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Deep Vein Thrombosis and Pulmonary Embolism
VTE, DVT, and PE

Venous Thromboembolism (VTE)
Clinical manifestations are:

Deep Vein Thrombosis (DVT)

+

Pulmonary Embolism (PE)
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Statistics
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Deep Vein Thrombosis and Pulmonary Embolism
Prevalence of DVT in US Population

• DVTs occur in about 1 per 1000 persons per year. About 
1-5% will die from the complications.

• About 1 in 100,000 people under the age of 18 
experiences deep vein thrombosis.

• Complications from DVT blood clots kill up to 200,000 
people in the US each year.

• Only 23–50% of patients experience symptoms, so it's 
often "silent.“

• In up to 25% of all hospitalized patients, there may be 
some form of DVT, which often remains clinically 
unapparent. 

• DVT occurs in about 2 million Americans every year

Source: www.everydayhealth.com
http://www.answers.com/topic/deep-vein-thrombosis?c at=health
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Deep Vein Thrombosis and Pulmonary 
Embolism Prevalence of PE in US Population

• PE is the third most common cause of death in the US with at 
least 650,000 cases occurring annually.

• Approximately 10% of the patients diagnosed with acute PE die 
within the first 60 minutes.

• The diagnosis of PE is missed more than 400,000 times in the US 
each year.

• Approximately 100,000 patients die each year that would have 
survived with the proper diagnosis and treatment.1

• More people die in the US from PE than breast cancer and AIDS 
combined.2

Source: 1  http://www.emedicine.com/EMERG/topic490.ht m
2 The Coalition to Prevent DVT, 2009 Public Service An nouncement
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What are DVT and PE?

The conditions
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• Deep Vein Thrombosis (DVT)

– Blood clot (thrombus) in a deep vein in the thigh or leg.  
– Clot can break off as an embolus and make its way to

the lung, where it can cause respiratory distress and 
respiratory failure.

– Diagnosis and treatment of DVT is meant to prevent 
pulmonary embolism (PE)

– Asymptomatic PE is detected in about 50% of patients
with documented DVT and asymptomatic venous 
thrombosis is found in about 70% of patients with
confirmed symptomatic PE.

– “Economy-class syndrome.”

* MedicineNet.com March, 2009 

Deep Vein Thrombosis and Pulmonary Embolism
Definition...DVT
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• Pulmonary Embolism

– Occurs when blood clots (thrombus) formed in one 
of the body’s veins (DVT), breaks off and enters the
circulatory system and travel (or embolize) through 
the heart and become lodged in one of the branches
of the pulmonary artery of the lung.  

– A pulmonary embolus clogs the artery that provides
blood supply to part of the lung.  The embolus not
only prevents the exchange of oxygen and CO2, but
it also decreases blood supply to the lung tissue itself, 
potentially causing lung tissue to die (infarct). 

* MedicineNet.com March 2009

Deep Vein Thrombosis and Pulmonary Embolism
Definition...PE
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•Leg Fracture

•Bruised leg

•Complication of an

invasive procedure of 

the vein

•Medications (estrogen)

•Smoking

•Genetic predisposition

•Polycythemia vera

•Cancer

•Prolonged travel and

sitting

•Hospitalization

•Surgery

•Trauma to the lower leg

•Pregnancy

•Obesity

Trauma to the VeinHypercoagulabilty
(coagulation of blood 

faster than usual)

Immobility

•MedicineNet.com March 2009

Deep Vein Thrombosis and Pulmonary Embolism
What are the causes?
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Deep Vein Thrombosis and Pulmonary Embolism
What are the causes?

