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Abstract 
Pulmonary embolism (PE) is a common disease in clinical practice, burdened by high 
morbidity and mortality. In the last years much evidence has shown that early mortality is 
related to haemodynamic compromise and/or right heart dysfunction (RHD). About 5-10% 
of patients with PE presents with shock and should be treated by thrombolysis if not 
contraindicated and closely monitored. This kind of presentation is commonly known as 
massive PE; much recently it has been defined as high risk PE according to the most recent 
European Society of Cardiology (ESC) guidelines based on early mortality risk assessment. 
In this situation mortality is more than 15%. About 50% of patients with PE are 
normotensive at the time of presentation and they have neither echocardiographic nor 
laboratory signs of RHD. This kind of presentation has been defined as non-massive PE or 
low risk PE by ESC guidelines. Mortality is low, less than 3%, and treatment with low 
molecular weight heparins or fondaparinux is widely recommended, such as rapid hospital 
discharge. Between this situations, a window is represented by the patients which are 
normotensive but with echocardiographic and/or laboratory signs of RHD. This kind of 
presentation has been defined as sub-massive PE or, much recently, at intermediate risk; 
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early mortality ranges from 3 to 15%. This not negligible percentage of patients with PE, 
around 40%, remains the major area of uncertainness in the field of PE treatment. It’s 
uncertain in fact whether this group of patients could receive benefit from thrombolysis or 
not. Although literature meta-analysis has failed to demonstrate superiority of thrombolysis 
compared to conventional treatment with heparins, a multicenter trial is ongoing whom 
results should clarify this hot topic.  
Therefore prognostic stratification of acute PE is of utmost importance, since than modern 
guidelines indicate to customize treatment according to early mortality risk based on clinical 
findings, echocardiogram, computer tomography pulmonary angiography and laboratory 
biomarkers, especially represented by cardiac troponins and natriuretic peptides, but which 
is the best strategies and whether the combination of these parameters improves risk 
management remain unresolved questions. 
In this chapter the Authors review the modern approach to PE treatment based on early risk 
mortality stratification. 

 
1. Background 

Pulmonary embolism (PE) is still one of the leading medical emergencies in clinical practice, 
burdened by high mortality and morbidity, especially when presentation is associated to 
cardiac arrest, shock, haemodinamic instability or right heart dysfunction (RHD) (Wood KE 
2002). Incidence of PE increases steadily with age both for common population and for 
hospitalized patients (Silverstein MD et al. 1998, Stein PD et al. 2002, White RH 2003). 
Population studies reveal that incidence of PE increases from around 30/100.000 inhabitants 
per year in class of age under 45 years to around 700 cases/100.000 inhabitants per year in 
85-years old and older people (Silverstein MD et al. 1998, Spencer FA et al 2006). Based on 
these data, PE could account for around 150.000-600.000 diagnoses per year in United States 
with thousands of related deaths (White RH 2003, Wood KE 2002). PE accounts for 0.3-0.4% 
of all hospital admissions and for 5-10% for all hospital deaths (Stein PD et al 2002, White 
RH 2003, Aylin P et al 2008). PE hospital incidence increases from 0.04% of admissions for 
patients under 50 years compared to 0.72% for patients over 50 years (Stein PD et al. 2002). 
Hospital register demonstrate that elderly people accounts for a great percentage of PE 
patients; in the ICOPER study around 40% of patients were 70 years old and older 
(Goldhaber SZ et al 1999).  
Acute mortality burden of PE remains severe, two weeks and three months mortality being 
respectively 11.4% and 17.4% (Goldhaber SZ et al 1999). Acute mortality is strongly 
influenced by clinical presentation. Patients presented with cardiac arrest die in more than 
70% of cases, whereas mortality is more than 30% in patients with shock. In the ICOPER 
study 58.3% of patients presented with haemodinamic instability died within three months 
compared to 15.1% of patients without instability (Goldhaber SZ et al 1999). Deaths directly 
due to PE occur for around 10% in the first hour, for 32.2% in the first 24 hours, for 67.7% in 
the first week and for 90.3% in the first month (Wood KE 2002, Miniati M et al 2006). 
Although PE remains under-suspected and under-diagnosed especially in elderly patients 
(Leibovitz A et al 2001, Masotti L et al 2008), guidelines on diagnosis have had wide diffusion 
in the last years with strategies based on pre-test clinical probability, D-Dimers levels, legs 
ultrasonography, computer tomography pulmonary angiography (CTPA) or scintigraphic 
lung scan (BTS 2003, ACEP 2003, Cristopher Study Investigators 2006, Stein PD et al 2007, 

Righini M et al. 2008, Tapson VF 2008, Torbicki A et al 2008). High clinical suspicion represents 
the most important step to rule in or out the diagnosis of PE. It derives from combination of 
history focused on research of risk factor of venous thromboembolism (VTE), clinical 
examination completed by arterial blood pressure measurement (BP) and results of first levels 
tools such as 12-leads electrocardiogram (ECG), chest X-ray and arterial blood gas analysis 
(BGA). If suspect of PE is funded, pre-test clinical probability should be performed by using 
standardized scores such as Wells or Geneva scores, both revised in the last years (Wells PS et 
al 1998, Wicky J et al 2001, Cristopher Study Investigators 2006, Le Gal G et al 2006, Klok FA et 
al 2008). These scores identify three classes of patients with low, moderate or high pre-test 
probability for PE. Wells score has been recently modified according to criteria used in 
Cristopher Study and in this formulation it identifies only two classes of patients, one with 
high (>4 points) and one with non high probability for PE (≤ 4 points) (Cristopher Study 
Investigators 2006). In low-moderate or non high probability patients, D-Dimer assay by using 
ELISA or immunoturbidimetric methods, should be performed. In patients with combination 
of low-moderate or non high probability and D-Dimer negative, PE can be safely excluded, 
whereas in patients with D-Dimer positive or in patients with high probability, second line 
tools should be performed for ruling in or ruling out the diagnosis (BTS 2003, Torbicki A et al 
2008). Second line tools are represented by multidetector computer tomography pulmonary 
angiography (CTPA) or scintigraphic lung scan, criteria of this last one have been much 
recently revised (Sostman HD et al 2008). Pulmonary angiography may represent a third line 
tool when diagnostic doubts remain after the above mentioned examinations (BTS 2003, 
Torbicki A et al 2008). In patients with suspected PE and moderate-high pre-test probability, 
legs ultrasonography positive for proximal deep vein thrombosis permits to rule in the 
diagnosis of PE and to drop out from diagnostic work-up. Strategy based on legs 
ultrasonography should be especially encouraged in special subgroups of patients with 
suspected PE, such as elderly, renal failure and pregnancy (Torbicki A et al 2008). Trans-
thoracic echocardiography for diagnosis of PE is fundamental in patients with shock for 
differential diagnoses, where the absence of RHD could rule out PE (Goldhaber SZ 2002, 
Torbicki A et al 2008).  
 
Concomitantly to diagnostic guidelines, modern concepts about treatment based on early 
mortality risk have emerged in the last years. Risk assessment can be performed by using 
many of the diagnostic tools together with other complementary tools. Early mortality risk 
assessment represents one of the main key points much recently emerged in the field of PE, 
but which is the best strategy for performing it remains the major challenge.  
 
This chapter focus on early mortality risk based management of PE. 

 
1.1 Haemodynamic and respiratory consequences of acute PE 
The understanding of the pathophysiological response to acute PE is of utmost importance 
for risk assessment and management of PE. Haemodynamic consequences proved by the 
tromboemboli reflect the (i) size of pulmonary artery blood flow obstruction, (ii) pre-existing 
cardiopulmonary diseases, and (iii) release of vasoactive humoral factors from clots (Wood 
KE 2002, Kucher N et al 2006, Tapson VF 2008). The mechanical obstruction induced by the 
clots, together with the pulmonary artery vasoconstriction stimulated by neuro-humoral 
substances (such as serotonin from platelets, thrombin from plasma, and histamine from 
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early mortality ranges from 3 to 15%. This not negligible percentage of patients with PE, 
around 40%, remains the major area of uncertainness in the field of PE treatment. It’s 
uncertain in fact whether this group of patients could receive benefit from thrombolysis or 
not. Although literature meta-analysis has failed to demonstrate superiority of thrombolysis 
compared to conventional treatment with heparins, a multicenter trial is ongoing whom 
results should clarify this hot topic.  
Therefore prognostic stratification of acute PE is of utmost importance, since than modern 
guidelines indicate to customize treatment according to early mortality risk based on clinical 
findings, echocardiogram, computer tomography pulmonary angiography and laboratory 
biomarkers, especially represented by cardiac troponins and natriuretic peptides, but which 
is the best strategies and whether the combination of these parameters improves risk 
management remain unresolved questions. 
In this chapter the Authors review the modern approach to PE treatment based on early risk 
mortality stratification. 

 
1. Background 

Pulmonary embolism (PE) is still one of the leading medical emergencies in clinical practice, 
burdened by high mortality and morbidity, especially when presentation is associated to 
cardiac arrest, shock, haemodinamic instability or right heart dysfunction (RHD) (Wood KE 
2002). Incidence of PE increases steadily with age both for common population and for 
hospitalized patients (Silverstein MD et al. 1998, Stein PD et al. 2002, White RH 2003). 
Population studies reveal that incidence of PE increases from around 30/100.000 inhabitants 
per year in class of age under 45 years to around 700 cases/100.000 inhabitants per year in 
85-years old and older people (Silverstein MD et al. 1998, Spencer FA et al 2006). Based on 
these data, PE could account for around 150.000-600.000 diagnoses per year in United States 
with thousands of related deaths (White RH 2003, Wood KE 2002). PE accounts for 0.3-0.4% 
of all hospital admissions and for 5-10% for all hospital deaths (Stein PD et al 2002, White 
RH 2003, Aylin P et al 2008). PE hospital incidence increases from 0.04% of admissions for 
patients under 50 years compared to 0.72% for patients over 50 years (Stein PD et al. 2002). 
Hospital register demonstrate that elderly people accounts for a great percentage of PE 
patients; in the ICOPER study around 40% of patients were 70 years old and older 
(Goldhaber SZ et al 1999).  
Acute mortality burden of PE remains severe, two weeks and three months mortality being 
respectively 11.4% and 17.4% (Goldhaber SZ et al 1999). Acute mortality is strongly 
influenced by clinical presentation. Patients presented with cardiac arrest die in more than 
70% of cases, whereas mortality is more than 30% in patients with shock. In the ICOPER 
study 58.3% of patients presented with haemodinamic instability died within three months 
compared to 15.1% of patients without instability (Goldhaber SZ et al 1999). Deaths directly 
due to PE occur for around 10% in the first hour, for 32.2% in the first 24 hours, for 67.7% in 
the first week and for 90.3% in the first month (Wood KE 2002, Miniati M et al 2006). 
Although PE remains under-suspected and under-diagnosed especially in elderly patients 
(Leibovitz A et al 2001, Masotti L et al 2008), guidelines on diagnosis have had wide diffusion 
in the last years with strategies based on pre-test clinical probability, D-Dimers levels, legs 
ultrasonography, computer tomography pulmonary angiography (CTPA) or scintigraphic 
lung scan (BTS 2003, ACEP 2003, Cristopher Study Investigators 2006, Stein PD et al 2007, 

