
Residual Venous Obstruction as an Indicator of
Clinical Outcomes following Deep Vein
Thrombosis: A Management Study
Aaron F. J. Iding1,2 Bram M. M. Kremers2 Alejandro Pallares Robles2,3 Hugo ten Cate1,2,3,4

Arina J. ten Cate-Hoek1,2

1Thrombosis Expertise Center, HeartþVascular Center, Maastricht
University Medical Center, Maastricht, the Netherlands

2Department of Biochemistry, Cardiovascular Research Institute
Maastricht, Maastricht University, Maastricht, the Netherlands

3Center of Thrombosis and Hemostasis, University Medical Center of
the Johannes Gutenberg University Mainz, Mainz, Germany

4Department of Internal Medicine, Maastricht University Medical
Center, Maastricht, the Netherlands

Thromb Haemost 2023;123:763–772.

Address for correspondence Aaron Frans Jacob Iding, MD, P.
Debyelaan 25, 6229 HX, Maastricht, The Netherlands
(e-mail: a.iding@maastrichtuniversity.nl).

Keywords

► cancer
► deep vein thrombosis
► post-thrombotic

syndrome
► residual venous

obstruction
► venous

thromboembolism

Abstract Background Residual venous obstruction (RVO) is considered a risk factor of recur-
rence and possibly other clinical outcomes following deep vein thrombosis (DVT).
Current guidelines do not support an RVO-tailored duration of anticoagulant therapy;
contemporary data of such management strategies are scarce. We aimed to evaluate
an RVO-based management strategy and to assess associations of RVO with recur-
rence, post-thrombotic syndrome (PTS), arterial events and cancer. To gain further
insight, D-dimer levels were measured 1 month after stopping anticoagulant therapy.
Methods Consecutive patients with symptomatic, proximal DVT were treated in a 2-
year clinical care pathway (CCP) at Maastricht University Medical Center and were
followed up to 5 years. RVO was assessed at the end of regular duration of anticoagu-
lant therapy, which was extended once if RVOwas detected. The study was approved by
the medical ethics committee.
Result From a total of 825 patients, 804 patients (97.5%) completed the CCP and 755
(93.9%) were available for extended follow-up. Most patients (76.5%) stopped antico-
agulant therapy. Incidence rates of recurrence, PTS, arterial events, and cancer were
4.4, 11.9, 1.7, and 1.8 per 100 patient-years, respectively. RVO was independently
associated with PTS (hazard ratio [HR]: 1.66 [1.19–2.32]) and arterial events (HR: 2.07
[1.18–3.65]), but not with recurrence or cancer. High D-dimer was associated with
recurrence (HR: 3.51 [2.24–5.48]).
Conclusion Our RVO-based management strategy might have attenuated the asso-
ciation of RVO with recurrence. In addition, RVO identified patients at increased risk of
PTS and arterial events, which might be used to identify patients in need of alternative
treatment strategies.
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Introduction

Deep vein thrombosis (DVT) is a common condition that is
associated with substantial morbidity and mortality.1 Its
clinical management is mainly focused on recurrence risk
reduction and based primarily on anticoagulant therapy.
While anticoagulants are indisputably effective in prevent-
ing recurrence, the need for extension of initial therapy
beyond 3 months remains a subject of debate due to the
associated bleeding complications, healthcare costs, and
patient burden including repetitive nuisance bleeds.2,3

Current guidelines recommend not to extend therapy
in patients with provoked DVT, but to extend therapy
indefinitely in those with unprovoked DVT.4–7 This crude
dichotomy of therapy duration does not fully appreciate risk
differences among patients and might result in inadequately
short or unnecessary long therapy.8 Accordingly, clinicians
are known to often deviate from these recommendations in
patient management.9–11

Evidently, it is warranted to explore alternative strate-
gies that further stratify patients’ risk for recurrence and
allow them to stop anticoagulant therapy after tailored
duration at acceptable recurrence rates. Such stratification
could be based on residual venous obstruction (RVO), which
is persistence of thrombotic material detected several
months after DVT. RVO has been associated with a signifi-
cant recurrence risk and attenuation of risk by extended
anticoagulant therapy has been assumed.12,13 However,
contemporary data on the applicability and efficacy of a
tailored therapy duration based on RVO in clinical practice
is scarce.