Strong risk factors Moderate risk factors Weak risk factors

Fracture (hip or leg)
Hip or knee replacement
Major general surgery
Major trauma
Spinal cord injury

Arthroscopic knee surgery
Central venous lines
Congestive heart or respiratory failure
Hormone replacement therapy
Malignancy
Oral contraceptives
Paralytic stroke
Pregnancy, Post-partum
Previous VTE
Familial thrombophilia

Bed rest >3 days
Minimal immobility (e.g. 
prolonged travel in car or 
plane)
Increasing age (>40)
Laparoscopic surgery
Obesity
Pregnancy, Post-partum
Varicose veins

Source:  Anderson C., Spenceer F.A.Risk factors for Venous Thromboembolism, Circulation.2003;107;19-1-16

11* MedicineNet.com March 2009 

Deep Vein Thrombosis and Pulmonary Embolism
What are the symptoms of DVT?

Symptoms are related to the obstruction of blood returning to the 
heart and causing a backup of blood in the leg.

Pain

Swelling

Warmth

Redness

•Approximately half of all DVT episodes produce few if any symptoms
•For some patients, DVT is an “acute” episode, but roughly 30% of patients suffer additional
symptoms including  leg pain and swelling, recurrent skin, breakdown and painful ulcers

•Only about 10% of American are familiar with DVT signs and symptoms and risk factors.  
…APHA White paper, Feburary 26, 2003

“The tragedy of the disease is that their diagnosis is easy to overlook because the signs and 
symptoms are often diffuse and difficult to  recognize…Perhaps as many as 50% of the 
cases of DVT are silent. Often the very first symptom of DVT is a fatal PE.”

from The  Director for NHLBI, NIH, Elizabeth Nagel – Surgeon Generals Call to Action to 
Prevent DVT and PEs

12* MedicineNet.com March 2009

Deep Vein Thrombosis and Pulmonary Embolism
What are the symptoms of PE?

A pulmonary embolus is one of the life threatening causes of chest pain and 
should always be considered when a patient presents to a healthcare 
provider with complaints of chest pain and shortness of breath.

•Pain is classically sharp and worsens when taking a deep breath, often
called pleuritic pain or pleurisy.  

•Cough that produces bloody sputum.
•May have stable vital signs but frequently presents with an elevated 
heart
rate.

•In some cases PE will present with sudden death where the patient
collapses, stops breathing and goes into cardiac arrest.
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• Smaller emboli may produce chest pain, 
shortness of breath and other symptoms

• Small pulmonary emboli may be asymptomatic

Consequently the diagnosis may be very difficult 
based on clinical findings

14 14

Typical Pulmonary Embolism Stories
• 32 year old pregnant woman returns by plane from a trip to Europe. 

Six hours after arrival she develops swelling in he r right leg. The 
following day she develops acute shortness of breat h and chest 
pain

• A 72 year old patient who has been bedridden in the  hospital for
two weeks develops acute shortness of breath follow ed by sudden 
death

• A 45 year old man seemingly in good health is found  dead at home
in his living room. He has an undiagnosed genetic h ypercoagulable
state (e.g. factor V Leiden)

Deep Vein Thrombosis and Pulmonary Embolism
What are the symptoms of PE?
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Economic Burden
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Deep Vein Thrombosis and Pulmonary 
Embolism What is the cost? 

•Over 350,000 people effected
•Vast majority require expensive inpatient treatment
•Survivors may live with long term chronic disorders
characterized by repeat episodes-additional 
hospitalization and treatment
•Loss of work productivity 
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Deep Vein Thrombosis and Pulmonary 
Embolism What is the cost? 

Estimated Annual Cost to Treat DVT and/or PE

•DVT $10,800 per patient
•PE $16,600 per patient
•Reoccurance increases hospitalization costs by about 20%
•Complications of anticoagulants are a cost burden
•Time lost from work

Source:  SEQUELLAE AND  COST  OF  VENOUS  THROMBOEMBOLISM, presentation, posted presentation from  Office of  the Surgeon General ; Samuel Z. Goldhaber, MD 
Cardiovascular Division Brigham and Women’s Hospital Professor of Medicine Harvard Medical School May 8, 2006

JAMA estimates that DVT and PE collectively cost the US hospital
system more than $340 million annually and the cost of care is
estimated to be an additional $20,000 more per DVT-related case

Source:   www,preventdvt.org/aboutDvt/newsletter/issue5
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Source:  Economic Burden of DVT, PE and PTS (Post-T hrombotic Syndrome)  Amj Health-Syst Pharm. 2006; 63( 20:S5-S15) posted 12/08/2006  
David A MacDougall et al. 

