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Background: The optimum duration of anticoagulant therapy
after an episode of deep venous thrombosis (DVT) is controver-
sial. Contributing to the controversy is uncertainty about whether
residual venous thrombosis, as assessed by repeated ultrasonog-
raphy over time, increases the risk for recurrent thromboembolism.

Objective: To determine the risk for recurrent thromboembolism
in patients who have persistent residual thrombosis compared
with patients who have early vein recanalization.

Design: Prospective cohort study.

Setting: A university hospital in Padua, Italy.

Patients: 313 consecutive symptomatic outpatients with proxi-
mal DVT who received conventional short-term anticoagulation.

Measurements: Ultrasonographic assessment of the common
femoral and popliteal veins was performed 3 months after acute
DVT in all patients and at 6, 12, 24, and 36 months in patients

found to have residual venous thrombosis. Veins were considered
recanalized if they were 2.0 mm or less in diameter on a single
test or 3.0 mm or less in diameter on two consecutive tests.
Recurrent thromboembolism was assessed during a 6-year period.

Results: The cumulative incidence of normal results on ultra-
sonography was 38.8% at 6 months, 58.1% at 12 months, 69.3%
at 24 months, and 73.8% at 36 months. Of 58 recurrent episodes,
41 occurred while the patient had residual thrombosis. The hazard
ratio for recurrent thromboembolism was 2.4 (95% CI, 1.3 to 4.4;
P � 0.004) for patients with persistent residual thrombosis versus
those with early vein recanalization.

Conclusions: Residual venous thrombosis is an important risk
factor for recurrent thromboembolism. Ultrasonographic assess-
ment of residual venous thrombosis may help clinicians modify
the duration of anticoagulation in patients with DVT.
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Patients with deep venous thrombosis (DVT) of the
lower extremities are usually treated with an initial

course of unfractionated or low-molecular-weight heparin
followed by at least 3 months of oral anticoagulant ther-
apy. This treatment regimen reduces the risk for short-
term thromboembolic complications to approximately 5%
(1, 2). Although the short-term outcome of this disease has
been extensively documented, only a few studies have ad-
dressed the risk for late recurrent venous thromboembo-
lism. These studies suggest that this risk persists for years
and is related to patient characteristics at initial presenta-
tion (1, 2). It has been documented that patients with
continuous risk factors, such as cancer or the antiphospho-
lipid antibody syndrome, and those with idiopathic throm-
bosis have a two- to threefold increased risk for recurrence
compared with patients who developed a thrombotic event
in association with a transient risk factor (3–5). As a con-
sequence, longer anticoagulant treatment (up to several
years) has been evaluated in patients with idiopathic DVT,
with the aim of decreasing recurrences in patients with
idiopathic DVT (6, 7). Although long-term anticoagulant
therapy is effective in preventing recurrences, it is inconve-
nient and carries a risk for bleeding (8–11). It would be
beneficial to further improve our ability to identify patients
who are at higher risk for recurrent events.

The absolute incidence of recurrent venous thrombo-
embolism decreases over time (3, 5). Residual thrombus
mass also decreases over time in patients with proximal
venous thrombosis, according to recent studies that used

repeated ultrasonographic imaging (12, 13). If vein recan-
alization indicates a lower risk for recurrent disease, ultra-
sonographic imaging might help clinicians adjust the du-
ration of oral anticoagulant therapy on an individual basis
in patients who have had an episode of DVT. To estimate
whether the risk for recurrent venous thromboembolism is
higher in the presence of residual thrombosis, we per-
formed repeated ultrasonography in a large number of pa-
tients with proximal venous thrombosis who were followed
prospectively for up to 6 years.

METHODS

Study Design
We performed a prospective cohort follow-up study to

assess the potential effect of residual venous thrombosis on
the risk for recurrent venous thromboembolism in patients
with a first episode of symptomatic DVT. The institutional
review board of Padua University, Padua, Italy, approved
the study.

