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Background: Prompt recanalization of the vein containing the thrombus is an important goal during the initial treatment of
DVT, and risk factors for delayed recanalization in patients with deep vein thrombosis (DVT) in the lower ex-
tremities need to be determined.

Material/Methods: A total of 174 patients with DVT in lower extremities were recruited from June 2014 to March 2015 at our hos-
pital. Duplex ultrasound scanning was conducted for all patients at 1 and 6 months after baseline evaluation.
We divided the patients into recanalization and non-recanalization groups and analyzed risk factors for de-
layed recanalization.

Results: The univariate analysis revealed that an oral anticoagulant time of less than 3 months and venous throm-
bus location were risk factors for delayed recanalization (P<0.01). However, age, gender, hypertension, diabe-
tes, pulmonary embolism, incidence factors, the use of catheter-directed thrombolytic (CDT) drugs, and inferi-
or vena cava filter (IVCF) implantation had no influence on the incidence of delayed recanalization in patients
with DVT (P>0.05). The multivariate analysis showed that patients with an anticoagulant time of less than 3
months had a lower incidence of recanalization than those with an anticoagulant time of more than 3 months
(OR=2.358, P<0.05). The risk of delayed recanalization in patients with proximal DVT was 7 times higher than
that in patients with distal DVT.

Conclusions: Duration of anticoagulant treatment of less than 3 months and venous thrombus location are independent risk
factors for delayed recanalization of DVT in the lower extremities.
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Background

Deep vein thrombosis (DVT) is a common cause of mortality
and disability in the lower extremities and has a high incidence
of morbidity due to post-thrombotic symdrome (PTS) [1-3].
Many studies have shown that delayed recanalization in pa-
tients with DVT is a predictive factor of PTS [4-6]. Complete
recanalization within 3 months and no reflux is related to low
or no risk of PTS [7]. Therefore, prompt recanalization of the
vein containing the thrombus is an important goal in the clin-
ical treatment of DVT. However, the recanalization rate of DVT
is low. The cumulative complete recanalization rate is 38.8%
during the first 6 months and 73.8% at 36 months following
initial treatment [8]. Many factors are reported to have an ef-
fect on the delayed recanalization, such as age, DVT location
(proximal or distal), and duration of treatment [9-13]. However,
contrary results were suggested by different researchers for
the same factors [9,10]. Moreover, nearly all these research-
es are based on warfarin as the long-term oral anticoagulant,
which interacts with many commonly used medications and
foods, and its activity has to be monitored by blood testing
for the international normalized ratio (INR) to ensure that an
adequate yet safe dose is taken. Thus, the analyzed results
of risk factors for delayed recanalization might have been af-
fected by warfarin itself in previous studies.

Furthermore, new oral anticoagulants may have an advantage
in reducing the PTS and increasing the rate of recanalization
compared with warfarin [14,15]. Rivaroxaban, one of the new
oral anticoagulants, has better stability than warfarin. Using
rivaroxaban as the long-term oral anticoagulant may achieve
more pure and accurate results to help comprehensively un-
derstand the risk factors for delayed recanalization of DVT and
improve early treatment strategies for DVT.

In this study, 174 patients taking rivaroxaban as the long-term
oral anticoagulant with DVT were reviewed at our hospital from
June 2014 to March 2015 to explore risk factors for delayed
recanalization in patients with DVT of the lower extremity.

Material and Methods

Patient data

The data of all patients with lower extremity DVT from June
2014 to March 2015 were reviewed in this study. The inclu-
sion criteria were as follows: (1) lower extremity DVT confirmed
by duplex ultrasound scanning (DUS); (2) receipt of anticoag-
ulation therapy; and (3) complete medical record during fol-
low-up. The inclusion criteria of patients received catheter di-
rected thrombolysis (CDT) were as follows: (1) patients with
a symptomatic iliofemoral DVT; (2) symptoms for fewer than
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14 days; (3) good functional status, life expectancy of 1 year
or more; and (4) low risk of bleeding [16].

Criteria for determination of recanalization

Recanalization was determined by DUS. Complete occlusion
(delayed recanalization) was defined as no Doppler blood sig-
nal in the vein. Partial occlusion was defined as a partially com-
pressed venous segment with a normal or diminished Doppler
blood signal. Patent (complete recanalization) was defined as
resolution of the thrombus allowing for the vein to be com-
pletely compressed [17]. The number of patients in the recan-
alization group was the sum of patients with partial occlu-
sion and patency DVT.

Grouping

According to the DUS results, patients were divided into re-
canalization and non-recanalization groups. Gender, age, ve-
nous thrombus location, incidence factors, hypertension, dia-
betes, accompanied pulmonary embolism, inferior vena cava
filter (IVCF) implantation, anticoagulation regimen, and the
use of CDT drugs were investigated.