Deep Vein Thrombosis and Pulmonary Embolism
What is the economic burden? 

When recurrent DVT/PE events and bleed requiring anti coagulation were taken into account, 
an additional weighted mean cost of $14,975 per pat ient with a complication was observed.

$38,296$31,270Adjusted Total annualized health care costs

$2,787$33,130Adjusted annualized total direct costs

$1,422$22,688Mean costs due to hospital admissions

$600$3,571$3,009$3,696Annualized  total outpatient pharmacy costs

$680$25,554$18,901$17,512Median annualized total reimbursed costs

$1,045$6,771$6,381$7,227Pre-index healthcare costs (12 mo preceding the inde x DVT/PE event)

Control  
Group (no 

DVT/PE 
events) DVT/PE PE DVT

A retrospective observational cohort study to deter mine the direct medical costs of a DVT or PE patient  across 
the entire continuum of care
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Deep Vein Thrombosis and Pulmonary Embolism
What is the economic burden? 

CMS Hospital Acquired Conditions

•Deficit Reduction Act of 2005 requires there be an adjustment
in the Medicare DRG payment for certain hospital-acquired
conditions with a component that addresses new Present on 
Admission Coding

•Hospitals would not rec’v additional payment for cases in which one
of the selected HACs was not present on admission.

20

How are DVT and PE 
diagnosed?
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Traditional Objective Tests
Reference standard tests are expensive, invasive and require contrast

DVT:  Veinography

PE:  Pulmonary Angiography

Deep Vein Thrombosis and Pulmonary 
Embolism How is DVT diagnosed?

•www.surgeongeneral.gov/topics/deepvein/workshop/presentations/weitz_diagnos
is.ppt
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Deep Vein Thrombosis and Pulmonary 
Embolism How is DVT diagnosed?

Ultrasound
•Standard method of diagnosing DVT
•May be able to determine whether a clot exists, where it is 
located in the leg and how large it is
•Can be compared over time to see whether a clot has grown or 
resolved.
•Are better at seeing veins above the knee as compared to veins 
below it. 1

2     http://www/nblbi.nih.gov/
health/dci/Disease/Dvt/DVT_Diagnosis.html

Sensitivity and specificity 
over 95%for symptomatic 
proximal DVT
Sensitivity and specificity 
of 60 to 70% for isolated 
symptomatic calf DVT 2

•Sourrce: 
1    www.surgeongeneral.gov/ topics/deepvein/ workshop/presentations/weitz_                  
diagnois.ppt
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• One million Americans undergo ultrasound treatment for 
suspected DVT annually…

– Over 750,000 of these examinations are negative .

Circulation .2004;109[Suppl I]:I-9-I-14 Brenda Zierl er

Deep Vein Thrombosis and Pulmonary 
Embolism How is DVT diagnosed?
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Deep Vein Thrombosis and Pulmonary 
Embolism How is PE diagnosed?

Computerized Tomography (CT scan)
•In conjunction with angiography 
•Risks:  allergic reaction to the dye, dye is 
harsh on kidney function.
•Highly sensitive, Expensive, Not always 
available

Ventilation Profusion Scans
•Use labeled chemicals to identify inhaled air 
into the lungs and match it with blood flow in 
the arteries
•Limitations to the test: 

� there may be a  5%-10% risk that a 
pulmonary embolism exists even with a 
low probability V/Q result.
� Expensive, time consuming, may be 
difficult to interpret
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Diagnostic Challenges
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• Venography and Pulmonary Angiography

