
Management of Deep Vein Thrombosis: An
Update Based on the Revised AWMF S2k
Guideline
Birgit Linnemann1 Jan Beyer-Westendorf2 Christine Espinola-Klein1 Katja S. Mühlberg3

Oliver J. Müller4 Robert Klamroth5

1Cardiology III – Angiology, Department of Cardiology, University
Medical Center of the Johannes Gutenberg University Mainz, Mainz,
Germany

2Thrombosis Research Unit, Division of Haematology, Department of
Medicine I, Carl Gustav Carus University Hospital, University Hospital
Carl-Gustav Carus, Dresden, Germany

3Department of Angiology, University Hospital Leipzig, Leipzig,
Germany

4Department of Internal Medicine III, University Hospital Schleswig -
Holstein, Campus Kiel, Kiel, Germany

5Department of Internal Medicine, Angiology and Haemostaseology,
Vivantes Klinikum im Friedrichshain, Berlin, Germany

Hamostaseologie 2024;44:97–110.

Address for correspondence Prof. Dr. med. Birgit Linnemann,
Zentrum für Kardiologie, Kardiologie III – Angiologie,
Universitätsmedizin der Johannes-Gutenberg-Universität Mainz,
Langenbeckstraße 1, 55131 Mainz, þDeutschland
(e-mail: Birgit.Linnemann@unimedizin-mainz.de).

Keywords

► anticoagulant
therapy

► deep vein thrombosis
► secondary

prophylaxis
► venous duplex

ultrasonography
► venous

thromboembolism

Abstract Deep vein thrombosis (DVT) and pulmonary embolism (PE) are the most common
manifestations of venous thromboembolism (VTE). Most DVTs affect the lower-
extremity veins. Since the symptoms of DVT are non-specific, a prompt and stand-
ardised diagnostic work-up is essential to minimise the risk of PE in the acute phase and
to prevent thrombosis progression, post-thrombotic syndrome and VTE recurrence in
the long-term. Only recently, the AWMF S2k guidelines on Diagnostics and Therapy of
Venous Thrombosis and Pulmonary Embolism have been revised. In the present article,
we summarize current evidence and guideline recommendations focusing on lower-
extremity DVT (LEDVT). Depending on whether the diagnostic work-up is performed by
a specialist in vascular medicine or by a primary care physician, different diagnostic
algorithms are presented that combine clinical probability, D-dimer testing and
diagnostic imaging. The diagnosis of ipsilateral recurrent DVT poses a particular
challenge and is presented in a separate algorithm. Anticoagulant therapy is an
essential part of therapy, with current guidelines clearly favouring regimens based
on direct oral anticoagulants over the traditional sequential therapy of parenteral
anticoagulants and vitamin K antagonists. For most DVTs, a duration of therapeutic-
dose anticoagulation of at least 3 to 6 months is considered sufficient, and this raises
the question of the risk of VTE recurrence after discontinuation of anticoagulation and
the need for secondary prophylaxis in the long-term. Depending on the circumstances
and trigger factors that have contributed to the occurrence of DVT, management
strategies are presented that allow decision-making taking into account the individual
bleeding risk and patient’s preferences.
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Deep vein thrombosis (DVT) and pulmonary embolism (PE)
are the most common manifestations of the same disease
entity – venous thromboembolism (VTE). In clinical practice,
about two-thirds of VTE events manifest as DVT and one-
third are detected when patients present with symptoms
suggestive of PE. Autopsy studies, on the other hand, indicate
that DVT and PE events occur with comparable frequency
indicating that many PE events remain undiagnosed before
death.1,2

Most DVTs affect the lower-extremity veins. From an
anatomical and prognostic point of view, a distinction is
made between thromboses affecting the deep veins and
thromboses in the epifascial venous system (superficial
vein thrombosis [SVT]). This review will focus on DVT, as
its various forms are of particular clinical relevance. The
different vein segments are involved in the thrombosis
process with different frequencies. Thromboses that are
limited to the distal or lower leg veins account for �40% of
cases, while the popliteal veins are affected in 16% and the
femoral veins are involved in 20%. Thrombosis involving the
iliac veins occurs in 4% of cases.3

After DVT, the affected veins often recanalise incomplete-
ly, leaving post-thrombotic residuals in 30 to 80% of cases,
which are associated with venous valve insufficiencies and
increase the risk of DVT recurrence. The clinical picture of
post-thrombotic syndrome (PTS) develops in�30% of cases.4

This is especially true for extensive proximal thromboses
involving the iliac veins. About 1 to 5% of all patients develop
severe PTS or chronic venous leg ulcers after DVT.4,5

Diagnostic Algorithms of Suspected DVT

Diagnostic procedures initiated immediately with the clini-
cal suspicion of DVT are essential to confirm or exclude
thrombosis and to lower the risk of complications in the
acute phase and in the long term. Early initiation of antico-
agulant therapy interrupts appositional thrombus growth,
facilitates subsequent recanalisation and reduces the risk of
embolisation. On the other hand, a falsely diagnosed throm-
bosis leads to unnecessary treatment with the associated
(bleeding) risks. Since clinical symptoms and signs are un-
specific and therefore uncertain, a validated diagnostic pro-
cedure is required. In recent years, diagnostic algorithms
have been established for the diagnosis of DVT, which takes
into account clinical pre-test probability, the results of D-
dimer testing and diagnostic imaging.