Righini M et al. 2008, Tapson VF 2008, Torbicki A et al 2008). High clinical suspicion represents 
the most important step to rule in or out the diagnosis of PE. It derives from combination of 
history focused on research of risk factor of venous thromboembolism (VTE), clinical 
examination completed by arterial blood pressure measurement (BP) and results of first levels 
tools such as 12-leads electrocardiogram (ECG), chest X-ray and arterial blood gas analysis 
(BGA). If suspect of PE is funded, pre-test clinical probability should be performed by using 
standardized scores such as Wells or Geneva scores, both revised in the last years (Wells PS et 
al 1998, Wicky J et al 2001, Cristopher Study Investigators 2006, Le Gal G et al 2006, Klok FA et 
al 2008). These scores identify three classes of patients with low, moderate or high pre-test 
probability for PE. Wells score has been recently modified according to criteria used in 
Cristopher Study and in this formulation it identifies only two classes of patients, one with 
high (>4 points) and one with non high probability for PE (≤ 4 points) (Cristopher Study 
Investigators 2006). In low-moderate or non high probability patients, D-Dimer assay by using 
ELISA or immunoturbidimetric methods, should be performed. In patients with combination 
of low-moderate or non high probability and D-Dimer negative, PE can be safely excluded, 
whereas in patients with D-Dimer positive or in patients with high probability, second line 
tools should be performed for ruling in or ruling out the diagnosis (BTS 2003, Torbicki A et al 
2008). Second line tools are represented by multidetector computer tomography pulmonary 
angiography (CTPA) or scintigraphic lung scan, criteria of this last one have been much 
recently revised (Sostman HD et al 2008). Pulmonary angiography may represent a third line 
tool when diagnostic doubts remain after the above mentioned examinations (BTS 2003, 
Torbicki A et al 2008). In patients with suspected PE and moderate-high pre-test probability, 
legs ultrasonography positive for proximal deep vein thrombosis permits to rule in the 
diagnosis of PE and to drop out from diagnostic work-up. Strategy based on legs 
ultrasonography should be especially encouraged in special subgroups of patients with 
suspected PE, such as elderly, renal failure and pregnancy (Torbicki A et al 2008). Trans-
thoracic echocardiography for diagnosis of PE is fundamental in patients with shock for 
differential diagnoses, where the absence of RHD could rule out PE (Goldhaber SZ 2002, 
Torbicki A et al 2008).  
 
Concomitantly to diagnostic guidelines, modern concepts about treatment based on early 
mortality risk have emerged in the last years. Risk assessment can be performed by using 
many of the diagnostic tools together with other complementary tools. Early mortality risk 
assessment represents one of the main key points much recently emerged in the field of PE, 
but which is the best strategy for performing it remains the major challenge.  
 
This chapter focus on early mortality risk based management of PE. 

 
1.1 Haemodynamic and respiratory consequences of acute PE 
The understanding of the pathophysiological response to acute PE is of utmost importance 
for risk assessment and management of PE. Haemodynamic consequences proved by the 
tromboemboli reflect the (i) size of pulmonary artery blood flow obstruction, (ii) pre-existing 
cardiopulmonary diseases, and (iii) release of vasoactive humoral factors from clots (Wood 
KE 2002, Kucher N et al 2006, Tapson VF 2008). The mechanical obstruction induced by the 
clots, together with the pulmonary artery vasoconstriction stimulated by neuro-humoral 
substances (such as serotonin from platelets, thrombin from plasma, and histamine from 
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tissue) and hypoxia due to ventilation/perfusion mismatch (areas of lung ventilated but not 
perfused with flow re-distribution), determine first of all an increasing of pulmonary 
vascular resistances. It could prove an acute volume and pressure right ventricle (RV) 
overload, which in turn can result in RV dilatation. In normal condition the ratio between 
diameters of RV and left ventricle (LV) is around 0.5-0.7. When pressure and volume RV 
overload is present, RV/LV ratio could increase until values superior to 1.0. This condition 
proves the shift toward LV of the interventricular septum, whom mobility could be 
impaired. Concomitant hypokinesis and ischemic sufferance of myocardial wall of RV and 
interventricular septum could verify. Pressure overload of RV could lead to tricuspidal 
valve regurgitation with secondary volume and pressure overload on right atrium. An 
important parameter of right heart dysfunction, the systolic pulmonary arterial pressure 
(PAP), is quantified on echocardiography by tricuspidal valve regurgitation. When 
increased, systolic PAP could be an indirect parameter reflecting the increasing on 
pulmonary resistances. RHD could determine important consequences on LV. The RV 
dilatation could prove the collapse of LV, leading to reduction of its pre-load with 
secondary low LV output and systemic hypotension which in turn could lead to reduction 
in systemic and coronary perfusion. Shock, cardiac arrest and death could be the dramatic 
scenario of these extreme consequences (Wood KE 2002, Kucher N et al 2006, Tapson VF 
2008).  
 

 
 
Fig. 1. Pathophysiology of haemodinamic instability in acute PE 

Haemodynamic consequences of acute PE could explain the increase of biomarkers used as 
prognosticators. Cardiac troponins (cTn) and hearty type fatty acid binding protein (hFABP) 
are released in the bloodstream in presence of myocardial damage secondary to RV 
microinfarctions (Azzazy H et al 2006, Becattini C et al 2008), whereas natriuretic peptides 
(NP) reflect the RV volume overload and secondary RV wall stress due to pressure overload 
(Daniels LB et al 2007). Figure 1 summarizes the haemodynamic picture in acute PE. 
The respiratory consequences of acute PE mainly derive from ventilation/perfusion 
mismatch which lead to hypoxia (Santolicandro A et al 1995). Dyspnoea represents the main 
symptom; compensatory hyperventilation is viewable and clinical signs are tachypnea and 
tachycardia. The final picture is represented by acute respiratory failure associated to 
hypoxemia, hypocarbia and low arterial oxygen saturation (Santolicandro A et al 1995, 
Tapson VF 2008). 

 
1.2 Clinical presentation of PE and risk assessment 
Old classifications divided PE in massive and non-massive, based on burden, shape and 
distribution of pulmonary thromboemboli (Wood KE 2002). Massive PE, which accounts for 
5-10% of total diagnoses, identifies the condition in which pulmonary arterial tree is 
obstructed bilaterally and for more than 50%. This entity is life-threatening and presentation 
is generally dramatic and characterized by haemodynamic compromise. Manifestations of 
massive PE could be represented by sudden death, cardiac arrest, cardiogen shock, collapse, 
syncope or blood arterial hypotension, defined as arterial blood pressure less than 90 mmHg 
or a drop of 40 mmHg for at least than 15 minutes (Wood KE 2002, Kucher N et al 2006). In 
the other side non-massive PE represents the entity with an anatomical burden 
characterized by flow obstruction inferior to 50% of entire arterial pulmonary vascular tree; 
the key point of non massive PE is represented by haemodynamic stability with normal 
arterial blood pressure, which is present in 90-95% of patients with PE (Wood KE 2002). 
However the demonstration that a not negligible group of normotensive PE patients, 
accounting for 40-45% of PE, presents echocardiographic RHD and higher mortality ranging 
from 3% to 15% compared to normotensive patients without RHD (mortality < 3%) 
(Goldhaber SZ et al 1999), has conducted to classify an intermediate presentation between 
massive and non massive, this one defined as sub-massive PE, in which anatomical burden 
could be between 30% and 50% (Tapson VF 1999, ESC 2000, BTS 2003, ACEP 2003). It should 
be underlined that the cardiopulmonary reserve could influence the response to pulmonary 
vascular tree obstruction. A vascular obstruction more than 50% in fact could present with 
haemodynamic stability for example in a young patients with normal cardiopulmonary 
status, whilst haemodynamic compromise could verify for example in a old patient with 
anatomical non massive PE but affected by cardiopulmonary diseases (Wood KE 2002). 
Since then the old classifications could bring to misleading interpretations, the last 
guidelines on diagnosis and treatment of PE diffused in 2008 by European Society of 
Cardiology (ESC) suggest defining PE according to classes of risk for adverse prognosis and 
early mortality (Torbicki A et al 2008). Therefore ESC suggests to divide PE in high risk 
when haemodynamic instability is present and therefore previously corresponding to 
massive PE, and non high risk when haemodynamically stable; within non high risk 
(normotensive) patients, PE could be divided in intermediate risk (normotensive PE plus 
signs of RHD and/or signs of myocardial damage) and in low risk (normotensive without 
signs of RHD and myocardial damage)(Torbicki A et al 2008). While, for definition, high risk 
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tissue) and hypoxia due to ventilation/perfusion mismatch (areas of lung ventilated but not 
perfused with flow re-distribution), determine first of all an increasing of pulmonary 
vascular resistances. It could prove an acute volume and pressure right ventricle (RV) 
overload, which in turn can result in RV dilatation. In normal condition the ratio between 
diameters of RV and left ventricle (LV) is around 0.5-0.7. When pressure and volume RV 
overload is present, RV/LV ratio could increase until values superior to 1.0. This condition 
proves the shift toward LV of the interventricular septum, whom mobility could be 
impaired. Concomitant hypokinesis and ischemic sufferance of myocardial wall of RV and 
interventricular septum could verify. Pressure overload of RV could lead to tricuspidal 
valve regurgitation with secondary volume and pressure overload on right atrium. An 
important parameter of right heart dysfunction, the systolic pulmonary arterial pressure 
(PAP), is quantified on echocardiography by tricuspidal valve regurgitation. When 
increased, systolic PAP could be an indirect parameter reflecting the increasing on 
pulmonary resistances. RHD could determine important consequences on LV. The RV 
dilatation could prove the collapse of LV, leading to reduction of its pre-load with 
secondary low LV output and systemic hypotension which in turn could lead to reduction 
in systemic and coronary perfusion. Shock, cardiac arrest and death could be the dramatic 
scenario of these extreme consequences (Wood KE 2002, Kucher N et al 2006, Tapson VF 
2008).  
 

 
 
Fig. 1. Pathophysiology of haemodinamic instability in acute PE 

Haemodynamic consequences of acute PE could explain the increase of biomarkers used as 
prognosticators. Cardiac troponins (cTn) and hearty type fatty acid binding protein (hFABP) 
are released in the bloodstream in presence of myocardial damage secondary to RV 
microinfarctions (Azzazy H et al 2006, Becattini C et al 2008), whereas natriuretic peptides 
(NP) reflect the RV volume overload and secondary RV wall stress due to pressure overload 
(Daniels LB et al 2007). Figure 1 summarizes the haemodynamic picture in acute PE. 
The respiratory consequences of acute PE mainly derive from ventilation/perfusion 
mismatch which lead to hypoxia (Santolicandro A et al 1995). Dyspnoea represents the main 
symptom; compensatory hyperventilation is viewable and clinical signs are tachypnea and 
tachycardia. The final picture is represented by acute respiratory failure associated to 
hypoxemia, hypocarbia and low arterial oxygen saturation (Santolicandro A et al 1995, 
Tapson VF 2008). 