– Invasive and costly

– Not universally available and require expertise

• Alternative non-invasive  methods compression ultrasonography (CUS) and 
ventilation perfusion scintigraphy or spiral CT for suspected  PE 

– Limitations on availability 

– Cost effectiveness

– CUS low sensitivity for distal DVT

– V/Q lung scanning is non-conclusive in 50-70% of cases

• Prevalence of VT among clinically suspected outpatients is only 20-25%

Deep Vein Thrombosis and Pulmonary Embolism
Diagnostic challenges

Need for an efficient  approach to safely exclude V TE

CAP Today, April 2005 – Institutions implementing protocols
To fine tune the process of using D dimer to rule out DVT
And PE.  -During a 4 month period after protocol implementation
71 cases of VTE were diagnosed in a population of 1207 people
evaluated for suspected PE…only one missed case was 
identified… 39% of the patients were discharged
without being subjected to radiologic imaging.
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• Clinical signs of DVT are non-specific
– Symptoms may point to another medical condition 

• Ultrasonography is time and resource consuming
– 15-20 minutes of trained technician time per leg
– Follow-up interpretation by a radiologist

• Less than 10% of patients that receive CUS examinations are 
diagnosed with DVT.  (Billable cost for CUS ~$315)

Source:  http://xnet.kp.org/permanentejournal/spring 03/implement.html http://xnet.kp.org/permanentejournal/spring03/imple ment.html

Deep Vein Thrombosis and Pulmonary 
Embolism Diagnostic Challenges



28

• Main challenge:

• New approaches have improved the diagnostic process for PE.  
– Combination of clinical decision rule such as the Wells Score 

• Several studies have shown that PE can be safely ruled out without the need for 
additional imaging in patients with low clinical probability and a normal D dimer
test result, occurring in 20-40% of these patients1

1  Source:  Effectiveness of Managing Suspected Pulmonary Embolism Using an Algorithm Combining Clinical Probability, D-dimer Testing and Computed Tomography.  JAMA
January 11, 2006  Volume 295, No. 2              

Deep Vein Thrombosis and Pulmonary Embolism
Diagnostic challenges

• The use of D dimer assay as the first step in the diagnosis of acute pulmonary 
embolism could have eliminated the need for up to 60% of all pulmonary CT 
angiograms2

2  Source: Role of a Quantitative D dimer assay I determining the need for CT angiography of Aucte Pulmonary Embolism,
AJR:182 June 2004. Peter W. Abcarian et.al

25%
w/disease

75%
disease free
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What is D-dimer?

30

Deep Vein Thrombosis and Pulmonary Embolism
What is D dimer? 

D-Dimer is a fibrin degradation product,
a small protein fragment present in the 
blood after a blood clot is degraded by
fibrinolyisis.

Source: http:/en.wikipedia.org/wiki/D-dimer
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Deep Vein Thrombosis and Pulmonary Embolism
What is D dimer? 

E

D D

D-dimer is derived from fibrinogen, a symmetrical
molecule with to identical D-domains linked
by a central E-domain.  

Source: http:/en.wikipedia.org/wiki/D-dimer
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Deep Vein Thrombosis and Pulmonary Embolism
What is D dimer? 

Thrombin

This E-domain carries two fibrinopeptides and two fi brinopeptides
B, 
which are cleaved by the central enzyme in the bloo d coagulation
cascade, thrombin.  

Fibrinogen

Fibrin monomer + fibrinopeptides

Source: http:/en.wikipedia.org/wiki/D-dimer
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When this happens, two polymerization sites are exp osed, which interact with 
complementary polymerization sites on the D-domains  of other fibrin monomers, forming 
long strands of fibrin molecules , which help seal the wound and stop bleeding. 

Soluble fibrin monomer

Deep Vein Thrombosis and Pulmonary Embolism
What is D dimer? 