Inception Cohort
All consecutive outpatients who were referred to the

Department of Medical and Surgical Sciences of the Uni-
versity of Padua between 1993 and 1996 for clinical sus-
picion of a first episode of DVT and who met inclusion
criteria were eligible. Inclusion criteria were proximal ve-
nous thrombosis on compression ultrasonography, absence
of diseases requiring indefinite anticoagulation (such as
atrial fibrillation, active cancer, chronic medical illnesses,
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or other permanent risk factors for venous thrombosis), life
expectancy of more than 6 months, and ability to return to
the study center for follow-up visits. Eligible patients re-
ceived conventional anticoagulation (full doses of unfrac-
tionated or low-molecular-weight heparin followed by 3
months of oral anticoagulant therapy). Patients who com-
pleted the initial 3 months of treatment without a recur-
rent thrombotic episode and who gave informed consent
were recruited for the current study.

On the basis of laboratory results and clinical charac-
teristics, patients were divided into three categories: those
who had thrombophilia, those who had secondary DVT,
and those who had idiopathic DVT. Tests for thrombo-
philia (antithrombin, protein C or S defect, factor V Lei-
den mutation, prothrombin G20210 gene mutation, and
lupus-like anticoagulants) were performed before anticoag-
ulation was started or at least 2 weeks after its conclusion.
On the basis of test results, patients were categorized as
being with or without thrombophilia. Patients without
thrombophilia were further classified as having idiopathic
DVT or DVT secondary to transient risk factors, accord-
ing to a standardized form for clinical data collection com-
pleted at referral. Secondary thrombosis was defined as that
occurring during pregnancy or childbirth; during estrogen
use for contraception or hormone replacement therapy
(ongoing or interrupted for �1 month); or after recent
trauma, fracture, or surgery (within �3 months). If throm-
bophilia screening could not be performed, patients were
classified as having idiopathic or secondary DVT on the
basis of clinical presentation.

Ultrasonographic Assessments
The first ultrasonographic assessment was performed 3

months after the initial event. Patients found to have re-

sidual thrombosis were scheduled for repeated assessment
6, 12, 24, and 36 months after the initial event. Indepen-
dent experts who were unaware of patients’ clinical details
or of previous ultrasonographic findings performed assess-
ments according to a standardized procedure. Only the
common femoral vein at the saphenofemoral junction and
the popliteal vein in the midpopliteal fossa were scanned
for residual venous thrombosis. Vein compression was per-
formed in the transverse plane; vein diameter was measured
during maximal compression and was expressed in milli-
meters. Veins were considered recanalized if they were 2.0
mm or less in diameter on a single test or 3.0 mm or less in
diameter on two consecutive tests. This definition was
based on ultrasonographic findings from a separate group
of 145 patients with proven proximal DVT who were fol-
lowed prospectively at our institution in the early 1990s;
fewer than 2.0% of these patients developed recurrent
thromboembolism in the 2 years after vein recanalization
(12).

Follow-up and Recurrent Venous Thromboembolism
All recruited patients were instructed to interrupt oral

anticoagulant therapy when they were included in the cur-
rent study. Patients were followed to document the inci-
dence of symptomatic recurrent DVT or pulmonary em-
bolism. Patients were educated about the main signs and
symptoms of recurrent venous thromboembolism and re-
ceived a card with the telephone numbers of the thrombo-
sis clinic. They were instructed to return to the study cen-
ter if they noted clinical manifestations suggestive of
recurrent venous thrombosis (edema, redness, tenderness,
pain, or swelling) in either leg or suggestive of pulmonary
embolism (dyspnea, chest pain, or tachycardia). Patients
were also seen at the time of ultrasonographic assessments
and were contacted at least twice yearly to ascertain
whether signs and symptoms had occurred. If they had,
patients were invited to come to the study center for addi-
tional diagnostic procedures.