 
1.2 Clinical presentation of PE and risk assessment 
Old classifications divided PE in massive and non-massive, based on burden, shape and 
distribution of pulmonary thromboemboli (Wood KE 2002). Massive PE, which accounts for 
5-10% of total diagnoses, identifies the condition in which pulmonary arterial tree is 
obstructed bilaterally and for more than 50%. This entity is life-threatening and presentation 
is generally dramatic and characterized by haemodynamic compromise. Manifestations of 
massive PE could be represented by sudden death, cardiac arrest, cardiogen shock, collapse, 
syncope or blood arterial hypotension, defined as arterial blood pressure less than 90 mmHg 
or a drop of 40 mmHg for at least than 15 minutes (Wood KE 2002, Kucher N et al 2006). In 
the other side non-massive PE represents the entity with an anatomical burden 
characterized by flow obstruction inferior to 50% of entire arterial pulmonary vascular tree; 
the key point of non massive PE is represented by haemodynamic stability with normal 
arterial blood pressure, which is present in 90-95% of patients with PE (Wood KE 2002). 
However the demonstration that a not negligible group of normotensive PE patients, 
accounting for 40-45% of PE, presents echocardiographic RHD and higher mortality ranging 
from 3% to 15% compared to normotensive patients without RHD (mortality < 3%) 
(Goldhaber SZ et al 1999), has conducted to classify an intermediate presentation between 
massive and non massive, this one defined as sub-massive PE, in which anatomical burden 
could be between 30% and 50% (Tapson VF 1999, ESC 2000, BTS 2003, ACEP 2003). It should 
be underlined that the cardiopulmonary reserve could influence the response to pulmonary 
vascular tree obstruction. A vascular obstruction more than 50% in fact could present with 
haemodynamic stability for example in a young patients with normal cardiopulmonary 
status, whilst haemodynamic compromise could verify for example in a old patient with 
anatomical non massive PE but affected by cardiopulmonary diseases (Wood KE 2002). 
Since then the old classifications could bring to misleading interpretations, the last 
guidelines on diagnosis and treatment of PE diffused in 2008 by European Society of 
Cardiology (ESC) suggest defining PE according to classes of risk for adverse prognosis and 
early mortality (Torbicki A et al 2008). Therefore ESC suggests to divide PE in high risk 
when haemodynamic instability is present and therefore previously corresponding to 
massive PE, and non high risk when haemodynamically stable; within non high risk 
(normotensive) patients, PE could be divided in intermediate risk (normotensive PE plus 
signs of RHD and/or signs of myocardial damage) and in low risk (normotensive without 
signs of RHD and myocardial damage)(Torbicki A et al 2008). While, for definition, high risk 
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patients require only objective evaluation together with arterial blood pressure 
measurement and other tools are not necessary, non high risk patients require 
echocardiogram and biomarkers evaluation for better customizing them. The contemporary 
absence of echocardiographic or biomarkers signs of RHD and myocardial damage 
identifies the low risk PE, whereas the presence alone or in combination of 
echocardiographic and biomarkers signs of RHD and/or myocardial damage identifies 
intermediate risk PE. Figure 2 shows old and new criteria for defining PE presentation 
(Torbicki A et al 2008).  
 

Entity Anatomical 
burden of flow 

obstruction 

Objective 
haemodynamic 

compromise 

RHD Early 
mortality risk 

Clinical 
presentation 

Massive > 50% yes yes High 
(> 15%) 

Sudden death, 
cardiac arrest, 

cardiogen shock, 
collapse, syncope, 

hypotension 

Sub-massive 30-50% no yes Intermediate 
(3-15%) 

Permanent severe 
dyspnoea, 

ischemic chest 
pain 

Non-massive < 30% no no Low 
(< 1%) 

Mild dyspnoea or 
tachypnea and 

tachycardia, 
pleuritic chest 

pain 

Fig. 2. Synthesis of old and new clinical classification of acute PE 
 
Since then when properly and quickly started, treatment is usually effective in the majority 
of patients and high risk and non high risk patients should receive different management 
strategies, the appropriate treatment of acute PE.  

 
2. The risk stratification of acute PE 

2.1 Clinical parameters and scores 
Although many clinical parameters have been associated to early mortality risk, shock 
and/or hypotension at presentation remains the most important clinical sign of short term 
poor prognosis in patients with acute PE (Wood KE 2002, Kucher N et al 2006, Becattini C et 
al 2007, Torbicki A et al 2008). In fact the presence of haemodynamic decompensation or 
shock is associated to 2.4-15.1 fold increase in early risk mortality (Aujesky D et al 2009). In 
the ICOPER Study, the 3-months total mortality rate was 17.4%. However mortality rate was 
58.3% in patients who were haemodynamically unstable at the time of presentation and 
15.1% for those who were haemodynamically stable (Goldhaber SZ et al 1999).  
Other main clinical variables associated to poor prognosis are represented by age over 70 
years, history of bed rest over five days, cancer, chronic obstructive pulmonary disease, 
renal failure, heart failure and cardiovascular diseases, tachycardia and syncope as main 

presentation (Aujesky D. et al 2009). Figure 3 reports the risk of early mortality associated to 
clinical variables. 
 

Variables Adjusted risk ratio 
Age > 70 years 1.6 
Male gender 1.2 
Heart failure 1.4-2.6 
Cancer 2.3-9.5 
Chronic obstructive pulmonary disease 1.3-1.8 
Previous deep vein thrombosis 2.8 
Bed rest over 4 days 2.9 
Heart rate ≥ 110 beats for minute 1.8 
Respiratory rate ≥ 30 acts for minute 1.5 
Systolic blood pressure ≤ 90 mmHg 2.4-15.1 
Body temperature ≤ 36°C 1.5 
Altered mental status 4.5 
Arterial oxygen saturation ≤ 90% or arterial oxygen partial 
pressure ≤ 60 mmHg 1.8-2.6 

From Aujeski D. et.al. 2009 

Fig. 3. Odds ratio for adverse outcomes of clinical variables in acute PE 
 
In the last years many of these clinical variables have been enclosed in practical scores 
aimed to identify early mortality risk and customize treatment in different settings. The 
Pulmonary Embolism Prognostic Index (PESI) and Geneva Prediction Rule (GPR) represent 
two clinical scores identifying classes of patients with increased risk of adverse outcomes 
(Wicki J et al 2000, Aujesky D. et al 2007). PESI identifies five classes with increased risk of 
death; low risk patients (classes I and II) have an early mortality risk ≤ 1.2%, whereas classes 
III, IV and V have respectively a risk of early death of 4.8%, 13.5% and 25% (Aujesky D et al 
2007). GPR encloses six variables; risk of adverse events (death, VTE recurrence, major 
bleedings) linearly increases with increasing pointing, being 2.2% in patients with GPR ≤ 2, 
20.5% for GPR 3-4, 70% for GPR 5-6 (Wicki J et al 2000). Both scores reliably identify low-risk 
patients with PE who are potential candidates for less costly outpatient treatment. The major 
strength of these scores is their easy execution in all clinical setting and their reproducibility 
(Chan CM et al 2010). When these clinical scores are compared between themselves, PESI 
seems to predict better than GPR the low risk patients candidate to be at home treated 
(Jimenez D et al 2007). PESI and GPR are shown in Figure 4. 
Shock index is an interesting and easily performable clinical parameter for prognostic 
assessment. It identifies the ratio between heart rate in beats for minute and systolic blood 
pressure in mmHg (HR/SBP). When its value is over 1, shock index detects high risk for 
adverse outcome patients. This value in fact has been showed to be related to in-hospital 
mortality and is highly sensitive although poorly specific to predict poor prognosis alone or 
in combination with echocardiographic findings (Otero R et al 2007, Toosi MS et al 2008). 
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patients require only objective evaluation together with arterial blood pressure 
measurement and other tools are not necessary, non high risk patients require 
echocardiogram and biomarkers evaluation for better customizing them. The contemporary 
absence of echocardiographic or biomarkers signs of RHD and myocardial damage 
identifies the low risk PE, whereas the presence alone or in combination of 
echocardiographic and biomarkers signs of RHD and/or myocardial damage identifies 
intermediate risk PE. Figure 2 shows old and new criteria for defining PE presentation 
(Torbicki A et al 2008).  
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obstruction 

Objective 
haemodynamic 

compromise 

RHD Early 
mortality risk 

Clinical 
presentation 
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(> 15%) 

Sudden death, 
cardiac arrest, 

cardiogen shock, 
collapse, syncope, 

hypotension 

Sub-massive 30-50% no yes Intermediate 
(3-15%) 

Permanent severe 
dyspnoea, 

ischemic chest 
pain 

Non-massive < 30% no no Low 
(< 1%) 

Mild dyspnoea or 
tachypnea and 

tachycardia, 
pleuritic chest 

pain 

Fig. 2. Synthesis of old and new clinical classification of acute PE 
 
Since then when properly and quickly started, treatment is usually effective in the majority 
of patients and high risk and non high risk patients should receive different management 
strategies, the appropriate treatment of acute PE.  
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presentation (Aujesky D. et al 2009). Figure 3 reports the risk of early mortality associated to 
clinical variables. 
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Previous deep vein thrombosis 2.8 
Bed rest over 4 days 2.9 
Heart rate ≥ 110 beats for minute 1.8 
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From Aujeski D. et.al. 2009 

Fig. 3. Odds ratio for adverse outcomes of clinical variables in acute PE 
 
In the last years many of these clinical variables have been enclosed in practical scores 
aimed to identify early mortality risk and customize treatment in different settings. The 
Pulmonary Embolism Prognostic Index (PESI) and Geneva Prediction Rule (GPR) represent 
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(Wicki J et al 2000, Aujesky D. et al 2007). PESI identifies five classes with increased risk of 
death; low risk patients (classes I and II) have an early mortality risk ≤ 1.2%, whereas classes 
III, IV and V have respectively a risk of early death of 4.8%, 13.5% and 25% (Aujesky D et al 
2007). GPR encloses six variables; risk of adverse events (death, VTE recurrence, major 
bleedings) linearly increases with increasing pointing, being 2.2% in patients with GPR ≤ 2, 
20.5% for GPR 3-4, 70% for GPR 5-6 (Wicki J et al 2000). Both scores reliably identify low-risk 
patients with PE who are potential candidates for less costly outpatient treatment. The major 
strength of these scores is their easy execution in all clinical setting and their reproducibility 
(Chan CM et al 2010). When these clinical scores are compared between themselves, PESI 
seems to predict better than GPR the low risk patients candidate to be at home treated 
(Jimenez D et al 2007). PESI and GPR are shown in Figure 4. 
Shock index is an interesting and easily performable clinical parameter for prognostic 
assessment. It identifies the ratio between heart rate in beats for minute and systolic blood 
pressure in mmHg (HR/SBP). When its value is over 1, shock index detects high risk for 
adverse outcome patients. This value in fact has been showed to be related to in-hospital 
mortality and is highly sensitive although poorly specific to predict poor prognosis alone or 
in combination with echocardiographic findings (Otero R et al 2007, Toosi MS et al 2008). 
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• P.E.S.I  • G.P.R. 
• Predictors Score  Predictors Points  
       
• Age years  Cancer +2  
• Male sex +10  Heart failure +1  
• Cancer +30  Previous DVT +1  
• Heart failure +10  Hypotension +2  
• Chronic obstructive pulmonary disease +10  Hypossemia +1  
• Heart rate ≥ 110 bpm +20  DVT +1  
• Systemic blood pressure < 100 mmHg +30    
• Respiratory Rate ≥ 30 +20  Total___________  
• Body temperature < 36°C  +20     
• Delirium +60     
• Arterial oxygen saturation < 90% +20     
       
 Total __________     
       
 Low risk      
 ≤ 65 class I      
 66-85 class II      
 High risk      
 86-105 class III      
 106-125 class IV      
 > 125 class V      

Fig. 4. Pulmonary embolism severity index and Geneva prognostic rule 

 
2.2 Imaging 
12-leads electrocardiography (ECG) represents a first level diagnostic tool in acute PE. 
Although ECG does not seem to be a reliable marker of severity of PE, some findings, 
especially represented by presence and number of T waves inversion in precordial leads and 
QR in V1, seem to be associated to poor prognosis in patients with acute PE (Jimenez D et al 
2005, Toosi MS et al 2007). Much recently it was reported that ECG signs of RV strain 
represented by complete or incomplete right bundle branch block, S1Q3T3 and negative T 
waves in V1-V4 precordial leads have adverse outcomes in acute PE independently from 
echocardiographic signs of RHD with an hazard ratio of 2.58 (95% CI, 1.05-6.36)(Vanni S et 
al 2009). 
Trans-thoracic echocardiography remains the gold standard for showing the RHD. It is non 
invasive, easily available in many emergency cardiovascular settings and it is inexpensive 
and repeatable (Vieillard-Baron A. et al 2001, Goldhaber SZ 2002, Kreit JW 2004). Figure 5 
shows the main echocardiographic findings of RHD detectable in acute PE. 
 
