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Introduction
Intensive care unit (ICU) patients are at high risk of pulmonary
embolus (PE), with its associated morbidity and mortality.1

Prolonged mechanical ventilation has been associated with high
incidence of deep venous thrombosis (DVT) despite
thromboprophylaxis.2,3 In ICU patients, PE has been reported in
7-27% of post-mortem examinations and was thought to have
caused or contributed to death in 0-12%, but there was clinical
suspicion of PE in only 30% of these patients before death.4 In
sedated and ventilated patients with physiological derangement,
PE would produce relatively non-specific signs and minimal or
no symptoms, and hence presents a diagnostic challenge.5

Natural history
Venous thromboembolism (VTE) includes both DVT and PE
and in approximately 90% of cases originates in the deep
venous system of the lower limbs.6 Calf vein DVT itself rarely
causes either symptoms or symptomatic PE but when the
thrombosis extends to the proximal veins it may then break
free and cause major problems. With time, 20-30% of
untreated calf DVTs extend proximally into the thigh where
they pose 40-50% risk for PE.8

Pathophysiology

VTE and mechanical ventilation

Haemostasis is a complex balance of procoagulant and

anticoagulant actions that prevent the explosive production 
of thrombin when the clotting cascade is activated.9,10 Several
preclinical studies and one clinical study in healthy subjects
suggest that pulmonary fibrin turnover is altered by
mechanical ventilation.11 Haitsma and colleagues
demonstrated that injurious ventilation settings increased
pulmonary coagulopathy in an animal model of Streptococcus
pneumoniae pneumonia, which resulted in a systemic
coagulopathy.12 Coagulation dysfunction with both defective
inhibition of coagulation and attenuation of fibrinolysis 
could potentially contribute to the development of VTE in
ventilated patients.11,12

Cardiorespiratory response to pulmonary embolism
during mechanical ventilation

Acute PE results in increased right ventricular (RV) afterload. If
the afterload is severely increased, RV enlargement, hypokinesis,
ischaemia and RV failure may ensue.13,14 The concomitant
release of vasoactive and bronchoactive humoral factors such as
serotonin from platelets, thrombin from plasma and histamine
from tissue, have all been implicated in both pulmonary
oedema and the ventilation-perfusion mismatch seen.15

Experimental data suggest that the main mechanisms
involved in hypoxaemia and the increase in the alveolar-
arterial oxygen tension gradient are shunt, low ventilation-
perfusion ratio (V/Q), decrease in the mixed venous partial
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pressure of oxygen and possibly, release of mediators such as
platelet-activating factor.15-17

In patients without pre-existing cardiopulmonary disease
who are ventilated to near normal functional residual capacity
without significant changes in lung volume and with positive
end-expiratory pressure (PEEP) of less than 10 cm H2O,
clinically important changes in RV afterload are uncommon.
Acute PE reduces the cross sectional area of the pulmonary
vascular bed, resulting in increased pulmonary vascular
resistance (PVR).13,14,18 In mechanically-ventilated patients
with limited cardiorespiratory reserve who develop pulmonary
emboli, small changes in lung volume can cause acute
elevation in PVR which may worsen RV function and result in
significant haemodynamic compromise. 

Risk factors

Thrombus formation needs the three components described as
Virchow’s triad: abnormal flow, endothelial damage and altered
blood composition.19

The well-known major predisposing factors for PE (relative
risk 5-20) include major abdominal and orthopaedic surgery,
malignancy, reduced mobility, old age and previous proven
VTE. At particular risk are trauma patients, neurosurgical
patients and patients with spinal cord injury.21 Specific risk
factors for VTE in the ICU include mechanical ventilation, the
presence of femoral venous catheters, sedatives and paralytic
drugs, end-stage renal failure, platelet transfusion and the use
of vasopressors (Table 1).3,20