With management focused on recurrent venous thrombo-
embolism (VTE), other important clinical outcomes in DVT
patients might be overlooked. Post-thrombotic syndrome
(PTS) remains the most common chronic complication of
DVT, and evidence-based prevention is disputably limited to
elastic compressive therapy (ECT).14,15 Arterial events and
cancer are also reported to be increased following DVT,
although their causal relation remains disputed.16,17 Interest-
ingly, therehavebeen reports in literatureon theassociationof
RVO with these clinical outcomes, particularly with PTS.18,19

While the pathogenic mechanisms underlying these associa-
tions are unclear, a recent study suggests that the presence of
RVO could inform the decision to continue long-term ECT to
prevent PTS.20 By extension, perhaps an RVO-based manage-
ment strategy should be applied to these outcomes as well.

Based on the compelling data published on associations of
RVO with recurrent VTE, an RVO-based management strate-
gy was introduced at the outpatient clinic of Maastricht
University Medical Center.21,22 In the current analysis, we
aimed to evaluate this management strategy and extend on
existing knowledge through an in-depth evaluation of RVO’s
association with recurrent VTE and other clinical outcomes
followingDVT. Further insightwas obtained bymeasuringD-
dimer levels 1 month after stopping anticoagulant therapy.

Methods

Study Design
Consecutive patients diagnosedwith symptomatic, proximal
DVT of the lower extremity were enrolled in a clinical care
pathway (CCP) between July 2003 and December 2018.
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A detailed description of the CCP can be found elsewhere.23

In brief, patients had a prospective structured follow-upwith
regular visits at 0.5, 3, 6, 12, and 24 months after diagnosis,
and were treated according to a strict RVO-based manage-
ment strategy to tailor anticoagulant therapy duration. Upon
completing the CCP, patients were instructed to contact the
clinical center in case of symptoms suggestive of recurrent
VTE. For the current analysis, prospective Ffollow-up data for
all clinical outcomes (except PTS) beyond 2 years was
extended up to 5 years based on retrospectively gathered
data from hospital records. This study was performed in
accordance with the Declaration of Helsinki. Study protocol
and data collection were approved by the medical ethics
committee (METC 15–4-256).

Management Strategy
Patients were categorized as having “provoked DVT” in the
presence of any transient provoking factors within 2 months
of the index DVT: surgery or major trauma, long-distance
travel (> 10hours), immobilization (� 3 days), hormonal
estrogen therapy, pregnancy, or puerperium. All other
patientswere considered to have “unprovoked DVT.” Regular
anticoagulant therapy was 3 or 6 months for provoked or
unprovoked DVT, respectively. RVO was assessed 1 week
before completion of regular therapy, and if present anti-
coagulation was extended to twice the regular duration (i.e.,
6 or 12 months, respectively). D-dimer was measured
1 month after stopping anticoagulants, and if levels were
high (�500ng/mL) the option to resume anticoagulant use
indefinitely was discussed with the patient. Anticoagulant
therapywas never stopped in patients with “high recurrence
risk” based on persistent provoking factors (e.g., cancer),
unprovoked DVTwith previous VTE, or other indications for
anticoagulation (e.g., atrial fibrillation).

RVO Assessment
Compressive ultrasound examination of popliteal, femoral,
and common femoral veins was performed by radiologists
blinded for patient outcomes. RVO was defined according to
the common definition of more than2mm transversal vein
diameter.21,24 This protocol was found to have acceptable
accuracy and interobserver reproducibility.25,26

Clinical Outcomes
Recurrent VTE was the primary outcome and included
proximal or distal DVT, upper extremity DVT, pulmonary
embolism (PE), or unusual site VTE. PTS was diagnosed at
least 6 months after DVT when the Villalta score was more
than or equal to 5 at two consecutive visits. Arterial events
were ischemic stroke, myocardial infarction, coronary revas-
cularization, or peripheral arterial thrombosis. Cancer diag-
nosis excluded basal or squamous cell skin cancer. Mortality
was recorded using last available date and the most likely
cause was registered if available.