 
 
 
 
 
 
 
 
 

 Qualitative 
 

- RV hypocinesis (mild, moderate, severe) 
- McConnell sign (RV hypocinesis with normal contractility of apix) 

 
 Quantitative 

 
- RV dilatation 

 Four chambers end-diastolic RV/LV diameters ratio > 1.0 
 Four chambers end-diastolic RV diameters > 30 mm 

- Pulmonary hypertension 
 Systolic pulmonary arterial pressure > 30 mmHg 
 Tricuspidal regurgitation peak velocity > 2.8 m/sec 
 Mean pulmonary arterial pressure > 20 mmHg 

Fig. 5. Echocardiographic findings demonstrating RHD in acute PE 
 
The presence of RHD is related to poor prognosis in acute PE both in patients with 
haemodynamic instability (Goldhaber SZ et al 1999, Kreit JW 2004) and in normotensive 
patients (Kucher N et al 2005). In normotensive patients RHD is detected in around 40% of 
patients (Goldhaber SZ et al 1999, Kreit JW 2004, Kucher N et al 2005). In normotensive 
patients without RHD hospital mortality ranges from 0% to 9.6% while in stable patients 
with RHD the hospital mortality range is 11.8-23% (Gibson N et al 2006). Normotensive 
patients without RHD have 30-days mortality relative risk reduction of 17% compared to 
patients with RHD (Kucher N et al 2005). In a monocentric study enrolling more than 1400 
patients a RV/LV diameter ratio > 0.9 was found as independent risk factor for hospital 
mortality in normotensive patients with PE (Frèmont B et al 2008). Much recently it has been 
published a meta-analysis of prognostic value of echocardiography in haemodynamically 
stable patients with PE. The pooled data of five echocardiographic studies demonstrate a 2.5 
fold increased predicting death risk in normotensive patients with RHD (Sanchez O et al 
2008). Moreover it should be remarked that echocardiography at presentation could predict 
long term prognosis of patients suffered of first episode of PE. Echocardiographic RHD at 
presentation in fact seems to be related with poor resolution of pulmonary clots after six 
months from PE and with higher incidence of VTE recurrence (Kaczynska A et al 2008) and 
persistence of RHD at hospital discharge predicts VTE recurrence (Grifoni S et al 2006). 
More recently it has been demonstrated that shortening of pulmonary artery acceleration 
time and impairment of LV systolic function as related to long term poor prognosis in 
patients with acute PE (Kjaergaard J. et al 2009).  
However echocardiography examination has some limitations, mainly due to operator-
dependence and lack of definitely established criteria of RHD. 
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with RHD the hospital mortality range is 11.8-23% (Gibson N et al 2006). Normotensive 
patients without RHD have 30-days mortality relative risk reduction of 17% compared to 
patients with RHD (Kucher N et al 2005). In a monocentric study enrolling more than 1400 
patients a RV/LV diameter ratio > 0.9 was found as independent risk factor for hospital 
mortality in normotensive patients with PE (Frèmont B et al 2008). Much recently it has been 
published a meta-analysis of prognostic value of echocardiography in haemodynamically 
stable patients with PE. The pooled data of five echocardiographic studies demonstrate a 2.5 
fold increased predicting death risk in normotensive patients with RHD (Sanchez O et al 
2008). Moreover it should be remarked that echocardiography at presentation could predict 
long term prognosis of patients suffered of first episode of PE. Echocardiographic RHD at 
presentation in fact seems to be related with poor resolution of pulmonary clots after six 
months from PE and with higher incidence of VTE recurrence (Kaczynska A et al 2008) and 
persistence of RHD at hospital discharge predicts VTE recurrence (Grifoni S et al 2006). 
More recently it has been demonstrated that shortening of pulmonary artery acceleration 
time and impairment of LV systolic function as related to long term poor prognosis in 
patients with acute PE (Kjaergaard J. et al 2009).  
However echocardiography examination has some limitations, mainly due to operator-
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2.3 Laboratory biomarkers 
The most studied biomarkers as prognosticator in acute PE are represented by cardiac 
troponins (cTnI and cTnT) and natriuretic peptides (brain natriuretic peptide, BNP, and/or 
its N-terminal portion, NT-proBNP). 
The troponin complex comprises three proteins (troponin I, T and C) that control and 
determine the contraction of cardiac and skeletal muscle (Becattini C et al 2008). Most of 
troponin I and T are related to the myofilaments, while a small fraction is free in the cytosol 
of muscle cells. When myocytes are irreversibly damaged as in myocardial necrosis 
resulting from ischemic attack, the cytosolic component of troponin is released (Becattini C. 
et al 2008). The increase of cTn is correlated with echocardiographic and CTPA findings of 
RHD (Binder L et al 2005, Ghanima W et al 2007). A meta-analysis of the studies considering 
the relation between troponins and poor adverse events in acute PE demonstrates that the 
increase of cTnI or cTnT is related with a fourfold risk of mortality both in haemodynamic 
instability and in normotensive patients; (17.9% in patients with elevated cTn levels vs 2.3% 
in patients with normal cTn levels)(Becattini C. et al 2007, Becattini C. et al 2008). After 
publication of this meta-analysis, a large prospective study has confirmed that in 
normotensive PE patients, increased cTnI values predict fatal PE (Jimenez D et al 2008). 
The natriuretic peptides are neurohormones released from the heart as a result of pressure 
and volume overload (Daniels LB et al 2007). Three types of natriuretic peptides have been 
identified: the atrial natriuretic peptide (ANP), released mainly from the atria, the B-type 
natriuretic peptide (BNP), which is mainly synthesized by the ventricles and the C-type 
natriuretic peptide (CNP), synthesized by endothelial cells. The atrial natriuretic peptides 
have a common amino acid structure of 17 amino acids. Among these three natriuretic 
peptides, BNP and its amino terminal portion NT-proBNP have been useful in diagnosis in 
patients with dyspnoea. When ventricle wall is exposed to volume or pressure overload, the 
pre-proBNP is released by myocytes. Subsequently, the pre-proBNP is firstly cleaved in 
proBNP consisting of 108 amino acids, from whom derive BNP (32 amino acids) and its 
terminal portion (NT-proBNP). While the terminal portion is inactive, the BNP is 
functionally active causing vasodilatation, increased diuresis and natriuresis and inhibition 
of the activation of the renin-angiotensin-aldosterone system (Daniels LB et al 2007). NP 
reflects the RH overload and secondary RV wall stress and therefore are indirectly the 
expression of RHD (Daniels LB et al 2007). Several studies, pooled in meta-analyses, have 
reported the relation between high values of NP and short term poor prognosis in acute PE 
(Cavallazzi R et al 2008, Coutance G et al 2008, Klok FA et al 2008, Lega JC et al 2009). 
However although the increase of the BNP and NTpro-BNP is highly sensitive, it is poorly 
specific for detect RHD and patients at risk of severe adverse events such as cardiac arrest, 
shock, needing to use thrombolysis or vasopressors or mechanical ventilation or needing of 
intensive care units; in the other hand NP have high negative predictive value for detect low 
risk patients (Cavallazzi R. et al 2008, Coutance G. et al 2008, Klok FA et al 2008, Lega JC et 
al 2009).  
Much recently hearty type fatty acid binding protein (hFABP), a small cytosolic protein 
released earlier than troponins into circulation when the myocardium is injured, has been 
evaluated as a prognostic tool in acute PE. At least two studies have demonstrated that, 
when increased, hFABP values identify the patients with poor outcomes (Kaczyñska A. et al 
2006, Puls M. et al 2007).  
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2.3 Laboratory biomarkers 
The most studied biomarkers as prognosticator in acute PE are represented by cardiac 
troponins (cTnI and cTnT) and natriuretic peptides (brain natriuretic peptide, BNP, and/or 
its N-terminal portion, NT-proBNP). 
The troponin complex comprises three proteins (troponin I, T and C) that control and 
determine the contraction of cardiac and skeletal muscle (Becattini C et al 2008). Most of 
troponin I and T are related to the myofilaments, while a small fraction is free in the cytosol 
of muscle cells. When myocytes are irreversibly damaged as in myocardial necrosis 
resulting from ischemic attack, the cytosolic component of troponin is released (Becattini C. 
et al 2008). The increase of cTn is correlated with echocardiographic and CTPA findings of 
RHD (Binder L et al 2005, Ghanima W et al 2007). A meta-analysis of the studies considering 
the relation between troponins and poor adverse events in acute PE demonstrates that the 
increase of cTnI or cTnT is related with a fourfold risk of mortality both in haemodynamic 
instability and in normotensive patients; (17.9% in patients with elevated cTn levels vs 2.3% 
in patients with normal cTn levels)(Becattini C. et al 2007, Becattini C. et al 2008). After 
publication of this meta-analysis, a large prospective study has confirmed that in 
normotensive PE patients, increased cTnI values predict fatal PE (Jimenez D et al 2008). 
The natriuretic peptides are neurohormones released from the heart as a result of pressure 
and volume overload (Daniels LB et al 2007). Three types of natriuretic peptides have been 
identified: the atrial natriuretic peptide (ANP), released mainly from the atria, the B-type 
natriuretic peptide (BNP), which is mainly synthesized by the ventricles and the C-type 
natriuretic peptide (CNP), synthesized by endothelial cells. The atrial natriuretic peptides 
have a common amino acid structure of 17 amino acids. Among these three natriuretic 
peptides, BNP and its amino terminal portion NT-proBNP have been useful in diagnosis in 
patients with dyspnoea. When ventricle wall is exposed to volume or pressure overload, the 
pre-proBNP is released by myocytes. Subsequently, the pre-proBNP is firstly cleaved in 
proBNP consisting of 108 amino acids, from whom derive BNP (32 amino acids) and its 
terminal portion (NT-proBNP). While the terminal portion is inactive, the BNP is 
functionally active causing vasodilatation, increased diuresis and natriuresis and inhibition 
of the activation of the renin-angiotensin-aldosterone system (Daniels LB et al 2007). NP 
reflects the RH overload and secondary RV wall stress and therefore are indirectly the 
expression of RHD (Daniels LB et al 2007). Several studies, pooled in meta-analyses, have 
reported the relation between high values of NP and short term poor prognosis in acute PE 
(Cavallazzi R et al 2008, Coutance G et al 2008, Klok FA et al 2008, Lega JC et al 2009). 
However although the increase of the BNP and NTpro-BNP is highly sensitive, it is poorly 
specific for detect RHD and patients at risk of severe adverse events such as cardiac arrest, 
shock, needing to use thrombolysis or vasopressors or mechanical ventilation or needing of 
intensive care units; in the other hand NP have high negative predictive value for detect low 
risk patients (Cavallazzi R. et al 2008, Coutance G. et al 2008, Klok FA et al 2008, Lega JC et 
al 2009).  
Much recently hearty type fatty acid binding protein (hFABP), a small cytosolic protein 
released earlier than troponins into circulation when the myocardium is injured, has been 
evaluated as a prognostic tool in acute PE. At least two studies have demonstrated that, 
when increased, hFABP values identify the patients with poor outcomes (Kaczyñska A. et al 
2006, Puls M. et al 2007).  
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Other cardiac biomarkers have been studied as prognosticators in acute PE. Of interest but 
up to now with few evidences the negative prognostic role of myoglobin and growth-
differentiation factor-15 (gdf-15) in acute PE (Pruszczyk P. et al 2003, Lankeit M. et al 2008).  
D-Dimer, a product of fibrin degradation, is widely used in diagnostic work-up of acute PE. 
However some literature evidence seem to demonstrate that D-Dimer values could be 
linearly related to the burden and prognosis of acute PE Studies of limited size highlight in 
fact that D-Dimer values higher than 3000 or 4000 microg/L FEU are associated to proximal 
localization of thromboemboli, RHD, mortality, 6-months poor recanalization of pulmonary 
vascular three, VTE recurrence, while values less than 1500 microg/L FEU seem to be 
related to low risk of adverse events (De Monyè W et al 2002, Aujesky D et al 2006, Ghanima 
W. et al 2007, Masotti L. et al 2007, Kline et al 2008, Vuilleumier N. et al 2009, Klok FA et al 
2010). Prospective, multicenter study are warranted to confirm these evidence. 
Arterial blood gas analysis represents a first level tool; its values have been studied as 
prognostic indexes, but only invasive and not widely diffuse determinations could be 
associated to outcomes (Te Hsu J. et al 2007). Much recently a prospective multicenter cohort 
study has demonstrated that hypoxemia (arterial oxygen partial pressure, paO2, values ≤ 60 
mmHg) predicts in hospital and 3-months all-cause mortality in haemodynamically stable 
patients with acute PE (Bova C. et al 2009) 
 
