
Abstract. – Deep vein thrombosis (DVT) is a
common disease associated with high rates of
mortality and significant morbidity. The diagnos-
tic approach of DVT has evolved over the years.
Algorithmical use of pretest probability, D-Dimer
testing and ultrasonography allow safe and ac-
curate investigation of DVT. The anticoagulation
therapy, used to treat DVT, includes vitamin K
antagonists (VKAs) and low-molecular-weight
heparin (LMWH) or unfractionated heparin (UF).
The duration of anticoagulation therapy depends
on the cause of DVT and patient’s clinical profile.
Although these conventional therapies are effec-
tive, narrow therapeutic index, need for frequent
monitoring and various food-drug interactions
cause difficulties for patients. In recent decades,
new oral anticoagulants have been developed.
These drugs focus directly on inhibiting either
Factor Xa (rivaroxaban, apixaban, edoxaban) or
thrombin (dabigatran). In contrast to warfarin,
these new agents have shorter half-life, fewer
drug or food interactions, no necessity for a
close monitoring and ease of administration.
This review summarizes current knowledge
about deep vein thrombosis and new treatment
aspects with novel oral anticoagulants.
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Introduction

Deep vein thrombosis (DVT) is a condition in
which a thrombus forms in a deep vein, predomi-
nantly in legs (such as the femoral vein or calf
veins). DVT is the third most common cardiovas-
cular disease with an annual incidence of about
108 in 100.000 people1. Males have higher age-
adjusted rates of venous thromboembolism than
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females2. The incidence increases sharply after
age 403. Local damage to intima, venous stasis
and hypercoagulability are major predisposing
factors4. Clinical examination and patient history
in patients suspected of DVT are not reliable for
diagnosis. Therefore, highly sensitive and specif-
ic diagnostic tests are required to be performed.
Complications from a blood clot in a deep leg
vein can include pulmonary embolism, post-
phlebitic syndrome (PPS) and even death. Addi-
tionally, there is an elevated risk of a recurrent
episode in patients who have a first episode of
venous thromboembolism (VTE)5. Anticoagu-
lants are crucial drugs for prevention and treat-
ment of thromboembolic diseases. The anticoag-
ulant therapy lowers the risk of recurrent venous
thromboembolism; however, it increases the risk
of bleeding. Until recently, the only available
oral anticoagulants were the vitamin K antago-
nists and heparins. Even though these anticoagu-
lants have been used for many decades, they fail
to fulfill the ideal anticoagulant characteristics
(Table I). New oral anticoagulants targeting
thrombin or factor Xa, including Dabigatran
etexilate (Pradaxa®), Rivaroxaban (Xarelto®), and
Apixaban (Eliquis®), have been developed and
introduced in clinical practice. This review sum-
marizes the current approach to diagnosis and
therapy of deep vein thrombosis.

Diagnosis

Signs and Symptoms
Typical signs and symptoms of DVT include

swelling of the lower extremity, pain or tender-
ness, warmth and increased protuberance of
veins and various special signs named for the de-
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Less monitoring
Availability of an antidote
Fixed dosing
Oral administration
Rapid onset
Minimal food and drug interactions
Wide therapeutic window
Predictable pharmacokinetics

Table I. Basic characteristics of an ideal anticoagulant.
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D-Dimer Testing
D-Dimer is formed through the proteolytic ac-

tion of plasmin on cross-linked fibrin. The D-
Dimer test indicates whether or not there is acti-
vation of the fibrinolytic system. D-Dimer test
has a sensitivity of approximately 95% and a
negative predictive value (NPV) of nearly 100%.
Thus, D-Dimer testing is a practical and valuable
first line test to rule out DVT10. Despite its high
sensitivity, the specificity is relatively low and el-
evated results may be the cause of miscellaneous
pathological or physiological states such as trau-
ma, inflammation, malignancy or pregnancy. A
negative D-Dimer test in conjunction with a low
pre-test probability score can exclude PE (pul-
monary embolism) and may reduce unnecessary
imaging procedures. The sensitivity of D-Dimer
test was found 100% in detecting proximal DVT
and 91% for all DVT cases11. Nevertheless, clini-
cians should be aware of the false negative re-
sults in patients with biochemically inactive DVT
and small popliteal or calf DVT12. Accordingly,
inclusion of D-Dimer testing into diagnostic al-
gorithms simplifies the management of a patient
presenting with suspected DVT.

Diagnostic Imaging
Venous ultrasonography is the most widely

used imaging study for the diagnosis of DVT13. It
is inexpensive, noninvasive and accurate diagnos-
tic method. Compression ultrasonography (CUS),
duplex US and color Doppler are both available
diagnostic tools in DVT. Compression US (B-
mode) has become the diagnostic modality of
choice by radiologists for symptomatic DVT. Lack
of compressibility is the main criterion to diagnose
DVT (Figure 1). Compression US is typically per-
formed on the proximal deep veins, whereas du-
plex US is generally used to investigate the calf
and iliac veins. The mean specificity and sensitivi-
ty of venous ultrasonography for the diagnosis of
symptomatic proximal DVT are 97% and 94%, re-
spectively14. Therefore, high specificity allows
clinicians to make the exact diagnosis without fur-
ther tests. In addition, the use of compression US
in the emergency department has been shown to
reduce significantly the time to diagnosis.

