTS (Table 1).

Risk factors for the development of PTS

The multivariable logistic regression model not including 
variables related to therapeutic interventions (model 1) 
demonstrated that chronic kidney disease (OR 2.25, 95% CI 
1.49–3.41, P < 0.001), connective tissue disease (OR 1.88, 
95% CI 1.15–3.07, P = 0.01), leg swelling (OR 4.52, 95% 
CI 2.47–8.27, P < 0.001), absence of transient risk factors 
for VTEs (OR 2.29, 95% CI 1.51–3.47, P < 0.001), active 
cancer (OR 4.03, 95% CI 2.57–6.32, P < 0.001), and throm-
bophilia (OR 2.16, 95% CI 1.12–4.15, P = 0.02) were inde-
pendently associated with the development of PTS among 
the variables at the time of DVT diagnosis (Table 2). The 
multivariable logistic regression model adding variables 
related to therapeutic interventions (model 2) demonstrated 
that chronic kidney disease (OR 2.21, 95% CI 1.45–3.39, 
P < 0.001), leg swelling (OR 4.15, 95% CI 2.25–7.66, 
P < 0.001), absence of transient risk factors for VTEs (OR 
2.39, 95% CI 1.55–3.67, P < 0.001), active cancer (OR 3.66, 
95% CI 2.30–5.84, P < 0.001), thrombophilia (OR 2.07, 95% 
CI 1.06–4.04, P = 0.03), inferior vena cave filter use (OR 
1.99, 95% CI 1.34–2.96, P < 0.001), and non-steroidal anti-
inflammatory drugs at the time of discharge (OR 2.29, 95% 
CI 1.41–3.72, P < 0.001) were independently associated with 
the development of PTS (Table 2). Independent risk factors 
for the development of PTS at the time of DVT diagnosis 
identified in model 1 were consistent with those identified 
in model 2 except for connective tissue disease.

Discussion

The main findings of the current study from the real-world 
registry were as follows: (1) PTS occurred in 13% of patients 
with DVTs in whom the presence or absence of PTS was 
ascertained throughout 3-year follow-up; (2) Independ-
ent risk factors for the development of PTS at the time of 
DVT diagnosis were chronic kidney disease, leg swelling, 
absence of transient risk factors for VTEs, active cancer, 
and thrombophilia.

Several previous studies reported the risk factors for the 
development of PTS, although those were not consistent 
across the studies [12–14]. This is partly due to the differ-
ences in diagnostic criteria, patient populations, and study 
designs across the studies. The risk factors may also vary 
depending on the ethnicity. The prevalence of homozygous 
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Table 1   Patient characteristics

Categorical variables are presented as numbers and percentages. Continuous variables are presented as the mean and standard deviation, or median 
and interquartile range based on the distributions. Categorical variables were compared with the Chi-square test when appropriate; otherwise, we used 
a Fisher’s exact test. Continuous variables were compared using the Student’s t test or Wilcoxon’s rank sum test based on the distributions. Anemia 
was diagnosed if the value of hemoglobin was <13 g/dL for men and <12 g/dL for women. Thrombocytopenia was diagnosed if the value of platelet 
was <100 × 109/L. Thrombophilia included a protein C deficiency, protein S deficiency, antithrombin deficiency, and antiphospholipid syndrome
DVT deep vein thrombosis, PTS post-thrombotic syndrome, TTR​ time in therapeutic range, INR international normalized ratio

Total (N = 1298) PTS (N = 169) No PTS (N = 1129) P value

Baseline characteristics
Age (years) 65.6 ± 15.4 65.3 ± 16.1 65.6 ± 15.3 0.77
Women 807 (62%) 101 (60%) 706 (63%) 0.54
Body weight (kg) 59.2 ± 13.6 59.8 ± 15.4 59.1 ± 13.3 0.57
Body mass index (kg/m2) 23.7 ± 4.3 23.9 ± 4.8 23.6 ± 4.2 0.40
 Body mass index ≥30 kg/m2 87 (6.7%) 16 (9.5%) 71 (6.3%) 0.17

