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The treatment of venous thromboembolism (VTE) has
evolved in several steps. Until eight decades ago the standard
treatment consisted of immobilization for several weeks with
an elevation of the leg and sometimes wet and hot bandages.
Subsequent discoveries changed treatment to pharmacologi-
cal inhibition of plasma coagulation with an intravenous
infusion with heparin followed by a vitamin K antagonist
(VKA) and still in many countries with immobilization for a
week. The next stepwas taken two decades ago, moving on to
low-molecular-weight heparin (LMWH) injected subcutane-
ously followed by VKA and a progressive transition to outpa-
tient management of the patients, mainly of those with deep
vein thrombosis (DVT). Today we are seeing an evolution to
the nonvitamin K antagonist oral anticoagulants (NOACs),
which can be startedwithout initial parenteral treatment and
do not require routine coagulation monitoring.

In this review, the current management of VTE will be
discussed with reference to available evidence and the most
recent treatment guidelines. The treatment of pediatric VTE

will not be discussed due to the paucity of evidence. Catheter-
directed thrombolysis ismainly reviewed in another article in
this issue of Seminars in Thrombosis and Hemostasis, and
similarly, the topics of management of pulmonary embolism
(PE) by the emergency team, pulmonary infarction, and
postthrombotic syndrome are discussed in other articles
and therefore only briefly mentioned here. Finally, DVT in
unusual locations (arm, splanchnic, renal, ovarian, retinal,
and cerebral veins) is not included in this review. Thrombo-
phlebitis is a term that should be reserved for an inflamma-
tory thrombotic phenomenon in the superficial veins and
thus not part of the DVT entity.

Initial Treatment Stratification

Patients with suspected PEwill be evaluated in the emergency
department or, in case they are already hospitalized, on the
ward. For the outpatients, a decision has to be made whether
to perform imaging, typically with computed tomography of
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Abstract During the past 7 years, results from phase III trials comparing nonvitamin antagonist K
oral anticoagulants (NOACs) with vitamin K antagonists (VKAs) or with placebo,
including 34,900 patients, have been published. Recent guidelines have been updated
and now suggest treatment with NOACs rather than with VKA. Other updates in the
guidelines concern the initial thrombolytic treatment for selected patients with deep
vein thrombosis or pulmonary embolism as well as the possibility of withholding
anticoagulation for minimal venous thromboembolism. The optimal duration of anti-
coagulation after an unprovoked event is still debatable, depending on values and
preferences assigned to recurrent thromboembolism versus bleeding complications.
The choice is essentially between a short duration of 3 or perhaps 6months for extensive
thromboembolism and indefinite duration. Several clinical prediction rules have been
developed to aid in this choice but they all address only the risk of recurrent thrombosis
without weighing in the risk of bleeding. This review provides an update on recent
systematic reviews, meta-analyses, and guidelines on the treatment of venous
thromboembolism.
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the pulmonary arteries (CTPA), or not. The objective of mini-
mizing the need for CTPA is to reduce patient exposure to
radiation, costs, and time for assessment. Since clinical diag-
nosis alone has low sensitivity and specificity it is combined,
using a clinical prediction rule such as the Wells score1 or the
Geneva score,2 in combination with a biomarker that most
often is the fibrin degradation product D-dimer. A recent
systematic review, including six prospective studies using
Wells score andD-dimer demonstrated that imaging diagnosis
could be avoided in 28% of the patients.3 When the D-dimer
result was age-adjusted so that the cutoff instead of 500 mg/L
was (age � 10 mg/L) for patients > 50 years of age, the
proportion with avoided imaging increased, although mainly
among elderly outpatients. The proportion of patients with
suspected PE that typically ends upwith a verified diagnosis is
only 10 to 20% and this strategy is therefore recommended.