Magnetic resonance direct thrombus imaging
(MRDTI) is as well an appropriate choice for di-
agnosing DVT, especially in pregnant women
and has high sensitivity15. Although this tech-
nique is noninvasive and does not require con-
trast agents, it is not routinely performed due to
its inaccessibility and expensiveness.

scriber. Although special clinical signs such as
Pratt signs, Bisgaard sign or Payr sign are highly
sensitive for DVT, the accuracy still remains at
only 50% approximately6.

Clinical Prediction Rules
Since single signs, symptoms or risk factors

are inadequate for determining likelihood or
making a risk stratification, various clinical
prediction rules have been developed. The fore-
most commonly known and used model was
developed by Wells et al7. This model includes
9 clinical features and stratifies patients into 3
pre-test probabilities: low, moderate, high. A
systematic review involving 14 studies showed
an improved diagnostic accuracy when clinical
probability is estimated before diagnostic
tests8. Wells et al7 also showed that it was safe
and rational to use a single normal result of a
noninvasive test to exclude DVT in the low-
probability group, and abnormal results of an
ultrasound to rule in DVT in the high-probabili-
ty group. For patients with moderate pretest
probability, the strategy shown to be safe was
abnormal results of an ultrasound scan to rule
in DVT and normal results of an ultrasound
scan on 2 tests, 1 week apart, to rule out DVT3.
The calculation of pretest probability is the first
step in the clinical assessment. Combination of
pretest probability with non-invasive diagnostic
tests was shown to improve the diagnostic
process and decrease costs7.

Contrast Phlebography
Contrast phlebography is the definitive (gold

standard) diagnostic test for DVT, but the use is
limited in clinical practice being an invasive and
labor-intensive test. The presence of an intralu-
minal filling defect is the primary criteria used to
diagnose acute DVT. However, contrast phlebog-
raphy remains the only available choice to rule-
out DVT in asymptomatic patients).
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Figure 1. Compression ultrasonography (CUS). Left arrow shows vein before the compression. Right arrow shows com-
pressed view of the vein.

known limitations of UFH such as thrombocy-
topenia, osteoporosis and various pharmacoki-
netic limitations. Numerous studies have demon-
strated potential advantages of LMWH over
UF19. Low molecular weight heparins are de-
rived from unfractionated heparin trough depo-
larization. LMWH is more effective than UFH
for the initial treatment of VTE. Use of LMWH
was shown to significantly reduce the occur-
rence of major hemorrhage during initial treat-
ment and overall mortality at follow up20. Thus,
the current standard of care is to administer
weight- adjusted LMW heparin once daily, for
first 5-7 days. Since LMW heparin is predomi-
nantly excreted by the kidneys, unfractionated
heparin should be used in patients with signifi-
cant renal dysfunction. A study compared effec-
tiveness of low-molecular-weight heparin versus
unfractionated heparin for thromboembolism
prophylaxis showed similar effectiveness and
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Treatment

Conventional Anticoagulation Treatment
The primary goal of treatment of DVT is pre-

vention of early and late complications of ve-
nous thrombosis and posttraumatic syndromes.
Anticoagulation is the most commonly chosen
treatment option. The initial treatment regimen
often involves either unfractionated heparin
(UFH) or low molecular weight (LMW) heparin.
Achieving the targeted therapeutic ratio in the
first 24 hours has been associated with high effi-
cacy of treatment16-18. UFH is usually adminis-
tered via continuous intravenous infusion. The
activated partial thromboplastin time (APTT) is
a common choice in monitoring. Because the
bioavailability of subcutaneous UFH is less than
that of intravenous heparin, larger initial doses
of subcutaneous heparin are needed to achieve a
therapeutic anticoagulant effect. There are well



Characteristics Warfarin Dabigatran Rivaroxaban Apixaban

Target VKORC1 Thrombin Factor Xa Factor Xa
Prodrug No Yes No No
Bioavailability 100% 6% 60%-80%* 60%
Dosing OD BID (OD) BID (OD) BID
Time to peak effect 4-5 d 1-3 h 2-4 h 1-2 h
Half-life 40 h 8-15 h 7-11 h 12 h
Renal clearance None 80% 33% 25%
Monitoring Yes No No No
Interactions Multiple P-gp 3A4/P-gp 3A4/P-gp

Table II. Pharmacodynamic characteristics of the anticoagulants. Reproduced with the permission of Jeffrey et al25.

BID indicates twice daily; OD: once daily; P-gp: P-glycoprotein; VKORC1: C1 subunit of the vitamin K epoxide reductase
enzyme; 3A4: cytochrome P450 3A4 enzyme. *Bioavailability of rivaroxaban decreases as the dose is increased because of
poor drug solubility; with OD doses of 20 and 10 mg, the bioavailabilities are 60% and 80%, respec-tively.
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is eliminated mostly by kidneys; therefore, use of
dabigatran in patients with severe renal dysfunction
can cause accumulation26-28. It is recommended to
be administered orally twice daily. A randomized
and double blinded study in which oral dabigatran
and warfarin were compared in a long term treat-
ment of DTV, dabigatran was found as equally ef-
fective and safe as warfarin. Dyspepsia was ob-
served more frequently in patients treated with
dabigatran29. Dabigatran is approved by the EMEA
for the prevention of VTE after total knee or hip re-
placement26. In the RE-NOVATE study, 3494 pa-
tients administered either dabigatran or enoxaparin
after knee arthroplasty30. Median treatment dura-
tion was 33 days. Dabigatran was equally effective
with enoxaparin in prevention of VTE incidence
and VTE related deaths. Similarly, the RE-MOD-
EL study compared 150 or 220 mg oral dabigatran
with 40 mg subcutaneous enoxaparin and out-
comes of both drugs were in same efficacy and
safety profile31. A pooled analysis of RE-MODEL,
RE-NOVATE and RE-MOBILIZE trials oral dabi-
gatran in doses of 150 or 220 mg were shown as
effective as 40 mg or 30 mg subcutaneously given
enoxaparin in reducing the risk of major VTE and
VTE-related mortality after hip or knee arthroplas-
ty and had a similar bleeding profile32. Another
randomized, double-blind and noninferiority trial
investigated the efficacy of dabigatran versus war-
farin in the treatment of acute VTE for 6 months. A
fixed dose of dabigatran was as effective as war-
farin without requiring laboratory monitoring29.

