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Introduction  
Venous thromboembolism (VTE) is a disease process comprising 
deep vein thrombosis (DVT) and pulmonary embolism (PE). VTE is a 
common problem with an estimated incidence of one-two per 1,000 
population each year [1,2] and approximately 2,000 Australians die 
each year from VTE. [3] PE represents one of the single most common 
preventable causes of in-hospital death [4] and acutely it has a  17% 
mortality rate. [5, 6] VTE is also associated with a significant financial 
burden; the financial cost of VTE in Australia in 2008 was an estimated 
$1.72 billion. [7] Several important sequelae of VTE exist including: 
post-thrombotic syndrome, recurrent VTE, chronic thromboembolic 
pulmonary hypertension (CTEPH) and death. [8,9]

Due to the high incidence of VTE and the potential for significant 
sequelae, it is imperative that medical students and junior doctors 
have a sound understanding of its pathophysiology, diagnosis and 
management of VTE.

Pathophysiology and risk factors 
The pathogenesis of venous thrombosis is complex and our 
understanding of the disease is constantly evolving. Although no 
published literature supports that Virchow ever distinctly described 
a triad for the formation of venous thrombosis [10], Virchow’s triad 
remains clinically relevant when considering the pathogenesis of 
venous thrombosis. The commonly cited triad consists of alteration in 
the constituents of blood, vascular endothelial injury and alterations 
in blood flow. Extrapolation of each component of Virchow’s triad 
provides a framework for important VTE risk factors. Risk factors form 
an integral part of the scoring systems used in risk stratification of 
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suspected VTE. In the community, risk factors are present in over 75% 
of patients, with recent or current hospitalisation or residence in a 
nursing home reported by over 50% ofpatients with VTE. [11] Patients 
may have a combination of inherited and acquired thrombophilic 
defects. Combinations of risk factors have at least an additive effect on 
the risk of VTE. Risk factors for VTE are presented in Table 1. 

Thrombophilia 
Thrombophilia refers to a predisposition to thrombosis, which may 
be inherited or acquired. [14] The prevalence of thrombophilia at 
first presentation of VTE is approximately 50%, with the highest 

Acute provoking 
factors

Surgery – including orthopaedic, major general 
and laparoscopic surgery

Hospitalisation

Major trauma – including hip or leg fracture and 
spinal cord injury

Immobilisation – long haul air travel or 
prolonged bed rest

Intravascular device e.g. central venous line

Heparin induced thrombocytopenia

Chronic 
predisposing 

factors

Inherited or acquired thrombophilic defects

Prior VTE

Major medical illness – including congestive 
cardiac failure, respiratory disease, nephrotic 
syndrome, myeloproliferative disorders

Malignancy

Oestrogen therapy

Paralytic stroke

Obesity

Table 1. Risk factors for VTE. Adapted from Anderson & Spender (2003) [12] and 
Ho, Hankey, Lee & Eikelboom (2005) [13].
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prevalence found in younger patients and those with unprovoked 
VTE. [15] Inherited thrombophilias are common in the Caucasian 
Australian population. The birth prevalence of factor V Leiden 
heterozygosity and homozygosity, which confers resistance to 
activated protein C, is 9.5% and 0.7% respectively. Heterozygosity 
and homozygosity for the prothrombin gene mutation (G20210A) is 
another common inherited thrombophilia, with a prevalence of 4.1% 
and 0.2% respectively. [16] Other significant thrombophilias include 
antithrombin deficiency, protein C deficiency, protein S deficiency and 
causes of hyperhomocystinaemia. [16,17] Antiphospholipid syndrome 
is an acquired disorder characterised by antiphospholipid antibodies 
and arterial or venous thrombosis or obstetric related morbidity, 
including recurrent spontaneous abortion. Antiphospholipid syndrome 
represents an important cause of VTE and may occur as a primary 
disorder or secondary to autoimmune or rheumatic diseases such as 
systemic lupus erythematosus. [18]