Recurrent DVT was diagnosed by compression ultra-
sonography, followed by ascending phlebography in case of
indeterminate findings, or a strong discrepancy between
clinical suspicion and negative results on ultrasonography
(14). Patients with suspected pulmonary embolism had
ventilation–perfusion lung scanning, which was followed
by pulmonary angiography if findings were inconclusive
(15). Fatal pulmonary embolism was diagnosed on the ba-
sis of autopsy findings or the opinion of an independent
physician.

Statistical Analysis
The first 3 months of initial anticoagulant treatment

were not included in any of our analyses. For the remain-
ing months, Kaplan–Meier estimates and 95% CIs were
calculated to assess the risk for recurrent venous thrombo-
embolism. Time-dependent multivariate Cox proportional
hazards models were then used to calculate hazard ratios
for recurrent venous thromboembolism in patients with

Context

Doctors typically treat deep venous thrombosis with anti-
coagulants for 3 to 6 months to prevent recurrence. Pa-
tients at high risk for recurrence may benefit from longer
treatment. Can we identify them with ultrasonography
that detects persistent thrombosis?

Contribution

Three hundred thirteen patients with deep venous throm-
bosis had ultrasonography every 6 to 12 months for 3
years. Recurrent thromboembolism, assessed over 6 years,
was more frequent among those showing persistent resid-
ual thrombosis rather than early vein recanalization.

Implications

We now need trials that evaluate prolonged anticoagula-
tion in patients with and without residual thrombosis to
see whether tailoring treatment on the basis of serial ultra-
sonography is beneficial.

–The Editors
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residual thrombosis versus those without. For this analysis,
patients who did not have a recurrence were censored at
the end of the available follow-up or at death. In addition,
the clinical categorization of patients was evaluated by us-
ing two dummy variables to indicate the presence of idio-
pathic DVT or thrombophilia. Secondary thrombosis was
therefore used as the reference group, and in each case, the
duration of oral anticoagulant treatment was used as a
time-dependent covariate. Finally, all of these variables, as
well as age and sex, were introduced in a stepwise hierar-
chical Cox model (16, 17). The results of these analyses
were expressed as risk ratios and 95% CIs. In addition,
incidence density of recurrent venous thromboembolism
(events per observation-year) was calculated for the various
combinations of clinical characteristics. All calculations
were performed by using SAS software, version 6.10 (SAS
Institute, Inc., Cary, North Carolina).

RESULTS

Patients
Of 1250 patients who were referred for clinical suspi-

cion of first DVT, 389 (31.1%) received a diagnosis of
proximal venous thrombosis on compression ultrasonogra-

phy (Figure 1). Forty-nine of these 389 patients were ex-
cluded because of poor life expectancy (n � 29), diseases
requiring permanent anticoagulation (n � 14), or inability
to attend follow-up visits (n � 6). Of the remaining 340
eligible patients, 25 developed a recurrent thromboembolic
event during initial anticoagulation. Therefore, 315 pa-
tients completed an uneventful 3-month period of antico-
agulation. Of these, 313 agreed to participate and were
enrolled in the study.

The main demographic and clinical characteristics of
the study patients are presented in Table 1. Tests for
thrombophilia were performed in 265 patients (85%), and
80 (30.2%) had positive results. One hundred nine pa-
tients had a thrombotic event associated with one or more
triggering risk factors, and 124 had an idiopathic throm-
botic event.

Although all patients had been instructed to stop an-
ticoagulation after the initial 3-month period, 65 (20.8%)
continued warfarin treatment for an additional 3 months
(n � 27) or an additional 6 months (n � 38). Attending
physicians decided to continue therapy on an individual
basis, regardless of thrombophilia status or the results of
ultrasonographic tests. As shown in Table 1, anticoagula-
tion was continued for a few additional months in similar
proportions of the three study groups (thrombophilic pa-
tients, patients with idiopathic thrombosis, and patients
with thrombosis secondary to transient risk factors).