Once the diagnosis has been made, the next decision for
the outpatients is whether they need to be admitted to the
hospital. The objective is to virtually eliminate the risk of fatal
PE in the outpatient setting after this assessment. Again,
clinical prediction rules are available for separating out the
low-risk population, either with the Pulmonary Embolism
Severity Index in the original4 or a simplified version,5 the
Hestia rule,6 the criteria from recommended by the European
Society of Cardiology7 or the Bova score.8

Thrombolytic Therapy

Thrombolysis for Pulmonary Embolism
Approximately 5% of the patients with PE are hemodynami-
cally unstable9 and require emergent diagnosis and treatment.
A systolic blood pressurebelow90 mmHg should be taken as a
strong indication of this critical subgroup, which without
proper management has a mortality of 58%.9,10 If immediate
diagnosis with CTPA is not available or the patient is too
unstable to be transported, bedside echocardiogram should
be performed to confirm right ventricular overload.11 Hemo-
dynamically unstable patients with PEwill have a lower risk of
the fatal outcome if treatedwith thrombolysis. Themost recent
version of the American College of Chest Physician (ACCP)
clinical practice guidelines suggests systemically administered
thrombolytic therapy (grade 2B), provided that the bleeding
risk is not high.12 Two recent meta-analyses showed that
thrombolytic therapy for PE reduces mortality by 41 to 43%,
but this reduction is not statistically significant for patients
with PE and stable hemodynamics.13,14 Thrombolysis also

reduces recurrences by 50%, but there is a significant increase
in the risk of major hemorrhage (2.7–2.9-fold) and of intracra-
nial hemorrhage (3.2–6.8-fold).13,14

These drawbackswere clearly reflected in thehitherto largest
trial in PE with thrombolysis in normotensive patients with the
combination of right ventricular dysfunction and biomarkers
showing myocardial injury (troponin I or troponin T).15 In
the Pulmonary Embolism Thrombolysis (PEITHO) trial, 1,006
patients were randomized to tenecteplase or placebo and all
received heparin. The most important outcomes are shown
in ►Table 1.

The conclusion should be to consider thrombolysis seri-
ously for patients with hemodynamically unstable PE, but to
be used with a clear restriction for those who have right
ventricle strain but are stable. Unfortunately, the studies have
not provided guidance as to which subsets would have the
best risk-benefit ratio among the latter group. Young patients
are less likely to suffer major bleeding, butmight also bemore
able than the elderly to overcome the right ventricle strain
and vice versa.

Thrombolysis for DVT
Three randomized trials on catheter-directed thrombolysis of
DVT have been published,16–18 one of which also included
mechanical disruption of the thrombus with or without
thrombectomy, balloon venoplasty, or stenting.18 They all
showed positive results regarding vein patency and when
long-term follow-up was done17,18 also for reduction of
postthrombotic syndrome. In a meta-analysis, which also
included three nonrandomized studies, the efficacy benefit
was confirmed but there was an increase in major bleeding
(►Table 2).19 Thus, reduction of the postthrombotic syn-
drome comes at a cost of a doubling of the risk of major
bleeding during the initial treatment and catheter-directed
thrombolysis should currently be reserved for carefully
selected cases with severe symptoms of thrombosis and a
low risk of bleeding.

Initial Anticoagulant Treatment

The vast majority of patients should be treated with anti-
coagulants without initial thrombolysis. The standard treat-
ment until recentlyhasbeenwith LMWHfor at least 5 days and
overlapping with a VKA until the international normalized
ratio has reached the therapeutic level (2.0–3.0). The VKA
should be started simultaneously with heparin rather than

Table 1 Main outcomes in the PEITHO trial15

Outcome Tenecteplase (N ¼ 506) Placebo (N ¼ 498) Odds ratio
(95% CI)

p Value

All-cause mortality 6 (1.2%) 9 (1.8%) 0.65 (0.23–1.85) 0.42

Hemodynamic decompensation 8 (1.6%) 25 (5.0%) 0.30 (0.14–0.68) 0.002

Major extracranial bleeding 32 (6.3%) 6 (1.2%) 5.55 (2.3–13.4) < 0.001

Strokea 12 (2.4%) 1 (0.2%) 12.1 (1.6–93.4) 0.001

Abbreviations: CI, confidence interval; PEITHO, pulmonary embolism thrombolysis.
aTwo of the strokes, both in the tenecteplase group, were ischemic and the remainder were hemorrhagic.