Sensitivity, specificity, negative and positive predictive values of echocardiography, CTPA 
and main biomarkers are shown in Figure 7. 
 

 Echo- 
cardiography CTPA Troponins BNP NT- 

proBNP 
Sensitivity 
(%)(95% CI) 

70 (46-86) 65 (35-85) 81 (23-100) 88 (65-96) 93 (14-100) 

Specificity 
(%)(95% CI) 

57 (47-66) 56 (39-71) 84 (77-90) 70 (64-75) 58 (14-92) 

Negative 
predictive 
value 
(%)(95% CI) 

60 (55-65) 58 (51-65) 73 (68-78) 76 (73-79) 81 (65-97) 

Positive 
predictive 
value 
(%)(95% CI) 

58 (53-63) 57 (49-64) 75 (69-80) 67 (64-70) 63 (50-76) 

From Sanchez O. et.al. 2008 
Fig. 7. Summary of prognostic indexes for detect RHD 
 
Figure 8 summarizes the strongest clinical, instrumental and laboratory indexes of adverse 
outcomes in acute PE. 
 
 
 
 
 
 
 

 Clinical variable and scores 
 

- - Shock/Hypotension Systolic blood pressure ≤ 90 mmHg 
- - Shock index  > 1 
- - P.E.S.I.   class III, IV, V 
- - GPR   ≥ 3 

 
 Imaging 

 
- - Echocardiography RHD findings 
- - CTPA   CTPE index, proximal clot 

   RV/RV diameter ratio > 1 
 

 Biomarkers 
 

- - Increased levels of cTnI or cTnT 
   BNP or NT-proBNP 
   D-Dimer? 

Fig. 8. Summary of main negative prognostic variables in acute PE 

 
2.4 Combinations of clinical, instrumental or biomarker parameters and comparison 
between them 
Although many tools have been proposed for risk stratification, some questions remain 
unresolved: (i) which is the best strategies for risk assessment? (ii) combination of single 
strategies could improve risk assessment?  
Few studies have directly compared single strategies between them. Studies which have 
compared biomarkers seem to demonstrate that low levels of NP stratify better than cTn and 
D-Dimer the low risk PE (Binder L. et al 2005, Maziere F. et al 2007, Kline JA et al 2008, Klok 
FA 2008, Vuilleumier N. et al 2009, Klok FA et al 2010). 
Nevertheless only two studies have investigated the role of hFABP as prognosticators, both 
seem to demonstrate that hFABP predict better prognosis compared to cTn and natriuretic 
peptides (Kaczyñska A. et al 2006, Puls M. et al 2007).  
Much recently literature reports aimed to compare clinical score or instrumetal tools with 
biomarkers have been published. Again, natriuretic peptides seem to identify low risk 
patients better than PESI and CTPA RV/LV diameters ratio >1 (Klok FA et al 2010, 
Vuilleumier N et al 2009), while PESI seems to be superior on cTn in predicting low risk 
patients (Moores L. et al 2009). Finally when compared to pulse oximetry values over than 
92.5% oxygen, PESI seems to have not significative differences in predicting low risk 
patients (negative predictive values, NPV, 98% vs 99%)(Nordhenolz R. et al 2009) 
Only few studies have investigated the role of instrumental and biomarkers tools combined 
together for risk stratification of acute PE. Results of them demonstrate that the combination 
of values of NT-proBNP > 1000 pg/mL or cTnI elevation plus echocardiographic RHD 
increase 12-fold the risk of adverse outcomes in acute PE (Binder L. et al 2005). Much 
recently combination of clinical variables with imaging and biomarkers has been studied, 
demonstrating that this strategy could improve the risk stratification for adverse outcomes 
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(Sanchez O et al 2010). Variables identified in this potential bedside adverse outcomes score 
were alterated mental status, shock at hospital admission, cancer, increased BNP and 
RV/LV ratio > 1.0. Validation studies are warranted.  

 
2.5 The risk based management of acute PE 
Acute treatment of PE is actually customized on early mortality risk. Last version of ESC 
and American College of Chest Physicians (ACCP) guidelines in fact suggest a based-risk 
approach for PE treatment (Kearon C. et al 2008, Torbicki A. et al 2008).  
In massive-high risk PE, thrombolysis with alteplase (rtPA) is the choice therapy other than 
haemodinamic and respiratory support (Kearon C. et al 2008, Torbicki A. et al 2008). 
Although all trials have failed to demonstrate the superiority of thrombolysis compared to 
unfractioned heparin (UFH) in term of prognosis in acute PE, thrombolysis seems to 
improve more quickly the haemodynamic decompensation compared to UFH (Wan S et al 
2004). Other approved thrombolytic drugs for acute PE are represented by streptokinase 
and urokinase (Kearon C. et al 2008, Torbicki A. et al 2008). It should be remembered that in 
the last years literature reports cases of acute PE treated by tenecteplase which has the 
advantage of bolus injection (Melzer C. et al 2004, Becattini C. et al 2010). This thrombolytic 
agent has been approved for a multicenter trial aimed to evaluate thrombolysis in 
submassive/intermediate risk PE (www.clinicaltrials.gov, NCT00639743). However, up to 
now, the use of tenecteplase in acute PE is off-label. UFH should be administered in patients 
undergoing to thrombolysis and continued after it. UFH should represent the first choice of 
treatment in patients with contraindications to thrombolysis (Kearon C et al 2008, Torbicki A 
et al 2008). 
Embolectomy could represent an alternative therapy in acute setting of patients with 
haemodynamic compromise when thrombolysis is contraindicated or it has failed (Kearon 
C. et al 2008, Torbicki A. et al 2008, Goldhaber SZ 2010).  
Major concern exists whether sub-massive/intermediate risk PE should be treated with 
thrombolysis since than conventional treatment has failed to reduce mortality in this group 
of patients which could evolve toward haemodynamic instability (Lankeit M. et al 2010). 
Mortality in normotensive PE with RHD could reach the not neglegible percentage of 10-
15%; therefore more aggressive treatment has been postulated and studied. Meta-analysis of 
a five studies involving a total of 464 normotensive patients with PE, 100 of them 
undergoing to echocardiogram, comparing thrombolysis with UFH has failed to 
demonstrate superiority of thrombolysis in terms of mortality and VTE recurrence with non 
significant differences in major bleedings (Tardy B et al 2009). Up to now modern guidelines 
reserve thrombolysis in selected patients with submassive-intermediate risk PE, when the 
risk for adverse prognosis is very high and there is lack of contraindications to it (grade IIB 
of ESC and ACCP guidelines VIII Edition)(Kearon C. et al 2008, Torbicki A. et al 2008). For 
the majority of submassive/intermediate risk PE, UFH or low molecular weight heparins 
(LMWH) represent the first treatment choice. Both ESC and ACCP suggest LMWH over 
UFH in this setting (Kearon C. et al 2008, Torbicki A. et al 2008). Meta-analyses have in fact 
demonstrated the non inferiority of LMWH compared to UFH in non high risk PE (Quinlan 
DJ et al 2004). Thrombolysis should be the rescue treatment in patients initially treated with 
UFH or LMWH and secondary onset of clinical instability as demonstrated by the MAPPET 
III Study (Management Strategies And Prognosis of Pulmonary Embolism Trial-
3)(Konstantidnes S. et al 2002). In this study in fact it was observed that although rtPA 

reduced mortality in a non-significant way (3.4% in patients treated with UFH vs 2.2% in 
patients treated with rtPA, p = ns), rtPA added in patients initially treated with UFH with 
subsequent evolution toward haemodynamic instability clearly and significantly reduced 
mortality compared to patients not undergoing it in the event of deteriorating 
haemodynamics (mortality 10.2 vs. 24.6% respectively, p<0.05)(Konstantidines S et al 2002) 
Wide and strong consensus is given to treatment of non-massive-low risk PE by using LMWH 
or fondaparinux (grade IA ESC and ACCP VIII Edition)(Kearon C. et al 2008, Torbicki A. et 
al 2008). Rapid hospital discharge could be safe and cost-effectiveness (Janjua M. et al 2008) 
Vitamin K antagonists (VKA) should be started in the first day and should be overlapped to 
UFH and LMWH or fondaparinux for at least five days (grade I A ESC and ACCP VIII 
Edition)(Kearon C. et al 2008, Torbicki A. et al 2008). LMWH should be continued in cancer 
patients for at least six months (Kearon C. et al 2008, Torbicki A. et al 2008). 
 
Figure 9 summarizes the actual choice treatment based on early mortality risk. 