Proximal and distal DVT

Distal thrombus was defined as thrombus only involving pop-
liteal vein or (and) calf vein; Proximal thrombus was defined
as the thrombus at least involving femoral vein and above
and meanwhile, the thrombus may also involve the popliteal
vein or (and) calf vein.

Anticoagulant treatment

All patients received oral rivaroxaban as the anticoagulation
regimen. The dose was given as 10 mg twice daily for at least
3 weeks, followed by 10 mg once daily. The regimen was rec-
ommended to last for 6 months for all patients. At the same
time, non-steroidal anti-inflammatory and antiplatelet med-
icines were not permitted. Some of the patients didn’t finish
the 6-month regimen for economic burden or non-compliance.
Anticoagulant time, which the patients actually received, was
considered as short term anticoagulant therapy if less than 3
months. Otherwise, the situation was considered as long-term.

Statistical analysis

All data were analyzed using the SPSS version 13.0 statisti-
cal package. The homogeneity of variance and normality of
the data were tested using the Levene test and Kolmogorov-
Smirnov test. Univariate analysis was performed using the
chi-squared test or t-test. Binary logistic regression was used
in the multivariate analysis to detect risk factors of delayed
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Table 1. Univariate analysis of risk factors for delayed recanalization.

Non-recanalization (n=46)
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Recanalization (n=128)

Characteristic

Gender

"""" Male 26 (65 56 (438 058 2215 0137
"""" Female 20 @5 72 (62
Shortterm treatment 26 (565 39 (305 2967 9815 0002
Primary hypertension s o9 13 @02 0927 o019 0554
Diabetes 2 @y s 69 0894 0017 0896
Incidence factors 36 (783 89 (695 0634 1275 0259
1 @9 23 @9 0697 o761 0383
CweE s 74 17 @3 0727 0465 0495
‘oot 3 6 0 10 @8 0823 0082 0775
ClocationofDVT 6444 7747 0005
"""" Proximal DVT 44 (©57) 99 (73
"""" DistalDVT 2 @3 29 @71

PE — pulmonary embolism; IVCF — inferior vena cava filter; CDT — catheter-directed thrombolytic. * Short term treatment means

anticoagulant time of less than 3 months.

recanalization for DVT. P-values <0.05 were considered statis-
tically significant.

Results

General information

A total of 640 patients with DVT were reviewed for enroll-
ment in this study between June 2014 and March 2015 at a
single center; 174 patients met the inclusion criteria, includ-
ing 82 males and 92 females with a mean age of 49.8+15.8
years (range: 16~82 years); 55 patients had history more than
14 days. Proximal and distal DVT were observed in 143 (both
common and superficial femoral veins: n=37; common femoral
vein: n=20; superficial femoral vein: n=32; iliac vein: n=15; iliac
vein combining common and superficial femoral veins: n=19;
both iliac vein and common femoral veins: n=13 and both iliac
vein and superficial femoral veins: n=7) and 31 patients (both
calf and popliteal veins: n=17; calf vein: =6 and popliteal vein:
n=8), respectively. Eighty-nine patients had obvious incidence
factors (surgery: n= 55, long period of being bedridden: n=44,
fracture: n=36, and cancer: n=38). Primary hypertension, diabe-
tes, and pulmonary embolism were observed in 18, 7, and 34
patients, respectively. Sixty-five patients received anticoagu-
lation therapy for less than 3 months (short-term anticoagu-
lant therapy), 13 patients received CDT, and 17 patients un-
derwent IVCF implantation at initial treatment.

The mean age of patients receiving CDT was 49.5 years (range
of 24 to 82 years). The total urokinase dose was 5.15+0.23 mil-
lion units. Of these patients, 6 patients experienced complete
recanalization and 4 patients experienced partial recanalization;

46 patients had delayed recanalization, with a mean age of
49.7+15.9 years, and 128 patients had recanalization (73.6%),
with a mean age of 49.9+16.0 years. The recanalization group
included 56 males and 72 females.

Univariate analysis of risk factors for delayed
recanalization in patients with DVT

The statistical analysis is shown in Table 1. There was a sig-
nificant difference in the location of the DVT between the re-
canalization and delayed recanalization groups (p=0.005).
Similarly, short-term anticoagulant therapy was related to
delayed recanalization (p=0.002). However, the univariate
analysis failed to reveal any influence of gender, age, prima-
ry hypertension, diabetes, pulmonary embolism, IVCF, CDT or
incidence factors on the risk for delayed recanalization in pa-
tients with DVT (p>0.05).