Statistical Analysis
Patient characteristics were compared by Mann–Whitney U
test, χ2 test, or Fisher’s exact test as appropriate. Variables

with more than 5% missing values were imputed by random
forest imputation using R package “missForest.” The primary
outcome of interest was recurrent VTE. A post hoc sample
size calculation indicated that 611 patients that stopped
anticoagulant treatment would be needed to assess the
difference in proportion of recurrent VTE between patients
with (group A) and without RVO (group B) at 80% power.27

Proportions (PA¼15.1%, PB¼9.6%) and sampling ratio (nA/
nB¼0.86) were based on data from a systematic review.12

Incidences were visualized by Kaplan–Meier plots using R
version 3.5.3. Patients were censored at death, loss to follow-
up or December 2020, whichever came first. Hazard ratios
(HR) with 95% confidence interval (CI) were calculated by
Cox proportional hazards regression, adjusted for anticoag-
ulant therapy duration and relevant patient characteristics
identified by backward stepwise method; D-dimer was also
adjusted for age and RVO. Sensitivity analyses were per-
formed by excluding patients with active cancer at baseline
and patients with previous ipsilateral DVT. P-values were
two-sided and significant if less than 0.05. Analyses
were performed in SPSS version 21.0 (SPSS Inc., Chicago,
IL). See the►SupplementaryMaterial (available in the online
version) for further details.

Results

Patients and Follow-Up
The cohort consisted of 825 patients with proximal DVT.
Patients with unprovoked DVT (n¼472; 57.2%) were signifi-
cantly older, more oftenmale, had previous VTE, hypertension,
and hypercholesterolemia (►Table 1). Clinical characteristics
had few to no missing values, except for body mass index that
had 6.3% missing and was imputed. A total of 804 patients
(97.5%; 21 [2.5%] lost to follow-up) completed the CCP and 755
(93.9%; 49 [6.1%] lost to follow-up) patients were available for
extended follow-up. Median follow-up duration was 5.0 (3.8–
5.0) years, which equates to 3503 patient-years in total.

A flow diagram is provided to show the results of the
management strategy (►Fig. 1). Patients at high recurrence
risk (n¼194) were distinguished from other patients with
provoked (n¼301) or unprovoked DVT (n¼330). The former
group received indefinite anticoagulant therapy, while the
latter two groups (n¼631; 76.5%) could stop after RVO-
based tailored duration. RVO was not assessed in 45 patients
(5.5%) due to various reasons, including 33 patients with
indefinite anticoagulation, and those meant to have a
tailored duration (n¼12) instead received regular duration.
Clinical outcome rates that are reported here concern only
those with assessment of RVO (n¼780).

Median durations of anticoagulant therapy were 4.2
months in patients with provoked DVT without RVO, 6.6
months in provoked DVT with RVO, 6.4 months in unpro-
voked DVT without RVO, and 11.9 months in unprovoked
DVT with RVO. One month after tailored anticoagulant
therapy, only 21 of 619 patient (3.4%) resumed anticoagu-
lants indefinitely due to high D-dimer, as most patients
preferred not to resume balancing the risks during the
process of shared decision making. Later during follow-up,
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23 patients (4.0%) resumed anticoagulation indefinitely due
to newly diagnosed atrial fibrillation (n¼13), antiphospho-
lipid syndrome (n¼2), or other afflictions (n¼8). Besides, 12
patients received anticoagulant therapy for a short period of
time due to superficial vein thrombosis.

Recurrence Rates
Over 5 years of follow-up, 109 patients (17.6%) that stopped
anticoagulant therapy had recurrent VTE, corresponding to a
rate of 4.4 (3.6–5.3) per 100 patient-years (►Table 2).
Patients with unprovoked DVT had threefold higher inci-
dence of recurrence than those with provoked DVT. These
events included 54 ipsilateral DVTs (49.5%), 20 contralateral

DVTs (18.4%), 2 upper extremity DVTs (1.8%), 13 PEs with
DVT (11.9%), and 20 PEs without confirmed DVT (18.4%). No
unusual site VTEs were observed. In the high recurrence risk
group on indefinite anticoagulant therapy, 10 patients (6.2%)
had recurrent VTE, attributable to inadequate anticoagula-
tion in 1 patient and newly diagnosed cancer in the others.