Cumulative Incidence of Normal Results on
Ultrasonography

The first ultrasonographic assessment, performed 3
months after the initial event, yielded normal results in 61
patients (19.5%). The cumulative incidence of normal ul-
trasonographic results was 38.8% at 6 months, 58.1% at
12 months, 69.3% at 24 months, and 73.8% at 36
months. This rate did not differ significantly between pa-
tients with and those without thrombophilia (risk ratio,

Figure 1. Flow diagram for inclusion of patients in the study.

DVT � deep venous thrombosis.

Table 1. Characteristics of the 313 Study Patients

Variable Value

Men, n (%) 146 (46.6)
Mean age � SD, y 59.5 � 17.6
Screened for thrombophilia, n (%) 265 (84.6)
Thrombophilia, n 80

Factor V gene mutation 34
Prothrombin gene mutation 19
Protein S deficiency 6
Protein C deficiency 4
Lupus-like anticoagulants 6
Antithrombin deficiency 5
Combination of two abnormalities 6

Idiopathic thrombosis, n (%) 124 (39.6)
Secondary thrombosis, n (%) 109 (34.8)
Duration of anticoagulation, n (%)

3 mo 248 (79.2)
6–12 mo 65 (20.8)*

* In 19 of 80 patients with thrombophilia (23.7%), 26 of 124 patients with
idiopathic thrombosis (21.0%), and 20 of 109 patients with secondary thrombosis
(18.3%).
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0.91 [95% CI, 0.64 to 1.29]) or between patients with
idiopathic thrombosis and those with secondary thrombo-
sis (risk ratio, 0.89 [CI, 0.65 to 1.22]).

Recurrent Venous Thromboembolism
Of the 313 included patients, 110 presented during

follow-up with clinically suspected recurrent venous
thromboembolism; recurrent venous thromboembolism
was confirmed in 58 (53%). In 44 patients, recurrences
were thromboses involving a previously affected extremity
(n � 19) or the contralateral leg (n � 25); the remaining
14 patients had pulmonary embolisms. Forty-one patients
who experienced recurrences developed them while resid-
ual thrombosis was present. The cumulative incidence of
recurrent thromboembolism was 4.2% of 296 patients at 6
months, 7.4% of 280 patients at 12 months, 12.7% of 258
patients at 24 months, 16.2% of 199 patients at 36
months, and 21.1% of 71 patients at 5 years (Figure 2).
None of the 65 patients who continued warfarin treatment
beyond the first 3 months developed thromboembolic re-
currences while receiving anticoagulation.

Of the 58 patients who had recurrent events, 29 were
in the thrombophilia group (29 of 80 patients [36.2%]),
20 were in the idiopathic DVT group (20 of 124 patients
[16.1%]), and 9 were in the secondary thrombosis group
(9 of 109 patients [8.3%]). Based on the Cox proportional
hazards model, the hazard ratio for recurrent venous
thromboembolism was 2.8 (CI, 1.5 to 5.0; P � 0.001) in
patients with idiopathic thrombosis and 3.3 (CI, 2.0 to
5.5; P � 0.001) in patients with thrombophilia compared
with patients who had secondary thrombosis.

Of the 58 recurrent episodes, 41 occurred while pa-
tients had residual thrombosis and 17 occurred after nor-
malization of the affected veins. Using a time-dependent
univariate Cox proportional hazards model, we found that

the hazard ratio for a recurrent event was 2.9 (CI, 1.6 to
5.2; P � 0.001) when residual thrombosis was present. In
a multivariate stepwise Cox proportional hazards model in
which persistent residual thrombosis was used as a time-
dependent variable, we determined that the hazard ratio
for a recurrent event was 2.4 (CI, 1.3 to 4.4; P � 0.004) in
patients with residual thrombosis, 2.5 (CI, 1.4 to 4.4; P �
0.003) in patients with idiopathic thrombosis, and 3.1 (CI,
1.8 to 5.2; P � 0.001) in patients with thrombophilia ver-
sus patients with secondary thrombosis. Age and sex did
not appear in the final model. Table 2 shows the related
annual incidence density of recurrent venous thromboem-
bolism in relation to type of initial thrombosis, presence of
thrombophilia, recanalization of the thrombosed vein, and
time elapsed since initial event.