The incidence following trauma varies from 5-63%
depending upon patients’ risk factors and the nature of the
injuries, the methods used to detect asymptomatic VTE (eg
surveillance imaging versus clinical detection) as well as the
modality and timing of VTE prophylaxis being used.22

Endothelial damage and blood compositional changes due to
inflammatory and stress responses are the reasons for the 
high risk in trauma patients.21,22 Factors leading to VTE are
likely to develop immediately after the injury, before the
administration of prophylaxis. Contraindications arising from
associated injuries often limit the potential options for
thomboprophylaxis.23

Mechanical ventilation has been identified as an
independent ICU-acquired VTE risk factor.20 Both ventilation
and PEEP tend to decrease right and left ventricular preload,
increase right ventricular afterload and decrease left ventricular
afterload. The sum of these effects is that the cardiac output
may fall, especially in the presence of hypovolaemia or in 
those with impaired cardiovascular reflexes.24 Consequent
exacerbation of venous stasis will increase VTE risk. 

Diagnosis

Clinical features

The clinical features of PE, including pleuritic chest pain, acute
onset shortness of breath and haemoptysis are non-specific and
very difficult to identify in the sedated, critically ill patient.25

Increased oxygen requirements, hypocarbia or sudden
cardiovascular collapse may be the main clinical manifestations
of PE in the mechanically-ventilated patient.26 Other prominent
clinical findings include: small volume arterial pulse,
tachycardia, clinical RV failure with raised jugular venous
pressure, a gallop rhythm at the left sternal edge and
accentuated second heart sound (often difficult to ascertain on
ventilated patients).27

It is important to consider PE in the following:  
• Weaning failure – PE leads to an imbalance between

ventilatory needs and cardiorespiratory capacity.28

• Persistent pyrexia without evident source of infection –
potential causes of PE-related pyrexia include infarction and
tissue necrosis, haemorrhage, local vascular irritation or
inflammation, and atelectasis.29,30

Several scoring systems (eg Wells prediction rule, revised
Geneva scoring system) are available to determine PE
probability in the non-ICU population. However, none of these

ICU-acquired risk factors                            

• Mechanical ventilation

• Immobility

• Femoral venous catheters

• Sedatives

• Paralysing agents

• Vasopressor use

• Platelet transfusion 

• Sepsis

Risk factors prior to ICU admission

• Patient specific:

– Age over 60 years

– Personal history or first degree relative with history of VTE

– Obesity (body mass index >30 kg/m2)

– One or more significant medical comorbidities 

(cardiopulmonary, metabolic, endocrine disease; acute 

infectious diseases; inflammatory conditions) 

– End-stage kidney disease

– Active cancer or cancer treatment

• Hereditary hypercoagulable states:

– Proteins C, S deficiency

– Antithrombin III deficiency

– Factor V Leiden

– Prothrombin gene mutation

– Plasminogen deficiency

– Activated protein C resistance without factor V Leiden     

• Acquired hypercoagulable states:

– Acquired deficiency of antithrombin, protein C or S secondary 

to consumption (for example, in severe sepsis)

– Lupus anticoagulant

– Heparin-induced thrombocytopaenia

• Setting specific:

– Trauma 

– Neurosurgical patients

– Spinal cord injury

Table 1 Risk factors for VTE in ICU.9,19-24
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clinical prediction rules have been validated in the ICU
population.31 The poor sensitivity and specificity (85% and
51% respectively) of clinical impression alone highlights the
need for additional diagnostic tools when PE is suspected.32

Bedside studies 

Readily available bedside diagnostic studies include chest X-ray
(CXR), electrocardiography (ECG), arterial blood gas (ABG)
analysis, late pulmonary dead space fraction (Fdlate) and
echocardiography.33

Chest X-ray

CXR cannot be used to confirm the diagnosis of PE and should
only contribute to the diagnostic approach by ruling out
conditions that mimic PE in ICU, such as atelectasis,
pulmonary oedema, pleural effusions, pneumonia and
pneumothorax.26