Rates of Other Outcomes
PTSwas diagnosed in 158 patients (20.3%), corresponding to
11.7 (10.1–13.6) per 100 patient-years (►Table 2). Arterial
events occurred in 53 patients (6.8%), corresponding to 1.6
(1.2–2.1) per 100 patient-years (►Table 2). These included 29
ischemic strokes (54.7%), 11myocardial infarctions (20.8%), 7

Table 1 Baseline characteristics of study patients

Total cohort
(n¼825)

Provoked DVT
(n¼353)

Unprovoked DVT
(n¼472)

p-Value

Demographic characteristics

Age in years, median (IQR) 60 (47–72) 52 (42–66) 65 (54–74) <0.001a

Male, n (%) 424 (51.4) 112 (31.7) 312 (66.1) <0.001a

BMI in kg/m2, median (IQR) 27 (24–30) 28 (24–30) 27 (25–30) 0.984

Clinical characteristics

Iliofemoral DVT, n (%) 202 (24.5) 90 (25.5) 112 (23.7) 0.559

Bilateral DVT, n (%) 8 (1.0) 3 (0.8) 5 (1.1) 0.761

Previous VTE, n (%) 145 (17.6) 41 (11.6) 104 (22.0) <0.001a

Family history of VTE, n (%) 236 (29.5) 104 (30.2) 132 (28.9) 0.693

Smoking, n (%) 198 (24.4) 83 (24.0) 115 (24.7) 0.821

Venous insufficiency, n (%) 87 (10.5) 29 (8.2) 58 (12.3) 0.059

Comorbidities

Active cancer, n (%) 24 (2.9) 11 (3.1) 13 (2.8) 0.760

Hematologic disease, n (%) 18 (2.2) 7 (2.0) 11 (2.3) 0.735

Diabetes mellitus, n (%) 57 (6.9) 24 (6.8) 33 (7.0) 0.914

Chronic heart failure, n (%) 16 (1.9) 4 (1.1) 12 (2.5) 0.146

Cardiovascular risk factors

Hypertension, n (%) 253 (30.7) 85 (24.1) 168 (35.6) <0.001a

Hypercholesterolemia, n (%) 119 (14.4) 38 (10.8) 81 (17.2) 0.010a

Antiplatelet drug use, n (%) 85 (10.3) 34 (9.6) 51 (10.8) 0.583

Transient provoking factors

Surgery or major trauma, n (%) – 155 (43.9) – –

Long-distance travel, n (%) – 52 (14.7) – –

Immobilization, n (%) – 90 (25.5) – –

Pregnancy or puerperium, n (%) – 11 (3.1) – –

Estrogen therapy, n (%) – 127 (36.0) – –

Multiple factors, n (%) – 71 (20.1) – –

Anticoagulant therapy

Vitamin K antagonist, n (%) 677 (82.6) 289 (82.3) 388 (82.7) 0.902

Direct oral anticoagulant, n (%) 101 (12.3) 46 (13.1) 55 (11.7) 0.550

LMWH, n (%) 42 (5.1) 16 (4.6) 26 (5.5) 0.528

Abbreviations: BMI, body mass index; DVT, deep vein thrombosis; IQR, interquartile range; LMWH, low molecular weight heparin; VTE, venous
thromboembolism.
aThrombophilia markers were not routinely ordered and are therefore not reported.
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coronary revascularizations (13.2%), and 6 peripheral throm-
botic events (11.3%). Cancer was diagnosed in 55 patients
(7.1%), corresponding to 1.7 (1.3–2.2) per 100 patient-years
(►Table 2). These included 19 urogenital cancers (34.5%), 8
gastrointestinal cancers (14.5%), 7 lung cancers (12.7%), 7
breast cancers (12.7%), 5 melanomas (9.1%), 4 hematologic
cancers (7.3%), 2 brain cancers (3.7%), 2 cancers of unknown
primaryorigin (3.7%), and 1 liposarcoma (1.8%). Therewas no
significant difference in incidences of PTS, arterial events,
and cancer diagnosis between patients with unprovoked and
provoked DVT (►Table 2).