Testing for hereditary thrombophilia is generally not recommended 
as it does not affect clinical management of most patients with VTE 
[19,20] and there is no evidence that such testing alters the risk of 
recurrent VTE. [21] There are few exceptions such as a fertile women 
with a family history of a thrombophilia where testing positive may 
lead to the decision to avoid the oral contraceptive pill or institute 
prophylaxis in the peripartum period. [22]

Natural history 
Most DVT originate in the deep veins of the calf. Thrombi originating 
in the calf are often asymptomatic and confer a low risk of clinically 
significant PE. Approximately 25% of untreated calf DVT will extend 
into the proximal veins of the leg and 80% of patients with symptomatic 
DVT have involvement of the proximal veins. [9] Symptomatic PE 
occurs in a significant proportion of patients with untreated proximal 
DVT; however the exact risk of proximal embolisation is difficult to 
estimate. [9,23]

Pulmonary vascular remodeling may occur following PE and may result 
in CTEPH. [24] CTEPH is thought to be caused by unresolved pulmonary 
emboli and is associated with significant morbidity and mortality. 
CTEPH develops in approximately 1-4% of patients with treated PE. 
[25,26]

Post-thrombotic syndrome is an important potential long-term 
consequence of DVT, which is characterised by leg pain, oedema, 
venous ectasia and venous ulceration. Within 2 years of symptomatic 
DVT, post-thrombotic syndrome develops in 23-60% of patients [27]
and is associated with poorer quality of life and significant economic 
burden. [28]

Diagnosis
Signs and symptoms of VTE are often non-specific and may mimic 
many other common clinical conditions (Table 2). In the primary care 
setting, less than 30% of patients with signs and symptoms suggestive 
of DVT have a sonographically proven thrombus. [29] Some of the 
clinical features of superficial thrombophlebitis overlap with those 
of DVT. Superficial thrombophlebitis carries a small risk of DVT or 
PE and contiguous extension of the thrombus. Treatment may be 
recommended with low-dose anticoagulant therapy or NSAIDs. [30]

Deep vein thrombosis
Clinical features
Symptoms of DVT include pain, cramping and heaviness in the lower 
extremity, swelling and a cyanotic or blue-red discolouration of the 
limb. [31] Signs may include superficial vein dilation, warmth and 
unilateral oedema. [31,32] Pain in the calf on forceful dorsiflexion of 
the foot was described as a sign of DVT by the American surgeon John 
Homans in 1944. [33] Homans’ sign is non-specific and is an unreliable 
sign of DVT. [34]

Investigations
Several scoring tools have been evaluated for assessing the pre-test 

Key differential diagnoses of DVT

Cellulitis and erysipelas

Calf haematoma

Superficial venous thrombosis

Rupture of a baker’s cyst

Varicose veins

Musculoskeletal pathology

Table 2. Key differential diagnoses of DVT

probability of DVT. One such commonly used validated tool is the 
Modified Wells score, presented in Table 3. [35] The Modified Wells 
score categorises patients as either likely or unlikely to have a DVT. 

D-dimer is the recommended investigation in patients considered 
unlikely to have a DVT, as a negative D-dimer effectively rules out 
DVT in this patient group. [36] D-dimer measurements have several 
important limitations with most studies of its use in DVT being 
performed in outpatients and non-pregnant patients. As D-dimer 
represents a fibrin degradation product, it is likely to be raised in any 
inflammatory response. This limits its use in post-operative patients 
and many hospitalised patients. 