ECG

ECG is usually abnormal in massive PE due to acute RV
failure, possibly in combination with hypoxaemia, but findings
are neither sensitive nor specific.26,30,34-36

Blood gas analysis

In the ventilated ICU patients, acute episodes of hypoxaemia
may be due to PE.25 In patients with massive PE, grossly
impaired gas exchange and impaired cardiac output may result
in respiratory acidosis and metabolic lactic acidosis (due to
tissue hypoperfusion).27

Late dead space fraction

A promising but as yet unproven bedside test for acute PE is
the Fdlate. To calculate this variable, end-tidal carbon dioxide is
determined at a point on the volumetric capnogram equal to
15% of the total lung capacity, by extending the regression line
of phase III of the volumetric capnogram. This graphic method
is used to extrapolate the arterial-alveolar pCO2 gradient to a
virtual late expiration.37 Data from studies on small numbers of
patients suggest that Fdlate has high specificity and sensitivity
as a diagnostic test for PE.37,38 Fdlate may become a good cost-
effective bedside screening tool for PE and could also
potentially be used as a tool to monitor the efficacy of
thrombolytic therapy. However, inadequate data are present to
define the ‘normal’ Fdlate in critically ill, mechanically
ventilated patients, or the size of the PE required to elevate the
Fdlate above the normal value.37,38 Therefore, adequately
powered studies to evaluate the utility of Fdlate as a diagnostic
tool for PE in the ICU are warranted before it is widely used.

Echocardiography

Echocardiography is a rapid bedside diagnostic tool which may
be useful if the use of thrombolytic therapy or embolectomy is
being urgently considered.39 Transthoracic echocardiographic
(TTE) findings associated with PE include: 
• thrombus within the right-sided heart chambers
• RV dilation with hypokinesis and RV apical motion sparing,

especially when RV wall thickness is less than 7 mm
• septal displacement
• RV strain
• acute pulmonary hypertension

• a tricuspid regurgitation velocity greater than 2.7 m/sec by
colour Dopper flow imaging.40

None of the signs of PE on TTE has been shown to have
satisfactory sensitivity although high specificities have been
reported. Therefore, a negative TTE cannot rule out PE. It is
also important to recognise that the mechanically-ventilated
patient may have a number of reasons for RV strain on TTE
including concomitant cardiorespiratory disease such as
chronic obstructive pulmonary disease, pulmonary
hypertension and right-sided myocardial infarction.39,40

However, in patients with circulatory shock and a high clinical
suspicion of PE, the absence of RV strain on TTE practically
excludes PE as the cause of cardiovascular instability.39-43

Limitations of TTE in the mechanically-ventilated patient
with high level of PEEP include: 
• inadequate imaging due to the interposition of the inflated

lung between the heart and the chest wall,43

• low diagnostic accuracy in the presence of pre-existing
cardiopulmonary disease (eg cor pulmonale secondary to
ARDS)39-44

• the operator-dependent nature of TTE.41

An alternative diagnostic bedside method for the diagnosis
of haemodynamically significant PE is transoesophageal
echocardiography (TOE). TOE provides better visualisation of
the proximal pulmonary arteries and detection of central PE.44

Vieillard-Baron et al45 demonstrated that TOE has good
sensitivity for detecting emboli located in the main or right
pulmonary artery and limited sensitivity for left proximal or
lobar PEs. 

It has been suggested that in the presence of significant and
otherwise unexplained RV strain without clots present on TTE,
TOE should rapidly follow at the bedside, if available.46 The
finding of unequivocal thrombus in the pulmonary arteries by
TOE has a very high specificity for PE and it is recommended
that treatment can be initiated without delay if there is high
clinical suspicion.46 Therefore, TOE can be used as a powerful
component of the diagnostic algorithm for PE, providing there
is local availability and expertise.