Rivaroxaban (Xarelto®) which has been ap-
proved in European Union Member Countries, is
an FXa inhibitor with a half-life of 7-11 hours. It
is metabolized by kidney and eliminated un-
changed via kidneys26. Therefore, rivaroxaban is
contraindicated in patients with liver disease asso-

cost, but LMWH was associated with fewer
complications21. LMWH therapy is monitored
by the anti-factor Xa assay via measuring anti-
factor Xa activity.

After treatment with heparin for several days,
the long-term treatment is maintained by oral anti-
coagulants (warfarin) for weeks to months. An ad-
justed-dose of warfarin is more effective than low-
dose heparin in preventing recurrent venous
thromboembolism22. Although warfarin is a poten-
tially hazardous drug, causing intracranial bleed-
ing in nearly 0.1%-0.5% and major bleeding in
1%-2% of people treated during each year, people
suffer from DVT can benefit from long term treat-
ment23. However, heparin treatment requires fre-
quent monitoring. The treatment duration depends
on the patients’ clinical condition and parameters.
6 to 12 weeks of warfarin treatment is sufficient
for post-surgical or transient immobilization, 6
weeks for symptomatic calf DVT and by 3 months
of treatment for proximal DVT23,24. On the other
hand, long term treatment more than 6 months
may be required for idiopathic or recurrent DVT.

New Oral Anticoagulants
In the past decades, new oral anticoagulants

have been developed. These drugs focus directly
on inhibiting either Factor Xa (such as rivaroxa-
ban, apixaban or edoxaban) or thrombin (dabiga-
tran). In contrast to conventional long term treat-
ment choice of DVT, these agents have shorter
half-life, fever drug interactions, no necessity for
a frequent monitoring and ease of administration.
Table II summarizes the comparative pharmacol-
ogy of anticoagulants.

Dabigatran etexilate (Pradaxa®), a direct throm-
bin inhibitor, is a prodrug activated by plasma es-
terases and has a half-life between 14-17 hours. It
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though the thrombolytic therapy is advantageous
in leading to earlier vein patency, it increases the
risk of major hemorrhage including intracranial
hemorrhage. Additionally, a benefit in terms of
post-thrombic syndrome is unproven43. The indi-
cation for systemic thrombolytic therapy is mas-
sive iliofemoral DVT, which leads to phlegmasia
cerulean dolens. The use of inferior vena cava fil-
ters is as well limited in clinical practice; howev-
er few indications such as absolute contraindica-
tion to anticoagulation, life-threatening hemor-
rhage on anticoagulation or failure of adequate
anticoagulation exist. Thrombosis at the access
site is a common complication of vena cava filter
replacement44. The results of a study with a fol-
low-up period of 8 years showed that vena-cava
filters reduced the risk of pulmonary embolism
but increased risk of deep-vein thrombosis. Col-
lectively, it had no effect on survival. Therefore,
it is an important reserve for clinicians; however,
more studies with appropriate study designs are
needed for widely use45.

Discussion

Reversal of Anticoagulation
The main concern in patients receiving antico-

agulant therapy is hemorrhagic complications.
Pharmacology and management of the vitamin K
antagonists and heparins are well defined and
published in evidence-based guidelines46. Vita-
min K is the specific antidote for the reversal of
anticoagulant effect of VKAs. Nevertheless, the
reversal agents recommended for the effects of
VKAs have several safety and practical limita-
tions. Analogously, the effects of UFH can be
rapidly antagonized by an IV bolus of protamine
or by other agents such as hexadimethrine and
heparinase47.

On the other side, no antibodies against factor
Xa and thrombin inhibitors are currently avail-
able. In cases of mild to moderate bleeding, rou-
tine management involving stoppage of the incit-
ing oral anticoagulant, mechanical compression,
surgical or interventional therapy and hemody-
namic stabilization will suffice. Using fresh
frozen plasma, prothrombin complex concen-
trates, recombinant factor VIIa should be consid-
ered in severe bleeding. In patients receiving
dabigatran, hemodialysis can be used to lower
the drug level and activated charcoal may be giv-
en in 3 hours of oral anticoagulant intake to re-
duce gastrointestinal absorption39,48,49. However,

ciated with coagulapathy. Phase II studies compar-
ing rivaroxaban with enoxaparin, demonstrated an
acceptable safety and efficacy similar to enoxa-
parin in the prevention of DVT33,34. In a pooled
analysis of three phase III RECORD trials, a sig-
nificant 2-fold lower risk of symptomatic VTE
plus all-cause mortality was observed among pa-
tients treated with rivaroxaban compared with
enoxaparin35. On the other hand, clinically rele-
vant bleedings was significantly higher in patients
received rivaroxaban. In addition, no significant
differences were shown in secondary bleeding
rates. Phase III EINSTEIN-DVT study in which
3449 patients treated with either 3 weeks oral ri-
varoxaban alone (15 mg bid) and followed by 20
mg daily subcutaneous enoxaparin or vitamin K an-
tagonist for 3, 6 or 12 month, showed a statistically
significant efficacy of rivaroxaban with respect to
primary outcome. Bleeding outcomes were found
to be similar between groups36. Also, an extended
prophylaxis with 10 mg of rivaroxaban once daily
for 3 weeks resulted as effective as bemiparin in
knee arthroscopy thromboprophylaxis37.

