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Venous Thromboembolism: Venous Thromboembolism: 
Epidemiological RelevanceEpidemiological Relevance

Author / CountryAuthor / Country Incidence per yearIncidence per year

E Oger (France), Thromb Haemost 2000
1.83/1,000 
population

MD Silverstein (MN, USA), Arch Intern Med 
1998

1.22/1,000 
population

AW Tsai (USA), Arch Intern Med 2002
1.45/1,000 
population

European Union (population approx. 400 million):
approx. 500,000 confirmed VTE cases p.a.; 300,000 DVT   
plus 900,000 missed (undiagnosed) VTE cases p.a.
 total of 1.5 million VTE cases p.a.; 1.000,000 DVT cases



AcquiredAcquired Genetic / HereditaryGenetic / Hereditary Other*Other*

Age (80x)Age (80x) Antithrombin deficiencyAntithrombin deficiency HyperhomocysteinaemiaHyperhomocysteinaemia

Previous DVT or PEPrevious DVT or PE Protein C deficiencyProtein C deficiency High F VIII levelsHigh F VIII levels

Surgery / Trauma / Air Surgery / Trauma / Air 
traveltravel Protein S deficiencyProtein S deficiency High F XI levelsHigh F XI levels

Obesity, cancer (10Obesity, cancer (10--15%)15%) Factor VFactor V LeidenLeiden High F IX levelsHigh F IX levels

Hormonal treatmentHormonal treatment Factor II G20210AFactor II G20210A High F VII levelsHigh F VII levels

Pregnancy / LactationPregnancy / Lactation

Indwelling central venous Indwelling central venous 
cathetercatheter

Antiphospholipid Antiphospholipid 
syndromesyndrome

HeparinHeparin--induced induced 
thrombocytopaeniathrombocytopaenia

Pathogenesis of Deep Venous Thrombosis: Pathogenesis of Deep Venous Thrombosis: 
Predisposing FactorsPredisposing Factors

* Possible genetic regulation



Virchow`s TriadVirchow`s Triad

Immobilisation Immobilisation 
(e.g. stroke)(e.g. stroke)

PregnancyPregnancy

Incompetent Incompetent 
venous valvesvenous valves

Major Major 
surgery or surgery or 

trauma;trauma;
CancerCancer

Acute MI, Acute MI, 
BurnsBurns

Oral Oral 
contraception;contraception;

Hormonal Hormonal 
treatmenttreatment

Antiphospholipid Antiphospholipid 
syndromesyndrome

Hereditary Hereditary 
thrombophiliathrombophilia

Obesity; Obesity; 
SmokingSmoking

Venous Venous 
StasisStasis

Increased Increased 
Blood Blood 

ViscosityViscosity

Vessel Vessel 
wall wall 

injuryinjury



50% of patients who have VTE50% of patients who have VTE do not present with any symptomsdo not present with any symptoms

Classic symptomsClassic symptoms
 

associated with DVT includeassociated with DVT include
 

::

 leg swelling, leg swelling, 

 pain upon palpationpain upon palpation
 

in the calf or thigh,  in the calf or thigh,  

 Homans sign (calf painHomans sign (calf pain
 

with dorsiflexion of the with dorsiflexion of the 
 foot)foot)

Clinical presentationClinical presentation



Objective testing for DVTObjective testing for DVT
Pre-test Clinical Probability

Test InterpretationTest Selection

““SSensitivity of certain diagnostic tests isensitivity of certain diagnostic tests is
 

affected by the location of the thrombusaffected by the location of the thrombus””



Risk of suspected DVTRisk of suspected DVT

Before laboratory examinationsBefore laboratory examinations……..



