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Background

Pulmonary embolism (PE) and deep vein thrombosis (DVT) are 
clinical manifestations of venous thrombo-embolic disease (VTE) 
and both have similar risk factors. Pulmonary embolism is thought 
to be common and has been estimated to have a prevalence 
of 0.4% among hospitalised patients in the United States of 
America (US). The clinical presentation is not always classic as 
50% of patients with PE were found to be asymptomatic when 
patients with proximal DVT were investigated. A community-
based study in France estimated the annual incidence of PE 
as 6/10  000 population per year, however these figures may 
underestimate the true incidence as post mortem data was not 
used to validate the figures.1 Approximately 79% of patients with 
PE have associated DVT in the limbs so it is important to exclude 
PE by investigating appropriately.2 Treated patients with no 
right ventricular dysfunction have a mortality rate of 2%  which 
increases to 30% in patients who present with shock. Patients 
who present with cardiac arrest have a mortality rate of 65%.3 
It is important for a primary care physician to identify high risk 
patients, consider the diagnosis of PE in acutely ill patients and 
follow a structured approach to diagnosis and management.  

The Padau predication and Wells scoring charts help quantify 
the patients risk for VTE by using recognised risk factors which 
include the presence of active carcinoma, immobility, history 
of VTE, thrombophilia, recent trauma or surgery, advanced 
age, heart or respiratory failure, stroke or myocardial infarction, 
obesity, hormonal treatment and active infection.4 

The manifestations of PE are predominately haemodynamic 
and become apparent when greater than 30–50% of the 
pulmonary arterial bed is obstructed by emboli. This acutely 
increases pulmonary artery pressures and causes an overloading 
effect of the right ventricle (RV) which is not able to cater for 
the afterload needed for the systemic circulation resulting in 
electromechanical dissociation and sudden death. Alternatively, 
acute right heart failure may lead to hypotension, syncope and 
sudden death. Patients who survive have sympathetic nervous 

system activation resulting in an inotropic and chronotropic 
response which aims at stabilising the systemic circulation.1

Clinical Presentation

Having a strong index of suspicion among individuals regarded 
as high risk is imperative. Having a Padau predication score of  
> 4 or a Wells score of > 3 should make the clinician aware that 
they may be dealing with PE.4 The typical clinical manifestations 
of patients presenting with PE include leg pain or warmth, 
dyspnoea, chest pain (often pleuritic in nature), haemoptysis, 
cough and syncope. Examination finding may include  
tachycardia, tachypnoea, hypotension, pyrexia, crepitations and 
wheeze in the lungs and signs of pulmonary hypertension which 
may include a parasternal heave, a loud P2, a right sided gallop 
and distended neck veins.1,2 Any patient presenting with shock 
or hypotension is immediately classified as high risk.5 However, 
none of these symptoms are sensitive and specific enough to 
rule in/out a diagnosis of PE as outlined by the European Society 
of Cardiology (ESC) guidelines depicted in Table 1.

To determine the probability of PE, the clinician should use the 
probability scores based on either the revised Geneva score or 
the Wells scores which are depicted in Table 2. 

A two-level probability is most useful in the outpatient settings. 

Investigations

Electrocardiographic (ECG) signs such as sinus tachycardia, RV 
strain pattern, a QR pattern in lead V1, the classic S1Q3T3 type 
and right bundle-branch block may be present and may assist 
with the diagnosis.1 The American Society of Haematology 
(ASH) recommends using a D-dimer test in patients rated as 
low or intermediate probability. An age adjusted D-dimer test 
using cut off values of 500 ug/L will assist in deciding whether 
further investigations are needed in a resource constrained 
environments.7  A low or negative D-dimer excludes PE in the 
low and intermediate categories. The ASH guideline evaluated 
53 studies and provided a summary of evidence of the various 
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diagnostic tests available. These are tabulated in Table 3. The 
computed tomography pulmonary angiography (CTPA) has long 
been recognised as the gold standard for diagnosis but is often 
not readily available in low-resource settings and one may opt 
not to use the CTPA as the next most appropriate investigation 
in patients with low or intermediate pre-test probability of PE 
(PTP). The challenges of access, cost and radiation exposure may 
require one to use a more prudent approach.7

The ASH recommends a clinical algorithm based on the PTP. 
Illustrated in Figure 1 is a diagnostic approach to a patient who 
presents with a high PTP based on the Wells or revised Geneva 
scores and will allow the primary care physician to make a clinical 
decision rule (CDR).