Venous compression ultrasound with Doppler flow is indicated as the 
initial investigation in patients who are considered likely to have DVT 
(Modified Wells ≥ 2) or in patients with a positive D-dimer. Compression 
ultrasonography is the most widely used imaging modality due to 
its high sensitivity and specificity, non-invasive nature and low cost. 
Limitations include operator-dependent accuracy and reduction of 
sensitivity and specificity in DVT of pelvic veins, small calf veins or in 
obese patients. [32]

Pulmonary embolism 
Clinical features
10% of symptomatic PE are fatal within 1 hour of the onset of 
symptoms [9] and delay of diagnosis remains common due to non-

Clinical characteristic Score

Active cancer 1

Paralysis, paresis, or recent plaster immobilisation of 
the lower extremities

1

Major surgery within the previous 12 weeks or 
recently bedridden for ≥ 3 days

1

Localised tenderness along the distribution of the 
deep venous system

1

Entire leg swollen 1

Calf swelling ≥3cm larger than that of the 
asymptomatic side

1

Pitting oedema (greater in the symptomatic leg) 1

Collateral superficial veins (non-varicose) 1

Previously documented DVT 1

Alternative diagnosis at least as likely as DVT -2

Table 3. Modified DVT Wells score. The most symptomatic leg is used. 
≥2 = DVT is likely
<2 = DVT is unlikely 
Adapted from Wells et al. (1997) [35] and Wells et al. (2003) [36]

specific presentation. [37] Clinical presentation will depend on 
several factors including size of the embolus, rapidity of obstruction 
of the pulmonary vascular bed and patient’s haemodynamic reserve. 
Symptoms may include sudden or gradual onset dyspnoea, chest pain, 
cough, haemoptysis, palpitations and syncope. Signs may include 
tachycardia, tachypnea, fever, cyanosis and the clinical features of DVT. 
Signs of pulmonary infarction may develop later and include a pleural 
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friction rub and reduced breath sounds. [31] Patients may also present 
with systemic arterial hypotension with or without clinical features of 
obstructive shock. [5,38]

Investigations
The first step in the diagnosis of suspected PE is the calculation of 
the clinical pre-test probability using a validated tool such as the 
Wells or Geneva score. Clinician gestalt may be used in place of a 
validated scoring tool; however it may be associated with a lower 
specificity and therefore increased unnecessary pulmonary imaging. 
[39] Neither clinician gestalt nor a clinical decision rule can accurately 
exclude PE on its own. An electrocardiogram (ECG) will often be 
performed early in the presentation of a patient with suspected PE. 
A variety of electrocardiographic changes associated with acute PE 
have been described. Changes consistent with right heart strain and 
atrial enlargement reflect mechanical pulmonary artery outflow tract 
obstruction. [40] Other ECG changes include sinus tachycardia, ST 
segment or T wave abnormalities, QRS axis alteration (left or right), 
right bundle branch block and a number of others. [40] The S1Q3T3 
abnormality, described as a prominent S wave in lead I with a Q wave 
and inverted T wave in lead III, is a sign of acute corpulmonale. It is not 
pathognomonic for PE and occurs in less than 25% of patients with 
acute PE. [40]

In patients with a low pre-test probability, a negative quantitative 
D-dimer effectively excludes PE. [39] The conventional D-Dimer cut-
off value (500 µg/L) are associated with reduced specificity in older 
patients leading to false positive results. [41] A recent meta-analysis 
has found that the use of an age specific D-dimer cut off value (age 
x 10µg/L) increases the specificity of the D-dimer test with little 
effect on sensitivity. [42] The pulmonary embolism rule-out criteria 
(PERC), as outlined in Table 4, may be applied to patients with a low 
pre-test probability to reduce the number of patients undergoing 
D-dimer testing. [43] A recent meta-analysis demonstrated that in the 
emergency department, the combination of low pre-test probability 
and a negative PERC rule results in a likelihood of PE that is so 
unlikely that the risk-benefit ratio of further investigation for PE is not 
favourable. [44] 

Patients with a high pre-test probability or with a positive D-dimer 
test should undergo pulmonary imaging. Multidetector Computed 
Tomography Pulmonary Angiography (CTPA) is largely considered 

Pulmonary embolism rule-out criteria

Age <50 years

Pulse rate <100 beats per min

Pulse oximetry ≥95%

No haemoptysis

No oral hormone use

No recent surgery or trauma requiring treatment with general 
anaesthesia in the previous 4 weeks