According to the revised AWMF S2k guideline on “Diag-
nostics and Therapy of Venous Thrombosis and Pulmonary
Embolism,” venous duplex ultrasonography (VDUS) is con-
sidered the method of first choice for the detection of DVT
and should therefore – if timely available – primarily be used
in cases of suspected DVT.6 VDUS includes complete com-
pression ultrasonography (CCUS) of the deep veins of the
upper and lower leg and the derivation of a Doppler flow
profile of the common femoral vein in side-by-side compari-
son – the latter to identify or exclude venous outflow
obstruction in the iliac and caval veins (►Fig. 1). According
tometa-analyses, the diagnostic failure rate of an ultrasound

examination as a standalone test is 0.3 to 1% when consider-
ing a follow-up period of 3 months.7–9 The most important
prerequisite for a meaningful ultrasonography is a careful,
standardised examination including the veins of the lower
leg by an appropriately trained and experienced examiner
and the documentation of the findings in written and
pictorial form. If DVT is proven in the symptomatic leg, the
other leg should also be examined sonographically, as bilat-
eral thromboses occur in �5 to 10% of cases.6

If the sonographic findings are unclear, a D-dimer test
should be performed. If the D-dimers are normal, clinically
relevant thrombosis requiring anticoagulant therapy can be
ruled out. If, on the other hand, the D-dimers are elevated in
the case of non-conclusive ultrasound findings, either a
sonographic follow-up should be performed within the
next 4 to 7 days or alternative imaging (e.g., MR or indirect
CT venography) should be sought (►Fig. 2).

If a complete VDUS scan of the leg veins is not timely
available or feasible, clinical probability (e.g., 2-stage Wells
score), D-dimer testing and limited ultrasound protocols
should be used as a first approach (►Fig. 3). In the context
of a low clinical pre-test probability, the D-dimer test is able
to identify patients who do not require diagnostic imaging.
Normal D-dimers allow exclusion of DVT with a negative
predictive value of more than 95%, when the clinical proba-
bility is low. A quantitative, high-sensitivity D-dimer test
should be usedwhenever possible. For themajority of tests, a
threshold value of 500 μg/L is used.10 However, it should be
noted that in rare cases, false-negative D-dimers can occur in
low thrombus burden, in symptoms that have been present
for weeks or months and in patients who have already been
treated with anticoagulants.11

As the D-dimers physiologically increase with age, the use
of an age-adjusted cut-off value in patients over the age of 50
(i.e., patient age�10μg/L) can limit the number of unneces-
sary ultrasound examinations.12 Alternatively, the decision
limits of D-dimer testing can be adjusted to the clinical
probability.13 The direct comparison of an age-adjusted D-
dimer limit with a decision limit adjusted to the clinical
probability resulted in a high negative predictive value
(99.8%) for both methods. Relevant differences with regard
to sensitivityor specificitycouldnotbederived, so that the two
interpretation strategies can be considered equally reliable.14

In patients with a high clinical pre-test probability, D-
dimer testing is not useful, as imaging cannot be dispensed
even if the D-dimers are normal. Therefore, if the clinical
probability is high or if a non-specific increase in D-dimer is
to be expected (e.g., previous surgery or trauma, underlying
malignant disease, infection, inflammation or pregnancy), a
sonographic examination should be the first diagnostic test.
If VDUS is not available or feasible, a point-of-care ultrasound
(POCUS) protocol limiting the examination to the femoro-
popliteal veins can be used (►Fig. 1). If DVT is detected, the
patient is referred to appropriate therapy; if DVT is not
proven, anticoagulation should be avoided and VDUS should
be completed within the next 7 days (►Fig. 3).

The different approaches to diagnose or exclude DVT
reflect the different situations in which patients with
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suspected DVT present. The initial assessment of clinical
probability followed by D-dimer testing does not require
ultrasound equipment or expertise and can mainly be
applied by general practitioners or primary care physicians,
whereas confirmation or exclusion of DVT using ultrasound
techniques is usually performed by physicians specialized in
vascular medicine or working in emergency departments.

Due to the potentially life-threatening complication of PE,
any clinical suspicion of DVT must be clarified promptly to
the extent that a safe therapeutic decision can be made. If
ultrasound diagnostics cannot be performed promptly, the
initiation of provisional therapeutic anticoagulation should
be considered in cases of high clinical probability and/or
elevated D-dimers until definitive clarification, provided the

Fig. 1 Ultrasound protocols for the diagnosis of lower-extremity DVT. ATV, anterior tibial vein; CUS, compression ultrasound; CFV, common
femoral vein; CIV, common iliac vein; EIV, external iliac vein; FemV, femoral vein; PFV, profound femoral vein; PopV, popliteal vein; PTV,
posterior tibial vein; PV, peroneal vein; VDUS, venous duplex ultrasonography.

Fig. 2 Diagnostic algorithm for suspected lower-extremity DVT. CTV, computed tomography venography; DVT, deep vein thrombosis; MRV,
magnetic resonance venography; VDUS, venous duplex ultrasonography.
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individual bleeding risk is acceptable and there are no
contraindications.