A total of 56 patients died during follow-up, correspond-
ing to a mortality rate of 1.7 per 100 patient-years. No fatal
episodes of recurrent VTE or arterial events were recorded.
The cause of death was cancer in 22 patients (39.3%), infec-
tious disease in 5 patients (8.9%), various other causes in 8
patients (14.3%), and unknown in 21 patients (37.5%). During
follow-up, 9 patients (1.2%) had amajor bleeding event while
on anticoagulant therapy.

Associations with RVO
Overall, RVO was present in 318 of 780 patients (40.8%). Its
prevalence increased from provoked to unprovoked patients

and was highest in high recurrence risk patients (►Fig. 1).
Patients with RVO hadmore than 1.5-fold and 2-fold increased
risk of PTS and arterial events, respectively, but no association
was found with recurrent VTE or cancer (►Table 3). Notably,
RVOwasstronglyassociatedwithPTSinpatientswithprovoked
DVTwithassessmentat3months.Differences in incidence rates
over time for each outcome were visualized as Kaplan–Meier
curves (►Fig. 2). Sensitivity analyses for patients with active
cancer at baseline (2.1%, n¼16/780) or those with previous
ipsilateral DVT (8.5%, n¼66/780) showed similar results.

Several patient characteristics were associated with
clinical outcomes. Recurrent VTE was associated with
unprovoked DVT (HR: 3.59 [2.29–5.63]) and hypertension
(HR: 1.61 [1.11–2.33]). PTS was associated with body mass
index (HR: 1.07 [1.04–1.09]), venous insufficiency (HR: 2.41
[1.65–3.53]), iliofemoral DVT (HR: 1.46 [1.04–2.06]), and
smoking (HR: 1.57 [1.11–2.21]). Arterial events were associ-
atedwith hypertension (HR: 2.02 [1.11–3.66]) and antiplate-
let drug use (HR: 2.57 [1.31–5.03]). Finally, cancer was
associated with age (HR: 1.05 [1.03–1.08]) and hypertension
(HR: 2.70 [1.51–4.83]). While risk of recurrent VTE was
higher after stopping anticoagulant therapy (HR: 18.94
[7.28–49.32]), no difference was found for other outcomes.

Fig. 1 Flow diagram of study design in relation to recurrence rates. Patients were stratified into three groups according to international
guidelines. Further stratification was based on the presence of residual venous obstruction (RVO) on duplex ultrasound (DUS) at median time
point (interquartile range). Anticoagulant therapy (AC) duration was tailored based on this stratification. One month after stopping
anticoagulants, D-dimer levels were measured and considered high at levels >500 ng/mL. Then, patients could resume AC based on their
preference. Recurrence rates over 5-year follow-up are shown.
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Associations with Persistent RVO
Upon completion of extended anticoagulant therapy, patients
were invited to reassess the presence of RVOwithout manage-
ment consequences, to provide reference images in case recur-
rentVTEwassuspected inthefuture.RVOwasreassessed in152
of 223 patients (68.2%) at median 11 (7–13) months. RVO was
still present in 89 of 152 patients (58.6%). However, persistent
RVOwasneitherassociatedwith recurrentVTE(HR:0.83 [0.39–
1.75]), nor with other clinical outcomes (data not shown).

Associations with High D-Dimer
D-dimer levelsweremissing and imputed in 12.1% (n¼75) of
patients that stopped anticoagulant therapy following
tailored duration based on RVO. High D-dimer was found
in 279 patients (45.1%) with lowest prevalence in provoked
patients without RVO and highest in unprovoked patients
irrespective of RVO (►Fig. 1). High D-dimer was associated
with 3.5-fold increased risk of recurrent VTE, but not with
other clinical outcomes (►Table 4).