Multivariate analysis of risk factors for delayed
recanalization

According to the univariate analysis of delayed recanaliza-
tion, 2 risk factors influenced the rate of recanalization of the
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Table 2. Multivariate analysis of risk factors for delayed recanalization.

95% Confidence interval

Characteristic

Anticoagulation 4.644 2.358 0.031 1.080 5.103
CTypeofovr 6ssd 7 o010 1600 648
Table 3. State of veins assessed by DUS during the 6 months follow-up.

Venous segment n Vein state 1 month 6 months
Iliac vein 54 Patent (%) 13.8 20.7

Pattially occluded %) 371 360
COccluded %) 01 B3

 Common femoralvein 8 Patent(s) 153 275
Pattially occluded (%) Be 366
COccluded %) a1 39

superficial femoralvein 95 Patent(s) 262 378
Pattially occluded (%) 305 335
Coccluded %) 33 87

poplitealvein 42 Patent®) 327 ns
partiallyoccluded (%) 384 389
Ocduded %) 289 186

Ccalfven 121 Patent() 386 sz
pattially occluded (%) 76 36
COccluded %) 128 73

vein containing the thrombus and were included in the multi- Discussion

variate analysis. Table 2 shows that location of DVT (P=0.010,
OR=2.358) and short-term anticoagulant therapy (P=0.031,
OR=7.117) were independent risk factors related to delayed
recanalization in patients with DVT.

State of veins assessed by DUS during the 6-month
follow-up

Table 3 shows the state of veins (patent, partially occluded,
or occluded), as detected by DUS during the 6-month follow-
up. lliac vein, common femoral vein, superficial femoral vein,
popliteal vein, and calf vein were affected in 54, 89, 95, 142,
and 121 patients, respectively. The patency rates in all the
segment veins had increased at 6 months. The rate of recan-
alization was higher in calf veins (92.7%) than any other ve-
nous segment at 6 months.

In patients with deep vein thrombosis, recanalization is a long
process. The causes of delayed recanalization within 6 months
of initial treatment are very complicated. In our study, both
the univariate and multivariate analyses revealed that the fre-
quency of recanalization in patients with distal DVT was sig-
nificantly higher than that in patients with proximal DVT. The
rate of recanalization was lower in patients with short-term
anticoagulant therapy. Therefore, we propose that short-term
anticoagulant therapy and thrombus location are independent
risk factors for delayed recanalization.

Short-term anticoagulant therapy as a risk
factor for delayed recanalization

It is known that anticoagulation treatment cannot actually dis-
solve the thrombus, but rather prevents the development of
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acute DVT. Moreover, anticoagulation therapy may also reduce
the rate of relapse DVT and increase the incidence of recan-
alization [18]. However, inadequate or delayed anticoagulant
therapy may result in the formation of post-thrombotic syn-
drome. Park et al. [19] reported that the recanalization rate of
distal DVT is significantly different between patients with and
without anticoagulation therapy (84% vs. 64.8%). However, the
author did not analyze the influence of anticoagulation time on
thrombus regression. The optimal duration of anticoagulation
therapy for patients with DVT in the lower extremities is un-
clear [20]. In the present study, we found that recanalization
in patients with an anticoagulant time of less than 3 months
had a lower incidence of recanalization than those with an
anticoagulant time of more than 3 months (60.0% vs. 81.7%).
Moreover, only 27.6% of patients showed complete resolution
of DVT at 6 months following the initial treatment. The fre-
quency of partial or complete recanalization was lower than
that reported by Prandoni [8], Ageno [21], and Asbeutah [11].

This may be because the patients in this study had poorer com-
pliance in anticoagulant therapy. Poor compliance means that
patients received anticoagulant treatment of less than 3 months
prior to the diagnosis of DVT [22]. In our study, 37.4% of patients
had poor compliance, and the recanalization rate was lower in
those patients than in others with good compliance (60.0% vs.
81.7%). Another reason may be due to our relatively low dose
of rivaroxaban. In our study, the dose of rivaroxaban was lower
than the recommended dose for DVT treatment of 2x15 mg for
3 weeks and then 1x20 mg. A new Japanese study found that
patients with acute DVT and/or PE had a similar efficacy and
safety profile with rivaroxaban (2x10 mg for 3 weeks and then
1x15 mg for 12 months) and control treatment (anticoagulant
with VKA), consistent with that of the worldwide EINSTEIN DVT
and PE program [23]. This suggests that a lower dose of riva-
roxaban may be practicable in Asian populations. Considering
that high price prevents patients from receiving rivaroxaban, we
tried to use a low dose of rivaroxaban in our study to increase
compliance to anticoagulant therapy. Moreover, the low recan-
alization rate is also influenced by the interval from the on-
set of disease to the start of anticoagulant therapy; the 31.6%
of patients with history of present illness more than 14 days
may also contribute to the low recanalization rate in this study.