Hypertension 505 (39%) 55 (33%) 450 (40%) 0.08
Diabetes mellitus 163 (13%) 17 (10%) 146 (13%) 0.35
Dyslipidemia 289 (22%) 38 (23%) 251 (22%) 1.00
Chronic kidney disease 226 (17%) 46 (27%) 180 (16%) < 0.001
Dialysis 10 (0.8%) 0 (0.0%) 10 (0.9%) 0.38
Liver cirrhosis 5 (0.4%) 0 (0.0%) 5 (0.4%) 1.00
Chronic lung disease 108 (8.3%) 16 (9.5%) 92 (8.1%) 0.67
Connective tissue disease 139 (11%) 29 (17%) 110 (9.7%) 0.006
History of heart failure 29 (2.2%) 4 (2.4%) 25 (2.2%) 0.78
History of DVT 79 (6.1%) 16 (9.5%) 63 (5.6%) 0.07
History of major bleeding 79 (6.1%) 8 (4.7%) 71 (6.3%) 0.54
Absence of transient risk factors 834 (64%) 135 (80%) 699 (62%) < 0.001
Active cancer 148 (11%) 43 (25%) 105 (9.3%) < 0.001
Varicose vein 76 (5.9%) 12 (7.1%) 64 (5.7%) 0.57
Presentation
Proximal DVT 967 (75%) 137 (81%) 830 (74%) 0.04
Symptoms at the time of the diagnosis 1048 (81%) 162 (96%) 886 (79%) < 0.001
 Leg swelling 959 (74%) 156 (92%) 803 (71%) < 0.001
 Pain/Tenderness upon dorsiflexion of the foot for DVT 364 (28%) 47 (28%) 341 (30%) 0.59
 Erythema/Warmth 55 (4.2%) 15 (8.9%) 69 (6.1%) 0.23

Laboratory testing at the time of the diagnosis
Anemia (N = 1293) 636 (49%) 84 (50%) 552 (49%) 0.87
Thrombocytopenia (N = 1293) 62 (4.8%) 8 (4.8%) 54 (4.8%) 1.00
Estimated glomerular filtration rate (mL/min/1.73m2) (N = 1288) 70.6 (54.1–87.0) 66.5 (53.4–86.8) 71.1 (54.3–87.0) 0.30
D-dimer (μg/mL) (N = 1224) 9.7 (4.8–19.1) 11.1 (5.1–19.5) 9.5 (4.7–18.9) 0.23
Thrombophilia 79 (6.1%) 15 (8.9%) 64 (5.7%) 0.15
Treatment in the acute phase
Initial anticoagulation therapy 1087 (84%) 133 (79%) 954 (85%) 0.07
 Heparin 1030 (79%) 116 (69%) 914 (81%) < 0.001
 Fondaparinux 76 (5.9%) 19 (11.2%) 57 (5.0%) 0.003

Thrombolysis 221 (17%) 29 (17%) 192 (17%) 1.00
Inferior vena cava filter use 353 (27%) 64 (38%) 289 (26%) 0.001
Treatment beyond the acute phase
Anticoagulation therapy 1258 (97%) 160 (95%) 1098 (97%) 0.09
 Warfarin 1218 (94%) 152 (90%) 1066 (94%) 0.10

  TTR for INR 1.5–2.5 (%) (N = 1178) 76.6 (51.8–92.0) 72.3 (52.6–88.1) 76.5 (51.6–92.4) 0.19
Discontinuation of anticoagulation during follow-up 508 (40%) 68 (40%) 440 (39%) 0.75
Concomitant medications at the time of the discharge
Corticosteroids 148 (11%) 30 (18%) 118 (11%) 0.008
Non-steroidal anti-inflammatory drugs 130 (10%) 36 (21%) 94 (8.3%) <0.001
Proton pump inhibitors/H2 blockers 562 (43%) 67 (40%) 495 (44%) 0.35
Statins 228 (18%) 30 (18%) 198 (18%) 1.00
Antiplatelets 133 (10%) 16 (9.5%) 117 (10%) 0.82



674	 Heart and Vessels (2019) 34:669–677

1 3

factor V Leiden or homozygous prothrombin G20210A, 
which could predispose PTS development, was lower in 
Asians than in Caucasians [23]. However, all the previous 
studies were reported from Western countries, and evi-
dence from Asian countries is currently lacking.

In the current study, we found that some independent risk 
factors were consistent with the previous reports, but others 
were not, suggesting that there might be different risk fac-
tors in Japanese patients. Unprovoked VTEs are known to 
be associated with a higher risk of a recurrence than VTEs 
provoked by transient risk factors [24]; however, there are 
conflicting reports regarding whether the absence of tran-
sient risk factors for VTEs is a risk factor for PTS [6, 8, 

13, 25]. Similarly, whether thrombophilia predisposes PTS 
development remains unclear [26]. There is a scarcity of 
data on chronic kidney disease and active cancer as a risk 
factor for PTS. In the multivariable model including those 
variables related to therapeutic interventions, inferior vena 
cave filter use and non-steroidal anti-inflammatory drugs at 
the time of discharge were independently associated with 
the development of PTS. A previous systematic review 
reported that inferior vena cava filter use could be associ-
ated with the development of PTS [27], while non-steroidal 
anti-inflammatory drugs were reported to increase the risk 
for the development of VTEs, but not for PTS [28].