DISCUSSION

In the past, patients with a first episode of DVT were
usually treated for a fixed period of 3 months regardless of
the underlying cause (18). Currently, there is a trend to-
ward adjusting the duration of anticoagulation according
to patients’ clinical characteristics at baseline. Selected pa-
tients with permanent risk factors, such as active cancer,
prolonged immobilization due to chronic medical illnesses,
the antiphospholipid antibody syndrome, and other
thrombophilic conditions, generally receive long (and
sometimes lifelong) courses of oral anticoagulant therapy
(1, 2, 19). In most patients without permanent risk factors,
anticoagulation is usually withdrawn after a shorter period,
ranging from 6 months to 2 years in patients with idio-
pathic thrombosis (4, 6, 7, 19, 20) and from 6 to 12 weeks
in those with transient risk factors (4, 19, 20). However, in
all patients, the risk for recurrence after a short, fixed pe-
riod of anticoagulation varies greatly. Approximately 70%

Figure 2. Cumulative incidence of recurrent venous
thromboembolism (VTE), excluding events that occurred during
the initial 3-month period.

DVT � deep venous thrombosis.

Table 2. Incidence Density of Recurrent Venous
Thromboembolism*

Variable Recurrent Venous
Thromboembolism

3–24 Months
since First DVT

>24 Months
since First DVT

Patients with thrombophilia
Normal results on ultrasonography, % 10.3 (3.3–24) 7.1 (2.8–14.5)

Events per observation-years, n/n 5/48.5 7/99.1
Residual venous thrombosis, % 23.2 (13.3–37.7) 2.6 (0.1–14.5)

Events per observation years, n/n 16/68.9 1/38.3
Patients with secondary DVT

Normal results on ultrasonography, % 0.0 (0.0–3.9) 0.0 (0.0–3.0)
Events per observation years, n/n 0/94.1 0/121.5

Residual venous thrombosis, % 7.1 (2.6–15.5) 4.9 (1.0–4.4)
Events per observation years, n/n 6/84.2 3/60.8

Patients with idiopathic DVT
Normal results on ultrasonography, % 4.4 (1.2–11.2) 0.6 (0.0–3.4)

Events per observation years, n/n 4/91.4 1/166.2
Residual venous thrombosis, % 7.5 (3.2–14.7) 10.1 (4.1–20.9)

Events per observation years, n/n 8/107.3 7/69.0

* Values in parentheses are 95% CIs. DVT � deep venous thrombosis.
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of patients with unexplained thrombosis do not develop a
recurrence (3–7, 20), and 10% of patients with transient
risk factors do (3–5, 20). Therefore, improving our ability
to identify patients who are more likely to develop a recur-
rence might help clinicians individually tailor the duration
of anticoagulation. This, in turn, would allow a more fa-
vorable risk–benefit ratio in the use of anticoagulant treat-
ment.

Our results confirm that the lack of an identifiable
cause and the presence of thrombophilic conditions in pa-
tients with a first episode of symptomatic DVT are both
associated with increased risk for recurrent venous throm-
boembolism (3–7, 20–27). Our results also strongly sug-
gest that the risk for recurrence is considerably higher in
patients with residual venous thrombosis on repeated ul-
trasonography than in patients with early vein recanaliza-
tion (hazard ratio, 2.4 [CI, 1.3 to 4.4]). Therefore, persis-
tent residual venous thrombosis should be considered a
powerful and independent risk factor for recurrent throm-
boembolism. In this respect, ultrasonographic testing per-
formed at fixed intervals to monitor for thrombus evolu-
tion may help clinicians individually modify the duration
of anticoagulant therapy, especially in persons with idio-
pathic DVT and those with transient risk factors for
thrombosis.