Seminars in Thrombosis & Hemostasis Vol. 42 No. 8/2016

Update on Venous Thromboembolism Schulman892

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



being delayed, and in a meta-analysis of five randomized trials
comparing the two options early initiationwas associatedwith
fewer minor hemorrhages (relative risk: 0.65; 95% confidence
interval [CI]: 0.43–0.98) and fewer days in hospital (mean
difference: 3.9 days; 95% CI: �4.6 to �3.3).20

Choice of Oral Anticoagulants

Between 2009 and 2013, large phase III clinical trials com-
paring VKAs with NOACs for the treatment of VTE demon-
strated similar efficacy but generally a lower risk of bleeding
with the NOACs.21–26 A Cochrane meta-analysis of 11 ran-
domized trials comparingNOACswith VKAs for the treatment
of DVT showed reduced major bleeding also when separating
the NOACs into direct thrombin inhibitors (odds ratio: 0.68;
95% CI: 0.47–0.98) and factor Xa inhibitors (odds ratio: 0.57;
95% CI: 0.43–0.76).27 In another Cochrane meta-analysis of
five randomized trials comparing NOACs with VKAs for the
treatment of PE, there were no significant differences regard-
ing recurrent VTE, recurrent PE, all-cause mortality, or major
bleeding.28 The most recent iteration of the clinical practice
guidelines on antithrombotic therapy from the ACCP suggests
to use NOACs rather than VKAs (grade 2B), and this is based
on the reduced risk of bleeding and increased convenience for
both patients and health care providers.12

Intracranial bleeding is also less frequent with NOACs than
with warfarin in the treatment of VTE (relative risk: 0.37; 95%
CI: 0.21–0.68) and the same is true for fatal bleeding (relative
risk: 0.36; 95% CI: 0.15–0.84).29Major gastrointestinal bleed-
ing does not seem to be increased with NOACs for this
indication (relative risk: 0.78; 95% CI: 0.47–1.31),29 but at
least in the publications of the phase III trials with dabigatran
and rivaroxaban, there was an increase of nonmajor gastro-
intestinal bleeds.22,24 That can be explained by the high
concentration of active thrombin- or factor Xa-inhibitor in
the stools30–32 and the increase in bleeds seems to be mainly
in the distal gastrointestinal canal.

The “suggestion” rather than a “recommendation” by the
ACCP guidelines to use NOACs is related to the indication-,
physician specialty-, or patient drug coverage restrictions in
various jurisdictions for the use of these drugs.12 Important
patient groups for whom NOACs should not be prescribed
for medical reasons are those with severe renal failure, with
mechanical heart valves, or with the concomitant and

indispensable use of drugs that are strong inhibitors or inducers
of P-glycoprotein and/or CYP 3A4 (more than 50% increase or
reduction of exposure). The NOACs should also be prescribed
with caution to patients with extreme body weights, for whom
there are very little data from the clinical trials, and if selected
then probably with measurement of the drug level.

Specific Subgroups of Patients

For patients with VTE and active cancer, the treatment during
the first 3 months is still with LMWH, as suggested in the
ACCP guidelines (grade 2C).12 A meta-analysis showed that
for the patient subset with cancer in the phase III trials with
NOACs versus VKAs there was (during the initial treatment)
actually improved efficacy to prevent recurrent VTE (relative
risk: 0.57; 95% CI: 0.36–0.91) and similar safety regarding
major bleeding (relative risk: 0.77; 95% CI: 0.44–1.33).29

Whether this favorable benefit/risk profilewill bemaintained
in comparison with LMWH remains to be seen from the
current trials evaluating the question for factor Xa inhibitors
versus LMWH.