Table 2   Multivariable logistic regression analysis to identify the independent risk factors for the development of PTS within 3 years after a DVT 
diagnosis

We presented categorical variables as numbers and percentages, and continuous variables as the mean with standard deviation or the median 
with interquartile range based on their distributions. Categorical variables were compared using the Chi-squared test when appropriate; other-
wise, a Fisher’s exact test was used. Continuous variables were compared using the Student’s t test or Wilcoxon’s rank sum test based on their 
distributions. We constructed multivariable logistic regression models to estimate the odds ratios (OR) and 95% confidence intervals (CI) of the 
variables for the development of PTS within 3 years after the DVT diagnosis. We selected 15 variables at the time of DVT diagnosis, which con-
sisted of 11 clinically relevant variables consistent with the previous reports (age, sex, obesity, history of DVT, 3 types of DVT symptoms at the 
time of the diagnosis [leg swelling, pain/tenderness upon dorsiflexion of the foot for DVT, and erythema/warmth], proximal DVT, varicose vein, 
absence of transient risk factors for VTE, and thrombophilia) [20], and 4 variables with P values <0.1 in a univariate models in the current study 
population (hypertension, chronic kidney disease, connective tissue disease, and active cancer) (model 1). Furthermore, to adjust for the vari-
ables related to therapeutic intervention, we included additional 5 variables related to therapeutic intervention with P values <0.1 in a univariate 
models (initial anticoagulation therapy, inferior vena cava filter use, anticoagulation therapy beyond the acute phase, corticosteroids at discharge, 
and non-steroidal anti-inflammatory drugs at discharge) together with the 15 variables at the time of DVT diagnosis (model 2). Thrombophilia 
included a protein C deficiency, protein S deficiency, antithrombin deficiency, and antiphospholipid syndrome
CI confidence intervals, DVT deep vein thrombosis, OR odds ratio, PTS post-thrombotic syndrome

Model 1 Model 2

Odds ratio 95% CI P value Odds ratio 95% CI P value

Age (per year) 1.00 0.99–1.01 0.92 1.00 0.99–1.02 0.80
Women 0.95 0.66–1.37 0.79 0.95 0.65–1.37 0.78
Body mass index ≥30 kg/m2 1.76 0.93–3.34 0.08 1.74 0.91–3.34 0.09
Hypertension 0.80 0.54–1.18 0.26 0.78 0.52–1.15 0.21
Chronic kidney disease 2.25 1.49–3.41 < 0.001 2.21 1.45–3.39 < 0.001
Connective tissue disease 1.88 1.15–3.07 0.01 1.69 0.87–3.28 0.12
History of DVT 1.11 0.59–2.10 0.74 1.17 0.60–2.28 0.64
Varicose vein 1.38 0.69–2.76 0.36 1.28 0.63–2.62 0.50
Symptom at the time of the diagnosis
 Leg swelling 4.52 2.47–8.27 < 0.001 4.15 2.25–7.66 < 0.001
 Pain/tenderness upon dorsiflexion of the foot for DVT 0.97 0.66–1.44 0.89 0.96 0.65–1.44 0.86
 Erythema/warmth 1.39 0.74–2.60 0.30 1.36 0.72–2.58 0.35

Proximal DVT 1.08 0.69–1.69 0.74 1.06 0.65–1.75 0.81
Absence of transient risk factors 2.29 1.51–3.47 < 0.001 2.39 1.55–3.67 < 0.001
Active cancer 4.03 2.57–6.32 < 0.001 3.66 2.30–5.84 < 0.001
Thrombophilia 2.16 1.12–4.15 0.02 2.07 1.06–4.04 0.03
Initial anticoagulation therapy 0.77 0.47–1.27 0.31
Inferior vena cava filter use 1.99 1.34–2.96 < 0.001
Anticoagulation therapy beyond the acute phase 0.49 0.20–1.18 0.11
Medications at the time of the discharge
 Corticosteroids 0.94 0.50–1.77 0.84
 Non-steroidal anti-inflammatory drugs 2.29 1.41–3.72 <0.001
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The pathogenesis of PTS is considered to be venous 
hypertension due to a persistent venous obstruction and 
valvular reflux caused by venous valve damage [29–34]. In 
the current study, the strongest independent risk factor for 
the development of PTS at the time of DVT diagnosis was 
leg swelling, presumably caused by venous obstruction by 
an extensive thrombus. In a previous report, the presence of 
residual venous symptoms 1 month after the DVT diagnosis 
was a strong risk factor for PTS [6], suggesting that PTS 
often develop based on sustained venous obstruction by the 
thrombus in the first few weeks after a DVT, and early treat-
ment to release the venous obstruction might be important 
for the prevention of PTS.