Diagnostic Approach in Suspected Recurrent
DVT

After discontinuation of anticoagulation for unprovokedVTE,
�25% of patients experience VTE recurrence within 5 years
and 30 to 40% within 10 years.15 Thus, the question of DVT
recurrence arises frequently when unilateral leg swelling
and/or leg pain occur again. After an initial VTE, residual
thrombus burden, clinical symptoms of PTS and the patient’s
higher awareness of symptoms may often lead to the suspi-
cion of recurrent DVT, necessitating a validated diagnostic
approach to differentiate between residual venous obstruc-
tion and thrombosis recurrence.

Study data suggest that the classical diagnostic algorithm
of pre-test probability and D-dimer testing may have insuf-
ficient certainty in cases with suspected recurrent DVT.16 As
previous VTE are included in the pre-test probability, the
clinical probability will almost always be high. At the same
time, post-thrombotic residuals impair the diagnostic reli-
ability of ultrasound if ipsilateral recurrent DVT is sus-
pected.17 Of note, there are no sonographic criteria that
can reliably distinguish between acute thrombosis and
post-thrombotic residuals. A diagnosis of recurrent DVT
solely on the basis of sonomorphological criteria or different
echogenicity of non-compressible vein segments is therefore
not allowed.18

However, a recurrence of DVT can be reliably diagnosed if
thrombi are detected in venous vessel segments that were

not affected by the initial thrombosis or for which complete
recanalisationwasdocumented in the course after a previous
DVT. If a previously documented residual thrombus has
clearly increased in thickness, DVT recurrence can also be
assumed.19,20 The increase by�4mm in the anterior-poste-
rior diameter within the femoropopliteal veins also allows
the diagnosis of recurrent DVT. In contrast, using an increase
in residual thrombus burden of 2 to 3mm, the diagnosis of
recurrence was uncertain. In clinical practice, the problem
often arises that well-documented previous findings are
missing, which limits the significance of sonography. It
should therefore bemandatory that all DVT patients undergo
a follow-up ultrasound examinationwith detailed documen-
tation of residual thrombus burden when anticoagulation is
discontinued.

Due to the limitations of ultrasonography described
above, D-dimer testing should be performedwhen recurrent
DVT is suspected, regardless of the pre-test probability.
Normal D-dimers and unchanged ultrasound findings com-
pared with the previous examination make a recurrence of
DVTunlikely. ElevatedD-dimers do not prove thrombosis but
can still help to assess the situation in the context of clinical
and ultrasound findings.21,22 If DVT recurrence cannot be
confirmed, the initial findings should preferably remain
untreated and a sonographic follow-up with repeated D-
dimer determination should be performed within the next 4
to 7 days. In the case of acute recurrent DVT requiring
anticoagulation, it can be expected that ultrasound findings
and/or D-dimers change during this period, while stable
findings in the follow-up make acute DVT unlikely. In justi-
fied individual cases (i.e., with high clinical suspicion and/or

Fig. 3 Alternative diagnostic algorithm for suspected DVTwhen specialist ultrasound expertise is not immediately available. DD, D-dimer; DVT,
deep vein thrombosis; PTP, pre-test probability; VDUS, venous duplex ultrasonography.
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suggestive sonographic findings and elevated D-dimers), it
may, on the other hand, make sense to initially restart
therapeutic anticoagulation for a limited period of time
and to decide on the further course of action within the
framework of a clinical, laboratory and sonographic follow-
up (e.g., after 1–4 weeks; ►Fig. 4).6

Magnetic resonance (MR) examination techniques such as
MR direct thrombus imaging can also be used to differentiate
between acute ipsilateral recurrent thrombosis and resid-
uals of a previous DVT.23 However, this method has not yet
been widely used.

Treatment of Lower-Extremity DVT

General Considerations
In recent decades, the treatment of DVT patients has increas-
ingly shifted from inpatient to outpatient care. However,
hospital admission and treatment is indicated if early revas-
cularization is to be performed due to severe leg symptoms
caused by extensive DVT involving the iliac veins or inferior
vena cava. In cases of severe venous stasis symptoms, symp-
tomatic PE, high risk of bleeding or active bleeding, severe
renal or hepatic insufficiency and/or co-existing pregnancy,
primary hospital treatment may also be appropriate. Throm-
bosis progression or the occurrence of DVT recurrence
despite adequate anticoagulation can also be a reason for
inpatient treatment. This is especially true if the patient is
being treated with heparins and heparin-induced thrombo-
cytopenia (HIT) is suspected.

The primary objective of treatment in the acute phase of
DVT is to prevent thrombus growth and to reduce the risk of

PE.With the initiation of anticoagulant therapy, the risk of PE
and recurrent thrombosis decreases.24 Early initiation of
treatment also reduces the incidence and severity of
PTS.25–27 With the rapid onset of action of modern anti-
coagulants, many patients can be treated on an outpatient
basis, reducing the need for hospital admissions to the few
cases described above.