Source: http:/en.wikipedia.org/wiki/D-dimer
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XIIIa

In parallel with the removal of finbrinopeptides A a nd B, thrombin also cleaves an 
activation peptide of factor XIII.  The result is th e formation of covalent bonds 
between adjacent fibrin monomer units and a covalen t structure that is more 
resistant to mechanical strain and proteolysis.

Stabilized (insoluble) fibrin clot

Deep Vein Thrombosis and Pulmonary Embolism
What is D dimer? 

Source: http:/en.wikipedia.org/wiki/D-dimer
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Plasmin

Plasmin

Plasmin

Plasmin

Plasmin

Clot Removal –Plasmin cuts fibrin strands until the pieces are sm all enough to be carried away by the blood. The fin al
Degradation product is not a D fragment but a dimer of two D fragments, D dimer and is only present  aft er clotting

Deep Vein Thrombosis and Pulmonary Embolism
What is D dimer? 

Source: http:/en.wikipedia.org/wiki/D-dimer
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DD

DY

YY

XD

XY

DXD

YXD

XX

YXY

XXD

D DX
D DX E

D DX EE

D DXED

D DX EED

D DX E D DX
D DX E D DXE

D DX EED D

D DX E D DXE E

D DX E D DXE ED

•A large variety of breakdown products are formed
which can vary from patient to patient and even
over time for a given patient.
•When D dimer is measured, it is not only D-dimer
that is detected by also the larger molecules with
multiple D-dimer epitopes

Epitopes of D-dimer

Deep Vein Thrombosis and Pulmonary Embolism
What is D dimer? 
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E DD Fibrinogen
Starting material for D-Dimer

Fibrin Mesh

Other FDPs
Plasmin

D-Dimer

Thrombin

Factor XIII

Crosslinked fibrin mesh

Source: http:/en.wikipedia.org/wiki/D-dimer

Deep Vein Thrombosis and Pulmonary Embolism
What is D dimer? 
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• A positive D-dimer indicates the presence of an abnormally high level of fibrin 
degradation products in your body

• It indicates there has been a significant clot (thrombus) formation and 
breakdown in the body, but it does not tell the location or the cause.

• A normal D-dimer means that most likely you do not have an acute 
condition or disease that is causing abnormal clot formation and breakdown.  

• The test is used to rule out clotting as the cause for symptoms.

Deep Vein Thrombosis and Pulmonary Embolism
What do the D dimer levels tell you? 

39

How is D-dimer measured?
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>30 D dimer assays available

Principle of measurement is same

Wide variety of techniques
fluorescence, chemiluminescence or time resolved fluorescence, latex agglutination

Semi-Quantitative QuantitativeQualitative

Positive/Negative Estimate Value

Deep Vein Thrombosis and Pulmonary Embolism
How is D dimer measured? 

Source:  Clearview, Pacific Hemostasis and Tinaquant D dimer assay package inserts from websites March 2009
Source:  CLN, April 2009, Volume 35, No. 4
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Deep Vein Thrombosis and Pulmonary Embolism
How is D dimer measured? 

Source:  CLN, April 2009, Volume 35, No. 4
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Not all D dimer assays are created equal:

• Qualitative, Semi Quant or Quantitative

• Antibody Specificity

• Intended Use

• Measuring Units 

• Clinical Performance

• Validated cut off value

• Analytical Range

• Turn around Time

• Instrument platform

• Sample Type Citrate, EDTA, Li Heparin

Deep Vein Thrombosis and Pulmonary Embolism
How is D dimer measured? 
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Differences in the antibody:
• Wide spectrum of D-dimer containing FDPs released from fibrin 

clot via the fibrinolytic action of plasmin.

• All of these D dimer containing FDPs react with the specific D-
dimer antibodies.

Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

Source:  D-Dimer, A Non-invasive Trage Test for Patients with Suspected DVT, Shiu-Ki Rocke Hui, MD and Alan E Mast, MD, PhD; Clinical Laboratory
News, April 2009,.,Volume 35, No. 4
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Modern D-dimer assays all use highly specific monoclonal antibodies

HOWEVER…

• The exact structure of the epitopes recognized by the individual antibodies 
varies

• Different antibodies have different specificities to D dimer and other fibrin 
degradation products.  