Risk of suspected DVTRisk of suspected DVT



DD--dimersdimers

Heim et al, metaHeim et al, meta--analysis  :included 23 studiesanalysis  :included 23 studies

Sensitivity of the assay was less than 90%, 

Insufficiently sensitive to “rule out” a diagnosis of DVT

The performance of the assays was affected by



 
the prevalence of DVT in the population, 



 
the choice of reference test (best for venography) 



 
location of thrombus (best above the knee)



Stein et al, MetaStein et al, Meta--analysis : analysis : 7878
 

studiesstudies

SSensitivities of ensitivities of 95%95%
 

(95%(95%
 

CI, 91%CI, 91%‐‐9%) 9%) 
 and and 96%96%

 
(95% CI, 90%(95% CI, 90%‐‐100%)100%)

DD--dimersdimers





1. 1. PregnantPregnant women were not included in these studies. women were not included in these studies. 

22…… thethe utility of the Dutility of the D--dimer test in patients admitted to hospital whodimer test in patients admitted to hospital who often often 
have other comorbidities (e.g., infection, postoperativehave other comorbidities (e.g., infection, postoperative symptoms) is lower symptoms) is lower 
since the Dsince the D--dimer assay rarely yields negativedimer assay rarely yields negative results. results. 

3. No D3. No D--dimer assay should be used to exclude DVT in patients who have dimer assay should be used to exclude DVT in patients who have 
high pretest probability.high pretest probability.

44. . Finally, if DVT is not a diagnostic possibility, aFinally, if DVT is not a diagnostic possibility, a DD--dimerdimer test should not be test should not be 
donedone..

Criticism of the algorithmCriticism of the algorithm



Imaging modalities for Imaging modalities for DVTDVT

Contrast venography imagingContrast venography imaging

AlthoughAlthough it remains theit remains the ““gold standardgold standard”” for confirmatory for confirmatory 
diagnosisdiagnosis of DVTof DVT (100% specific and 100% sensitive)(100% specific and 100% sensitive)

ComplicationsComplications ::ffrom contrast imaging / invasive modalityrom contrast imaging / invasive modality

CContraindicatontraindicateded : i: in patients with renal insufficiency and lack of n patients with renal insufficiency and lack of 
accuracy in recurring cases of suspected DVTaccuracy in recurring cases of suspected DVT

http://bjr.birjournals.org/cgi/content/full/80/959/859/F3


Imaging modalities for Imaging modalities for DVTDVT

Compression ultrasound / Doppler Compression ultrasound / Doppler –– Triplex tracingsTriplex tracings

IndicationsIndications : : acute symptomatic proximal DVT, acute symptomatic proximal DVT, 
asas well as DVT of the upper extremitieswell as DVT of the upper extremities

•• The demonstration of venousThe demonstration of venous 
noncompressibility is the noncompressibility is the major diagnostic major diagnostic 
criterion forcriterion for venous thrombosis.venous thrombosis.

•• IIs nots not specific or sensitive for the detection of specific or sensitive for the detection of 
DVT in patientsDVT in patients withwith asymptomatic proximal asymptomatic proximal 
DVT or in patientsDVT or in patients with symptomaticwith symptomatic or or 
asymptomatic DVT of the calf, asymptomatic DVT of the calf, 

•• IIt demonstratest demonstrates limited accuracy in cases of limited accuracy in cases of 
chronic DVTchronic DVT, , in patients who are obese or who in patients who are obese or who 
have edemahave edema



For the diagnosis of For the diagnosis of symptomatic thrombosis symptomatic thrombosis inin the the 
proximal veins of the lower extremityproximal veins of the lower extremity : : 
sensitivities of 89% to 96% andsensitivities of 89% to 96% and specificities of 94% to 99%specificities of 94% to 99%

ForFor detection of thrombi indetection of thrombi in proximal veins in proximal veins in asymptomaticasymptomatic ppatientsatients ::
high specificity was maintained, but sensitivity was lower.high specificity was maintained, but sensitivity was lower.

ForFor calf vein calf vein (distal) (distal) thrombosisthrombosis in in symptomatic patients symptomatic patients : : 
sensitivitysensitivity of of 73%73%--93% and specificity of 93% and specificity of 75%75%-- 99%.99%.