Initial and Maintenance Anticoagulant Therapy
After the diagnosis of DVT has been confirmed, anticoagu-
lation in therapeutic dosage should be initiated without
delay. Of note, a distinction has to be made between initial
and maintenance therapy (►Fig. 5). This is due to the
different approval situations of the individual anticoagu-
lants. In the initial phase, which usually covers the first 5 to
21 days, parenteral anticoagulants or higher dosages of oral
anticoagulants are used to counter-balance an excess com-
plication risk in the acute phase of VTE. Thereafter, the
therapeutic dosage for the maintenance phase is used for
at least 3 to 6 months and can be prolonged in individual
cases with high thrombus burden. Of note, the choice of
anticoagulant for maintenance therapy determines the type,
intensity and duration during the initial treatment phase. At
the end of the maintenance phase, a decision must be made
as towhether a continuation of anticoagulation – and if so, at
what dosage – is necessary for the efficient prevention of
recurrent VTE or whether anticoagulation can be
discontinued.

The revised AWMF S2k guideline recommends that for the
treatment of VTE, a regimen with a direct oral anticoagulant
(DOAC) should be preferred over the traditional therapywith

Fig. 4 Diagnostic algorithm for suspected recurrent ipsilateral lower extremity. DVT, deep vein thrombosis; recDVT, recurrent deep vein
thrombosis; US, ultrasound; VDUS, venous duplex ultrasonography.
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a vitamin K antagonist (VKA), provided that there are no
substance-specific contraindications (e.g., severe renal in-
sufficiency, antiphospholipid syndrome, pregnancy).6 Large
randomized controlled trials (RCTs) showed non-inferiority
for apixaban, dabigatran, edoxaban and rivaroxaban com-
pared with traditional therapy with low-molecular-weight
heparin (LMWH) or fondaparinux followed by VKA.28–33

Meta-analyses confirmed a comparable efficacy in the pre-
vention of VTE recurrences for the entire group of DOACs and

showed a significant reduction of major bleeding by �40%
compared with VKAs.34,35

If apixaban and rivaroxaban are selected for maintenance
therapy, anticoagulation can be started directly orally, with
higher doses being administered in the initial phase
(►Table 1). If maintenance therapy with dabigatran, edox-
aban or VKA is intended, initial treatment with parenteral
anticoagulants, preferably LMWH or fondaparinux, is
required. The use of unfractionated heparin (UFH) today is

Fig. 5 Treatment phases of VTE and anticoagulant strategies. APS, antiphospholipid syndrome; AT, antithrombin; DOAC, direct oral
anticoagulant; DVT, deep vein thrombosis; INR, international normalised ratio; LMWH, low-molecular-weight heparin; PE, pulmonary embolism;
PC, protein C; PS, protein S; RF, risk factor; UFH, unfractionated heparin; VKA, vitamin K antagonist; VTE, venous thromboembolism.
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almost exclusively limited to patients with severe renal
failure, when LMWH, fondaparinux and most oral antico-
agulants are contraindicated. UFH is also used when a short
half-life anticoagulant is desirable (e.g., haemodynamically
unstable patient, increased risk of bleeding).

Compression Therapy
According to a Cochrane review, compression therapy
reduces the incidence of PTS (relative risk [RR]: 0.62; 95%
confidence interval [CI]: 0.38–1.01).25No reduction in severe
PTS (RR: 0.78; 95% CI: 0.53–1.15) or in the risk of recurrent
thrombosis (RR: 0.94; 95% CI: 0.69–1.28) could be demon-
strated. However, the overall study quality is rated as low. In
some RCTs, however, the incidence of PTS after proximal DVT
was halved.26,36,37 The prerequisite for the efficacy of com-
pression is the early start of therapy immediately with the
diagnosis of the DVT and the consistent application of the
compression.26,38,39

Both medical compression stockings and compression
bandages are used and, correctly applied, are considered
equally effective. In patients with severe leg swelling in the
acute phase, it may be advantageous to start compression
therapy with bandages and fit a compression stocking after
the swelling has subsided. Compression therapy is indicated
exclusively for the leg affected by DVT. Compression of both
legs after PE without evidence of DVT does not appear to be
useful. Thigh-length compression stockings are no more
effective than calf compression stockings in preventing
PTS.40 Therefore, if the swelling is limited to the lower leg,
a calf compression stocking or the application of a compres-
sion bandage up to the knee is usually sufficient. After 3 to
6months, the indication for continuing compression therapy

after DVT should be reviewed on the basis of clinical com-
plaints. Multicentre RCTs have shown that an individualised
compression duration, adapted to the patient’s complaints, is
not inferior to a fixed therapy duration of 2 years.41

Endovenous or Surgical Revascularisation
Phlegmasia cerulea dolens is a very rare vascular emergency
in which a massive thrombosis leads to a complete obstruc-
tion of the venous outflow of a leg with the risk of compart-
ment syndrome, acute limb ischaemia and venous gangrene.
In these cases, immediate venous recanalisationwith the aim
of limb preservation is clearly indicated.42 The choice of
procedure – endovascular or open surgery – should be made
on an interdisciplinary basis and depends on the overall
clinical situation and the specialist’s expertise on site.

Endovascular recanalisation for acute DVT can also be
considered in patients with proximal thrombosis involving
the iliac veinswho are at high risk for developing PTS.6 This is
particularly true for patients with descending iliofemoral
DVT and severe venous stasis symptoms, provided the clini-
cal symptoms do not persist for more than 14 days and the
risk of bleeding is low.