TOE is technically easier in a ventilated patient but may pose
an increased risk of traumatic injury to the gastrointestinal tract
compared to an awake patient, as the sedated patient cannot
assist with probe insertion by swallowing and will not resist
when insertion is difficult.43 In a conscious, critically ill patient
with cardiorespiratory compromise, TOE would be technically
difficult and could potentially lead to respiratory compromise
due to aspiration, laryngospasm and bronchospasm as well as
further cardiovascular deterioration due to the vagal and/or
sympathetic response to insertion of the probe.47

Additional imaging modalities

Ventilation/perfusion scan

V/Q-scanning is impractical in the intensive care setting as it
can only be considered when the CXR is normal and there is
no concurrent cardiopulmonary disease.46,48 Very few ICU
patients would fulfil these criteria and the logistics of
performing a V/Q scan in a ventilated patient make it less
appealing than other diagnostic tests.  
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Spiral computed tomographic pulmonary 
angiography (CTPA)

CTPA is being used increasingly as a diagnostic tool in PE,
with documented sensitivities of 50-100% and specificities of
81-100%.49 In a multi-centre prospective study, Van Strijen 
et al50 demonstrated that the sensitivity and specificity of
CTPA when looking at PE in segmental and larger arteries 
only, were 88% and 85% respectively. The sensitivity for
subsegmental thrombi was only 26%. Although the clinical
significance of subsegmental PE is not very well known, it may
have significant clinical impact in critically ill patients with
poor cardiorespiratory reserve. In the intensive care context,
CTPA is associated with complications of transportation and
poses a risk of contrast-induced nephropathy.51,52 However, in
the majority of the patients without PE, CTPA will provide
important information and detect alternative cardiopulmonary
abnormalities.53 CTPA can accurately detect RV dysfunction
and the severity of PE, which is useful for risk stratification
and enables more aggressive therapy in patients with acute PE
and no pre-existing cardiopulmonary disease.54,55

Pulmonary angiography

It has been suggested that conventional pulmonary
angiography (PA) might be necessary to confirm the presence
of PE if CTPA is negative and PE is still highly suspected.56

However, an ancillary prospective investigation of pulmonary
embolism diagnosis (PIOPED) II study showed that CTPA is
significantly more sensitive than pulmonary angiography in the
detection of PE without the potential complications of
pulmonary angiography, supporting the shift in the imaging
toward CTPA.57 In addition, angiography is invasive, time-
consuming and not always readily available.46

Laboratory tests

The usefulness of measures of D-dimer, troponin and B-type
natriuretic peptide as diagnostic tests in critically ill patients
with clinically suspected PE is limited.58,59,60

In summary, in mechanically-ventilated ICU patients with
clinically suspected PE, CTPA is the preferred diagnostic
imaging modality. In haemodynamically unstable patients
whose risks of transportation are high, a bedside diagnostic
test, eg echocardiography, would be ideal. If all the tests are
negative and PE still highly suspected, ultrasound of the lower
limbs may be needed.61,62 It has been demonstrated that in
patients with high clinical suspicion for PE, negative CTPA and
negative lower limb ultrasound, the chance of missing a PE
could be as high as 7%.63 Therefore, further testing may be
required to evaluate these patients in order to confidently
exclude PE or establish an alternative diagnosis. In any given
case, the diagnostic approach will depend upon the expertise
and availability of the different imaging modalities.

Treatment
The aim of treatment is to correct haemodynamic instability,
relieve pulmonary obstruction and prevent clot extension and
recurrence. In the ICU patient with suspected or confirmed
thrombotic PE, the management should be guided by the
estimated risk of poor outcome.64 The most important

predictor of outcome is the patient’s cardiovascular status.64

Normotensive patients with acute PE and normal RV function
have a good prognosis with therapeutic anticoagulation alone.
Normotensive patients with acute PE and RV dysfunction are
at intermediate risk of poor outcomes and early mortality.
Patients with massive PE will develop significant
haemodynamic instability, cardiogenic shock or cardiac arrest
and have the highest morbidity and mortality.64,65