 
Legend: RHD = right heart dysfunction; BNP = Brain natriuretic peptide; IV = intravenous; sc = subcutaneous 

Fig. 9. PE treatment according to modern guidelines 

 
3. Ongoing trials 

There is much attendance for the results of two much important multicenter ongoing trials 
which could give fundamental answers for risk management of PE. These are represented 
by Pulmonary Embolism Thrombolysis Study (PEITHO) and Outpatients Treatment for 
Pulmonary Embolism (OTPE) trials (www.clinicaltrials.gov, NCT00639743, NCT00425542). 
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(Sanchez O et al 2010). Variables identified in this potential bedside adverse outcomes score 
were alterated mental status, shock at hospital admission, cancer, increased BNP and 
RV/LV ratio > 1.0. Validation studies are warranted.  
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The first one (PEITHO) compares thrombolysis by using single intravenous bolus of 
tenecteplase with conventional pharmacological treatment represented by UFH or LMWH 
in sub-massive (intermediate risk) PE, defined as echocardiographic evidence of RHD 
associated to increased cTn. The aim of this study is to demonstrate the superiority of 
thrombolysis compared to conventional strategy without increasing of haemorrhagic side 
effects. Patients in the investigational group will receive i.v. bolus of tenecteplase as a single 
body-weight administered over 5 - 10 seconds not later than 30 minutes after 
randomization, and not later than 2 hours after the diagnosis of RHD and concomitant UFH 
as an intravenous bolus followed by an infusion weight adjusted to be administered 
immediately after randomization in all patients for at least 48 hours following 
randomization. Beyond this period, intravenous UFH may be substituted with 
subcutaneous LMWH. Patients in the control group will receive i.v. bolus of placebo as a 
single body-weight administered over 5 - 10 seconds not later than 30 minutes after 
randomization, and not later than 2 hours after the diagnosis of RHD and concomitant 
therapy with UFH (www.clinicaltrials.gov, NCT00639743). 
The purpose of OTPE is to demonstrate the non inferiority in terms of effectiveness and 
safety of outpatients treatment compared to inpatients treatment in low risk patients with 
PE, identifying by using PESI score (≤ 85 points). In this trial patients randomized to the 
outpatient arm are discharged from the emergency department within 24 hours after 
randomization, whereas patients randomized to the inpatient arm are admitted to the 
hospital and are discharged based on the decision of the managing physician at the hospital 
(www.clinicaltrials.gov, NCT00425542).  
Results of PEITHO are waited within 2012, while 2010 could see the final results of OTPE.  

 
4. Conclusions 

Risk assessment represents one of the major key point emerged in the last years for acute 
management of acute PE. Clinical, instrumental and laboratory parameters are now 
fundamental for identifying different early mortality risk and customizing the 
antithrombotic treatment of acute PE in each patient. Although many strategies have been 
proposed for risk stratification, which is the best one remain unclear since then there is lack 
of evidence about the superiority of one over others. Therefore next studies aimed to 
discover this unresolved issue are warranted.  
Up to now certainness seem to be represented by close monitoring and thrombolysis, when 
not contraindicated, in high risk patients and LMWH or fondaparinux and rapid hospital 
discharge in low risk patients. Whether intermediate risk patients should be treated by 
thrombolysis and low risk patients should be treated as outpatients remained opened 
challenges. The results of the above mentioned ongoing trials could give us what we are 
looking for.  
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outpatient arm are discharged from the emergency department within 24 hours after 
randomization, whereas patients randomized to the inpatient arm are admitted to the 
hospital and are discharged based on the decision of the managing physician at the hospital 
(www.clinicaltrials.gov, NCT00425542).  
Results of PEITHO are waited within 2012, while 2010 could see the final results of OTPE.  

 
4. Conclusions 

Risk assessment represents one of the major key point emerged in the last years for acute 
management of acute PE. Clinical, instrumental and laboratory parameters are now 
fundamental for identifying different early mortality risk and customizing the 
antithrombotic treatment of acute PE in each patient. Although many strategies have been 
proposed for risk stratification, which is the best one remain unclear since then there is lack 
of evidence about the superiority of one over others. Therefore next studies aimed to 
discover this unresolved issue are warranted.  
Up to now certainness seem to be represented by close monitoring and thrombolysis, when 
not contraindicated, in high risk patients and LMWH or fondaparinux and rapid hospital 
discharge in low risk patients. Whether intermediate risk patients should be treated by 
thrombolysis and low risk patients should be treated as outpatients remained opened 
challenges. The results of the above mentioned ongoing trials could give us what we are 
looking for.  

 
5. References 

ACEP. Clinical policy: critical issues in the evaluation and management of adult patients 
presenting with suspected pulmonary embolism. Ann Emerg Med 2003; 41: 257-
270. 

Araoz PA, Gotway MB, Harrington JR, Harmsen WS, Mandrekar JN. Pulmonary embolism: 
prognostic CT findings. Radiology 2007; 242: 889-897. 

Aujeski D, Hughes R, Jimenez D. Short-term prognosis of pulmonary embolism. J Thromb 
Haemost 2009; 7 suppl 1: 318-321. 

Aujesky D, Perrier A, Roy PM et al. Validation of a clinical prognostic model to identify low-
risk patients with pulmonary embolism. J Intern Med 2007; 261: 597-604. 

Aujesky D, Roy PM, Guy M, Cornuz J, Sanchez O, Perrier A. Prognostic value of D-Dimer in 
patients with pulmonary embolism. Thromb Haemost 2006; 96: 478-482. 

Aylin P, Bottle A, Kirkwood G, Bell D. Trends in hospital admissions for pulmonary 
embolism in England: 1996/7 to 2005/6. Clin Med 2008; 8: 388-392. 

Azzazy H, Pelsers M, Christenson RH. Unbound free fatty acids and hearty-type fatty acid-
binding protein: diagnostic assays and clinical applications. Clinical Chemistry 
2006; 52: 19-29. 

Becattini C, Agnelli G, Salvi A et al. Bolus tenecteplase for right ventricle dysfunction in 
haemodynamically stable patients with pulmonary embolism. Thromb Res 2010; 
125: 82-86. 

Becattini C, Agnelli G. Acute pulmonary embolism: risk stratification in the emergency 
department Intern Emerg Med 2007; 2: 119-129. 

Becattini C, Agnelli G. Predictors of mortality from pulmonary embolism and their influence 
on clinical management. Thromb Haemost 2008; 100: 747-751. 

Becattini C, Vedovati MC, Agnelli G. Prognostic value of troponins in acute pulmonary 
embolism: a meta-analysis. Circulation 2007; 116: 427-433. 

Becattini C, Vedovati MC, Agnelli G.Diagnosis and prognosis of acute pulmonary 
embolism: focus on troponins. Expert Review of Molecular Diagnostics 2008; 8: 339-
349. 

Binder L, Pieske B, Olschewski M et al. N-terminal pro-brain natriuretic peptide or troponin 
testing followed by echocardiography for risk stratification of acute pulmonary 
embolism. Circulation 2005; 112: 1573-1579. 

Bova C, Pesavento R, Marchiori A et al. Risk stratification and outcomes in 
haemodynamically stable patients with acute pulmonary embolism: a prospective, 
multicentre, cohort study with three months of follow-up. J Thromb Haemost 2009; 
7: 938-944. 

British Thoracic Society guidelines for the management of suspected acute pulmonary 
embolism. Thorax 2003; 58: 470-484. 

Cavallazzi R, Nair A, Vasu T, Marik PE. Natriuretic peptides in acute pulmonary embolism: 
a systematic review. Intensive Care Med 2008; 34: 2147-2156 

Chan CM, Woods C, Shorr AF. The validation and reproducibility of the pulmonary 
embolism severity index. J Thromb Haemost 2010; apr 16: epub ahead of print 

Coutance G, Le Page O, Lo T, Hamon M. Prognostic value of brain natriuretic peptide in 
acute pulmonary embolism. Crit Care 2008; 12: R19 

Daniels LB, Maisel AS. Natriuretic peptides. J Am Coll Cardiol 2007; 50: 2357-2368.  
De Monyè W, Sanson BJ, Mac Gillavry MR et al. Embolus location affects the sensitivity of a 

rapid quantitative D-Dimer assay in the diagnosis of pulmonary embolism. Am J 
Respir Crit Care Med 2002; 165: 345-348. 

ESC Task Force. Guidelines on diagnosis and management of acute pulmonary embolism. 
Eur Heart J 2000; 21: 1301-1336. 

www.intechopen.com



Advances in Risk Management168

Frémont B, Pacouret G, Jacobi D, Puglisi R, Charbonnier B, de Labriolle A. Prognostic value 
of echocardiographic right/left ventricular end-diastolic diameter ratio in patients 
with acute pulmonary embolism: results from a monocenter registry of 1,416 
patients. Chest 2008; 133: 358-62.  

Ghanima W, Abdelnoor M, Holmen LO, Nielsen BE, Ross S, Sandset PM. D-Dimer level is 
associated with the extent of pulmonary embolism. Thromb Res 2007; 120: 281-288. 

Ghanima W, Abdelnoor M, Holmen LO, Nielssen BE, Sandset PM. The association between 
the proximal extension of the clot and the severity of pulmonary embolism (PE): a 
proposal for a new radiological score for PE. J Intern Med 2007; 261: 74-81. 

Ghaye B, Ghuysen A, Bruyere PJ, D’Orio V, Dondelinger RF. Can CT pulmonary 
angiography allow assessment of severity and prognosis in patients presenting 
with pulmonary embolism? What radiologist needs to know. Radiographics 2006; 
26: 23-40. 

Ghuysen A, Ghaye B, Willems V et al. Computed tomographic pulmonary angiography and 
prognostic significance in patients with acute pulmonary embolism. Thorax 2005; 
60: 956-61. 

Gibson N, Sohne M, Buller H. Prognostic value of echocardiography and spiral computer 
tomography in patients with pulmonary embolism. Curr Opin Pulm Med 2006; 11: 
380-384. 

Goldhaber SZ, Visani L, De Rosa M for ICOPER. Acute pulmonary embolism: clinical 
outcomes in the International Cooperative Pulmonary Embolism Registry 
(ICOPER). Lancet 1999; 353: 1386-1389. 

Goldhaber SZ. Advanced treatment strategies for acute pulmonary embolism, including 
thrombolysis and embolectomy. J Thromb Haemost 2009; 7 suppl 1: 322-327. 

Goldhaber SZ. Echocardiography in the management of pulmonary embolism. Ann Intern 
Med 2002; 136: 691-700 

Grifoni S, Vanni S, Magazzini S et al. Association of persistent right ventricular dysfunction 
at hospital discharge after acute pulmonary embolism with recurrent 
thromboembolic events. Arch Intern Med 2006; 166: 2151-2156. 

Jimènez D, Diaz G, Molina J et al. Troponin I and risk stratification of patients with acute 
non massive pulmonary embolism. Eur Respir J 2008; 31: 847-853. 

Jimenez D, Yusen RG, Otero R et al. Prognostic models for selecting patients with acute 
pulmonary embolism for initial outpatient therapy. Chest 2007; 132: 24-30. 

Jimenez D. ECG for risk stratification in patients with pulmonary embolism. Eur Respir J 
2005; 26:3 66-367. 

Kaczynska A, Kostrubiec M, Pacho R, Kunikowska J, Pruszczyk P. Elevated D-Dimer 
concentration identifies patients with incomplete recanalization of pulmonary 
artery thromboemboli despite 6 months after the first episode of acute pulmonary 
embolism. Thromb Res 2008; 122: 21-25. 

Kaczyñska A, Pelsers MM, Bochowicz A, Kostrubiec M, Glatz JF, Pruszczyk P. Plasma heart-
type fatty acid binding protein is superior to troponin and myoglobin for rapid risk 
stratification in acute pulmonary embolism. Clin Chim Acta 2006; 371: 117-23. 