In the elderly, there is always a concern for renal
impairment, which is relevant for the NOACs that to a greater
or lesser extent are dependent on elimination via the renal
pathway. In addition, with increasing frailty and risk of falls,
there is a more prominent tendency for intracranial hemor-
rhage among this population. A meta-analysis of the subsets
with adults 75 years of age or older demonstrated that NOACs
have better efficacy to reduce recurrent VTE (odds ratio: 0.45;
95% CI: 0.27–0.77) without any increase in the risk of bleed-
ing, as presented for patients with VTE or atrial fibrillation
combined (odds ratio: 1.02; 95% CI: 0.73–1.43).33 For the
elderly patients specifically treated on the VTE-indication
there seems to be a lower risk of major bleeding with NOACs,
as shown in another meta-analysis (relative risk: 0.49; 95% CI:
0.25–0.96).29 The explanation could be that patients in the
VTE trials were younger than those in the studies on atrial
fibrillation and had less frequently concomitant treatment
with antiplatelet agents.

In the phase III trials, patients were excluded if they had a
calculated creatinine clearance of less than 30 mL/min (less
than 25 mL/min for apixaban). Patients with a calculated
creatinine clearance of 30 to 49 mL/min, typically considered
as moderate renal failure, fared well in the VTE trials with
similar efficacy compared with VKAs (relative risk: 0.70; 95%
CI: 0.43–1.15) and reduced risk for major bleeding (relative
risk: 0.51; 95% CI: 0.26–0.99).29 Specifically for dabigatran,
the scenario seems to be reversed among those with moder-
ate renal impairment, with better efficacy thanwith warfarin
(0 vs. 5 recurrences) and similar safety (6 vs. 5 major
bleeds),34most likely related to the higher plasma concentra-
tion of dabigatran with reduced glomerular filtration rate.

Duration of Anticoagulation

The default duration of anticoagulation after the first VTE is
3 months.12 Treatment for a longer but limited period of 6 or
12 or 24 months will result in the same long-term risk of

Table 2 Results of meta-analysis of catheter-directed
thrombolysis for deep vein thrombosis19

Outcome Odds ratio 95% CI

Complete lysis within 30 d 91 19.3–429

Patency at 6 mo 5.77 1.99–16.7

Reduced postthrombotic
syndrome

0.4 0.19–0.96

Venous obstruction 0.20 0.09–0.44

Major bleeding 2.0 1.62–2.62

Abbreviation: CI, confidence interval.
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recurrent VTE in most patients. Thus, the choice is typically
between a limited, short duration, and indefinite duration.
The latter should be consideredwhen the risk of recurrence is
high and the risk of bleeding is relatively low.

The ACCP guidelines from 2016 recommend extended
duration of anticoagulation for patients with a second event
of VTE (grade 1B), and for patients with cancer (grade 1B).12

For the latter, the duration should be evaluated at least on an
annual basis and when the cancer is considered cured,
treatment can be discontinued.35 Furthermore, the indefinite
duration is suggested for patients with a first, unprovoked
VTE when the bleeding risk is low-to-moderate (grade 2B).12

Here, we obviously have a debatable situation. The risk of
recurrent VTE is approximately 30 to 40% over the following
decade if anticoagulation is stopped,36 levelling off at around
50% as a lifetime risk. Therefore, if we decide to treat all
patients fulfilling these criteria, 50% will be treated unneces-
sarily but with the concomitant risk of major bleeding of 2 to
3% per year.37 Case fatality of recurrent VTE (without anti-
coagulation) is approximately balanced by the case fatality of
major bleeds on anticoagulation, although the confidence
intervals are quite large.38