Submassive pulmonary embolism without right
ventricular strain

In ICU patients with clinically suspected or confirmed PE and
no evidence of RV dysfunction (submassive PE without RV
strain), therapeutic anticoagulation should be commenced
promptly, provided that there are no absolute contraindications
to anticoagulation.65 Bleeding risk assessment prior to
anticoagulation is of vital importance. It has been
demonstrated that in non-ICU patients with VTE (and no need
for thrombolytic therapy or embolectomy), subcutaneous low-
molecular-weight heparin (LMWH) appears to be as effective
and safe as intravenous unfractionated heparin (UFH).66,67

However, critically ill patients may not have a reliable
relationship between LMWH doses and anti-thrombotic
response due to potentially impaired absorption following
subcutaneous administration, decreased clearance secondary to
renal impairment, altered drug distribution following fluid
resuscitation and use of vasopressors.68,69 In the ICU setting,
where unplanned invasive procedures are very commonly
performed, use of LMWH poses a high risk of bleeding
complications.70 Therefore, it must be used with caution and
monitoring of anti-factor Xa activity approximately four hours
after administration would be advisable.70 Large, well-designed
studies assessing anti-factor Xa activity, dosage and the mode of
administration of LMWH to attain adequate anti-thrombotic
response in ICU ventilated patients with PE are needed.

Although current guidelines71 recommend the use of
LMWH over UFH for patients with acute non-massive PE,
UFH may be a safer treatment option in the ICU with patients
at higher risk of haemorrhage, as it has the advantage of
immediate discontinuation and rapid reversal if bleeding
complications occur (Table 2). 

Massive pulmonary embolism

Acute massive PE is defined as sustained hypotension (systolic
arterial blood pressure <90 mm Hg for at least 15 minutes or
requiring inotropic and/or vasopressor support, not due to a
cause other than PE) or persistent profound bradycardia (heart
rate <40 beats/minute with signs of shock).73,74 The true
incidence of massive PE in ICU patients receiving MV is
unknown. The initial response should be to try to correct
oxygenation and cardiovascular instability.

Resuscitation of the right ventricle
Mercat et al76 showed that in critically ill medical patients with
acute massive PE and acute circulatory failure, defined by low
cardiac index (<2.5 L/min/m2), fluid loading with 500 mL of
colloid increased the cardiac index significantly and improved
haemodynamic status. Although optimisation of RV preload is

Review articles
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essential, aggressive fluid resuscitation may worsen RV
function.76 Fluid responsiveness in mechanically-ventilated
patients with RV dysfunction should be assessed by dynamic
parameters of intravascular fluid volume, derived from pulse
contour analysis or echocardiography.77

Inotropic/vasopressor support

If fluid resuscitation fails to improve the haemodynamic status
of the patient, then inotropic and/or vasopressor support should
be considered. There are no human randomised controlled trials
(RCTs) comparing vasopressor agents in patients with
haemodynamically unstable PE.76,78 In patients with cardiogenic
shock, dobutamine may be of benefit, as it increases myocardial
contractility and causes vasodilation.79 Manier et al80 showed
that in patients with massive PE requiring ICU admission,
administration of dobutamine increased oxygen delivery and
tissue oxygenation without changes in the PaO2. However, the
effect of vasodilation can exceed that of increased myocardial
contractility, thereby worsening circulatory failure. 