Kearon C, Kahn SR, Agnelli G, Goldhaber SZ, Raskob GE, Comerota AJ. Antithrombotic 
therapy for venous thromboembolic disease: American College of Chest Physicians 
evidence-based clinical practice guidelines (8th Edition). Chest 2008; 133: 454S-545S. 

Kjaergaard J, Schaadt BK, Lund JO, Hassager C. Prognostic importance of quantitative 
echocardiographic evaluation in patients suspected of first non-massive pulmonary 
embolism. Eur J Echocardiogr 2009; 10: 89-95. 

Kline JA, Zeitouni R, Marchick MR, Hernandez-Nino J, Rose GA. Comparison of 8 
biomarkers for prediction of right ventricular hypokinesis 6 months after 
submassive pulmonary embolism. Am Heart J 2008; 156: 308-314. 

Klok FA, Djurabi RK, Nijkeuter M et al. High D-dimer level is associated with increased 15-
d and 3 months mortality through a more central localization of pulmonary emboli 
and serious comorbidity. Br J Haematol 2008; 140: 218-222. 

Klok FA, Mos IC, Huisman MV. Brain-type natriuretic peptide levels in the prediction of 
adverse outcome in patients with pulmonary embolism: a systematic review and 
meta-analysis. Am J Respir Crit Care Med 2008; 178: 425-430. 

Klok FA, Mos IC, Nijkeuter M et al. Simplification of the revised Geneva score for assessing 
clinical probability of pulmonary embolism. Arch Intern Med 2008 27; 168:2131-
2136. 

Klok FA, van der Bijl N, Mos IC, de Roos A, Kroft LJ, Huisman MV. Timing of NT-pro-BNP 
sampling for predicting adverse outcome after acute pulmonary embolism. Thromb 
Haemost 2010; apr 13: epub ahead of print 

Konstantidines S, Geibel A, Heusel G et al. Heparin plus alteplase compared with heparin 
alone in patients with submassive pulmonary embolism. N Engl J Med 2002; 347: 
1143-1150. 

Kreit JW. The impact of right ventricular dysfunction on the prognosis and therapy of 
normotensive patients with pulmonary embolism. Chest 2004; 125: 1539-1545. 

Kucher N, Rossi E, De Rosa M, Goldhaber SZ. Massive pulmonary embolism. Circulation 
2006;113:577-582. 

Kucher N, Rossi E, De Rosa M, Goldhaber SZ. Prognostic role of echocardiography among 
patients with acute pulmonary embolism and a systolic arterial pressure of 90 mm 
Hg or higher. Arch Intern Med 2005; 165: 1777-1781. 

Lankeit M, Kempf T, Dellas C, Cuny M, Tapken H, Peter T, Olschewski M, Konstantinides S, 
Wollert KC. Growth-differentiation Factor-15 for Prognostic Assessment of Patients 
with Acute Pulmonary Embolism. Am J Respir Crit Care Med. 2008; 177: 1018-1025. 

Lankeit M, Konstantinides S. Thrombolysis for pulmonary embolism: Past, present and 
future. Thromb Haemost 2010; mar 9: epub ahead of print. 

Le Gal G, Righini M, Roy PM et al. Prediction of pulmonary embolism in the emergency 
department: the revised Geneva score. Ann Intern Med. 2006;144:165-171. 

Lega JC, Lacasse Y, Lakhal L, Provencher S. Natriuretic peptides and troponins in 
pulmonary embolism: a meta-analysis. Thorax 2009; 64:869-875. 

Leibovitz A, Blumenfeld O, Baumoehl Y, Segal R, Habot B. Postmortem examinations in 
patients of a geriatric hospital. Aging Clin Exp Res 2001; 13: 406-409 

Masotti L, Antonelli F, Venturini E, Landini GC. Cardiac troponin I and plasma D-dimer are 
related to proximal and bilateral extension of clots and right cardiac dysfunction in 
patients with pulmonary embolism. J Intern Med 2007; 262: 588-589. 

Masotti L, Ray P, Righini M et al. Pulmonary embolism in the elderly: a review on clinical, 
instrumental and laboratori presentation: Vascular Health and Risk Management 
2008; 4: 629-636 

www.intechopen.com



Risk management in acute pulmonary embolism 169

Frémont B, Pacouret G, Jacobi D, Puglisi R, Charbonnier B, de Labriolle A. Prognostic value 
of echocardiographic right/left ventricular end-diastolic diameter ratio in patients 
with acute pulmonary embolism: results from a monocenter registry of 1,416 
patients. Chest 2008; 133: 358-62.  

Ghanima W, Abdelnoor M, Holmen LO, Nielsen BE, Ross S, Sandset PM. D-Dimer level is 
associated with the extent of pulmonary embolism. Thromb Res 2007; 120: 281-288. 

Ghanima W, Abdelnoor M, Holmen LO, Nielssen BE, Sandset PM. The association between 
the proximal extension of the clot and the severity of pulmonary embolism (PE): a 
proposal for a new radiological score for PE. J Intern Med 2007; 261: 74-81. 

Ghaye B, Ghuysen A, Bruyere PJ, D’Orio V, Dondelinger RF. Can CT pulmonary 
angiography allow assessment of severity and prognosis in patients presenting 
with pulmonary embolism? What radiologist needs to know. Radiographics 2006; 
26: 23-40. 

Ghuysen A, Ghaye B, Willems V et al. Computed tomographic pulmonary angiography and 
prognostic significance in patients with acute pulmonary embolism. Thorax 2005; 
60: 956-61. 

Gibson N, Sohne M, Buller H. Prognostic value of echocardiography and spiral computer 
tomography in patients with pulmonary embolism. Curr Opin Pulm Med 2006; 11: 
380-384. 

Goldhaber SZ, Visani L, De Rosa M for ICOPER. Acute pulmonary embolism: clinical 
outcomes in the International Cooperative Pulmonary Embolism Registry 
(ICOPER). Lancet 1999; 353: 1386-1389. 

Goldhaber SZ. Advanced treatment strategies for acute pulmonary embolism, including 
thrombolysis and embolectomy. J Thromb Haemost 2009; 7 suppl 1: 322-327. 

Goldhaber SZ. Echocardiography in the management of pulmonary embolism. Ann Intern 
Med 2002; 136: 691-700 

Grifoni S, Vanni S, Magazzini S et al. Association of persistent right ventricular dysfunction 
at hospital discharge after acute pulmonary embolism with recurrent 
thromboembolic events. Arch Intern Med 2006; 166: 2151-2156. 

Jimènez D, Diaz G, Molina J et al. Troponin I and risk stratification of patients with acute 
non massive pulmonary embolism. Eur Respir J 2008; 31: 847-853. 

Jimenez D, Yusen RG, Otero R et al. Prognostic models for selecting patients with acute 
pulmonary embolism for initial outpatient therapy. Chest 2007; 132: 24-30. 

Jimenez D. ECG for risk stratification in patients with pulmonary embolism. Eur Respir J 
2005; 26:3 66-367. 

Kaczynska A, Kostrubiec M, Pacho R, Kunikowska J, Pruszczyk P. Elevated D-Dimer 
concentration identifies patients with incomplete recanalization of pulmonary 
artery thromboemboli despite 6 months after the first episode of acute pulmonary 
embolism. Thromb Res 2008; 122: 21-25. 

Kaczyñska A, Pelsers MM, Bochowicz A, Kostrubiec M, Glatz JF, Pruszczyk P. Plasma heart-
type fatty acid binding protein is superior to troponin and myoglobin for rapid risk 
stratification in acute pulmonary embolism. Clin Chim Acta 2006; 371: 117-23. 

Kearon C, Kahn SR, Agnelli G, Goldhaber SZ, Raskob GE, Comerota AJ. Antithrombotic 
therapy for venous thromboembolic disease: American College of Chest Physicians 
evidence-based clinical practice guidelines (8th Edition). Chest 2008; 133: 454S-545S. 

Kjaergaard J, Schaadt BK, Lund JO, Hassager C. Prognostic importance of quantitative 
echocardiographic evaluation in patients suspected of first non-massive pulmonary 
embolism. Eur J Echocardiogr 2009; 10: 89-95. 

Kline JA, Zeitouni R, Marchick MR, Hernandez-Nino J, Rose GA. Comparison of 8 
biomarkers for prediction of right ventricular hypokinesis 6 months after 
submassive pulmonary embolism. Am Heart J 2008; 156: 308-314. 

Klok FA, Djurabi RK, Nijkeuter M et al. High D-dimer level is associated with increased 15-
d and 3 months mortality through a more central localization of pulmonary emboli 
and serious comorbidity. Br J Haematol 2008; 140: 218-222. 

Klok FA, Mos IC, Huisman MV. Brain-type natriuretic peptide levels in the prediction of 
adverse outcome in patients with pulmonary embolism: a systematic review and 
meta-analysis. Am J Respir Crit Care Med 2008; 178: 425-430. 

Klok FA, Mos IC, Nijkeuter M et al. Simplification of the revised Geneva score for assessing 
clinical probability of pulmonary embolism. Arch Intern Med 2008 27; 168:2131-
2136. 

Klok FA, van der Bijl N, Mos IC, de Roos A, Kroft LJ, Huisman MV. Timing of NT-pro-BNP 
sampling for predicting adverse outcome after acute pulmonary embolism. Thromb 
Haemost 2010; apr 13: epub ahead of print 

Konstantidines S, Geibel A, Heusel G et al. Heparin plus alteplase compared with heparin 
alone in patients with submassive pulmonary embolism. N Engl J Med 2002; 347: 
1143-1150. 

Kreit JW. The impact of right ventricular dysfunction on the prognosis and therapy of 
normotensive patients with pulmonary embolism. Chest 2004; 125: 1539-1545. 

Kucher N, Rossi E, De Rosa M, Goldhaber SZ. Massive pulmonary embolism. Circulation 
2006;113:577-582. 

Kucher N, Rossi E, De Rosa M, Goldhaber SZ. Prognostic role of echocardiography among 
patients with acute pulmonary embolism and a systolic arterial pressure of 90 mm 
Hg or higher. Arch Intern Med 2005; 165: 1777-1781. 

Lankeit M, Kempf T, Dellas C, Cuny M, Tapken H, Peter T, Olschewski M, Konstantinides S, 
Wollert KC. Growth-differentiation Factor-15 for Prognostic Assessment of Patients 
with Acute Pulmonary Embolism. Am J Respir Crit Care Med. 2008; 177: 1018-1025. 

Lankeit M, Konstantinides S. Thrombolysis for pulmonary embolism: Past, present and 
future. Thromb Haemost 2010; mar 9: epub ahead of print. 

Le Gal G, Righini M, Roy PM et al. Prediction of pulmonary embolism in the emergency 
department: the revised Geneva score. Ann Intern Med. 2006;144:165-171. 

Lega JC, Lacasse Y, Lakhal L, Provencher S. Natriuretic peptides and troponins in 
pulmonary embolism: a meta-analysis. Thorax 2009; 64:869-875. 

Leibovitz A, Blumenfeld O, Baumoehl Y, Segal R, Habot B. Postmortem examinations in 
patients of a geriatric hospital. Aging Clin Exp Res 2001; 13: 406-409 

Masotti L, Antonelli F, Venturini E, Landini GC. Cardiac troponin I and plasma D-dimer are 
related to proximal and bilateral extension of clots and right cardiac dysfunction in 
patients with pulmonary embolism. J Intern Med 2007; 262: 588-589. 