On the basis of patient characteristics alone, risk esti-
mates for recurrence in the first 2 years after an acute epi-
sode of DVT ranged from 4% per year (in patients with
secondary thrombosis) to 15% per year (in patients with
thrombophilia). Ultrasonographic testing widened this
range from 0% (in patients with secondary DVT who had
vein recanalization) to 23% (in patients with thrombo-
philia and residual vein thrombosis). In patients with idio-
pathic thrombosis and normal results on ultrasonography,
the risk for recurrence (4% per year) was low enough to
allow consideration of interrupting anticoagulation. Con-
versely, the incidence of recurrence in patients with sec-
ondary thrombosis and residual venous thrombosis, more
than 7% per year, might indicate continuation of anti-
coagulant treatment. Of interest, persistent residual throm-
bosis was associated with an increased risk for recurrence in
patients with thrombophilia. However, this finding was
observed only in the first 2 years of our study, when the
recurrence rate in patients with normal results on ultra-
sonography (10%) was also high enough to justify contin-
ued treatment.

The concept of adjusting the duration of therapy for
acute DVT on the basis of normal ultrasonographic results
is appealing. However, the only available study exploring
early interruption of anticoagulation (after 4 weeks) in pa-
tients with normal results on impedance plethysmography
found a disappointingly high risk for recurrence (28). It
should be noted, however, that impedance plethysmogra-
phy can yield normal results in patients with DVT even in
the presence of extensive residual venous thrombosis. For
example, results of impedance plethysmography are normal

at 3 months in 90% of patients after acute proximal DVT
(29, 30), while results of ultrasonography are normal in
only 25%, as shown in this and in other investigations (12,
31). Moreover, 4 weeks of anticoagulant treatment is not
considered sufficient according to current standards and
might have contributed to the high recurrence rate (19).
Our results, which are consistent with those of Piovella and
colleagues (32), suggest that ultrasonography, unlike im-
pedance plethysmography, can accurately quantify the per-
sistence of residual thrombosis in proximal venous seg-
ments, thus enabling better stratification of recurrence risk.

What potential underlying mechanism leads to the re-
lationship between persistent residual thrombosis and in-
creased risk for recurrent thrombosis? Residual thrombosis
could impair venous outflow, resulting in blood stasis with
consequent clot formation. However, this seems unlikely.
One third of our patients developed recurrent thrombosis
in the initially unaffected leg, and an additional third de-
veloped isolated pulmonary embolism. Therefore, residual
thrombosis probably reflects an underlying hypercoagulable
state that puts patients at higher risk for recurrent events.

We believe our results are widely generalizable. Con-
secutive patients with clinically suspected and objectively
confirmed DVT were prospectively followed for up to 6
years. All suspected recurrent events were objectively con-
firmed. The ultrasonographic method used to evaluate vein
recanalization was based on findings obtained in a separate
cohort of patients with proximal DVT. This method is
highly reproducible, fast, and easy to perform because it
involves examining only the midpopliteal and inguinal re-
gions with a real-time B-mode scanner (12).

Our results suggest that patients with proximal venous
thrombosis whose veins do not recanalize are likely to de-
velop recurrent thrombotic events after withdrawal of oral
anticoagulant therapy. These conclusions apply to patients
with idiopathic venous thrombosis, patients with thrombo-
sis secondary to transient risk factors, and patients with
thrombophilic abnormalities. Assessment of the throm-
botic burden, therefore, allows new opportunities for indi-
vidual management of patients with venous thrombosis
rather than management based on broad guidelines alone
(33). In the future, randomized studies should assess the
risks and benefits of adjusting the duration of oral antico-
agulant therapy according to the presence or absence of
residual venous thrombosis.
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