Pulmonary vasodilators

Pulmonary vasodilators have been used in massive PE with
acute pulmonary hypertension, as they decrease the pulmonary
vascular resistance and pulmonary arterial pressure.81 In a case
series of four mechanically-ventilated patients with acute
massive PE, Szold et al82 demonstrated that inhaled nitric 
oxide improved pulmonary and systemic blood pressure and
gas exchange. Inhaled aerosolised prostacyclin has been used
in severe pulmonary hypertension secondary to massive PE,
resulting in transient improvement in pulmonary
haemodynamics and gas exchange.83

Ventilation strategy in massive pulmonary embolus

In mechanically ventilated patients with massive PE and RV
failure, PEEP should be applied with caution as high levels of
PEEP may reduce venous return and worsen RV dysfunction
due to an increase in RV afterload.29 It is also recommended
that lung protective ventilation strategy (ARDSnet strategy) is
employed to reduce plateau pressures.81

Relieving pulmonary artery obstruction 

In view of the high mortality associated with massive PE,
immediate pharmacological or mechanical recanalisation of the
obstructed pulmonary arteries, is required.84 The 2008
American College of Chest Physicians’ evidence-based clinical
practice guidelines recommend short-course thrombolytic
therapy in patients with haemodynamically unstable PE, unless
there are absolute contraindications owing to bleeding risk
(grade 1B).72,74,83 ICU patients with clinically suspected PE and
haemodynamic instability should immediately receive a
weight-adjusted bolus of UFH (if there are no
contraindications to anticoagulation) until diagnostic bedside
tests for the assessment of the RV, eg echocardiography, are
performed (grade C).84,85 If transfer of the patient to the
radiology department is not feasible due to significant
haemodynamic compromise and imminent cardiac arrest, then
thrombolysis may be instituted on clinical grounds alone
(grade B).85 A meta-analysis86 of 11 RCTs comparing
thrombolysis with heparin alone for acute PE demonstrated
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LMWH UFH

Route of Subcutaneous Intravenous

administration

Absorption May be impaired Bioavailability 100%

in ICU patients

Elimination half-life 3-6 hours Dose-dependent

Monitoring Anti-factor Activated partial 

Xa activity thromboplastin 

time (aPTT)

Anticoagulant effect Protamine reverses Reversed by 

<40% of anti-factor protamine

Xa activity

Heparin-induced Rare 4% incidence

thrombocytopaenia

Table 2 LMWH vs UFH for treatment of PE in the critically ill
patient.66-71

Indications • VTE in patients for whom anticoagulation 
treatment is contraindicated.

• VTE in patients who have a complication of 
anticoagulation therapy.

• Failure of anticoagulation therapy.

• Free floating iliofemoral or IVC thrombus.

• PE prophylaxis in high-risk patients.

Relative • Patients on therapeutic anticoagulants.

contraindications • Severe sepsis.

• Patients with thrombus between the venous 
access site and the deployment site.

• Patients undergoing magnetic resonance 
imaging after IVC filter placement.

Benefits • Reduce the risk of recurrent PE.

• May be safely placed at the ICU bedside 
under USS guidance.

• Cost-effective.

Complications • Acute complications:

– Insertion site bleeding

– Arrhythmias

– Pneumothorax/Haemothorax 
(jugular approach)

– PE if passage through a 
– thrombosed vein 

– IVC trauma

– Filter misplacement

• Late complications:

– Increased risk of subsequent DVT

– Filter migration

– Filter embolisation

– Filter infection

– IVC thrombosis

Table 3 Inferior vena cava (IVC) filters.68,96,97
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that thrombolytic therapy was associated with significant
reduction in recurrent PE or death in five trials that enrolled
patients with massive PE (9.4% vs 19.0%; OR 0.45, 95% CI
0.22 to 0.92; number needed to treat=10). Approved
thrombolytic regiments for PE include streptokinase, urokinase
and recombinant tissue plasminogen activator (rtPA); they
seem to be comparable in terms of efficacy.81 UFH can be given
during rtPA administration but it should not be given
concurrently with urokinase or streptokinase.80,84 In the
mechanically-ventilated patient the efficacy of thrombolytic

therapy can be monitored non-invasively by end-tidal carbon
dioxide tension and TTE.87,88

There is a paucity of evidence from RCTs for assessing the
safety of thrombolytic therapy for PE in the critically ill patient
and therefore its use should be individualised and reserved for
those who have a low risk of bleeding.