Imaging modalities foImaging modalities for DVTr DVT
Ultrasound: sensitivity/specificityUltrasound: sensitivity/specificity

ForFor asymptomaticasymptomatic patients,  patients,  sensitivities for detectingsensitivities for detecting calf vein calf vein 
thrombosthrombosiis s were consistently aroundwere consistently around 50%50%



•• DDiagnosing DVT in patients who haveiagnosing DVT in patients who have previously had DVT in   previously had DVT in   
the symptomatic legthe symptomatic leg (recurrent DVT)(recurrent DVT) is still a subject ofis still a subject of debate. debate. 

••The biggest concern with thisThe biggest concern with this patient population is falsepatient population is false--positive positive 
ultrasoundultrasound results.results.

•• It is helpful to recognizeIt is helpful to recognize that that acute DVT  acute DVT  is usually occlusive, is usually occlusive, 
notnot echogenic, and it tends to be continuous.echogenic, and it tends to be continuous.

Imaging modalities for Imaging modalities for DVTDVT

Ultrasound Ultrasound –– Recurrent thrombosisRecurrent thrombosis

«« If the If the USUS reveals thrombosisreveals thrombosis that is echogenic, nonocclusivethat is echogenic, nonocclusive or or 
discontinuous, then chronic DVTdiscontinuous, then chronic DVT should be consideredshould be considered»»



Prevent VTE 
(acute and recurrent PE)

Management of DVTManagement of DVT
AimsAims

Prevent post-thrombotic sdr

50% of pts with DVT50% of pts with DVT 25% of pts within 5 yrs25% of pts within 5 yrs




 

Initial heparin anticoagulationInitial heparin anticoagulation


 
ThrombolysisThrombolysis


 

Supportive measuresSupportive measures


 
Oral anticoagulation with VKA Oral anticoagulation with VKA 


 

Novel oral anticoagulantsNovel oral anticoagulants

Treatment of DVT (and Venous Thromboembolism)Treatment of DVT (and Venous Thromboembolism)



and Adam Torbicki, Warsaw, Poland
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Risk stratification based on hemodynamic statusRisk stratification based on hemodynamic status



CTPA immediately available?

Alternative 
 diagnosis

CTPA

Immediate 
therapy

no

Echocardiography

yes

positive negative

RV dysfunction ?

Alternative 
 diagnosis

no

Diagnostic algorithm for the highDiagnostic algorithm for the high‐‐risk patientrisk patient

yes



ESC recommendationsESC recommendations

Recommendation Class Level

Thrombolytic therapy
 

should be used in patients 
 with high‐risk PE presenting with cardiogenic shock 

 and/or persistent arterial hypotension
I (1) A (B)

Surgical pulmonary embolectomy
 

is a therapeutic 
 alternative if thrombolysis is absolutely 

 contraindicated or has failed
I

 
(2) C

 
(C)

Catheter embolectomy or fragmentation
 

of 
 proximal pulmonary arterial clots may be an 
 alternative to surgical treatment when thrombolysis 

 absolutely contraindicated or has failed

IIb
 

(2) C
 

(C)



Clinical suspicion
Intermediate/low

D‐dimers

 

(ELISA)

<500 µg/l

STOP ?

negative

high

MD‐CTPA

Treat

positive

Treat*

positive

STOP

>500 µg/l

MD‐CTPA

STOP

negative

* If multiple subsegmental 

 
defects

Diagnostic algorithm for the normotensive, Diagnostic algorithm for the normotensive, nonnon‐‐highhigh‐‐riskrisk
 patient with suspected PEpatient with suspected PE



ESC recommendationsESC recommendations

Recommendation Class                  Level

Anticoagulation should be initiated without 
 delay in patients with high or intermediate 

 clinical probability of PE while diagnostic work‐
 up is still ongoing

I (1) C (C)

LMW heparin or fondaparinux for most patients I (1) A (A)

Thrombolysis generally NOT recommended (1B)
 – may be considered in selected cases IIb B



Secondary VTE Secondary VTE 
 prophylaxis prophylaxis ‐‐

 
20082008



What is new in pulmonary embolism What is new in pulmonary embolism 
diagnosisdiagnosis

 
??