Thrombolysis with anticoagulation therapy to treat acute 
DVTs leads to higher rates of vein patency and better pres-
ervation of the valve function than anticoagulation therapy 
alone, although its role for the prevention of PTS has not yet 
been established [35]. Catheter-directed thrombolysis (CDT) 
or pharmacomechanical CDT (PCDT) is likely to be safer 
and more effective than systemic thrombolysis and could 
be effective for the prevention of PTS. The current guide-
lines make a weak recommendation of CDT or PCDT for 
patients with acute symptomatic extensive proximal DVTs 
[20, 36]. However, the ATT​RAC​T (Acute Venous Thrombo-
sis: Thrombus Removal with Adjunctive Catheter-Directed 
Thrombolysis) trial recently reported a disappointing result 
that the addition of PCDT to anticoagulation therapy in 
patients with acute proximal DVTs did not reduce PTS, but 
increased major bleeding [37]. Therefore, routine use of 
PCDT for acute proximal DVT could not be recommended. 
ECS is another adjunctive treatment and has been used tar-
geting prevention of PTS and reduction of PTS symptoms. 
However, recently, the SOX (Compression Stockings to 
Prevent the Post-Thrombotic Syndrome) trial reported that 
routine use of ECSs did not reduce PTS occurrence [38]. 
According to the trial, the current guidelines do not recom-
mend the routine use of ECS for the prevention of PTS [20, 
36]. Thus, the risk factors for the development of PTS might 
be clinically important to identify the highest risk population 
potentially suitable for adjunctive therapies targeting preven-
tion of PTS and reduction of PTS symptoms.

Study limitations

The current study had several limitations. First, a PTS diag-
nosis was based on retrospective collection of the follow-up 
information. Therefore, PTS could be underdiagnosed. Fur-
thermore, clinical tools such as the Villalta scale, the CEAP 
criteria, or the Ginsberg criteria for a PTS diagnosis and 
the PTS severity classification were not used in the current 
study [16]. Second, the patients who seemed to be high-risk 
for recurrent VTEs could be followed up carefully, which 

might lead to a frequent PTS diagnosis. Therefore, some risk 
factors for PTS could be influenced by known risk factors 
for recurrent VTEs. Third, not all patients were examined 
by ultrasound examinations for distal parts of the veins in 
lower extremities, and some distal DVT could be overlooked. 
Finally, the current study was conducted before the intro-
duction of DOACs for VTEs in Japan. Thus, it should be 
interpreted with caution whether the present results could be 
extrapolated in patients treated with DOACs.

Conclusions

In this real-world Japanese DVT registry, chronic kidney 
disease, leg swelling, absence of transient risk factors for 
VTEs, active cancer, and thrombophilia were identified as 
the independent risk factors for the development of PTS at 
the time of DVT diagnosis.

Acknowledgements  We appreciate the support and collaboration of 
the co-investigators participating in the COMMAND VTE Registry. 
We are indebted to the independent clinical research organization 
(Research Institute for Production Development, Kyoto, Japan) for 
technical support. We also would like to express our gratitude to Mr. 
John Martin for his grammatical assistance.

Funding  The COMMAND VTE Registry is supported by the inde-
pendent clinical research organization (Research Institute for Produc-
tion Development, Kyoto, Japan) and research funding from Mitsubishi 
Tanabe Pharma Corporation. The research funding had no role in the 
design and conduct of the study; collection, management, analysis, 
and interpretation of the data; and preparation, review, or approval of 
the manuscript.