Of note in resource constrained environments when CTPA and 
VQ scan are not readily available is the possibility of diagnosing 
PE with a positive D-dimer and a proximal leg ultrasound, 
which is a relatively easy skill to master in the primary 

emergency care environment. The expanded use of ultrasound 

(echocardiography) in the assessment of PE is available in some 

emergency care settings and one would encourage primary 

emergency care physicians to acquire such skills.8  The Critical 

Care Society of South Africa offers the short course called the 

Cardio-Respiratory Ultrasound Experience (CRUSE), which 

very efficiently teaches emergency care practitioners skills in 

cardiac ultrasound. The focussed cardiac sonar using an apical 

four chamber view can quickly asses RV and LV diameters to 

determine if the normal ratio of 0.6 is exceeded.9 The negative 

predicative value of bedside echocardiography in a patient with 

shock or hypotension where there are no echocardiographic 

signs of RV overload or dysfunction will allow a primary care 

physician to exclude PE as a differential diagnosis.1 Adjunctive 

investigations such as chest radiography and arterial blood gas 

analysis have poor specificity but may be important in evaluating 

severity of the PE.1   

Table 1: Prevalence of symptoms and signs in patients with suspected PE according to final diagnosis1,5

Clinical features PE confirmed (n = 1880) PE excluded (n = 528)

Dyspnoea 50% 51%

Chest pain (pleuritic) 39% 28%

Chest pain (substernal) 15% 17%

Cough  20% 25%

Haemoptysis  8% 4%

Syncope 6% 6%

Signs of DVT 15% 10%

Fever (> 38.50C) 10% 10%

Clinical features (n= 219) (n=546)

Tachypnoea (> 20/min) 70% 68%

Tachycardia (> 100/min) 26% 23%

Cyanosis 11% 9%

Table 2: Wells and revised Geneva scores6,7

Wells score Revised Geneva score

Variable Points Variable Points

Previous DVT or PE 1.5 Age > 65 years 1

Recent surgery or immobilization 1.5 Previous DVT or PE 3

Cancer 1 Surgery or fracture within 1-month 2

Haemoptysis 1 Active malignancy 2

Heart rate > 100 beats/min 1.5 Unilateral lower limb pain 3

Clinical signs of DVT 3 Haemoptysis 2

Alternative diagnosis less likely than PE 3 Heart rate 75–94 beats/min 3

Heart rate ≥ 95 beats/min 5

Pain on lower limb deep vein at palpation and 
unilateral oedema

4

Clinical probability (3 levels) Total Clinical probability (3 levels) Total

 Low ( < 5%) 0–1 0–3

 Intermediate (~ 20%) 2–6 4–10

 High (> 50%) ≥ 7 ≥ 11

Clinical probability (2 levels) Clinical probability (2 levels)

PE unlikely 0–4 PE unlikely 0–3

PE likely > 4 PE likely > 3
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Management

The management of PE is based on the prognostic classification 
and there are many ways of determining severity, some of which 
requires further special investigations.3 The simplified pulmonary 
embolism severity index (sPESI) is probably the one most useful 
for the primary care physician. This index attributes one point 
for each of the following criteria:  age > 80 years, active cancer, 
chronic cardiopulmonary disease, pulse > 110 beats per minute, 
Systolic Blood Pressure < 100 mmHg and oxygen saturation of 
less than 90%. The patient is considered high risk if the score 
is one or more. Additional investigations such as Computed 
Tomography (CT) can improve the prognostic value of the sPESI 
by assessing right ventricular dysfunction.10 However, bedside 

echocardiography is a much better modality for assessing RV 
dysfunction (RVD) especially in intermediate and high risk 
patients and has been found to be as good as CT.11 Meinel et 
al.12 demonstrated that a right ventricle to left ventricle (RV/LV) 
diameter ratio of greater than 0.9 is associated with a 2.5 fold risk 
of all-cause mortality. In 2009, Bova and colleagues13 suggested 
that the additional measurements of cardiac biomarkers may 
further aid in risk stratification. Bova and colleagues14 developed 
a predication model for intermediate risk patients using a 
combination of parameters listed in Table 4. 

The Bova model further stages patients into Stage 1 (0-2 points), 
Stage 2 (3-4 points) and Stage 3 (5-7 points) as shown in Table 5.

Figure 1: Algorithm for the diagnosis of PE based on a high PTP7

*Hemodynamically stable, nonpregnant patient. **See other algorithms. ***In selected situations, negative CTPA may be enough to rule out PE. ****Serial proximal US if clinical PTP > 50%.

Table 3. Summary of results of studies informing sensitivity and specificity of tests for diagnosis of PE7