Simplified scores of clinical probabilitySimplified scores of clinical probability

• Low 0 to 1; intermediate 2 to 4; high 5 
or more 

• PE unlikely: 0 to 2; PE likely: 3 or more

• Low 0 to 1; intermediate 2 to 4; high 5 
or more

• PE unlikely: 0 to 2; PE likely: 3 or more

*limb edema and pain on palpation of deep veins

• PE unlikely: 0 to 1; PE likely: 2 or 
more 

• PE unlikely: 0 to 1; PE likely: 2 or 
more

Thromb Haemost 2009;101:197–200; Arch Intern Med 2008;168:2131-6.



Which is the Which is the ««
 

bestbest
 

»»
 

score ?score ?

••
 

Similar accuracySimilar accuracy

••
 

Prevalence of PE in suspected patientsPrevalence of PE in suspected patients
•

 
> 20%: revised Geneva score> 20%: revised Geneva score

••
 

< 20%: any score< 20%: any score

••
 

SettingSetting
••

 
Outpatients, emergency ward: all scoresOutpatients, emergency ward: all scores

••
 

Inpatients: Wells scoreInpatients: Wells score

Ceriani E et al., J Thromb Haemost 2010;8:957-970



MRI in PE diagnosis: the PIOPED III studyMRI in PE diagnosis: the PIOPED III study

•• Multicenter US study including 371 consecutive patients(susp A.PMulticenter US study including 371 consecutive patients(susp A.PE)E)

•• MR angiography technically inadequate in 25% (11 to 52%)MR angiography technically inadequate in 25% (11 to 52%)

•• Performance of technically adequate tests:Performance of technically adequate tests:

––
 

Sensitivity 78%, specificity 99%(MRA)Sensitivity 78%, specificity 99%(MRA)
––

 
Sensitivity 92%,specificity 96%(MRA+MRV)Sensitivity 92%,specificity 96%(MRA+MRV)

Ann Intern Med. 2010;152:434-443



Progress in the management of Progress in the management of 
intermediateintermediate‐‐riskrisk

 
patients ? patients ? 



High High ––
 

lowlow‐‐
 

intermediate risk (?)intermediate risk (?)



Identifying patients at intermediate riskIdentifying patients at intermediate risk

Parameter Tests / Findings

RV DysfunctionRV Dysfunction

RV dilatation, hypokinesis
 

or 
 pressure overload on 

 echocardiography

RV dilatation on spiral  CT

[BNP or NT‐proBNP
 

elevation]

[ right heart pressures at RHC]

Myocardial injury Myocardial injury 
Cardiac troponin

 
T or I positive

[H‐FABP]

[Myoglobin]



In
ci

de
nc

e

30%

20%

10%

0

P=0.2

P=0.001

P=0.85
9 

(7.6%)

32 
(23.2%)

3 
(2.5%) 3 

(2.2%)
0

1 
(0.7%)

3 
(2.5%)

8 
(5.8%)

P=0.33

Alteplase (n=118)
Placebo (n=138)

P=0.7

4
(3.4%) 3

(2.2%)

CPR Intubation Emergency 
Thrombolysis

ShockDeath

RV dysfunction RV dysfunction on Echoon Echo
 

in normotensive PE patients:in normotensive PE patients:
 Therapeutic implications ?Therapeutic implications ?