Conflicts of interest  Dr. Yamashita received lecture fees from Daiichi-
Sankyo, Bristol-Myers Squibb, and Bayer Healthcare. Dr. Morimoto 
received lecture fees from Mitsubishi Tanabe Pharma and Pfizer Japan 
and consultant fees from Asahi Kasei, Bristol-Myers Squibb, and Bos-
ton Scientific. Dr. Akao received lecture fees from Pfizer, Bristol-Myers 
Squibb, Boehringer Ingelheim, Bayer Healthcare and Daiichi-Sankyo. 
Dr. Kimura serves as an advisory board member for Abbott Vascular 
and Terumo Company. All other authors have reported that they have 
no relationships relevant to the contents of this paper to disclose.

References

	 1.	 Cohen AT, Agnelli G, Anderson FA, Arcelus JI, Bergqvist D, 
Brecht JG, Greer IA, Heit JA, Hutchinson JL, Kakkar AK, Mot-
tier D, Oger E, Samama MM, Spannagl M, VTE Impact Assess-
ment Group in Europe (VITAE) (2007) Venous thromboembolism 
(VTE) in Europe. The number of VTE events and associated mor-
bidity and mortality. Thromb Haemost 98(756):764

	 2.	 Kyrle PA, Rosendaal FR, Eichinger S (2010) Risk assessment for 
recurrent venous thrombosis. Lancet 376:2032–2039

	 3.	 Kahn SR, Shbaklo H, Lamping DL, Holcroft CA, Shrier I, 
Miron MJ, Roussin A, Desmarais S, Joyal F, Kassis J, Solymoss 



676	 Heart and Vessels (2019) 34:669–677

1 3

S, Desjardins L, Johri M, Ginsberg JS (2008) Determinants of 
health-related quality of life during the 2 years following deep 
vein thrombosis. J Thromb Haemost 6:1105–1112

	 4.	 Guanella R, Ducruet T, Johri M, Miron MJ, Roussin A, Des-
marais S, Joyal F, Kassis J, Solymoss S, Ginsberg JS, Lamping 
DL, Shrier I, Kahn SR (2011) Economic burden and cost determi-
nants of deep vein thrombosis during 2 years following diagnosis: 
a prospective evaluation. J Thromb Haemost 9:2397–2405

	 5.	 Prandoni P, Lensing AWA, Cogo A, Cuppini S, Villalta S, Carta 
M, Cattelan AM, Polistena P, Bernardi E, Prins MH (1996) The 
long-term clinical course of acute deep venous thrombosis. Ann 
Intern Med 125:1–7

	 6.	 Kahn SR, Shrier I, Julian JA, Ducruet T, Arsenault L, Miron MJ, 
Roussin A, Desmarais S, Joyal F, Kassis J, Solymoss S, Desjar-
dins L, Lamping DL, Johri M, Ginsberg JS (2008) Determinants 
and time course of the postthrombotic syndrome after acute deep 
venous thrombosis. Ann Intern Med 149:698–707

	 7.	 Ginsberg JS, Hirsh J, Julian J, Vander LaandeVries M, Magier 
D, MacKinnon B, Gent M (2001) Prevention and treatment of 
postphlebitic syndrome: results of a 3-part study. Arch Intern Med 
161:2105–2109

	 8.	 Stain M, Schonauer V, Minar E, Bialonczyk C, Hirschl M, Wel-
termann A, Kyrle PA, Eichinger S (2005) The post-thrombotic 
syndrome: risk factors and impact on the course of thrombotic 
disease. J Thromb Haemost 3:2671–2676

	 9.	 Schulman S, Lindmarker P, Holmstrom M, Larfars G, Carlsson 
A, Nicol P, Svensson E, Ljungberg B, Viering S, Nordlander S, 
Leijd B, Jahed K, Hjorth M, Linder O, Beckman M (2006) Post-
thrombotic syndrome, recurrence, and death 10 years after the first 
episode of venous thromboembolism treated with warfarin for 6 
weeks or 6 months. J Thromb Haemost 4:734–742

	10.	 Aschwanden M, Jeanneret C, Koller MT, Thalhammer C, Bucher 
HC, Jaeger KA (2008) Effect of prolonged treatment with com-
pression stockings to prevent post-thrombotic sequelae: a rand-
omized controlled trial. J Vasc Surg 47:1015–1021

	11.	 Kearon C, Akl EA, Comerota AJ, Prandoni P, Bounameaux H, 
Goldhaber SZ, Nelson ME, Wells PS, Gould MK, Dentali F, 
Crowther M, Kahn SR (2012) Antithrombotic therapy for VTE 
disease: Antithrombotic Therapy and Prevention of Thrombosis, 
9th ed: American College of Chest Physicians Evidence-Based 
Clinical Practice Guidelines. Chest 141(2 Suppl):e419S–e496