• This means that at different times in the clot breakdown, different assays will 
therefore depending on their cut offs, sensitivities, and specificities, give 
different results. 

• For a given patient sample, the results from different commercial assays can 
vary

• The only way to confirm diagnostic accuracy is  by extensively validating  
against clinical outcome.

Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

Source:  Doi:10.1016/j.thromres.2205.08.006 D-dimer assays:The current status and new assay technologies
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Differences in the Intended Use:  

• For the quantitative in vitro determination of D-dimer

• An Aid in Diagnosis of venous thromboembolism (VTE) [deep vein 
thrombosis (DVT) or pulmonary embolism (PE)

• For use in conjunction with a clinical pretest probability assessment model 
to exclude deep vein thrombosis (DVT and pulmonary embolism (PE) in 
outpatients suspected of DVT or PE.

• In conjunction with a non-high clinical probability assessment, a normal 
result excluded DVT and PE with high sensitivity.

Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

Only assays that have been evaluated in clinical trials should be used for the 
exclusion of DVT or PE.   
Source: Dempfle CE.  D-dimer assays:  The current status andnew assay technologies.  J Thromresl.2005.Aug 30 
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Differences in the measuring units 

– Based on calibrator

– D-dimer concentration- assays that use purified fibrin fragment D-dimer
as the calibrator

– Fibrinogen-equivalent units (FEU) – assays that use purified fibrinogen 
for preparation of fibrin clot and degradation by plasmin as the calibrator

One unit of FEU is approximately twice the mass of one unit of D-dimer

Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

Source:  D-Dimer, A Non-invasive Trage Test for Patients with Suspected DVT, Shiu-Ki Rocke Hui, MD and Alan E Mast, MD, PhD; Clinical Laboratory
News, April 2009,.,Volume 35, No. 4
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Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

Source:  Roche TinaQuant D dimer assays, package insert Roche Hitachi from MLO website March 2009
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• Negative Predictive Value (NPV)

NPV = Number of True negatives

Number of True Negatives + Number of False Negative s

• Sensitivity

Sensitivity = Number of True positives

Number of True Positives + Number of False Negative s

• The Negative Predictive Value and the Sensitivity are the most commonly used and 
most important  terms and statistics relative to the D dimer assay which is used to rule 
out or exclude DVT and PE. 

Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

Source:  http://en.wikipedia.org
Statistics.com
March 2009
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A test with less than a 99% NPV can result in misse d diagnoses. 

95%
NPV

100%
NPV

Based on 100 true negative patients

Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

Source:  http://en.wikipedia.org
Statistics.com
March 2009
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• Positive Predictive Value (PPV)

PPV = Number of True Positives

Number of True Positives + Number of False Positive s

• Specificity

Specificity =                Number of True Negativ es
Number of True Negatives + Number of False Positive s

Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

Source:  http://en.wikipedia.org
Statistics.com
March 2009
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Negative predictive value is concerned only with ne gative test
results.  In the example, 56 out of 62 negative tes t results
are correct giving a negative predictive value of 5 6/62 = 90%

Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

NPV
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Sensitivity refers to how good a test is at correctl y identifying 
people who have the disease.  When calculating sens itivity we 
are therefore interested in only this group of peop le. The test 
has correctly identified 24 out of the 30 people wh o have the 
disease.  There fore the specificity of the test is  24/30 = 80%

Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

Sensitivity
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Positive predictive value refers to the chance that  a positive
test result will be correct.  Figure 8 shows that 2 4 out of 38 
Positive test results are correct.  The positive pr edictive 
value of this test is 24/38 = 63%.

Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

PPV

54

Specificity is concerned with how good the test is a t correctly 
Identifying people who are well.  This test has cor rectly identified
56 out of 70 well people. The specificity of this t est is therefore
56/70 = 80%

Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

Specificity
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• Trade offs between sensitivity and specificity among various 
methods

Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

First Step Rule out
Used in conjunction 

with other tests.