Discussion

We evaluated a management strategy with RVO-based
tailored duration of anticoagulant therapy. Based on our strat-
egy 3-fourth of DVT patients stopped anticoagulant therapy
after tailoreddurationwithanoverall recurrence rate of4.4per
100 patient-years. Our overall recurrence rate is comparable to
rates reported by two earlier studies with tailored anticoagu-
lant therapy duration based on RVO (4.0 and 3.6 per 100
patient-years).28,29 Both studies included serial D-dimer mea-
surement, which led tomany patients being invited to resume
anticoagulant therapy. Notably, these studies reported high
refusal rates (23 and 8%, respectively), highlighting the under-
appreciated role of patient preference in current strategies.4–7

In our study, even fewer patients (3.4%) resumed anticoagu-
lants following D-dimer measurement as this decision was
based onpatient preference guidedby shareddecisionmaking.

Our study, as well as cited studies, contained mostly
patients using vitamin K antagonists (VKAs), and the

Table 2 Incidence rates of clinical outcomes

Total (n¼ 780) Provoked DVT (n¼ 335) Unprovoked DVT (n¼445)

RVO absent
(n¼ 218)

RVO present
(n¼117)

RVO absent
(n¼201)

RVO present
(n¼ 244)

Recurrent VTE

No. of events (%) 109/619 (17.6) 16/204 (7.8) 9/92 (9.8) 49/192 (25.5) 35/131 (26.7)

Per 100 pt-y (95% CI) 4.4 (3.6–5.3) 1.9 (1.1–3.1) 2.4 (1.1–4.4) 6.7 (5.0–8.8) 6.8 (4.8–9.3)

PTS

No. of events (%) 158 (20.3) 24 (11.0) 34 (29.1)a 43 (17.6) 57 (28.4)c

Per 100 pt-y (95% CI) 11.7 (10.1–13.6) 6.0 (3.9–8.9) 17.5 (12.5–23.6) 10.1 (7.4–13.3) 17.3 (13.4–21.8)

Arterial event

No. of events (%) 53 (6.8) 7 (3.2) 10 (8.5)b 15 (6.1) 21 (10.4)

Per 100 pt-y (95% CI) 1.6 (1.2–2.1) 0.8 (0.3–1.6) 2.1 (1.0–3.9) 1.5 (0.8–2.4) 2.5 (1.6–3.8)

Cancer

No. of events (%) 55 (7.1) 10 (4.6) 6 (5.1) 17 (7.0) 22 (10.9)

Per 100 pt-y (95% CI) 1.7 (1.3–2.2) 1.1 (0.9–2.8) 1.2 (0.6–2.9) 1.7 (1.5–3.5) 2.6 (2.0–4.5)

Abbreviations: CI, confidence interval; DVT, deep vein thrombosis; PTS, post-thrombotic syndrome; pt-y, patient-years; RVO, residual venous
obstruction; VTE, venous thromboembolism.
Note: Outcomes are reported for patients with RVO assessment (n¼ 780/825). Incidences of recurrent VTE are displayed for patients that stopped
anticoagulant therapy (n¼ 619/780), thus excluding “high recurrence risk” patients. PTS was assessed during 2-year follow-up.
ap< 0.001 and bp¼ 0.034 vs provoked DVT with RVO absent; cp¼ 0.007 vs. unprovoked DVT with RVO absent.

Table 3 Associations of residual venous obstruction with clinical outcomes

Total Provoked DVT Unprovoked DVT

Recurrent VTE, HR (95% CI) 1.39 (0.96–2.02) 1.50 (0.67–3.37) 1.37 (0.90–2.08)

PTS, HR (95% CI) 1.66 (1.19–2.32)a 2.16 (1.22–3.83)a 1.41 (0.93–2.12)

Arterial event, HR (95% CI) 2.07 (1.18–3.65)a 2.25 (0.82–6.17) 1.98 (1.01–3.92)a

Cancer, HR (95% CI) 1.26 (0.74–2.17) 0.86 (0.31–2.40) 1.48 (0.77–2.82)