	12.	 Galanaud JP, Holcroft CA, Rodger MA, Kovacs MJ, Betancourt 
MT, Wells PS, Anderson DR, Chagnon I, Le Gal G, Solymoss 
S, Crowther MA, Perrier A, White RH, Vickars LM, Ramsay 
T, Kahn SR (2013) Predictors of post-thrombotic syndrome in 
a population with a first deep vein thrombosis and no primary 
venous insufficiency. J Thromb Haemost 11:474–480

	13.	 Tick LW, Kramer MH, Rosendaal FR, Faber WR, Doggen CJ 
(2008) Risk factors for post-thrombotic syndrome in patients with 
a first deep venous thrombosis. J Thromb Haemost 6:2075–2081

	14.	 van Dongen CJ, Prandoni P, Frulla M, Marchiori A, Prins MH, 
Hutten BA (2005) Relation between quality of anticoagulant 
treatment and the development of the postthrombotic syndrome. 
J Thromb Haemost 3:939–942

	15.	 Yamashita Y, Morimoto T, Amano H, Takase T, Hiramori S, Kim 
K, Konishi T, Akao M, Kobayashi Y, Inoue T, Oi M, Izumi T, 
Takahashi K, Tada T, Chen PM, Murata K, Tsuyuki Y, Sakai H, 
Saga S, Sasa T, Sakamoto J, Yamada C, Kinoshita M, Togi K, 
Ikeda T, Ishii K, Kaneda K, Mabuchi H, Otani H, Takabayashi K, 
Takahashi M, Shiomi H, Makiyama T, Ono K, Kimura T, Registry 
Investigators COMMANDVTE (2018) Anticoagulation therapy 
for venous thromboembolism in the real world—from the COM-
MAND VTE Registry. Circ J 82:1262–1270

	16.	 Goldhaber SZ, Visani L, De Rosa M (1999) Acute pulmonary 
embolism: Clinical outcomes in the international cooperative pul-
monary embolism registry (ICOPER). Lancet 353:1386–1389

	17.	 Pollack CV, Schreiber D, Goldhaber SZ, Slattery D, Fanikos J, 
O’Neil BJ, Thompson JR, Hiestand B, Briese BA, Pendleton RC, 
Miller CD, Kline JA (2011) Clinical characteristics, manage-
ment, and outcomes of patients diagnosed with acute pulmonary 
embolism in the emergency department: initial report of emperor 
(multicenter emergency medicine pulmonary embolism in the real 
world registry). J Am Coll Cardiol 57:700–706

	18.	 Meissner MH, Moneta G, Burnand K, Gloviczki P, Lohr JM, Lurie 
F, Mattos MA, McLafferty RB, Mozes G, Rutherford RB, Padberg 
F, Sumner DS (2007) The hemodynamics and diagnosis of venous 
disease. J Vasc Surg 46(Suppl S):4S–24S

	19.	 Laporte S, Mismetti P, Décousus H, Uresandi F, Otero R, Lobo 
JL, Monreal M, Investigators RIETE (2008) Clinical predictors 
for fatal pulmonary embolism in 15,520 patients with venous 
thromboembolism: findings from the Registro Informatizado de 
la Enfermedad TromboEmbolica venosa (RIETE) Registry. Cir-
culation 117:1711–1716

	20.	 Kahn SR, Comerota AJ, Cushman M, Evans NS, Ginsberg JS, 
Goldenberg NA, Gupta DK, Prandoni P, Vedantham S, Walsh 
ME, Weitz JI, American Heart Association Council on Peripheral 
Vascular Disease, Council on Clinical Cardiology, and Council 
on Cardiovascular, and Stroke Nursing (2014) The postthrombotic 
syndrome: evidence-based prevention, diagnosis, and treatment 
strategies: a scientific statement from the American Heart Asso-
ciation. Circulation 130:1636–1661

	21.	 Rosendaal FR, Cannegieter SC, van der Meer FJ, Briët E (1993) 
A method to determine the optimal intensity of oral anticoagulant 
therapy. Thromb Haemost 69:236–239

	22.	 JCS Joint Working Group (2011) Guidelines for the diagno-
sis, treatment and prevention of pulmonary thromboembolism 
and deep vein thrombosis (JCS 2009): Digest version. Circ J 
75:1258–1281

	23.	 Ridker PM, Miletich JP, Hennekens CH, Buring JE (1997) Eth-
nic distribution of factor V Leiden in 4047 men and women. 
Implications for venous thromboembolism screening. JAMA 
277:1305–1307