Test
No. of participants 

(studies)
Sensitivity (95% CI) Specificity (95% CI) Quality of evidence

CTPA 3 929 (15) 0.93 (0.88-0.96) 0.98 (0.96-0.99) Moderate

D-dimer 20 568 (30) 0.97 (0.96-0.98) 0.39 (0.36-0.43) Moderate

Age-adjusted D-dimer 2 885 (1) 0.99 (0.98-1.00) 0.47(0.45-0.49) High

Proximal ultrasound 1 715 (7) 0.49 (0.31-0.66) 0.96 (0.95-0.98) Low

VQ 1 3 994 (13) 0.58 (0.50-0.66) 0.98 (0.96-0.99) Moderate

VQ 2 3 994 (13) 0.98 (0.95-0.99) 0.36 (0.27-0.45) Moderate

VQ 3 3 994 (13) 0.96 (0.91-0.98) 0.95 (0.89-0.98) High

CI =confidence interval; VQ = Ventilation perfusion scan; VQ 1, high probability scan interpreted as positive, low/nondiagnostic/normal scan interpreted as negative; VQ 2, high/low/nondiagnostic 
probability scan interpreted as positive, normal scan interpreted as negative; VQ 3, high probability scan interpreted as positive, normal scan interpreted as negative.
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The staging system further prognosticates the 30 day PE-related 
complications ( 29.2% in Stage 3), in hospital mortality due to PE 
(28% in Stage 3) and the 30 day mortality (15.5% in Stage 3).14 
This model was validated and found to have good predictive 
performance [area under the Receiver Operating Characteristic 
of 0.73] (CI 0.68-0.77).14

Therapeutic options

Patients with hypotension or shock should be stabilised by 
providing haemodynamic and ventilatory support. Such 
patients are immediately classified as high risk and are eligible 
for reperfusion therapy. Stabilisation may require the use 
of inotropic agents and oxygen delivery devices which may 
include mechanical ventilation. If mechanical ventilation is 
contemplated, use low tidal volumes (6 ml/kg) and aim to keep 
the end inspiratory plateau pressure < 30 cmH2O. Unfractionated 
heparin (UFH) is recommended when primary reperfusion is 
contemplated and in patients with severe renal impairment and 
those with obesity. Use low molecular weight heparin (LMWH) 
in low and intermediate-risk patients. Start oral anticoagulants 
at the same time as the heparin and if using warfarin aim for an 
International Normalized Ratio (INR) of between two to three.5 
The novel oral anticoagulants (NOACs) have been approved 
for use for VTE in Europe and have been found to be equally 
effective to warfarin with few bleeding incidents but are far more 
expensive in the South African environment.5,15  

Thrombolytic treatment is recommended in patients with 
hypotension and shock. One needs to ensure that judicious 
screening of patients occurs to exclude contraindications. 
When using streptokinase, UFH needs to be stopped. Most 
patients respond well to thrombolysis, but careful monitoring 
for bleeding is needed. Surgical embolectomy is an alternative 
modality of treatment when thrombolysis is contraindicated 

Table 4: Risk Scores based on the Bova Model14

Predictor Points

SBP 90–100 mmHg 2

Elevated cardiac troponin 2

RVD (echocardiogram or CT scan) 2

Heart rate > 110 beats per min 1

Table 5: The Bova staging system14

Stage

I II III

Points 0–2 3–4 5-7

Patients % 75.5 18.6 5.8

30-day PE-related  
complications %

4.2 10.8 29.2

In-hospital PE-related 
complications %

3.6 9.7 28.0

30-day PE-related mortality % 1.7 5.0 15.5
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1= using sPESI, 2= measure cardiac troponins, 3= use echocardiography * patients with concomitant DVT
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or has failed. Per-cutaneous catheter directed embolectomy 
is an alternative to surgical embolectomy. The surgical and 
per-cutaneous options may be limited in resource constrained 
environments. The 2014 ESC guideline does not recommend 
initial thrombolysis in haemodynamically stable patients, but 
close monitoring in the intermediate-high risk group is needed 
to allow for early detection of haemodynamic compromise 
and appropriate intervention.5 In patients without shock or 
hypotension, treatment involves the initiation of LMWH and 
oral anticoagulants. One may choose to use the NOACs if the 
patient does not have renal impairment.5 The Bova prediction 
model may allow one to discharge a low risk patient early and 
monitor the patient as an outpatient.14 Patients with recurrent 
PE should be considered for infra-renal venous filters.5 Figure 2 
developed by Barios3 provides a clinical flowchart for managing 
an intermediate or low risk patient with PE.

For patients with transient risk factors for VTE, anticoagulant 
therapy should be discontinued after three months. 
Anticoagulation of indefinite duration is recommended in 
patients with a second episode of unprovoked PE. Patients on 
long term anticoagulants need to be assessed regularly to justify 
the risk-benefit ratio. In patients with cancer and PE, one should 
consider using LMWH for 3-6 months and anticoagulants for an 
indefinite period or until the cancer is cured.5

Conclusion

Accurate data of PE contribution to morbidity and mortality in 
South Africa is not known but a primary care physician needs 
to consider this diagnosis in a patient presenting with acute 
cardio-respiratory compromise. Using clinical probability scores 
will allow one to asses risk and follow a diagnostic algorithm. 
Once diagnosis is confirmed, prognostic markers establishing 
risk will determine therapeutic options. The use of D-dimer tests 
and bedside compression ultrasound and echocardiography is 
increasingly being used in emergency centres in South Africa 
and primary care physicians are encouraged to acquire these 
ultrasound skills which may be invaluable in the emergency 
assessment of the severely ill patient. Using therapeutic 
algorithms will allow a decision flow tree which will reduce the 
length of hospital stay.  
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