Additional Risk Factors for Recurrent VTE

It has repeatedly been demonstrated that male sex is associ-
ated with an increased risk of recurrent VTE with a pooled
estimate of relative risk from randomized and nonrandom-
ized trials of 1.6 (95% CI: 1.2–2.0).39 Themale sex effect seems
to be so important that additional risk stratification with
D-dimer is not helpful.40 In femaleswith the VTE provoked by
hormonal treatment, which subsequently has been discon-
tinued, the risk of recurrence is so low (0.0%; 95% CI: 0.0–0.3)
that no further risk stratification is necessary.40 However, in
women with unprovoked VTE the use of D-dimer, with a
normal level at the time of planned completion of treatment

and then another normal level after 1 month without anti-
coagulation can select individuals with an acceptably low risk
of recurrence (5.4%; 95% CI: 2.5–10.2)40 so that it can be
suggested to them to remain off treatment.

Part of the explanation for the different risk of recurrence
in men and women could be the ability to efficiently resolve
the clot. In a study of 869 consecutive patients with DVT, half
had residual vein thrombosis after 3 months.41 This was
defined as at least 4 mm of incompressibility in the common
femoral or popliteal vein with ultrasound. The residual
thrombosis was more frequent in males (adjusted odds ratio:
1.82; 95% CI: 1.37–2.04). Residual vein thrombosis might
therefore also be helpful in the risk stratification for extended
anticoagulation.

The combined predictive value of elevated D-dimer and
residual vein thrombosis was explored in another study with
296 patients but here residual vein thrombosis was not
associated with additional risk of recurrent VTE compared
with abnormal D-dimer alone.42 In a systematic review, the
presence of residual vein thrombosis did not appear to
predict recurrent VTE among patients with an unprovoked
index event.43 In a more recent patient-level meta-analysis of
10 prospective studies there was an independent, significant
association between residual venous obstruction and risk of
recurrent VTE (hazard ratio [HR]: 1.32; 95% CI: 1.06–1.65) and
evenmore so if the obstruction hadbeen detected at 3months
after the first thrombosis (HR: 2.17; 95% CI: 1.11–4.25).44

Clinical prediction rules have been constructed to attempt
more efficient identification of patients at high risk of recur-
rent VTE. They are presented in►Table 3. For the DASH score,
a receiver operating curve analysis showed that the area
under the curve was better than for D-dimer alone (0.71 vs.
0.61).45 Unfortunately, the prediction rules might not be
helpful in all populations, for example, the elderly, for
whom the Updated Vienna Prediction Model was not helpful
to discriminate patients at high risk.46 A systematic review of

Table 3 Clinical prediction rules for recurrence of venous thromboembolism

Name, reference Components Interpretation

Vienna47,56 Male sex
Proximal DVT and/or PE
Elevated D-dimer

Nomogram with continuous model

DASH45 D-dimer
Age
Sex
Hormonal therapy

Score �1 ! annual risk 3.1%

Men continue and HER DOO248 Postthrombotic signs
D-dimer � 250 µg/L
Body mass index � 30
Age � 65

(Only for females)
0 or 1 of the criteria ! annual risk < 3%

RVTEC49 D-dimer after cessation
Lag time
Age
Sex
VTE location

Equation with continuous model

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; RVTEC, recurrent VTE collaborative; VTE, venous thromboembolism.
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the clinical prediction rules Vienna,47 DASH,45 and HER
DOO248 noted that they all lacked external validation and
multiple imputations had not been considered to handle
missing data.49 The authors then used individual patient
data from seven trials to test other prognostic models and
then performed internal-external cross-validation, followed
by a Markov patient-level simulation for cost-effectiveness.
They concluded that a model including D-dimer after cessa-
tion of anticoagulation (whenever performed) together with
the lag time, age, sex, and location of VTE performed strongly
to predict a risk > 8% annually for recurrent VTE within 2 to
3 yearswith an average c-statistic of 0.69 and it appeared cost-
effective.49