No prior VTE

No unilateral leg swelling 

Table 4. Pulmonary embolism rule-out criteria. If the patient answers negative 
to all of these criteria, further investigation for PE is not recommended. This rule 
is not designed to replace clinical judgment and caution is advised in patients 
with indeterminate factors (e.g. transient tachycardia). Adapted from Singh, 
Mommer, Erwin, Mascarenhas & Parasaik (2013) [43].

the imaging modality of choice for PE given its high sensitivity and 
specificity and its ability to identify alternative diagnoses. [45,46] CTPA 
must be used only with a clear indication due to significant radiation 
exposure, risk of allergic reactions and contrast-induced nephropathy. 
[47] Concerns have also been raised about over diagnosis of PE with 
detection of small subsegmental emboli. [48]

Ventilation-perfusion (V/Q) lung scintigraphy is an alternative 
pulmonary imaging modality to CTPA. A normal V/Q scan excludes 
PE; however, a significant proportion of patients will have a ‘non-
diagnostic’ result thus requiring further imaging. [49] Non-diagnostic 
scans are more common in patients with pre-existing respiratory 
disease or an abnormal chest radiograph and are less likely in younger 
and pregnant patients. [48,50] Compared with CTPA, V/Q scanning is 
associated with fewer adverse effects and less radiation exposure and 
is often employed when a contraindication to CTPA exists. [49,50]

Bedside echocardiography is a useful investigation if CT is not 
immediately available or if the patient is too unstable for transfer 
to radiology. [51,52] Echocardiography may reveal right ventricular 
dysfunction which guides prognosis and the potential for thrombolytic 
therapy in massive and sub-massive PE. [51]

The diagnosis of PE during pregnancy is an area of controversy. [54] The 
diagnostic value of D-dimer during pregnancy using the conventional 
threshold is limited. With both V/Q scans and CTPA, foetal radiation 
dose is minimal but higher in the former. CTPA is associated with a 
much higher dose of radiation to maternal breast tissue thus increased 
risk of breast cancer. [53,54] In light of these risks, some experts 
advocate for bilateral compression Doppler ultrasound for suspected 
PE in pregnancy. [54] However, if this is negative and a high clinical 
suspicion remains, pulmonary imaging is still required. 

Prophylaxis 
Multiple guidelines exist to direct clinicians on the use of 
thromboprophylaxis in both medical and surgical patients. [3,55-58]
Implementation of thromboprophylaxis involves assessment of the 
patient’s risk of VTE, risk of adverse effects of thromboprophylaxis, 
including bleeding and identification of any contraindications.  

Patients at high risk include those undergoing any surgical procedure, 
especially abdominal, pelvic or orthopaedic surgery. Medical patients 
at high risk include those with myocardial infarction, malignancy, heart 
failure, ischaemic stroke and inflammatory bowel disease.[3]

Mechanical options for thromboprophylaxis include encouragement 
of mobility, graduated compression stockings, intermittent 
pneumatic compression devices and venous foot pumps. Mechanical 
prophylactic measures are often combined with pharmacological 
thromboprophylaxis. The strength of evidence for each of the 
anticoagulant varies depending on the surgical procedure or medical 
condition in question; however, unfractionated heparin (UFH) and 
low-molecular weight heparin (LMWH) remain the mainstay of VTE 
prophylaxis. [3] The NOACs, also referred to as direct oral anticoagulants, 
notably rivaroxaban, apixaban and dabigatran, have been studied 
most amongst the hip and knee arthroplasty patient groups, where 
they have been shown to be both efficacious and safe. [59-61] The 
use of aspirin for the prevention of VTE following orthopaedic surgery 
remains controversial, despite receiving a recommendation by recent 
guidelines. [62] It is recommended that pharmacological prophylaxis 
should be continued until the patient is fully mobile. In certain 
circumstances such as following total hip or knee arthroplasty and hip 
fracture surgery, extended duration prophylaxis for up to 35 days post-
operatively is recommended. [3,62]

Management
The aim of treatment is to relieve current symptoms, prevent 
progression of the disease, reduce the potential for sequelae and 
prevent recurrence. Anticoagulation remains the cornerstone of 
management of VTE. 