Apixaban (Eliquis®) is a direct FXa inhibitor
with a high oral bioavailability. Its half-life is 12
hours and eliminated mainly through the cy-
tochrome P450 CYP3A4/5 pathway38,39 Risk-
benefit balance was evaluated in ADVANCE-2
and ADVANCE-3 phase III studies. Pool analysis
of these phase III trials showed superior efficacy
of the treatment with apixaban at a dose of 2.5
mg twice daily compared to treatment with sub-
cutaneously enoxaparin40. A randomized study
compared the efficacy and safety of 5 mg of
apixaban orally twice daily with 30 mg of enoxa-
parin subcutaneously in patients underwent total
knee replacement. The study concluded that both
treatments had similar efficacy and apixaban may
have a favorable benefit-risk ratio as compared to
LMW Heparins41.

Edoxaban, a direct FXa inhibitor with a half-
life of 8-10 hours, is rapidly absorbed and elimi-
nated mostly by kidney26 A Phase IIb randomized,
double blinded and placebo-controlled study
showed a significant preventive effect of edoxaban
in patients who underwent a total knee arthroplas-
ty42. Further studies assessing the efficacy of edox-
aban in prevention of deep vein thrombosis are
needed and being conducted.

Other Interventions
Although they are not commonly used, throm-

bolysis and inferior vena cava filters have been
proposed in addition to anticoagulation. Al-
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with renal or hepatic dysfunction are likely to be
sensitive to drug interaction-induced changes in
elimination. However, one must take the fact that
the clinical experiences and current publications
about new oral anticoagulants are relatively less
than conventional drugs into consideration before
comparing interactions or side-effects.

Monitoring
Although there is no need for routine monitor-

ing in patients receiving new agents, one poten-
tial problem is the inability to monitor their activ-
ity or drug levels particularly in emergency situa-
tions such as overdose or apparent bleeding. In
addition, no antidote exists for these three drugs
if reversal is indicated. Therefore, it is important
to be able to quickly assess coagulation function
in patients with overt bleeding. Patients receiving
UFH, LMW heparin and warfarin are monitored
with activated partial thromboplastin time
(APTT), anti-Xa activity and INR respectively.
Currently, no validated tests are available for new
oral anticoagulants in case of major hemorrhage
or apoplexia. Ecarin clotting time may be a reli-
able but not widely used assay to assess coagula-
tion with dabigatran50. For rivaroxaban and apix-
aban, anti-factor Xa assays may be useful only in
the future to monitor activity57. Patient knowl-
edge of prevention and recognition of complica-
tions should be considered during follow up.
Moreover, the agents frequently produce a pre-
dictable anticoagulant effect that they can be giv-
en in fixed doses without the need for routine co-
agulation laboratory monitoring58.

Patient Selection and Contraindications
Special complications should be considered

when using anticoagulants in certain patient
groups, in patients with renal insufficiency, with
poor compliance and with a high risk of gastroin-
testinal bleeding. The first step is to determine
whether the patient is a candidate for one of the
new oral agents or is suited for warfarin. Since
compliance is the novel agents need at least 1 daily
dose because of a very short half-life, patients who
are noncompliant to warfarin should not to be
switched to the new oral anticoagulants. Physicians
should be also aware of the common side effects of
these agents when prescribing especially to sub-
populations. Dabigatran and rivaroxaban lead gas-
trointestinal bleeding more common than warfarin,
particularly in patients over the age of 75. There-
fore, dosage regimens can be changed or agents
may be switched to warfarin for this patient

specific antidotes against these novel agents are
under development and may become available in
the future50,51.

Cost-Effectiveness
The new oral anticoagulants are more expen-

sive than warfarin and heparin. Although they are
much cheaper, use of VKAs and heparin deriva-
tives lead to additional costs arising from fre-
quent INR monitoring. McCullagh et al52 com-
pared the cost-effectiveness of rivaroxaban and
dabigatran etexilate with enoxaparin sodium in
Irish patients who needed thrombophylaxis after
total hip and total knee replacement. The study
concluded that when both rivaroxaban and dabi-
gatran etexilate are compared with enoxaparin
sodium, rivaroxaban was the most cost-effective
option after total hip or knee replacement. Anoth-
er study53, which compared the cost-effectiveness
of oral direct factor Xa inhibitors with subcuta-
neous LMWH represented the new oral anticoag-
ulants as an economically dominant strategy. A
study54 calculated the cost effectiveness of dabi-
gatran etexilate to warfarin in stroke prevention
indicated that the new anticoagulant is likely to
be cost-effective alternative to warfarin. Yet,
large and multicenter randomized controlled tri-
als are needed to reduce the uncertainty. Despite
the expensive costs of new oral anticoagulants,
long term results of cost-effectiveness may seem
economically dominant strategy.