S. Konstantinides. N Engl J Med 2002;347:1143





Impact on RVEDD/LVEDD ratio (echo)Impact on RVEDD/LVEDD ratio (echo)

TIPES study (Tenecteplase): ResultsTIPES study (Tenecteplase): Results

0,80

0,90

1,00

1,10

1,20

1,30

1,40

baseline 24 hours 7 days

TNK

Placebo

p =0.04

p = ns

p= 0.043

C Becattini et al. Thromb Res 2009



rtPA + Heparin
Heparin alone

S Konstantinides, Am J Cardiol 1998;82:966-970 

Echokardiographie 
(paradoxes Septum)

……like alteplase 12 years agolike alteplase 12 years ago



Myocardial injury Myocardial injury on troponin teston troponin test
 

in PE patients:in PE patients:
 MetaMeta‐‐analysis: PEanalysis: PE‐‐related mortalityrelated mortality

C Becattini. Circulation 2007;116:427-433

Data from 20 studies (4 retrospective), n=1985 patients (1998‐2006)





Myocardial injury Myocardial injury on troponin teston troponin test
 

in normotensive PE patients:in normotensive PE patients:
 Therapeutic implications ?Therapeutic implications ?

Meta analysis:


 
9 studies


 

1366 patients with 
 symptomatic PE


 

Pts normotensive at diagnosis

n=318 hemodynamically 
 stable patients

Log rank p=0.008

but…
cardiac troponin (I) 

 NOT an indepenedent 
 predictor of overall 

 mortality
D Jimenez. Eur Respir J 2008;31:847

cardiac troponin levels 
 did NOT adequately 

 distinguish between 
 high risk and low risk

D Jimenez. Chest 2009; 136:974-982



The The „„nextnext““
 

strategy:strategy:
Biomarkers Biomarkers combinedcombined

 
with imaging ?with imaging ?

Parameter Tests / Findings

RV DysfunctionRV Dysfunction

RV dilatation, hypokinesis
 

or pressure 
 overload on echocardiography

RV dilatation on spiral  CT

[BNP or NT‐proBNP
 

elevation]

[ right heart pressures at RHC]

Myocardial injury Myocardial injury 
Cardiac troponin

 
T or I positive

[H‐FABP]

[Myoglobin]

+?



L Binder, S Konstantinides. Circulation 2005;112:1573-1579

Biomarkers combined with RV imaging:Biomarkers combined with RV imaging:
Early evidence Early evidence ‐‐

 
2005 2005 

Patient group Complication risk (OR, 95% CI)

Troponin T‐negative (<0.04 ng/ml) ‐‐‐‐‐‐‐

Troponin‐positive, echo‐negative
3.70 (0.76‐18.18)

P=0.107

Troponin‐negative, echo‐positive
5.56 (0.97‐32)

P=0.055

Both
 

troponin‐
 

and echo‐positive
10.00 (2.14‐46.80)

P=0.004

~ 15% of all PE 
 patients 

 

~ 15% of all PE 
 patients 



C  Dellas. J Am Coll Cardiol 2010;55:2150M Lankeit. Am J Respir Crit Care Med 2008;177:1018-1025

RV dysfunction (Echo) RV dysfunction (Echo) plusplus
 

myocardial injury (biomarkers): myocardial injury (biomarkers): 
Evidence of additive prognostic valueEvidence of additive prognostic value

Echo + HEcho + H‐‐FABPFABPEcho + GDFEcho + GDF‐‐1515



Italy Greece

Portugal

Germany 

Poland 

Belgium

Slovenia
France

Austria

Switzerland

Spain

RV dysfunction RV dysfunction (Echo/CT)(Echo/CT)
 

+ myocardial injury + myocardial injury (troponin):(troponin):
 ⇒⇒

 
International randomized thrombolysis studyInternational randomized thrombolysis study



Global Coordinators
Stavros Kostantinides

Guy Meyer

National Coordinators
David Jimenez

 

(Spain)

Piotr Prusczcyk

 

(Poland)

Nazzareno Galiè

 

(Italy)

Annette Geibel

 

(Germany)

Nicolas Meneveau

 