Abbreviations: CI, confidence interval; DVT, deep vein thrombosis; HR, hazard ratio; PTS, post-thrombotic syndrome; VTE, venous thromboembolism.
Note: Each association was adjusted for duration of anticoagulant therapy. Additionally, recurrent VTE was adjusted for unprovoked DVT, previous
VTE, venous insufficiency and hypertension; PTS was adjusted for body mass index, venous insufficiency, iliofemoral DVT and smoking; arterial
events were adjusted for hypertension, antiplatelet drug use and smoking; cancer was adjusted for age and hypertension.
ap-Value <0.05.
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perceived burden of regular laboratorymonitoringmay have
influenced the willingness of patients to resume anticoagu-
lant therapy. The barriers to resume therapy might be lower
in patients using direct oral anticoagulants (DOACs). There-
fore, the use of D-dimers for risk-stratification could bemore
relevant in current clinical care. After all, even with DOACs,
the burden of indefinite therapy is still considerable.

Observational studies have consistently found RVO to be a
predictor of recurrence, although the associations found in
later studies were not as strong as the two to five times
increased risk found in initial studies.12,13,21,22 This can be
explained by heterogeneity in study design, such as earlier
assessment of RVO (i.e., 3–6 months) providing a stronger
association.24 In our management study, we did not find a

Fig. 2 Kaplan–Meier curves of clinical outcomes. Rates of clinical outcomes stratified by residual venous obstruction (RVO). Recurrent venous
thromboembolism (VTE) is shown only for patients that stopped anticoagulant therapy, thus excluding the high recurrence risk group.
Post-thrombotic syndrome was only assessed during 2-year follow-up. p-Values are derived from log-rank tests. Baseline was the moment when
deep vein thrombosis was diagnosed.

Table 4 Associations of high D-dimer with clinical outcomes

Total Provoked DVT Unprovoked DVT

Recurrent VTE, HR (95% CI) 3.51 (2.24–5.48)a 4.56 (1.78–11.68)a 3.16 (1.91–5.24)a

PTS, HR (95% CI) 1.43 (0.93–2.20) 1.46 (0.76–2.79) 1.30 (0.72–2.34)

Arterial event, HR (95% CI) 1.04 (0.50–2.17) 1.01 (0.27–3.80) 0.94 (0.39–2.28)

Cancer, HR (95% CI) 0.67 (0.30–1.49) 0.32 (0.08–1.23)a 1.00 (0.42–2.37)

Abbreviations: CI, confidence interval; DVT, deep vein thrombosis; HR, hazard ratio; PTS, post-thrombotic syndrome; VTE, venous thromboembolism.
Footnote: D-dimer levels were considered high at � 500 ng/mL. Each association was adjusted for duration of anticoagulant therapy, age, and
residual venous obstruction. Additionally, recurrent VTEwas adjusted for unprovoked DVT, previous VTE, venous insufficiency and hypertension; PTS
was adjusted for body mass index, venous insufficiency, iliofemoral DVT and smoking; arterial events were adjusted for hypertension, antiplatelet
drug use and smoking; cancer was adjusted for hypertension.
ap-Value <0.05.
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significant association of RVO with recurrent VTE anymore.
In the light of previous findings that observed a reduced
recurrence risk by extending anticoagulant therapy in
patients with RVO,30,31 it is plausible that the association
in our cohort was attenuated by extending anticoagulant
therapy in patients with RVO.

The increased risk of recurrent VTE in patientswith RVO is
presumed to be caused by a systemic hypercoagulable state,
potentially driven by local thromboinflammation.21,22,32

This hypercoagulable state seems to be transient since
recurrence rates decrease over time, advocating the benefit
of extended anticoagulant therapy. Nevertheless, based on
the persistent association with high D-dimer in our study, it
is likely that hypercoagulability continues to have a role after
stopping extended anticoagulation as a predictor indepen-
dent of RVO.