A meta-analysis pooled 11 studies of 3203 patients with resid-
ual thrombosis and indicated that the OR of relapse DVT was
2.02 (95%Cl, 1.62-2.50) compared to patients without resid-
ual thrombosis [24]. Boutitie et al. [25] reported that patients
who received anticoagulation treatment from 1 to 1.5 months
had an increased risk of recurrence thrombus compared to pa-
tients receiving anticoagulant therapy for more than 3 months
(OR=1.52). Similar result was achieved in our study, in which
21 patients experienced recurrence DVT. There was a signif-
icant difference with respect to recurrent DVT between the
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recanalization and non-recanalization groups (7.8% vs. 23.9%).
Thus, anticoagulant therapy should be extended beyond 3
months to reduce recurrence thrombus and improve the inci-
dence of recanalization at initial treatment in patients with DVT.

Venous thrombus location as a risk factor for delayed
recanalization

Proximal and distal DVTs are 2 types of DVTs. Isolated distal
DVT is associated with transient risk factors, whereas prox-
imal DVT is more associated with chronic risk factors [26].
Most researchers believe that recanalization of a vein contain-
ing a thrombus is quite difficult and time-consuming. Patients
with proximal DVT have a higher incidence of recurrence and
a lower recanalization rate compared to patients with distal
DVT [7,27,28]. In addition, a 5-year follow-up study revealed
that all patients with distal DVT experienced resolution, but re-
canalization was only observed in 85% of patients with prox-
imal DVT at 6 months following the initial treatment [11]. In
the present study, among patients with distal DVT, 29 (93.5%)
experienced recanalization, while 69.2% of patients with prox-
imal DVT experienced recanalization.

The recanalization rates were gradually elevated for the ili-
ac vein, common femoral vein, superficial femoral vein, popli-
teal vein, and calf vein in our study. A reasonable hypothesis
regarding recanalization rate is that as the location of throm-
bus becomes more distal, the thrombus resolves faster. Similar
findings were reported by Park [19] and Brandao et al. [29].
In addition, Park et al. [19] reported that the rate of recana-
lization in the calf vein was as high as 82% during the first 3
months following initial treatment. This may be because the
calf vein has a lower thrombosis load compared to the proxi-
mal vein. Moreover, the high incidence of recanalization in the
calf vein may be attributed to the positive effect of the calf
muscle pump on venous return [30].

Age, gender, primary hypertension, diabetes, and
incidence factors

Piovella et al. [10] reported that recanalization rate decreases
with age during a 12-month follow-up study. However, in the
present study, there was no statistically significant difference in
age and rate of recanalization. The univariate analysis showed
that the recanalization rate was equal between males and fe-
males (p=0.137). Moreover, the study showed no statistically
significant relationship between DVT recanalization rate and
primary hypertension, diabetes. Similar findings were report-
ed by Ageno et al. [21], who found that hypertension and obe-
sity had no influence on recanalization in patients with DVT.

Our study also did not find a relationship between DVT recan-
alization rate and risk factors. Thrombopbhilia is a risk factor
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of thrombosis, which has been reported in 18.8% to 46% of
young patients with DVT and may increase risk of relapse
DVT [12,31,32]. Genetic testing for FV R506Q, PT G20210A,
and MTHFR C677T is recommended for patients after the first
episode of unprovoked DVT, and the results may be beneficial
to protect from recurrence [33]. In the present study, throm-
bophilia was not screened among these patients, which may
be a defect in our study.

CDT, IVCF and PE have no influence on delayed
recanalization in patients with DVT

It is known that CDT can reduce the incidence and severity of
PTS by dissolving the venous thrombus and restoring venous
flow [16]. Lee et al. [34] reported that the rate of patency in
patients treated with a CDT in an iliofemoral vein segment
was higher than in those who only received anticoagulation
treatment during the first 6 months following initial treatment
(69.2% vs. 38.5%). However, CDT did not have a higher rate
of patency in our study. Due to our small sample, we cannot
conclude that CDT has no influence on recanalization. Another
reason may be that 3 patients in the CDT group who experi-
enced non-recanalization had a history of relapse DVT, which
may influence the effectiveness of CDT.

In the past 40 years, IVCF has been widely used in clinical prac-
tice. The rate of IVCF implantation increased up to 10~32%
in recent years [35]. Another study showed that the risk for
recurrence DVT was 1.6 times higher in patients with IVCF
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