(France)

Ana Franca

 

(Portugal)

Matija Kozak

 

(Slovenia)

Nils Kucher

 

(Switzerland)

Irene Lang

 

(Austria)

Stavros Kostantinides

 

(Greece)

Franck Verschuren

 

(Belgium)

Jaquelina Ota

 

(Brazil)

Carlos Jerjes Sánchez Díaz

 

(Mexico)

Benjamin Brenner

 

(Israel)

Istvan

 

Sarosi

 

(Hungary)

Zhi‐Cheng Jing

 

(China)

A. Petris

 

/ G. Tatu‐Chitoiu

 

(Romania)

PEITHO 2011 PEITHO 2011 ‐‐
a GLOBAL study: a GLOBAL study: 
18 countries, 18 countries, 
3 continents3 continents



PEITHO Status (31.1.2011)







Progress in the management of Progress in the management of 
lowlow‐‐riskrisk

 
patients ?patients ?



High High ––
 

intermediate intermediate ––
 

low risk (?)low risk (?)



““Out of hospital treatment is Out of hospital treatment is safesafe
 

in in hemodynamicallyhemodynamically
 

stable stable 
 patients with PE with low (<patients with PE with low (<

 
500500

 
pgpg

 
mLmL−−1) NT1) NT‐‐proBNPproBNP

 
levels. levels. 

 Approximately Approximately 45% of patients with PE45% of patients with PE
 

can be treated in an can be treated in an 
 outpatient setting. Patients do not consider out of hospital outpatient setting. Patients do not consider out of hospital 
 treatment as inconvenient and have no increase in anxiety scorestreatment as inconvenient and have no increase in anxiety scores””..

MJ Agterof. J Thromb Haemost H 2010 [epub ahead of press]

Home treatment of lowHome treatment of low‐‐risk PE ?risk PE ?

Excluded (199/352 patients):


 
Concomitant disease Concomitant disease  need for hospitalizationneed for hospitalization


 

Renal failureRenal failure


 
Pain necessitating analgesicsPain necessitating analgesics


 

Active bleeding or high bleeding riskActive bleeding or high bleeding risk


 
Poor compliance or support at homePoor compliance or support at home

~ 20% more 
 realistic ?? 

 

~ 20% more ~ 20% more 
 realistic ?? realistic ?? 



Low risk: simplified PESI scoreLow risk: simplified PESI score

Derivation: 
995 patients prospectively
included in single‐center registry
30‐day mortality
•Low‐risk 1.0% (0.0‐2.1)
•High‐risk 10.9% (8.5‐13.2)

Derivation: 
995 patients prospectively
included in single‐center registry
30‐day mortality
•Low‐risk 1.0% (0.0‐2.1)
•High‐risk 10.9% (8.5‐13.2)

Validation: 
7106 patients retrospectively
analysed in RIETE registry
30‐day mortality
•Low‐risk 1.1% (0.7‐1.5)
•High‐risk 8.9% (8.1‐9.8)

Validation: 
7106 patients retrospectively
analysed in RIETE registry
30‐day mortality
•Low‐risk 1.1% (0.7‐1.5)
•High‐risk 8.9% (8.1‐9.8)

Low-risk, 0 points (30 to 36% of patients)
High-risk, 1 or more points
Low-risk, 0 points (30 to 36% of patients)
High-risk, 1 or more points

D Jiménez. Arch Intern Med. 2010;170:1383-1389



hsTnT
 

cTnT
 

NT‐proBNP

Sensitivity Specificity PPV NPV

hsTnT ≥14 pg/mL (n=100) 1.00 0.38 0.08 1.00

cTnT ≥0.03 ng/mL (n=52) 0.50 0.68 0.08 0.96

NT‐proBNP ≥1000 pg/mL (n=78) 1.00 0.53 0.10 1.00

hsTnT ≥14 pg/mL:
 