High Sensitivity assay
Less sensitive 

more specific assay

Source:  D-Dimer, A Non-invasive Trage Test for Patients with Suspected DVT, Shiu-Ki Rocke Hui, MD and Alan E Mast, MD, PhD; Clinical Laboratory
News, April 2009,.,Volume 35, No. 4

56

Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

Roche D-dimer package insert

Differences in Cut off – range in which the assay has the best 
sensitivity and specificity.
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Differences in turnaround time/instrument platform/sample type 
(eg.)

~5-7 minutes Coagulation citrate

~10-15 minutes Chemistry (Roche) citrate/Lithium Hep

~45 minutes Specialty (VIDAS) citrate

Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

Turn around time is especially important when meeting requirements of the ED

Source:  Vendor websites March 2009, Siemens,Beckman, bioMerieux, Roche –D-dimer package inserts
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Deep Vein Thrombosis and Pulmonary Embolism
Differences in D dimer assays 

100 
(52.4%)

8   (4.1%)Method 2 
Positive

18  (9.4%)65 (34.0%)/Method 2 
Negative

Method 1 
Positive

Method 1 
Negative

Method 
comparisons

Results cannot be extrapolated from one assay to another1

Methods should be compared in clinical situations and evaluated according to
their different test performance characteristics2

1D-dimer assays:  The Current Status and New Assay 
Technologies.doi:10.1016/j.thromres.2005.08.006
2 CAP Today  April 2005 Feature Story.
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Incorporating D-dimer Testing into 
Diagnosing of DVT

60

Deep Vein Thrombosis and Pulmonary Embolism
Incorporating D-dimer testing…

Source:  D-Dimer, A Non-invasive Trage Test for Patients with Suspected DVT, Shiu-Ki Rocke Hui, MD and Alan E Mast, MD, PhD; Clinical Laboratory
News, April 2009,.,Volume 35, No. 4
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Probability assessment-e.g.Well’s Score

<0Low probability

1 or 2Moderate probability

>3High probability

Total of Above Score 

-2Alternative diagnosis (as likely or > that of DVT)

+1Collateral superficial veins (nonvaricose)

+1Previous DVT documented

+1Pitting edema (greater in the symptomatic leg)

+1Calf swelling >3 cm compared to the asymptomatic leg

+1Entire leg swelling

+1
Localized tenderness along the distribution of the deep 
venous system

+1Recently bedridden for >3 d or major surgery <4 wk

+1Paralysis or recent plaster immobilization of the lower 
extremities

+1Active cancer (treatment ongoing, or within 6 months or 
palliative)

ScoreClinical Parameter Score

*Adapted from Anand SS, Wells PS, Hunt D, et al. Does  this patient have deep vein thrombosis? JAMA. 1998 Apr 8;279(14):1094-9.

Deep Vein Thrombosis and Pulmonary Embolism
Incorporating D-dimer testing…

Roche D dimer Intended 
use…
In conjunction with a non-
high clinical probability 
assessment, a normal result 
excluded DVT and PE with 
high sensitivity.
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Case 1

65 y/o man in intensive care unit with bleeding from multiple sites 
and respiratory failure

Any role for D-Dimer ?
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Platelets

Fibrinogen

FDP or D-Dimer

PT

Changes in DIC

Low or decreasing

Low or decreasing

Increased

Increased

Case 1: Laboratory Evaluation for DIC
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Case 2

35 y/o woman in good health presents to ED with mild bilateral 
swelling in her legs following a 4 hour car ride

Role for D-dimer?
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Case 2:  Risk stratification : The Wells Score
For Illustration Purposes Only

0        = low risk of DVT

1 – 2  = medium risk of DVT

� 3     = high risk of DVT

This patient is 
low risk
rule out
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Case 3

57 y/o man presents with chest pain and shortness of breath. He 
is a heavy smoker.