However, available data do not indicate a reduction in
mortality, risk of PE or recurrent VTE, or improvement in
quality of life. A recent Cochrane review analysed data on
catheter-directed thrombolysis with and without the use of
other endovascular procedures from 19 trials with a total of
1,943 patients.43 The use of thrombolytics resulted in a
higher rate of complete recanalisation (RR: 2.42; 95% CI:
1.42–4.12), but the risk of bleeding complications was in-
creased (6.7 vs. 2.2%; RR: 2.45; 95% CI: 1.58–3.78). Over an
observation period of 6 months to 5 years, the difference

Table 1 Treatment of acute VTE with oral anticoagulants

Initial therapy Maintenance therapy No need for dose adjustment for
renal function required

DOAC-based regimen

Apixaban 10mg twice daily for 7 d 5mg twice daily GFR � 15mL/min

Dabigatran LMWH, FDX, or UFH at
therapeutic dosage for �5 d

150mg twice daily GFR � 30mL/min

Edoxaban LMWH, FDX, or UFH at
therapeutic dosage for �5 d

60mg once daily GFR � 50mL/min

Rivaroxaban 15mg twice daily for 21 d 20mg once daily GFR � 15mL/min

VKA-based regimen

Phenprocoumon 6mg (2 tbl.) on days 1 and 2,
overlapping LMWH, FDX, or
UFH at therapeutic dosage
up to INR �2

Individual dosage (INR target
range 2.0–3.0)

Standard of care for CKD stages 4
and 5, although contraindicated in
manifest renal failure according to
the SmPC

Warfarin 2.5–5mg on days 1 and 2,
overlapping LMWH, FDX, or
UFH at therapeutic dosage
up to INR �2

Abbreviations: DOAC, direct oral anticoagulant; FDX, fondaparinux; GFR, glomerular filtration rate; INR, international normalised ratio; LMWH,
low-molecular-weight heparin; SmPC, summary of product characteristics; Tbl., tablet; UFH, unfractionated heparin; VTE, venous thromboembolism.
Notes: The table is intended to provide guidance. In addition, the manufacturer’s SmPCs must be observed, especially with regard to necessary
dose reductions or contraindications in special risk groups.
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with regard to the development of a PTS was only small
(49.6% with endovenous treatment and 52.8% with anti-
coagulation alone; RR: 0.78; 95% CI: 0.66–0.93). When only
the three most recent RCTs (CaVenT, ATTRACT, CAVA) were
pooled, there was no significant advantage for catheter-
directed thrombolysis in combination with endovascular
procedures with regard to the development of PTS or venous
ulceration. Due to weaknesses in the study design, it is not
possible to draw a final conclusion.

Prognosis after DVT and Aftercare

In the first few weeks after initiating therapy, a clinical
follow-up should be performed to review the patient’s
complaints and the implementation, effectiveness and safety
of therapeutic measures. Sonographic control is necessary
only if there is a clinical suspicion of thrombosis progression
or in the absence of clinical improvement.6

At follow-up visits, a clinical examination should be
performed to detect signs of venous insufficiency or PTS. If
there is persistent swelling or an increase in the circumfer-
ence of the limb, compression therapy should be continued
or intensified if necessary. At the end of the maintenance
phase, the question arises as to whether anticoagulation
should be discontinued or – in the case of a high risk of
recurrence – continued. As mentioned earlier, an ultrasound
examinationwith documentation of residual thrombi should
be mandatory if anticoagulation is discontinued.

If prolonged or indefinite anticoagulation is indicated
for secondary prophylaxis, regular follow-up visits (e.g.,
every 1–2 years) should be planned for re-evaluation, which
should include the question of recurrent thromboembolism,
bleeding complications, comorbidities, co-medications and
adherence to therapy. Regular monitoring of routine blood
parameters (e.g., blood cell count, liver enzymes,

creatinine/glomerular filtration rate) under continued anti-
coagulation is recommended, especially in the elderly and in
impaired renal function.

Secondary Prophylaxis after VTE

In recent years, an anticoagulation duration of at least
3 months has been established in all relevant guidelines
for patients with LEDVT as well as for patients with PE.6,44,45

After 3 to 6 months, LEDVT and/or PE have usually been
adequately treated, and thus the therapy phase – initial and
maintenance therapy – is considered completed. Extensive
VTE is often treated for longer (e.g., up to 12 months) in
clinical practice, especially if a high residual thrombus
burden is still detectable.17,46

The decision to continue or discontinue anticoagulant
therapy beyond the maintenance phase depends largely on
the estimated risk of VTE recurrence. If the decision is made
for an indefinite therapy, the individual risk of bleeding
under continued anticoagulation and the patient’s prefer-
ences and concerns should also be taken into account.