8 of 100 patients suffered complications (8%)
hsTnT <14 pg/ml:

 
none

 
of 56 patients had an adverse outcome

Low risk: highly sensitive troponin (hsTnT) assayLow risk: highly sensitive troponin (hsTnT) assay

M. Lankeit, S Konstantinides. Eur Heart H 2010 (FastTrack publication)



Progress in Progress in anticoagulationanticoagulation
 

and secondary and secondary 
VTE prophylaxisVTE prophylaxis



Schulman S et al. N Engl J Med 2009;361:2342-2352

Dabigatran after acute VTE: REDabigatran after acute VTE: RE‐‐COVERCOVER



 
1724 1724 patients, patients, 

 symptomatic DVT or PEsymptomatic DVT or PE



 
Initial parenteral Initial parenteral 

 anticoagulation (LMWH) anticoagulation (LMWH) 
 for for 9 (89 (8‐‐11) 11) daysdays



 
DoubleDouble‐‐blind:blind:

 
dabigatran dabigatran 

 150 mg x 2 /150 mg x 2 /dd
 

vs. vs. warfarin warfarin 
 @ INR 2.0@ INR 2.0‐‐3.03.0



 
FU FU 6 6 monthsmonths



 
NonNon‐‐inferiority studyinferiority study



Schulman S et al. N Engl J Med 2009;361:2342-2352

Dabigatran after acute PE: RECOVERDabigatran after acute PE: RECOVER



Confirmed 

 
symptomatic 

 
DVT or PE 

 
completing 6 or 

 
12 months of 

 
rivaroxaban or 

 
VKA

Rivaroxaban 20 mg od

Placebo
Day 1

N=1,197

EINSTEIN EXT
Treatment period of 6 or 12 months

30
-d

ay
 o

bs
er

va
tio

n 
pe

rio
d

15 mg bid

Objectively 

 
confirmed DVT 

 
without 

 
symptomatic PE N=~2,900

Rivaroxaban

Day 1 Day 21

Enoxaparin 1.0 mg/kg bid for at least 5 days, followed by 

VKA to start ≤48 hours, target INR 2.5 (INR range 2–3)

Objectively 

 
confirmed PE 

 
with or without 

 
symptomatic DVT

EINSTEIN DVT/PE
Treatment period of 3, 6 or 12 months

20 mg od

N=~3,300

30
-d

ay
 o

bs
er

va
tio

n 
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d

Rivaroxaban

EINSTEIN DVT, PE, Extension Evaluation Study Information 
available at: http://clinicaltrials.gov
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Number of 

 
subjects at risk

Rivaroxaban  1,731 1,668 1,648 1,621 1,424 1,412 1,220 400 369 363 345 309 266

Enox/VKA 1,718 1,616 1,581 1,553 1,368 1,358 1,186 380 362 337 325 297 264

Rivaroxaban (n=1,731)

Enoxaparin/VKA (n=1,718)
4.0

Time to event (days)

Primary efficacy outcome: time to first eventPrimary efficacy outcome: time to first event

EINSTEIN Investigators. N Engl J Med. 2010;363:2499-510 



Primary efficacy outcome analysisPrimary efficacy outcome analysis

Rivaroxaban  
 (n=1,731)

Enoxaparin/VKA
 (n=1,718)

First symptomatic recurrent 
 VTE
36 (2.1%) 51 (3.0%)

Recurrent DVT 14 (0.8%) 28 (1.6%)
Recurrent  DVT + PE 1 (<0.1%) 0 (0)
Non‐fatal PE 20 (1.2%) 18 (1.0%)
Fatal PE/unexplained death                    

 (PE could not be ruled out)
4 (0.2%) 6 (0.3%)

1.00 0

0.44 1.040.68

Hazard ratio

Rivaroxaban 

 
superior

Rivaroxaban 

 
non‐inferior

Rivaroxaban 

 
inferior

p=0.076 for superiority (two‐sided) p<0.0001

 

for non‐inferiority (one‐sided) 