Food-Drug Interactions
Warfarin interacts with many commonly used

drugs, and its metabolism varies between pa-
tients. A systemic review in which the drug inter-
actions of warfarin were evaluated showed that
26 potential drugs and foods did interact with
warfarin55. Many of these drug interactions in-
creased warfarin’s anticoagulant effect. The anti-
coagulant response of WKAs is influenced also
by genetic polymorphisms that may modulate ac-
tivity of CYP2C9. On the other hand, the metab-
olism of new oral anticoagulants is not affected
by food and drug-drug interactions are uncom-
mon25. Most common drug interactions occur
with drugs that strongly inhibit both cytochrome
P450 3A4 and P-glycoprotein, such as antimy-
cotics; therefore, dabigatran requires caution and
rivaroxaban is contraindicated in combination
with these drugs56 Patients receiving rivaroxaban
and dabigatran should be monitored for altered
response if CYP3A4 or P-gp inhibitors are added
to or removed from their drug regimen. Patients
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group25. Additionally, dyspepsia occurs in up to
10% patients receiving dabigatran, thus switching
dabigatran to FXa inhibitors can be helpful for pa-
tients with certain gastrointestinal symptoms. Fur-
thermore, new oral anticoagulants may be poten-
tially useful in the management of patients with he-
parin-induced thrombocytopenia, a serious compli-
cation of heparin treatment.

Dabigatran is contraindicated in patients with se-
vere renal impairment (creatinine clearance (CrCl)
< 30 ml/min), and rivaroxaban is not recommended
when CrCl < 15 ml/min50,59. Therefore, renal func-
tions are needed to be assessed in patients before
starting these agents. Apixaban is contraindicated in
people with severe hepatic impairment (Child-Pugh
class C) and in people with hepatic disease associat-
ed with bleeding problems60. According to the safe-
ty announcement about Pradaxa (Dabigatran etexi-
late) released by FDA after the uncompleted RE-
ALIGN trial, this trial was stopped because Pradaxa
users were more likely to experience strokes, heart
attacks, and blood clots forming on valves. Due to
that reason, prescribing dabigatran to patients hav-
ing prosthetic heart valves may lead to life-threaten-
ing consequences61,62.

Conclusions

Deep vein thrombosis is an important cause of
mortality and morbidity worldwide. Well estab-
lished diagnostic algorithms and advanced tools
simplify the diagnosis. Conventional therapy of
DVT includes heparin, followed by a long term
warfarin treatment. Although they have been
used widely, they are far beyond the ideal anti-
coagulant. The new oral anticoagulants have po-
tential to serve a more ideal and advantageous
treatment option for DVT. These novel agents
are not only safer than warfarin but also more ef-
fective. However, further randomized studies
and reports are needed to strengthen the percep-
tion of these agents.

–––––––––––––––––––
Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) GO AS, MOZAFFARIAN D, ROGER VL, BENJAMIN EJ,
BERRY JD, BORDEN WB, BRAVATA DM, DAI S, FORD ES,
FOX CS, FRANCO S, FULLERTON HJ, GILLESPIE C,
HAILPERN SM, HEIT JA, HOWARD VJ, HUFFMAN MD,
KISSELA BM, KITTNER SJ, LACKLAND DT, LICHTMAN JH,

Deep vein thrombosis and novel oral anticoagulants: a clinical review

3129

LISA-BETH LD, MAGID D, MARCUS GM, MARELLI A,
MATCHAR DB, MCGUIRE DK, MOHLER ER, MOY CS,
MUSSOLINO ME, NICHOL G, PAYNTER NP, SCHREINER PJ,
SORLIE PD, STEIN J, TURAN TN, VIRANI SS, WONG ND,
WOO D, TURNER MB; AMERICAN HEART ASSOCIATION
STATISTICS COMMITTEE AND STROKE STATISTICS SUBCOMMIT-
TEE. Heart disease and stroke statistics--2013 up-
date: a report from the American Heart Associa-
tion. Circulation 2013; 127: e6-e245.

2) SILVERSTEIN MD, HEIT JA, MOHR DN, PETTERSON TM,
O'FALLON WM, MELTON LJ 3RD. Trends in the inci-
dence of deep vein thrombosis and pulmonary
embolism: a 25-year population-based study. Arch
Intern Med 1998; 158: 585-593.

3) KAHN SR. The clinical diagnosis of deep venous
thrombosis: integrating incidence, risk factors,
and symptoms and signs. Arch Intern Med 1998;
158: 2315-2323.

4) BAGOT CN, ARYA R. Virchow and his triad: a ques-
tion of attribution. Br J Haematol 2008; 143:
180-190.

5) ZHU T, MARTINEZ I, EMMERICH J. Venous thromboem-
bolism: risk factors for recurrence. Arterioscler
Thromb Vasc Biol 2009; 29: 298-310.

6) SCHWARZ N, REUTTER K, EDS. General and Visceral
Surgery Review. Stuttgart, Thieme, 2011.

7) WELLS PS, ANDERSON DR, BORMANIS J, GUY F,
MITCHELL M, GRAY L, CLEMENT C, ROBIN-SON KS,
LEWANDOWSKI B. Value of assessment of pretest
probability of deep-vein thrombosis in clinical
management. Lancet 1997; 350: 1795-1798.

8) WELLS PS, OWEN C, DOUCETTE S, FERGUSSON D, TRAN
H. Does this patient have deep vein thrombosis?
JAMA 2006; 295: 199-207.

9) ROSSI R, AGNELLI G. Current role of venography in
the diagnosis of deep-vein thrombosis. Minerva
Cardioangiol 1998; 46: 507-514.

10) PABINGER I, AY C. Biomarkers and venous throm-
boembolism. Arterioscler Thromb Vasc Biol 2009;
29: 332-336.