	24.	 Iorio A, Kearon C, Filippucci E, Marcucci M, Macura A, Pengo 
V, Siragusa S, Palareti G (2010) Risk of recurrence after a first 
episode of symptomatic venous thromboembolism provoked 
by a transient risk factor: a systematic review. Arch Intern Med 
170:1710–1716

	25.	 Labropoulos N, Jen J, Jen H, Gasparis AP, Tassiopoulos AK 
(2010) Recurrent deep vein thrombosis: long-term incidence and 
natural history. Ann Surg 251:749–753

	26.	 Rabinovich A, Cohen JM, Prandoni P, Kahn SR (2014) Associa-
tion between thrombophilia and the post-thrombotic syndrome: 
a systematic review and meta-analysis. J Thromb Haemost 
12:14–23

	27.	 Fox MA, Kahn SR (2008) Postthrombotic syndrome in relation 
to vena cava filter placement: a systematic review. J Vasc Interv 
Radiol 19:981–985

	28.	 Schmidt M, Christiansen CF, Horváth-Puhó E, Glynn RJ, Roth-
man KJ, Sørensen HT (2011) Non-steroidal anti-inflammatory 
drug use and risk of venous thromboembolism. J Thromb Hae-
most 9:1326–1333

	29.	 Prandoni P, Frulla M, Sartor D, Concolato A, Girolami A (2005) 
Vein abnormalities and the post-thrombotic syndrome. J Thromb 
Haemost 3:401–402

	30.	 Vedovetto V, Dalla Valle F, Milan M, Pesavento R, Prandoni P 
(2013) Residual vein thrombosis and trans-popliteal reflux in 
patients with and without the post-thrombotic syndrome. Thromb 
Haemost 110:854–855

	31.	 Roumen-Klappe EM, den Heijer M, Janssen MC, van der Vleu-
ten C, Thien T, Wollersheim H (2005) The post-thrombotic syn-
drome: incidence and prognostic value of non-invasive venous 



677Heart and Vessels (2019) 34:669–677	

1 3

examinations in a six-year follow-up study. Thromb Haemos 
94:825–830

	32.	 Haenen JH, Janssen MC, van Langen H, van Asten WN, Wol-
lersheim H, van ‘t Hof MA, Skotnicki SH, Thien T (1999) The 
postthrombotic syndrome in relation to venous hemodynamics, as 
measured by means of duplex scanning and strain-gauge plethys-
mography. J Vasc Surg 29:1071–1076

	33.	 Yamaki T, Nozaki M, Sakurai H, Takeuchi M, Soejima K, Kono 
T (2007) High peak reflux velocity in the proximal deep veins is a 
strong predictor of advanced post-thrombotic sequelae. J Thromb 
Haemost 5:305–312

	34.	 Asbeutah AM, Riha AZ, Cameron JD, McGrath BP (2004) Five-
year outcome study of deep vein thrombosis in the lower limbs. J 
Vasc Surg 40:1184–1189

	35.	 Comerota AJ, Grewal N, Martinez JT, Chen JT, Disalle R, 
Andrews L, Sepanski D, Assi Z (2012) Postthrombotic morbid-
ity correlates with residual thrombus following catheter-directed 
thrombolysis for iliofemoral deep vein thrombosis. J Vasc Surg 
55:768–773

	36.	 Kearon C, Akl EA, Ornelas J, Blaivas A, Jimenez D, Bounameaux 
H, Huisman M, King CS, Morris TA, Sood N, Stevens SM, Vintch 
JRE, Wells P, Woller SC, Moores L (2016) Antithrombotic 

therapy for VTE disease: CHEST guideline and expert panel 
report. Chest 149:315–352

	37.	 Vedantham S, Goldhaber SZ, Julian JA, Kahn SR, Jaff MR, Cohen 
DJ, Magnuson E, Razavi MK, Comerota AJ, Gornik HL, Murphy 
TP, Lewis L, Duncan JR, Nieters P, Derfler MC, Filion M, Gu CS, 
Kee S, Schneider J, Saad N, Blinder M, Moll S, Sacks D, Lin J, 
Rundback J, Garcia M, Razdan R, VanderWoude E, Marques V, 
Kearon C, ATT​RAC​T Trial Investigators (2017) Pharmacome-
chanical catheter-directed thrombolysis for deep-vein thrombosis. 
N Engl J Med 377:2240–2252