Patients with PE and haemodynamic instability (hypotension, persistent 
bradycardia, pulselessness), so called ‘massive PE’may require urgent 
treatment with thrombolytic therapy. Thrombolysis reduces mortality 
in haemodynamically unstable patients, however it is associated with a 
risk of major bleeding. [63] Surgical thrombectomy and catheter-based 
interventions represent an alternative to thrombolysis in patients with 
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massive PE where contraindications exist. [64] The use of thrombolytic 
therapy in patients with evidence of right ventricular dysfunction and 
myocardial injury without hypotension and haemodynamic instability 
remains controversial. A recent study revealed that fibrinolysis in this 
intermediate risk group reduces rates of haemodynamic compromise 
while significantly increasing the risk of intracranial and other major 
bleeding. [65]

For the majority of patients with VTE anticoagulation is the mainstay 
of treatment. Acute treatment involves UFH, LMWH or fondaparinux. 
[50]

UFH binds to antithrombin III, increasing its ability to inactivate 
thrombin, factor Xa and other coagulation factors. [66] UFH is usually 
given as an intravenous bolus initially, followed by a continuous 
infusion. UFH therapy requires monitoring of the activated partial 
thromboplastin time (aPTT) and is associated with a risk of heparin-
induced thrombocytopenia. [66] The therapeutic aPTT range and 
dosing regimen vary between institutions. The use of UFH is usually 
preferred if there is severe renal impairment, in cases where there 
may be a requirement to rapidly reverse anticoagulation therapy and 
in obstructive shock where thrombolysis is being considered. [50]

LMWH is administered subcutaneously in a weight adjusted dosing 
regimen once or twice daily. [51] When compared with UFH, LMWH 
has a more predictable anticoagulant response and does not usually 
require monitoring. [67] In obese patients and those with significant 
renal dysfunction, LMWH may require dose adjustment or monitoring 
of factor Xa activity. [67]

Therapy with a vitamin K antagonist, most commonly warfarin, should 
be commenced at the same time as parenteral anticoagulation. 
Therapy with the parenteral anticoagulant should be discontinued 
when the international normalised ratio (INR) has reached at least 2.0 
on two consecutive measurements and there has been an overlap of 
treatment with a parenteral anticoagulant for at least five days. [68] 
This overlap is required as the use of warfarin alone may be associated 
with an initial transient prothrombotic state due to warfarin mediated 
rapid depletion of the natural anticoagulant protein C, whilst depletion 
of coagulation factors II and X takes several days. [69]

The NOACs represent an attractive alternative to traditional 
anticoagulants for the prevention and management of VTE. 

Rivaroxaban is a direct oral anticoagulant that directly inhibits factor 
Xa.[66] Rivaroxaban has been shown to be as efficacious as standard 
therapy (parenteral anticoagulation and warfarin) for the treatment 
of proximal DVT and symptomatic PE. [70,71] When compared with 
conventional therapy, rivaroxaban may be associated with lower 
risks of major bleeding. [70] Rivaroxaban represents an attractive 
alternative to the standard therapy mentioned above as it does not 
require parenteral administration, is given as a fixed daily dose, does 
not require laboratory monitoring and has few drug-drug and food 
interactions. [70,71]

Dabigatran etexilate is an orally administered direct thrombin inhibitor. 
Dabigatran is non-inferior to warfarin for the treatment of PE and 
proximal DVT after a period of parenteral anticoagulation. [72] The 
safety profile is similar; however dabigatran requires no laboratory 
monitoring. [72]

The lack of a requirement for monitoring is a significant benefit over 
warfarin for the NOACs. The role of monitoring the anticoagulant 
activity of these agents and the clinical relevance of monitoring is a 
subject of ongoing research and debate. [73] Anti-factor Xa based 
assays may be used to determine the concentration of the anti-factor 
Xa inhibitors in specific clinical circumstances. [74,75] The relative 
intensity of anticoagulant due to dabigatran can be estimated by 
the aPTT and rivaroxaban by the PT or aPTT [76]. There is however, 
significant variation in the results based on the reagent the laboratory 
uses. Routine monitoring for the NOACs is not currently recommended. 