Risk of VTE Recurrence
In unselected VTE cohorts, the cumulative risk of recurrence
after cessation of anticoagulation is 6.3% at 3 months, 8.0% at
6months, 13% at 1 year, 23% at 5 years and 30% at 10 years.47

Numerous factors influence the risk of recurrence to
varying degrees (►Table 2). In addition to the patient’s
own risk factors (age, sex, thrombophilia), the characteristics
of the previous VTE (localisation, extent, trigger, clinical
course, long-term consequences), concomitant diseases
(e.g., malignancy, infection, autoimmune disease) and co-
medications (e.g., estrogens) must be taken into account.
Furthermore, there may be additional risk-increasing con-
comitant circumstances (e.g., obesity, varicosis, frequent

Table 2 Established risk factors for developing a first VTE stratified according to the extent of risk increase

Strong risk factors
(OR � 10)

Moderate risk factors
(OR 2–9)

Weak risk factors
(OR<2)

- Previous VTE
- Trauma with leg fracture
- Hip or knee replacement
- Major trauma
- Spinal cord injury
- Myocardial infarction
(in the previous 3 mo)

- Hospitalisation for heart
disease or atrial fibrillation/
flutter (in the previous 3 mo)

- Hormonal treatment containing
estrogens (e.g., COC, HRT, IVF)

- 3rd trimester pregnancy
- Postpartum period
- Active malignancy
- Central venous catheters and devices
- Chemotherapy
- Autoimmune disorders
- Inflammatory bowel disease
- Systemic infection (e.g., pneumonia,
urinary tract infection, HIV)

- Heart failure or respiratory
insufficiency

- Stroke with paralysis
- Arthroscopic knee surgery
- Superficial venous thrombosis
- Hereditary or acquired thrombophilia
- Erythropoiesis-stimulating agents

- Bed rest � 3 d
- Diabetes mellitus
- Arterial hypertension
- Immobility due to sitting
(e.g., long-distance travel)

- Advanced age
- Obesity
- 1st- and 2nd-trimester pregnancy
- Varicose veins
- Laparoscopic surgery
(e.g., cholecystectomy)

Abbreviations: COC, combined oral contraceptives; HIV, human immunodeficiency virus; HRT, hormone-replacement therapy; IVF, in-vitro
fertilisation; OR, odds ratio; VTE, venous thromboembolism.
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travelling) which alone would not justify secondary prophy-
laxis with medication, but which should be included in the
overall assessment. If several risk factors are present, it is
difficult to estimate the possible additive, multiplicative or
exponential effect on the risk of recurrence. However, it can
be assumed that the risk of recurrence in the long term is
lower after VTE related to a transient risk factor which is no
longer present, and higher in the presence of persistent risk
factors. The revised AWMF S2k guidelines recommend that
for each VTE, the relevant risk factors that have contributed
to the thrombotic event should be taken into consideration
about type, intensity and duration of therapy and secondary
prophylaxis.6

To date, there is a lack of clear scientific evidence demon-
strating that knowledge of thrombophilia is beneficial in
determining the secondary prevention strategy.48–50 In clin-
ical practice, patients with VTEmanifestation at a young age,
those with unprovoked events, recurrent VTE or atypical
thrombosis localisation as well as patients with a positive
family history are often referred for thrombophilia screen-
ing. Presenting details of the extent of screening, optimal
timing and influence of anticoagulation on test results is
beyond the aim of this article. Of note, there is agreement
that thrombophilia screening should be performed only if
therapeutic consequences arise from the test results. Screen-
ing can therefore be useful for individual patients in whom
the decision for or against prolonged anticoagulation is
unclear or inwhomknowledge of a thrombophilia influences
the duration and intensity of anticoagulation or the type of
anticoagulant. If treatment decisions can be reliablymade on
the basis of established clinical factors, thrombophilia
screening is unnecessary and should not be performed.6

Activemalignant disease is a strong risk factor for VTE and
VTE recurrence. Since the occurrence of acute VTE can be
caused by previously occult malignancy, the recommended
age- and gender-specific examinations for cancer screening
should be reviewed and updated, especially if the etiology of
the current VTE event remains unclear. Depending on the
extent of diagnostics after the occurrence of a VTE, the
probability of detecting a previously unknown malignancy
is between 3 and 15% and is higher after unprovoked
compared with risk-associated VTE and higher in older
compared with younger people.51–54

Risk of Major Bleeding
In a meta-analysis, the incidence of major bleeding
for secondary prophylaxis with a DOAC regimen was 1.12
(95% CI: 0.72–1.62) compared with 1.74 (95% CI: 1.34–2.20)
per 100 person-years with VKA.55 The risk of dying from
major bleeding was comparable for VKA and DOAK (case
fatality rate: 8.3% [95% CI: 5.1–12.2%] vs. 9.7% [95% CI: 3.2–
19.2%]). Under the additional aspect that efficient secondary
prophylaxis is possible for many patients with low-dose
apixaban or rivaroxaban, today’s risk-benefit assessment
shifts considerably toward an anticoagulation-
based secondary prophylaxis.

Bleeding risk scores for VTE patients on anticoagulation
have been developed (►Table 3) but have been poorly

validated and do not provide meaningful guidance in every-
day clinical practice.56,57 Therefore, as prospective manage-
ment studies for VTE patients are currently lacking, a high
bleeding score should not be used as a justification to
withhold anticoagulation from patients with acute VTE,
which is a clear indication for anticoagulation.