	38.	 Kahn SR, Shapiro S, Wells PS, Rodger MA, Kovacs MJ, Anderson 
DR, Tagalakis V, Houweling AH, Ducruet T, Holcroft C, Johri M, 
Solymoss S, Miron MJ, Yeo E, Smith R, Schulman S, Kassis J, 
Kearon C, Chagnon I, Wong T, Demers C, Hanmiah R, Kaatz S, 
Selby R, Rathbun S, Desmarais S, Opatrny L, Ortel TL, Ginsberg 
JS, SOX Trial Investigators (2014) Compression stockings to pre-
vent post-thrombotic syndrome: a randomised placebo-controlled 
trial. Lancet 383:880–888

Affiliations

Yuji Nishimoto1 · Yugo Yamashita2 · Takeshi Morimoto3 · Syunsuke Saga1 · Hidewo Amano4 · Toru Takase5 · 
Seiichi Hiramori6 · Kitae Kim7 · Maki Oi8 · Masaharu Akao9 · Yohei Kobayashi10 · Mamoru Toyofuku11 · 
Toshiaki Izumi12 · Tomohisa Tada13 · Po‑Min Chen14 · Koichiro Murata15 · Yoshiaki Tsuyuki16 · Tomoki Sasa17 · 
Jiro Sakamoto18 · Minako Kinoshita19 · Kiyonori Togi20 · Hiroshi Mabuchi21 · Kensuke Takabayashi22 · Hiroki Shiomi2 · 
Takao Kato2 · Takeru Makiyama2 · Koh Ono2 · Yukihito Sato1 · Takeshi Kimura2 on behalf of The COMMAND VTE 
Registry Investigators

1	 Department of Cardiology, Hyogo Prefectural Amagasaki 
General Medical Center, Amagasaki, Japan

2	 Department of Cardiovascular Medicine, Graduate School 
of Medicine, Kyoto University, 54 Shogoin Kawahara‑cho, 
Sakyo‑ku, Kyoto 606‑8507, Japan

3	 Department of Clinical Epidemiology, Hyogo College 
of Medicine, Nishinomiya, Japan

4	 Department of Cardiovascular Medicine, Kurashiki Central 
Hospital, Kurashiki, Japan

5	 Department of Cardiology, Kinki University Hospital, Osaka, 
Japan

6	 Department of Cardiology, Kokura Memorial Hospital, 
Kokura, Japan

7	 Department of Cardiovascular Medicine, Kobe City Medical 
Center General Hospital, Kobe, Japan

8	 Department of Cardiology, Japanese Red Cross Otsu 
Hospital, Otsu, Japan

9	 Department of Cardiology, National Hospital Organization 
Kyoto Medical Center, Kyoto, Japan

10	 Department of Cardiovascular Center, Osaka Red Cross 
Hospital, Osaka, Japan

11	 Department of Cardiology, Japanese Red Cross Wakayama 
Medical Center, Wakayama, Japan

12	 Cardiovascular Center, The Tazuke Kofukai Medical 
Research Institute, Kitano Hospital, Osaka, Japan

13	 Department of Cardiology, Shizuoka General Hospital, 
Shizuoka, Japan

14	 Department of Cardiology, Osaka Saiseikai Noe Hospital, 
Osaka, Japan

15	 Department of Cardiology, Shizuoka City Shizuoka Hospital, 
Shizuoka, Japan

16	 Division of Cardiology, Shimada Municipal Hospital, 
Shimada, Japan

17	 Department of Cardiology, Kishiwada City Hospital, 
Kishiwada, Japan

18	 Department of Cardiology, Tenri Hospital, Tenri, Japan
19	 Department of Cardiology, Nishikobe Medical Center, Kobe, 

Japan
20	 Division of Cardiology, Faculty of Medicine, Nara Hospital, 

Kinki University, Ikoma, Japan
21	 Department of Cardiology, Koto Memorial Hospital, 

Higashiomi, Japan
22	 Department of Cardiology, Hirakata Kohsai Hospital, 

Hirakata, Japan


	Risk factors for post-thrombotic syndrome in patients with deep vein thrombosis: from the COMMAND VTE registry
	Abstract
	Introduction
	Materials and methods
	Study population

	Data collection and definitions of the patient characteristics
	Clinical follow-up and definitions of the endpoints
	Statistical analysis

	Results
	Patient characteristics

	Risk factors for the development of PTS
	Discussion
	Study limitations
	Conclusions
	Acknowledgements 
	References