Role for D-dimer?
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Case 3

Considerations

PE

Acute coronary syndrome

Congestive heart failure

COPD exacerbation

Ideally want Troponin, NT-proBNP (or BNP), D-dimer
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Case 4

37y/o woman, obese and heavy smoker presents to ED with 
acute shortness of breath and a painful edematous right leg. 
She has a history of 2 prior DVT’s

Role for D-dimer?
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Case 4

Sounds high risk but criteria are not clear

Sounds like DVT and PE

D-dimer may be useful but ultrasound and CT inevitable

Note 3rd DVT……….Think hypercoagulable state
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Addressing C.A.P.
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Source: CAP Today May 2005 Feature Story

Deep Vein Thrombosis and Pulmonary Embolism
Addressing CAP…

CAP Coagulation Resource Committee Questionaire Results: 

•46% of Laboratories report D dimer.
•75% of this group used D dimer to exclude VTE
•96.8% used quantitative assay, 1.1% used a whole blood
point of care device, 1.9% used a semi-quantitative method
•59% reported in FEU; 41% reported in D dimer units; 126 labs
or 8% did not know the type of units they were using
•Eight combinations of type an magnitude of units were reported:
ng/mL FEU; ng.mL D-DU, ug/L FEU, ug/L D-DU, ug/mL FEU
ug/mL D DU.

•All methods showed variability in the type and magnitude of
the units.
•39% were using a D dimer cutoff value above that of the 
manufacturer         
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How should laboratories respond to this issue? 

• Verify that the D dimer method being used has been validated 
for

VTE screening 

• Communicate to the clinicians the cutoff value for exclusion of 
VTE

• Verify the type and magnitude of D dimer units are being 

correctly stated on patient reports

Deep Vein Thrombosis and Pulmonary Embolism
Addressing CAP…

Source: CAP Today May 2005 Feature Story
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Example of CAP report

74

• Question 1

If the laboratory reports D-Dimer assay results in u nits other than 
those recommended by the assay manufacturer, are th e type of unit 
and magnitude of the D-Dimer result reported correct ly?

• Question 2

• If calculations (including conversion of units) are  used to obtain D-
Dimer results, does the laboratory document periodic  checks to 
ensure that the calculations are correct?

Deep Vein Thrombosis and Pulmonary Embolism
Addressing CAP…
CAP Questions with an example of where information may be found
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Question 3

• If a D-dimer method is used in the evaluation of VTE , has the method 
been validated for this purpose? 

Question 4

• If a D-dimer test is used for exclusion of deep vein  thrombosis and or 
Pulmonary embolism, does the laboratory report the cutoff value for 
exclusion of venous thromoboembolism, as well as th e Reference 
range? 

Deep Vein Thrombosis and Pulmonary Embolism
Addressing CAP…

CAP Questions with an example of where information may be found
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Question 5

• If a D dimer test is not used for exclusion of deep vein thrombosis or 
pulmonary embolism, does the laboratory inform clin icians that the 
test should not be used to exclude deep vein thromb osis or 
pulmonary embolism? 

Deep Vein Thrombosis and Pulmonary Embolism
Addressing CAP…

CAP Questions with an example of where information may be found
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• D-dimer testing, despite lack of standardization is an effective, relatively 
inexpensive and rapid way to rule out DVT in ambulatory and emergency 
room  patients

• In combination with a low to moderate pretest probability, a negative D dimer
test can efficiently eliminate the need for more expensive and time consuming 
imaging studies

• When selecting D dimer assay, understand what clinical role D dimer testing 
will play

• To rule out DVT, use an assay with a high sensitivity and NPV to minimize 
false negative results

• Emphasize to clinicians a proper clinical evaluation and evidence based 
pretest probability is vital for proper interpretation of D dimer results. 

Deep Vein Thrombosis and Pulmonary Embolism
Conclusion…