Several studies suggest that catheter embolectomy and frag-
mentation or surgical embolectomy in expert centres has a role
in PE treatment in selected patients with massive PE in whom
aggressive medical treatment is contraindicated or has failed.89-92
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Clinically suspected PE

Haemodynamically normal Haemodynamically abnormal

CTPA Haemodynamically stable
(suitable for transfer to radiology)

Normal study but PE still
clinically suspected

Alternative diagnosis

Consider USS of lower
extremities

Haemodynamically unstable
(unsuitable for transfer to radiology)

Anticoagulation if no
contraindications (consider
thrombolysis if submassive
PE with evidence of RV
strain)

Confirmed PE

Surgery/Embolectomy/
Interventional Radiology,
if medical treatment fails/
contradicted

Anticoagulation if USS positive
for DVT and no contraindications

If USS positive for DVT 
and anticoagulation is 
contraindicated – consider 
IVC filter

Bedside echocardiography
(TTE/TOE)

RV dysfunction

Alternative diagnosis

Resuscitate RV 
Anticoagulate and consider
thrombolysis, if no
contraindications

Surgery/Embolectomy
Interventional radiology,
if medical treatment fails/
contrandicated

Figure 1 Suggested algorithm for diagnosis and treatment of suspected PE, in the mechanically ventilated critically ill patient. PE
indicates pulmonary embolism; CTPA, computed tomographic pulmonary angiography; V/Q scan, ventilation/perfusion scan; TTE,
transthoracic echocardiography; TOE, transoesophageal echocardiography; RV, right ventricle; USS, ultrasound scan; DVT, deep venous
thrombosis; IVC, inferior vena cava. It is very important to distinguish the haemodynamically stable from the haemodynamically normal
patient. A haemodynamically normal patient is one who exhibits no signs of tissue hypoperfusion. In contrast, a haemodynamically
stable patient may be persistently tachycardic, tachypnoeic and oliguric, in shock.95,98
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Submassive pulmonary embolism with right 
ventricular strain

Normotensive patients with acute PE and evidence of RV
dysfunction and/or myocardial ischaemia are categorised as
having submassive PE with RV strain.65,93 The largest clinical
trial of thrombolysis in submassive PE with RV strain94

randomised 256 patients to receive rtPA followed by UFH or
placebo plus UFH. The study showed that treatment with rtPA
when given in conjuction with heparin may improve the
clinical course of patients with submassive PE with RV strain
and may prevent further clinical or haemodynamic
deterioration. In mechanically-ventilated ICU patients with
submassive PE and RV dysfunction, resuscitation of the RV and
anticoagulation therapy with UFH should be initiated without
delay and thrombolysis (if there are no contraindications to
anticoagulation) should be considered.

Inferior vena cava filters

To prevent further embolism, if anticoagulation is contra-
indicated, an inferior vena cava (IVC) filter may be considered
in patients with proximal DVT.68,74,93,95 The indications, advan-
tages and complications of IVC filters are shown in Table 3.

Conclusions
ICU patients receiving mechanical ventilation are at high risk
for PE despite thromboprophylaxis. Evaluation of the
ventilated critically ill patient and diagnosis of PE can be
difficult as the majority of these patients have ongoing
physiological derangement, presenting the intensivist with a
diagnostic dilemma (Figure 1). CTPA is probably the gold
standard diagnostic tool if the patient is stable for transfer.
Echocardiography is an invaluable non-invasive diagnostic tool
in the assessment of the RV at the bedside, which provides a
rapid risk stratification and can direct therapeutic strategies.68

There is a paucity of definitive data regarding the management
of PE in the ICU mechanically ventilated patient and therefore
some recommendations may rely on lower levels of evidence or
expert opinion.91 Well-designed RCTs are required to estimate
the prevalence of PE among critically ill patients receiving
mechanical ventilation and evaluate the efficacy and magnitude
of clinical benefit of anticoagulation and thrombolytic therapy
in the critically ill patient population.
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