11) LENNOX AF, DELIS KT, SERUNKUMA S, ZARKA ZA,
DASKALOPOULOU SE, NICOLAIDES AN. Combination of
a clinical risk assessment score and rapid whole
blood D-dimer testing in the diagnosis of deep
vein thrombosis in symptomatic patients J Vasc
Surg 1999; 30: 794-803.

12) DOUKETIS J. A negative d-dimer test result alone or
combined with low risk clinical status effectively
ruled out symptomatic DVT. Evid Based Med
2000; 5: 93.

13) KEARON C, JULIAN JA, NEWMAN TE, GINSBERG JS. Non-
invasive diagnosis of deep venous thrombosis.
McMaster Diagnostic Imaging Practice Guidelines
Initiative. Ann Intern Med 1998; 1288: 663-677.

14) ZIERLER BK. Ultrasonography and diagnosis of venous
thromboembolism.Circulation 2004; 109: 9-14.

15) BURGAZLI KM, AKDERE H, BILGIN M, KAVUKCU E, PAF-
GEN W, ERTAN AK. Iliofemoral-popliteal deep vein
thrombosis at 35th week of pregnancy: treated
with cesarean section and vena cava blockage
plus thrombectomy. J Turkish-German Gynecol
Assoc 2012; 13: 139-141.



3130

16) KESIEME E, KESIEME C, JEBBIN N, IREKPITA E, DONGO A.
Deep vein thrombosis: a clinical review. J Blood
Med 2011; 2: 59-69.

17) BASU D, GALLUS A, HIRSH J, CADE J. A prospective
study of the value of monitoring heparin treatment
with the activated partial thromboplastin time. N
Engl J Med 1972; 287: 324-327.

18) HULL RD, RASKOB GE, BRANT RF, PINEO GF, VALENTINE
KA. Relation between the time to achieve the low-
er limit of the APTT therapeutic range and recur-
rent venous thromboembolism during heparin
treatment for deep venous thrombosis. Arch In-
tern Med 1997; 157: 2562-2568.

19) HIRSH J. Low-molecular-weight heparin: A review
of the results of recent studies of the treatment of
venous thromboembolism and unstable angina.
Circulation 1998; 98: 1575-1582.

20) VAN DONGEN CJ, VAN DEN BELT AG, PRINS MH, LENS-
ING AW. Fixed dose subcutaneous low molecular
weight heparins versus adjusted dose unfraction-
ated heparin for venous thromboembolism (re-
view).Cochrane Datebase Syst Rev 2004; 18:
CD001100.

21) ROTHBERG MB, PEKOW PS, LAHTI M, LINDENAUER PK.
Comparative effectiveness of low-molecular-
weight heparin versus unfractionated heparin for
thromboembolism prophylaxis for medical pa-
tients. J Hosp Med 2012; 7: 457-463.

22) HULL R, DELMORE T, GENTON E, HIRSH J, GENT M,
SACKETT D, MCLOUGHLIN D, ARMSTRONG P. Warfarin
sodium versus low-dose heparin in the long-term
treatment of venous thrombosis. N Engl J Med
1979; 301: 855-858.

23) GALLUS AS, BAKER RI, CHONG BH, OCKELFORD PA,
STREET AM. Consensus guidelines for warfarin
therapy. Recommendations from the Australasian
Society of Thrombosis and Haemostasis. Med J
Aust 2000; 172: 600-605.

24) VAN DER MEER FJ, ROSENDAAL FR, VANDENBROUCKE JP,
BRIËT E. Bleeding complications in oral anticoagu-
lant therapy. An analysis of risk factors. Arch In-
tern Med 1993; 153: 1557-1562.

25) WEITZ JI, GROSS PL. New oral anticoagulants: which
one should my patient use? Hema-tology 2012;
2012: 536-540.

26) STEFFEL J, BRAUNWALD E. Novel oral anticoagulants:
focus on stroke prevention and treatment of ve-
nous thrombo-embolism. Eur Heart J 2011; 32:
1968-1976.

27) STANGIER J, RATHGEN K, STAHLE H, GANSSER D, ROTH
W. The pharmacokinetics, pharma-codynamics
and tolerability of dabigatran etexilate, a new oral
direct thrombin inhibitor, in healthy male subjects.
Br J Clin Pharmacol 2007; 64: 292-303.

28) STANGIER J. Clinical pharmacokinetics and pharma-
codynamics of the oral direct thrombin inhibitor
dabigatran etexilate. Clin Pharmacokinet 2008;
47: 285-295.

29) SCHULMAN S, KEARON C, KAKKAR AK, MISMETTI P, SCHEL-
LONG S, ERIKSSON H, BAANSTRA D, SCHNEE J, GOLD-
HABER SZ; RE-COVER STUDY GROUP. Dabigatran ver-

sus warfarin in the treatment of acute venous
thromboembolism. The N Engl J Med 2009; 361:
2342-2352.

30) ERIKSSON BI, DAHL OE, ROSENCHER N, KURTH AA, VAN
DIJK CN, FROSTICK SP, PRINS MH, HETTIARACHCHI R,
HANTEL S, SCHNEE J, BÜLLER HR; RE-NOVATE STUDY
GROUP. Dabigatran etexilate versus enoxaparin for
prevention of venous thromboembolism after total
hip replacement: a randomised, double-blind,
non-inferiority trial. Lancet 2007; 370: 949-956.