The major studies evaluating the NOACs carried exclusion criteria that 
included those at high risk of bleeding, with a creatinine clearance 
of <30 mL/min, pregnancy and those with liver disease [70-72], 
thus caution must be applied with their use in these patient groups. 
The NOACs are renally metabolised to variable degrees. Warfarin 
or dose adjusted LMWH are preferred for those with reduced renal 
function (creatinine clearance <30mL/min) who require long-term 
anticoagulation. 

Concern exists regarding a lack of a specific reversal agent for the 
NOACs. [77,78] Consultation with haematology is recommended if 
significant bleeding occurs during therapy with a NOAC. Evidence 
for the use of agents such as tranexamic acid, recombinant factor 
VIIa and prothrombin complex concentrate is very limited. [77,78]
Haemodialysis may significantly reduce plasma levels of dabigatran, as 
the drug displays relatively low protein binding. [77,78]

Inferior vena cava (IVC) filters may be placed in patients with VTE and 
a contraindication to anticoagulation. IVC filters prevent PE however 
they may increase the risk of DVT and vena cava thrombosis. The use of 
IVC filters remains controversial due to a lack of evidence. [79]

Recurrence
The risk of recurrence differs significantly depending on whether the 
initial VTE event was unprovoked or associated with a transient risk 
factor. [9] Patients with idiopathic VTE have a significantly higher risk 
of recurrence than those with transient risk factors. Isolated calf DVT 
carry a lower risk of recurrence than that of proximal DVT or PE. The 
risk of recurrence after the cessation of anticoagulant therapy is as 
high as 10% per year in some patients groups. [9]

Duration of anticoagulation therapy should be based on patient 
preference and a risk-benefit analysis of the risk of recurrence versus 
the risk of complications from therapy. Generally, anticoagulation 
should be continued for a minimum of three months and the decision 
to continue anticoagulation should be re-assessed on a regular 
basis. Recommendations for duration of anticoagulation therapy are 
presented in Table 5. The currently published guidelines recommend 
extended anticoagulation therapy with a vitamin K antagonist such as 
warfarin. Evaluation of the new direct oral anticoagulants for therapy 
and prevention of recurrence is ongoing. Recent evidence supports 
the use of dabigatran and rivaroxaban for the secondary prevention 
of venous thromboembolism with similar efficacy to standard therapy 
and reduced rates of major bleeding. [70,71,80]

Aspirin has been shown to be effective in reducing the recurrence 
VTE in patients with previous unprovoked VTE. After up to 18 months 
of therapy, aspirin reduces the rate of VTE recurrence by 40%, as 
compared with placebo. [81]

Conclusion
VTE is a commonly encountered problem and is associated with 

Indication Duration of therapy

First VTE secondary to transient 
or reversible risk factor

3 months

First VTE unprovoked – distal 
DVT

3 months

First VTE unprovoked – proximal 
DVT or PE

At least 3 months.  Long-term 
treatment if no risk factors for 
bleeding and good anticoagulant 
monitoring achievable. 

Second VTE unprovoked Long-term. If high-bleeding 
risk, 3 months of therapy is 
recommended.

Table 5. Recommended duration of anticoagulation. 
Adapted from Kearon et al. (2012) [82].
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significant short and long term morbidity. A sound understanding of 
the pathogenesis of VTE guides clinical assessment, diagnosis and 
management. The prevention and management of VTE continues to 
evolve with the ongoing evaluation of the NOACs. Anticoagulation 
remains the mainstay of therapy for VTE, with additional measures 
including thrombolysis used in select cases.  This article has provided 
medical students with an evidence based review of the current 
diagnostic and management strategies for venous thromboembolic 
disease.  
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