Shared Decision-Making
The patient’s preferences and concerns should always be
included in the decision-making process, after an easily
understandable explanation of the assumed risks and bene-
fits of the treatment options under consideration has been
given. At the end of the maintenance phase, many patients
usually have sufficient insight into the clinical relevance of
VTE, experienced several months of VTE therapy and devel-
oped a clear idea of the significance of a possible recurrence
for their future life. An explicit and transparent shared
decision-making with detailed documentation should be
the standard of care.6

Proximal DVT with or without PE
A therapy duration of 3 to 6 months is usually considered
sufficient for the treatment of acute LEDVT and this also
applies to proximal DVTwith andwithout PE. After this time,
the question arises whether anticoagulation can be stopped
or continued due to an increased riskof VTE recurrence. It is a
particular challenge to assess the risk of recurrent VTE in
individual cases toward to make the safest possible decision
on whether to discontinue or continue anticoagulant thera-
py. In recent years, a “traffic light system” has been estab-
lished to provide decision support, in which clinical
situations secondary prophylaxis after VTE should be carried
out, considered or not carried out. The revised AWMF S2k
guideline has modified this system and tried to establish
practical recommendations for action.6

The main decisive factor is the classification of the risk
factors contributing to the index VTE, whereby a distinction
is made between strong and weak as well as persistent and
transient factors. It is recommended to continue anticoagu-
lation indefinitely in cases of high risk of recurrence (e.g.,
active malignancy, high-risk thrombophilia, recurrent un-
provoked VTE), usually at the same dosage as recommended
in themaintenance phase. In contrast, anticoagulation can be
stopped after at least 3 months of therapy if the risk of
recurrence is considered low. This is the case if the VTE
occurred in association with a strong transient trigger (e.g.,
major surgery, trauma with fracture, bed rest for � 3 days)
that is no longer present or relevant toward the end of the
therapy phase (►Fig. 5).

Decision-making for patients at moderate risk of recur-
rence is challenging, as discontinuation and continuation of
anticoagulation may be considered equivalent options. This
group includes patients with unprovoked VTE and those in
whom the index event occurred in association with weak or
questionable triggers. In these cases, continuation of anti-
coagulation is often reasonable, but the clinical benefit is less
pronounced andmust be weighed against the individual risk
of bleeding taking into account the patient’s preferences.
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Continuation of anticoagulation should also be considered if
weak risk factors persist (e.g., inflammatory bowel disease)
and if the risk of bleeding is low. If, on the other hand, the
index VTEwas triggered by a transient weak risk factor (e.g.,
estrogen therapy, pregnancy, long-term travel, leg injury
without fracture) and there are no additional persistent
risk factors, discontinuation of anticoagulation should be
considered (►Fig. 6). When the decision is made to continue
anticoagulation in patients at moderate risk of VTE recur-
rence, the use of low-dose apixaban (2�2.5mg per day) or
rivaroxaban (1�10mg per day) is an evidence-based
option.33,58 Of note, the low-dose concept is not applicable

to patients considered to be at high risk of recurrence due to
high-risk thrombophilia, malignant disease or recurrent VTE
despite anticoagulant therapy. In these patients, anticoagu-
lation should be applied in therapeutic dosages.

Residual Thrombus Burden and D-dimers to Guide
Duration of Therapy
Patients who have a high residual thrombus burden after
proximal DVT – usually defined as more than 40% obstruc-
tion of the vein cross-section – have a higher recurrence rate
than patientswith complete recanalisation of their originally
thrombosed veins.59–61 This is the case for �50 to 60% of

Table 3 VTE-BLEED score to estimate the bleeding risk in VTE patients on long-term therapeutic anticoagulation

Factor Score

Active neoplastic disease 2

Male patients with uncontrolled hypertension (SBP �140mm Hg) 1

Anaemia (♂: Hb <13; ♀: Hb <12 g/dL) 1.5

Previous bleeding (MB or CRNMB) 1.5

Age �60 y 1.5

Renal insufficiency (eGFR< 60mL/min) 1.5

Assessment of the bleeding risk:< 2 points: low bleeding risk; � 2 points: high bleeding risk

Abbreviations: CRNMB, clinical relevant non-major bleeding; eGFR, estimated glomerular filtration rate; Hb, haemoglobin; MB, major bleeding; SBP,
systemic blood pressure.

Fig. 6 Decision-making for secondary prophylaxis in patients at moderate risk of VTE recurrence. b.i.d., twice daily; o.d., once daily; VTE, venous
thromboembolism.
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patients after proximal DVT, and according to ameta-analysis,
is associated with a 1.3-fold increased risk of VTE recurrence
(95% CI: 1.06–1.65)making residual venous obstruction (RVO)
a weak risk factor for VTE recurrence.46 However, studies
incorporating RVO into the decision on the duration of antico-
agulant therapy found that a flexible duration of therapy up to
12 to 24 months was associated with a lower risk of VTE
recurrence than a fixed duration of therapy of 3 to 6 months
(adjusted HR 0.64; 95% CI: 0.39–0.99).62

It may also be useful to determine the D-dimers before the
planned end of therapy, to pause anticoagulation if the
D-dimers are normal, and to repeat D-dimer testing after
4 or 12 weeks.63,64 Elevated D-dimer levels under antico-
agulation, as well as an increase in D-dimers after cessation
of anticoagulation, indicate an increased risk of recur-
rence65,66 and identifies candidates who benefit from con-
tinuation or resumption of anticoagulant therapy.67–69

However, it is important to remember that D-dimers are
non-specific and can be elevated in a variety of situations
(e.g., infection, inflammation, malignancy, pregnancy). Fur-
thermore, men are at higher risk of recurrence than women.
Based on the available evidence, it could therefore be argued
that normal D-dimer levels after discontinuation of anti-
coagulation do not predict a sufficiently low recurrence in
men.70 In this respect, D-dimer testing may have an additive
benefit in decision-making, but is not a suitable parameter to
base the decision on secondary VTE prophylaxis solely on
this biomarker.