31) ERIKSSON BI, DAHL OE, ROSENCHER N, KURTH AA, VAN
DIJK CN, FROSTICK SP, KÄLEBO P, CHRISTIANSEN AV,
HANTEL S, HETTIARACHCHI R, SCHNEE J, BÜLLER HR; RE-
MODEL STUDY GROUP. Oral dabigatran etexilate vs.
subcutaneous enoxaparin for the prevention of
ve-nous thromboembolism after total knee re-
placement: the RE-MODEL randomized trial. J
Thromb Haemost 2007; 5: 2178-2185.

32) FRIEDMAN RJ, DAHL OE, ROSENCHER N, CAPRINI JA,
KURTH AA, FRANCIS CW, CLEMENS A, HANTEL S, SCHNEE
JM, ERIKSSON BI; RE-MOBILIZE, RE-MODEL, RE-NO-
VATE STEER-ING COMMITTEES. Dabigatran versus
enoxaparin for prevention of venous thromboem-
bolism after hip or knee arthroplasty: a pooled
analysis of three trials. Thromb Res 2010; 126:
175-182.

33) TURPIE AG, FISHER WD, BAUER KA, KWONG LM, IRWIN
MW, KÄLEBO P, MISSELWITZ F, GENT M; ODIXA-KNEE
STUDY GROUP. BAY 59-7939: an oral, direct factor
Xa inhibitor for the prevention of venous throm-
boembolism in patients after total knee replace-
ment. A phase II dose-ranging study. J Thromb
Haemost 2005; 3: 2479-2486.

34) ERIKSSON BI, BORRIS L, DAHL OE, HAAS S, HUISMAN
MV, KAKKAR AK, MISSELWITZ F, KÄLEBO P; ODIXA-HIP
STUDY INVESTIGATORS. Oral, direct Factor Xa inhibi-
tion with BAY 59-7939 for the prevention of ve-
nous thromboembolism after total hip replace-
ment. J Thromb Haemost 2006; 4: 121-128.

35) HUISMAN MV, QUINLAN DJ, DAHL OE, SCHULMAN S.
Enoxaparin versus dabigatran or rivaroxaban for
thromboprophylaxis after hip or knee arthroplasty:
Results of separate pooled analyses of phase III
multicenter randomized trials. Circ Cardiovasc
Qual Outcomes 2010; 3: 652-660.

36) EINSTEIN INVESTIGATORS, BAUERSACHS R, BERKOWITZ
SD, BRENNER B, BULLER HR, DE-COUSUS H, GALLUS AS,
LENSING AW, MISSELWITZ F, PRINS MH, RASKOB GE,
SEGERS A, VERHAMME P, WELLS P, AGNELL I G,
BOUNAMEAUX H, COHEN A, DAVIDSON BL, PIOVELLA F,
SCHELLONG S. Oral rivaroxaban for symptomatic ve-
nous thromboembolism. N Engl J Med 2010; 363:
2499-2510.

37) MUÑOA L, GONZÁLEZ AB, DÍAZ DE RADA P, VALENTÍ A,
VALENTÍ JR. Rivaroxaban is as efficient and safe as
bemiparin as thromboprophylaxis in knee
arthroscopy. Musculoskelet Surg 2013 Jul 14.
[Epub ahead of print].

38) TUN NM, OO TH. Prevention and treatment of ve-
nous thromboembolism with new oral anticoagu-
lants: a practical update for clinicians. Thrombosis
2013; 2013: 183616.

K.M. Burgazli, N. Atmaca, M. Mericliler, M. Parahuleva, A. Erdogan, S.H. Daebritz



Deep vein thrombosis and novel oral anticoagulants: a clinical review

3131

CONLEY PB, PHILLIPS DR, SINHA U. A specific antidote
for reversal of anticoagulation by direct and indi-
rect inhibitors of coagulation factor Xa. Nat Med
2013; 19: 446-451.

52) MCCULLAGH L, TILSON L, WALSH C, BARRY M. A
cost-effectiveness model comparing rivaroxa-
ban and dabigatran etexilate with enoxaparin
sodium as thromboprophylaxis after total hip
and total knee replacement in the irish health-
care setting. Pharmacoeconomics 2009; 27:
829-846.

53) MAHMOUDI M, SOBIERAJ DM. The cost-effectiveness
of oral direct factor xa inhibitors compared with
low-molecular-weight heparin for the prevention of
venous thromboembolism prophylaxis in total hip
or knee replacement surgery. Pharmacotherapy
2013 [Epub ahead of print].

54) FREEMAN JV, ZHU RP, OWENS DK, GARBER AM, HUT-
TON DW, GO AS, WANG PJ, TURAKHIA MP. Cost-ef-
fectiveness of dabigatran compared with warfarin
for stroke prevention in atrial fibrillation. Ann In-
tern Med 2011; 154: 1-11.

55) WELLS PS, HOLBROOK AM, CROWTHER NR, HIRSH J. In-
teractions of warfarin with drugs and food. Ann In-
tern Med 1994; 121: 676-683.

56) WALENGA JM, ADIGUZEL C. Drug and dietary interac-
tions of the new and emerging oral anticoagu-
lants. Int J Clin Pract 2010; 64: 956-967.

57) SAMAMA MM, CONTANT G, SPIRO TE, PERZBORN E,
GUINET C, GOURMELIN Y, LE FLEM L, ROHDE G, MARTI-
NOLI JL; RIVAROXABAN ANTI-FACTOR XA CHROMOGENIC
ASSAY FIELD TRIAL LABORATORIES. Evaluation of the an-
tifactor Xa chromogenic assay for the measure-
ment of rivaroxaban plasma concentrations using
calibrators and controls. Thromb Haemost 2012;
107: 379-387.