Patients that Might Not Require
Anticoagulation

For patients with very limited extension of the VTE, there is a
possibility that anticoagulant therapy causesmore harm than
benefit. A DVT in the veins distal to the trifurcation is small in
volume but if the patient has pronounced pain and/or swell-
ing it is difficult to justify the no-treatment option. Risk
factors for thrombus extension should also be taken into
account as summarized in►Table 4.12 A recent meta-analysis
of two randomized trials and six cohort studies on patients
with distal DVT concluded that the methodological quality
was poor so, although thrombus propagation and PE were
reduced with anticoagulation, the finding was not robust.50

For patients that do not receive anticoagulant therapy, the
guidelines suggest serial monitoring of the extension of the
thrombus with ultrasound for 2 weeks (grade 2C).12

The second group of patients with minimal VTE is those
with the PE confined to the subsegmental pulmonary arteries.
These small defects seen on CTPA but often not on isotope
scanning can be false-positivefindings. In a systematic review
of 2 randomized trials and 20 prospective cohort studies,
where the rate of subsegmental PE had been reported, this
rate was 4.7 and 9.4% with single- and multidetector CTPA,
respectively.51 The 3-month risk of VTE after untreated
subsegmental PE was 0.9 and 1.1% when single- or multi-
detector CTPA had been used. Based on this, it is conceivable
that these minute defects are not clinically important. An
important precaution is then to perform bilateral compres-
sion ultrasound and if DVT is excluded the patients is a good

candidate for clinical surveillance without anticoagulation.
The guidelines suggest that patients with subsegmental
defects but at high risk for recurrent VTE (►Table 4) should
receive anticoagulation (grade 2C).12

Postthrombotic Syndrome

Symptoms and signs of postthrombotic syndrome affect at least
half of the patients with a previous VTE.52 It has thus been of
great interest to find therapeutic measures to reduce this
occurrence, particularly for the patients that end up with
more severe forms of chronic edema, pain, ulcers. Catheter-
directed thrombolysis has been discussed above but this alter-
native demands special resources and only a small proportion of
patientswith acute VTE appear to be eligible, even in a trial with
active recruitment.53 Compression stockings are possible to use
in a majority of patients. In a large, double-blind, placebo-
controlled randomized trial it was, however, shown that com-
pression stockings for 2 years were not more effective than
placebo stockings to reduce postthrombotic syndrome54 or
acute leg pain.55 Compression stockings are accordingly not
recommended for routine use after DVT (grade 2B).12 Elastic
compression stockingsmay still be of benefit for patients already
suffering from the postthrombotic syndrome.

Conclusions

Themain novelty in themanagement of VTE is the introduction
of NOACs in the therapeutic armament. These are attractive
alternatives to VKAs due to the convenience for patients and
physicians. Important quantifiable benefits are the reduction of
risk for intracranial bleeding and the immediate achievement of
therapeutic levels. There are, however, important patient groups
for whom VKAs are still been the only or main option based on
comorbidities, comedications, and affordability. Patients with
the minimal thromboembolic disease, that is, distal DVT or
subsegmental PE and otherwise at low risk for recurrent VTE,
should be considered for clinical surveillance alone. Thrombo-
lytic therapy is suggested for hemodynamically unstable
patients but not for those with right ventricle strain and stable
hemodynamics. Catheter-directed thrombolysis for DVT should
not be used routinely but restricted for carefully selected
patients. Elastic compression stockings for prevention of post-
thrombotic syndrome are no longer recommended.

Table 4 Risk factors that support anticoagulation rather than no treatment12

Distal deep vein thrombosis Subsegmental pulmonary embolism

• Extensive thrombus (> 5 cm) or present in several veins
• Location close to proximal veins
• Permanent provoking risk factor or unprovoked thrombosis
• Active cancer
• Hospitalized patient
• Previous venous thromboembolism
• High D-dimer level without another apparent cause

• Marked symptoms, not attributable to other cause
• Low cardiopulmonary reserve
• Permanent provoking risk factor or unprovoked thrombosis
• Active cancer
• Hospitalized patient
• Previous venous thromboembolism
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