RVO in our cohort proved to be an important indicator of
risk for both PTS and arterial events. Several studies found
RVO to be associated with a two-times increased risk of
PTS,18,19 while the one study that assessed its relation to
arterial events also found a two-times increased risk.19

Additionally, the latter study found a three-times higher
risk of cancer in patients with RVO, which our study did
not show. This lack of association is probably due to differ-
ences in clinical setting and study population.

RVO’s associationwith PTS is likely explained by excessive
inflammation and underlying vein damage instead of hyper-
coagulability.33,34 Inflammation is considered to have a
major pathogenic role in PTS by contributing to failure of
early DVT resolution.35–39 The importance of early DVT
resolution is supported by our observation that PTS was
more strongly associated with RVO at 3 compared with
6 months and was not associated with persistent RVO at
reassessment. A pathogenic role for coagulation is unlikely
since PTS was neither associated with duration of anticoag-
ulant therapy nor with high D-dimer.40–42

The association of RVO with arterial events points to an
often proposed mechanistic “crosstalk” between the venous
and arterial vasculature.35 While hypercoagulability would
be expected to play a role,19 we did not observe a protective
effect of extended anticoagulant therapy, in agreement
with one study.36 Another large cohort, however, reported
reduced a risk of arterial events in those with anticoagulant
treatment beyond 3 months, meaning a role of hypercoagu-
lability cannot be ruled out.37,38 Additionally, this risk of
arterial events in VTE might be explained by thrombus
persistence and atherogenesis having common pathogenic
mechanisms, including the role of proinflammatory macro-
phages.39 Indeed, subclinical atherosclerosis was found to be
almost three times as prevalent in patients with RVO as
compared with those without RVO.43 While the finding of
DVT in any patient should trigger revision of cardiovascular
risk factors, the finding of RVO should be considered an
additional important risk indicator for arterial events. More-
over, in the context of the currently increasing use of
reduced-dose DOACs for secondary prevention of VTE, we
speculate that RVO might be useful as indicator of patients

that would still require full-dose DOACs due to an increased
arterial thrombotic risk.

There are several limitations to our findings. First and
foremost, data are derived from a single center cohort, and
although there was very limited loss to follow-up, the out-
comes might not be easily generalizable, and the nature of
the study does not allow for causal inference. Also, most
patients in our cohort used VKAs, while these days DOACs
have become the preferred anticoagulant drugs in VTE.
Finally, cause of death was unknown in many patients since
these details of death records are processed anonymously in
the Netherlands. Thus, some episodes of fatal recurrent VTE
or arterial events might have been missed. While PTS was
only assessed during for a 2-year follow-up, it is known that
few cases occur after this time point.41

A strength of our study is the use of a largely unselected
DVT population representing real-life clinical practice, in
contrast to other studies that commonly exclude patients
with provoked DVT or high recurrence risk. It is particularly
within these patient groups that current guidelines mention
potential risk differences of clinical relevance.4–7 However,
this has not yet resulted in differentiation of treatment
recommendations, probably due to the lack of evidence to
support tailored management in these patient groups. Also,
our shared decision-making approach in patients with high
D-dimer revealed high refusal rates to resume anticoagu-
lants. This finding emphasizes the strong preference of
patients against indefinite anticoagulant therapy and the
need for tailored strategies.

In conclusion, our RVO-based management strategy
achieved a high proportion of patients that could stop anti-
coagulation at an overall recurrence rate of 4.4 per 100
patient-years. Since associations of RVO with PTS as well
as arterial events were found, it is worth to contemplate
RVO-tailored prevention of PTS and intensified cardiovascu-
lar riskmanagement in patientswith RVO.Moreover, the loss
of association of RVOwith recurrent VTE in thismanagement
study suggests an independent pathogenic relation of RVO
with PTS and arterial events. Potential pathogenic mecha-
nisms should be studied to gain insight into modifiable
factors that could be used to improve management of DVT
patients.

What is known about this topic?

• RVO has been associatedwith recurrent VTE andmight
be used to guide anticoagulant therapy.

• Associations of RVO with other clinical outcomes have
also been reported.

What does this paper add?

• RVO was not associated with recurrent VTE after
extended anticoagulant therapy.

• RVO was associated with post-thrombotic syndrome
and arterial events.
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