Prospective management studies have shown that the
combined approach of adapting the duration of therapy to
the RVO and D-dimer test results can improve patient’s
outcomes by reducing the risk of VTE recurrence.68,71 The
annual recurrence rate was 3.0% when anticoagulation was
stopped after a flexible duration of therapy and with normal
D-dimers. With elevated D-dimers, the recommended
resumption of anticoagulation resulted in a very low recur-
rence rate (< 1% per year). In contrast, patients who refused
to resume anticoagulation despite elevated D-dimers had a
substantially higher risk of recurrence (� 9% per year).

Assessing Additional Risk Factors for VTE Recurrence
There are other factors for which an increased risk of VTE
recurrence has been demonstrated in cohort studies, with-
out there being any clear scientific evidence to date that
consideration of these factors for prolonged secondary pro-
phylaxis results in a risk reduction. These include male
gender, the presence of low-risk thrombophilias such as
the heterozygous forms of the factor V Leiden mutation
and prothrombin G20210A mutation, and a positive family
history without evidence of a specific thrombophilia. The RR
increase due to these factors is low (RR: 1.2–1.8), and none of
these factors alone is decisive for determining the type and
duration of secondary prophylaxis. However, in individual
cases, the presence of several weak risk factors may change
treatment decision, especially in the context of otherwise
unexplained VTE (►Fig. 6). Finally, patients in whom the
index event manifested as a PE may also be candidates for

prolonged anticoagulation as evidence indicates that VTE
recurrence is more likely to manifest as PE again.72

Isolated Distal DVT and Isolated Muscle Vein
Thrombosis

Between 30 and 60% of all LEDVTs affect solely the tibial and
peroneal veins.73,74 Isolated calf muscle vein thrombosis
(iMVT) involving the veins of the gastrocnemius and soleus
muscles must be distinguished from this. Compared with
proximal DVT, the risk of PE in isolated distal DVT (idDVT) is
significantly lower and varies between 1 to 2% and 10 to 15%,
depending on whether symptomatic or asymptomatic PE is
considered. Clinically relevant PTS after idDVT is rare. Re-
cently, a Cochrane meta-analysis demonstrated that the risk
of DVT recurrence after idDVT is reduced by more than 60%
with the use of anticoagulants (3.1 vs. 9.1%, respectively, for
patients with and without anticoagulation; RR: 0.34, 95% CI:
0.15–0.77), while the riskof PEwas basically low (1.0 vs. 1.2%,
respectively, for patients with and without anticoagula-
tion).75 For confirmed idDVT, a 3-month therapy is usually
considered sufficient. This also applies for recurrent idDVT. If
there is a strong and persistent risk factor for VTE recurrence
(e.g., severe hereditary thrombophilia, antiphospholipid
syndrome, active malignancy), prolonged anticoagulation
for more than 3 months should be considered.76–78

Even though the data situation in the available cohort
studies is very variable, the complication rates for isolated
muscle vein thrombosis (iMVT) appear to be even lower than
for idDVT.79 However, if left untreated, these can grow into
the deep vein system, with progression rates of 8 to 25%
reported in the literature.80 The extent to which anticoagu-
lation is beneficial for iMVT patients is controversial. The
revised AWMF S2k guideline recommends short-term anti-
coagulation of 7 to 10 days until symptoms have subsided
and, in the case of persistent risk factors (e.g., prolonged
immobility, active tumour disease), to extend the duration of
therapy to 4 weeks.

If anticoagulation is not used because the risk–benefit
ratio is considered questionable, detailed documentation of
the extent of DVT should be performed and close clinical and
sonographicmonitoring should be offered. In cases of clinical
deterioration or thrombosis progression at the follow-up
date, anticoagulation should be initiated.

Conclusions

Depending on the equipment and experience of the examin-
er, the diagnosis of DVT can be challenging. This is particu-
larly true for patients with poor ultrasound conditions and
non-conclusive sonographic findings and for those present-
ing with suspected ipsilateral recurrent DVT. A timely and
structured diagnostic work-up and immediate initiation of
therapy in cases of confirmed DVT are essential to minimise
the risk of PE in the acute phase and of PTS and VTE
recurrence in the long-term. According to the revised S2k
guideline of the AWMF, the circumstances and trigger factors
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that contributed to the occurrence of DVT, as well as the
individual bleeding risk and the patient’s preferences, should
be taken into account when deciding on the type, intensity
and duration of therapy and secondary prophylaxis.
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