58) MANTHA S, CABRAL K, ANSELL J. New avenues for an-
ticoagulation in atrial fibrillation. Clin Pharmacol
Ther 2013; 93: 68-77.

59) KREUTZ R. Pharmacodynamic and pharmacokinetic
basics of rivaroxaban. Fundam Clin Pharmacol
2012; 26: 27-32.

60) GRAFF J, HARDER S. Anticoagulant therapy with the
oral direct factor Xa inhibitors rivaroxaban, apixa-
ban and edoxaban and the thrombin inhibitor
dabigatran etexilate in patients with hepatic im-
pairment. Clin Pharmacokinet 2013; 52: 243-254.

61) VAN DE WERF F, BRUECKMANN M, CONNOLLY SJ, FRIED-
MAN J, GRANGER CB, HÄRTTER S, HARPER R, KAPPETEIN
AP, LEHR T, MACK MJ, NOACK H, EIKELBOOM JW. A
comparison of dabigatran etexilate with warfarin
in patients with mechanical heart valves: the ran-
domized, phase II study to evaluate the safety
and pharmacokinetics of oral dabigatran etex-
ilate in patients after heart valve replacement
(RE-ALIGN). Am Heart J 2012; 163: 931-937.

62) U.S. FOOD AND DRUG ADMINISTRATION. (2012, Decem-
ber 19. FDA Drug Safety Communication: Pradaxa
(dabigatran etexilate mesylate) should not be used
in patients with mechanical prosthetic heart valves.
Retrieved from http://www.fda.gov/Drugs/DrugSafe-
ty/ucm332912.htm

39) WONG PC, CRAIN EJ, XIN B, WEXLER RR, LAM PY, PIN-
TO DJ, LUETTGEN JM, KNABB RM. Apixaban, an oral,
direct and highly selective factor Xa inhibitor: in
vitro, antithrombotic and antihemostatic studies. J
Thromb Haemost 2008; 6: 820-829.

40) RASKOB GE, GALLUS AS, PINEO GF, CHEN D, RAMIREZ
LM, WRIGHT RT, LASSEN MR. Apixaban versus
enoxaparin for thromboprophylaxis after hip or
knee replacement: pooled analysis of major ve-
nous thromboembolism and bleeding in 8464 pa-
tients from the ADVANCE-2 and ADVANCE-3 tri-
als. J Bone Joint Surg Br 2012; 94: 257-264.

41) LASSEN MR, RASKOB GE, GALLUS A, PINEO G, CHEN D,
PORTMAN RJ. Apixaban or enoxaparin for thrombo-
prophylaxis after knee replacement. N Engl J Med
2009; 361: 594-604.

42) RASKOB G, COHEN AT, ERIKSSON BI, PUSKAS D, SHI M,
BOCANEGRA T, WEITZ JI. Oral direct factor Xa inhibi-
tion with edoxaban for thromboprophylaxis after
elective total hip replacement. A randomised dou-
bleblind dose-response study. Thromb Haemost
2010; 104: 642-649.

43) WELLS PS, FORSTER AJ. Thrombolysis in deep vein
thrombosis: is there still an indication? Thromb
Haemost 2001; 86: 499-508.

44) STREIFF MB. Vena caval filters: a comprehensive re-
view. Blood 2000; 95: 3669-3677.

45) PREPIC STUDY GROUP. Eight-year follow-up of pa-
tients with permanent vena cava filters in the pre-
vention of pulmonary embolism: the PREPIC
(Prevention du Risque d'Embolie Pulmonaire par
Interruption Cave) randomized study. Circulation
2005; 112: 416-422.

46) ANSELL J, HIRSH J, HYLEK E, JACOBSON A, CROWTHER
M, PALARET I G; AMERICAN COLLEGE OF CHEST
PHYSICIANS. Pharmacology and management of the
vitamin K antagonists: American College of Chest
Physicians Evidence-Based Clinical Practice
Guidelines (8th Edition). Chest 2008; 133: 160S-
198S.

47) HIRSH J, RASCHKE R. Heparin and low-molecular-
weight heparin: the Seventh ACCP Conference
on Antithrombotic and Thrombolytic Therapy.
Chest 2004; 126: 188S-203S.

48) VAN RYN J, STANGIER J, HAERTTER S, LIESENFELD KH,
WIENEN W, FEURING M, CLEMENS A. Dabigatran etexi-
late-a novel, reversible, oral direct thrombin in-
hibitor: interpretation of coagulation assays and
reversal of anticoagulant activity. Thromb
Haemost 2010; 103: 1116-1127.

49) EERENBERG ES, KAMPHUISEN PW, SIJPKENS MK, MEIJERS

JC, BULLER HR, LEVI M. Reversal of rivaroxaban and
dabigatran by prothrombin complex concentrate: a
randomized, placebo-controlled, crossover study in
healthy subjects. Circulation 2011; 124: 1573-
1579.

50) SCHIELE F, VAN RYN J, CANADA K, NEWSOME C, SEPULVE-
DA E, PARK J, NAR H, LITZENBURGER T. A specific anti-
dote for dabigatran: functional and structural char-
acterization. Blood 2013; 121: 3554-3562.

51) LU G, DEGUZMAN FR, HOLLENBACH SJ, KARBARZ MJ,
ABE K, LEE G, LUAN P, HUTCHALEELAHA A, INAGAKI M,