2.00

ITT population EINSTEIN Investigators. N Engl J Med. 2010;363:2499‐510 



Rivaroxaban
 (n=1,718)

Enox/VKA 
 (n=1,711) HR (95% CI)

n (%) n (%) p
 

value

First major or clinically relevant 
 non‐major bleeding
139 (8.1) 138 (8.1) 0.97 (0.76–1.22) 

 p=0.77

Major bleeding 14 (0.8) 20 (1.2)

Contributing to death 1 (<0.1) 5 (0.3)

In a critical site 3 (0.2) 3 (0.2)

Associated with fall in Hb 2 g/dl 
 and/or transfusion of ≥2 units 10 (0.6) 12 (0.7)

Clinically relevant non‐major bleeding 126 (7.3) 119 (7.0)

Safety population EINSTEIN Investigators. N Engl J Med. 2010;363:2499-510 

Primary safety outcome analysisPrimary safety outcome analysis
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Number of 
 subjects at risk

Rivaroxaban 602 590 583 573 552 503 482 171 138 132 114 92 81

Placebo 594 582 570 554 521 467 444 164 138 133 110 93 85

ITT population; CI, confidence interval; HR, hazard ratio; RRR, relative risk reduction 

Efficacy end points Efficacy end points (time to first event)(time to first event)
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Efficacy end pointsEfficacy end points

Placebo  
 (n=594)
Rivaroxaban 

 (n=602)

Symptonatic VTE recurrence* 42 (7.1%) 8 (1.3%)

Recurrent DVT 31             (5.2%) 5 (0.8%)

Non‐fatal PE 13 (2.2%) 2 (0.3%)

Fatal PE 1 (0.2%) 0

Cause of death unclear
 (LE nicht auszuschließen)

0 1 (0.2%)

ITT population; *some patients experienced more than one event

EINSTEIN Investigators. N Engl J Med. 2010;363:2499-510 
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Placebo 
(n=590)

Rivaroxaban
(n=598)

Major bleeding 0 4 (0.7%)*

Bleeding contributing to death 0 0

Bleeding in a critical site 0 0

Associated with fall in 
 haemoglobin  2 g/dl and/or 

 transfusion

Gastrointestinal bleeding 0 3 (0.5%)

Menorrhagia 0 1 (0.2%)

• Number needed to harm: approximately 139
*p=0.11

Safety population

Safety end points (major bleeding)Safety end points (major bleeding)

EINSTEIN Investigators. N Engl J Med. 2010;363:2499-510 



*Or UFH or fondaparinux

Dabigatran 150 mg bid

Rivaroxaban 15 mg bid x 3 wks, then 20 od

Switching

VKA

Apixaban 10 mg bid x 1 wks, then 5 bid

Single-drug approach

Initiation with 2 drugs

Day 1

Day 1

Day 1

At least 3 months

At least 3 months

Day  6–11

LMWH s.c.

At least 3 months

Current SOC VTE treatment 
regimens: 2 anticoagulants

New oral anticoagulants:New oral anticoagulants:
 Evolving anticoagulation concepts for VTEEvolving anticoagulation concepts for VTE

LMWH* s.c.





 

Consensus exists regarding the need for thrombolysis (or 
 surgery/intervention) in high‐risk (massive)

 
PE.



 

Most normotensive patients with (non‐high‐risk) PE can be treated 
 with low molecular‐weight heparins.



 

The optimal definition and management of intermediate‐risk
 

PE 
 remain controversial; PEITHO (LPO expected early 2012) hopes to find 

 out whether patients with RV dysfunction and myocardial injury need 
 early thrombolysis.



 

Ongoing studies may identify candidates for early discharge and home 
 treatment among patients with low‐risk PE.



 

New oral anticoagulants
 

may soon radically change VTE prophylaxis 
 and treatment. 

Summary and ConclusionsSummary and Conclusions
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