Masotti L, Ray P, Righini M et al. Pulmonary embolism in the elderly: a review on clinical, 
instrumental and laboratori presentation: Vascular Health and Risk Management 
2008; 4: 629-636 

www.intechopen.com



Advances in Risk Management170

Maziere F, Birolleau S, Medimagh S et al. Comparison of troponin I and N-terminal-pro B-
type natriuretic peptide for risk stratification in patients with pulmonary embolism. 
Eur J Emerg Med 2007; 14: 207-211. 

Melzer C, Richter C, Rogalla P et al. Tenecteplase for the treatment of massive and 
submassive pulmonary embolism. J Thromb Thrombolysis 2004; 18: 47-50. 

Miniati M, Monti S, Bottai M. Survival and restoration of pulmonary perfusion in a long-
term follow-up of patients after acute pulmonary embolism. Medicine 2006; 85: 253-
262. 

Moores L, Aujeski D, Jimenez D et al. Pulmonary embolism severity index and troponin 
testing for the selection of low risk patients with acute symptomatic pulmonary 
embolism. J Thromb Haemost 2010; 8: 517-522. 

Nordhenolz K, Ryan J, Atwood B, Heard K. Pulmonary embolism risk stratification. Pulse 
oximetry and pulmonary embolism severity index. J Emerg Med 2009; sep 16: epub 
ahead of print 

Otero R, Trujillo-Santos J, Cayuela A, Rodriguez C, Barron M, Martin JJ, Monreal M; 
Registro Informatizado de la Enfermedad Tromboembolica (RIETE) Investigators. 
Haemodynamically unstable pulmonary embolism in the RIETE Registry: systolic 
blood pressure or shock index? Eur Respir J 2007; 30: 1111-1116. 

Perrier A, Roy PM, Sanchez O et al. Multidetector-row computed tomography in suspected 
pulmonary embolism. N Eng J Med 2005; 352: 1760-1768. 

Pruszczyk P, Bochowicz A, Kostrubiec M et al. Myoglobin stratifies short-term risk in acute 
4 major pulmonary embolism. Clin Chim Acta 2003; 338: 53-56. 

Puls M, Dellas C, Lankeit M et al. Heart-type fatty acid-binding protein permits early risk 
stratification of pulmonary embolism. Eur Heart J 2007; 28: 224-229. 

Qanadli SD, El Hajjam M, Viellard-Baron A et al. New CT index to quantify arterial 
obstruction in pulmonary embolism: comparison with angiographic index and 
echocardiography. AJR 2001; 176: 1415-1420. 

Quinlan DJ, McQuillan A, Eikelboom JW. Low-molecular-weight heparin compared with 
intravenous unfractionated heparin for treatment of pulmonary embolism: a meta-
analysis of randomized, controlled trials. Ann Intern Med 2004; 140: 175-183. 

Righini M, Le Gal G, Aujeski D et al. Diagnosis of pulmonary embolism by multidetector CT 
alone or combined with venous ultrasonography of the leg: a randomized non-
inferiority trial. Lancet 2008; 371: 1343-1352. 

Sanchez O, Trinquart L, Caille V et al. Prognostic factors for pulmonary embolism. The prep 
study, a prospective multicenter cohort study. Am J Respir Crit Care Med 2010; 
181: 168-173. 

Sanchez O, Trinquart L, Colombet I et al. Prognostic value of right ventricular dysfunction 
in patients with haemodynamically stable pulmonary embolism: a systematic 
review. Eur Heart J 2008; 29: 1569-1577. 

Santolicandro A, Prediletto R, Fornai E et al. Mechanisms of hypoxemia and hypocapnia in 
pulmonary embolism. Am J Respir Crit Care Med 1995;152:336-347. 

Schoepf UJ, Castello P. CT angiography for diagnosis of pulmonary embolism: state of the 
art. Radiology 2004; 230: 329-337. 

Schoepf UJ, Kucher N, Kipfmueller F, Quiroz R, Costello P, Goldhaber SZ. Right ventricular 
28 enlargement on chest computed tomography: a predictor of early death in acute 
29 pulmonary embolism. Circulation 2004; 110: 3276-3280. 

Silverstein MD, Heit JA, Mohr DN et al. Trends in the incidence of deep vein thrombosis 
and pulmonary embolism: a 25-year population-based study. Arch Intern Med 
1998; 158: 585-593. 

Spencer FA, Emery C, Lessard D et al. The Worchester Venous Thromboembolism Study. A 
population-based study of the clinical epidemiology of venous thromboembolism. J 
Gen Intern Med 2006; 21: 722-727. 

Stein PD, Beemath A, Matta F et al. Enlarged right ventricle without shock in acute 
pulmonary embolism: prognosis. Am J Med 2008; 121: 34-42. 

Stein PD, Patel KC, Kalra NK et al. Estimated incidence of acute pulmonary embolism in a 
community/teaching general hospital. Chest 2002; 121: 802-805. 

Stein PD, Woodard PK, Weg JG et al. Diagnostic pathways in acute pulmonary embolism: 
recommendations of the PIOPED II investigators. Am J Med. 2006 119:1048-1055. 

Sostman HD, Miniati M, Gottschalk A, Matta F, Stein PD, Pistolesi M. Sensitivity and 
specificity of perfusion scintigraphy combined with chest radiography for acute 
pulmonary embolism in PIOPED II. J Nucl Med 2008; 49:1741-1748. 

Tapson VF. Acute pulmonary embolism. N Eng J Med 2008; 358: 1037-1052 
Tardy B, Venet C, Zeni F, Coudrot M, Guyomarc'h S, Mismetti P. Short term effect of 

recombinant tissue plasminogen activator in patients with haemodynamically 
stable acute pulmonary embolism: results of a meta-analysis involving 464 patients. 
Thromb Res 2009; 124: 672-677. 

Te Hsu J, Ming Chu C, Tai Chang S et al. Prognostic value of arterial/alveolar oxygen 
tension ratio (a/APO2) in acute pulmonary embolism. Circulation J 2007; 71: 1560-
1566. 

Toosi MS, Merlino JD, Leeper KV. Electrocardiographic score and short term outcomes of 
acute pulmonary embolism. Am J Cardiol 2007; 100: 1172-1176. 

Toosi MS, Merlino JD, Leeper KV. Prognostic value of the shock index along with 
thransthoracic echocardiography in risk stratification of patients with pulmonary 
embolism. Am J Cardiol 2008; 101: 700-705. 

Torbicki A, Perrier A, Konstantinides S et al. Guidelines on the diagnosis and management 
of acute pulmonary embolism of the European Society of Cardiology. Eur Heart J 
2008; 29: 2276-2315. 

van der Meer RW, Pattynama PM, van Strijen MJ et al. Right Ventricular Dysfunction and 
Pulmonary Obstruction Index at Helical CT: Prediction of Clinical Outcome during 
3-month Follow-up in Patients with Acute Pulmonary Embolism. Radiology 2005; 
235: 798-803. 

Vanni S, Polidori G, Vergara R et al. Prognostic value of ECG among patients with acute 
pulmonary embolism and normal blood pressure. Am J Med 2009; 122: 257-264. 

Vieillard-Baron A, Page B, Augarde R, Prin S, Qanadli S, Beauchet A, Dubourg O, Jardin F. 
Acute cor pulmonale in massive pulmonary embolism: incidence, 
echocardiographic pattern, clinical implications and recovery rate. Intensive Care 
Med 2001; 27:1481-6 

Vuilleumier N, Le Gal G, Cornily JC et al. Is NT-proBNP superior to clinical scores for risk 
stratification in non-massive pulmonary embolism? J Thromb Haemost 2010; mar 
31: epub ahead of print 

Vuilleumier N, Le Gal G, Verschuren F et al. Cardiac biomarkers for risk stratification in 
non-massive pulmonary embolism: a multicenter prospective study. J Thromb 
Haemost 2009; 7: 391-398. 

www.intechopen.com



Risk management in acute pulmonary embolism 171

Maziere F, Birolleau S, Medimagh S et al. Comparison of troponin I and N-terminal-pro B-
type natriuretic peptide for risk stratification in patients with pulmonary embolism. 
Eur J Emerg Med 2007; 14: 207-211. 

Melzer C, Richter C, Rogalla P et al. Tenecteplase for the treatment of massive and 
submassive pulmonary embolism. J Thromb Thrombolysis 2004; 18: 47-50. 

Miniati M, Monti S, Bottai M. Survival and restoration of pulmonary perfusion in a long-
term follow-up of patients after acute pulmonary embolism. Medicine 2006; 85: 253-
262. 

Moores L, Aujeski D, Jimenez D et al. Pulmonary embolism severity index and troponin 
testing for the selection of low risk patients with acute symptomatic pulmonary 
embolism. J Thromb Haemost 2010; 8: 517-522. 

Nordhenolz K, Ryan J, Atwood B, Heard K. Pulmonary embolism risk stratification. Pulse 
oximetry and pulmonary embolism severity index. J Emerg Med 2009; sep 16: epub 
ahead of print 

Otero R, Trujillo-Santos J, Cayuela A, Rodriguez C, Barron M, Martin JJ, Monreal M; 
Registro Informatizado de la Enfermedad Tromboembolica (RIETE) Investigators. 
Haemodynamically unstable pulmonary embolism in the RIETE Registry: systolic 
blood pressure or shock index? Eur Respir J 2007; 30: 1111-1116. 

Perrier A, Roy PM, Sanchez O et al. Multidetector-row computed tomography in suspected 
pulmonary embolism. N Eng J Med 2005; 352: 1760-1768. 

Pruszczyk P, Bochowicz A, Kostrubiec M et al. Myoglobin stratifies short-term risk in acute 
4 major pulmonary embolism. Clin Chim Acta 2003; 338: 53-56. 

Puls M, Dellas C, Lankeit M et al. Heart-type fatty acid-binding protein permits early risk 
stratification of pulmonary embolism. Eur Heart J 2007; 28: 224-229. 

Qanadli SD, El Hajjam M, Viellard-Baron A et al. New CT index to quantify arterial 
obstruction in pulmonary embolism: comparison with angiographic index and 
echocardiography. AJR 2001; 176: 1415-1420. 

Quinlan DJ, McQuillan A, Eikelboom JW. Low-molecular-weight heparin compared with 
intravenous unfractionated heparin for treatment of pulmonary embolism: a meta-
analysis of randomized, controlled trials. Ann Intern Med 2004; 140: 175-183. 

Righini M, Le Gal G, Aujeski D et al. Diagnosis of pulmonary embolism by multidetector CT 
alone or combined with venous ultrasonography of the leg: a randomized non-
inferiority trial. Lancet 2008; 371: 1343-1352. 

Sanchez O, Trinquart L, Caille V et al. Prognostic factors for pulmonary embolism. The prep 
study, a prospective multicenter cohort study. Am J Respir Crit Care Med 2010; 
181: 168-173. 

Sanchez O, Trinquart L, Colombet I et al. Prognostic value of right ventricular dysfunction 
in patients with haemodynamically stable pulmonary embolism: a systematic 
review. Eur Heart J 2008; 29: 1569-1577. 

Santolicandro A, Prediletto R, Fornai E et al. Mechanisms of hypoxemia and hypocapnia in 
pulmonary embolism. Am J Respir Crit Care Med 1995;152:336-347. 

Schoepf UJ, Castello P. CT angiography for diagnosis of pulmonary embolism: state of the 
art. Radiology 2004; 230: 329-337. 

Schoepf UJ, Kucher N, Kipfmueller F, Quiroz R, Costello P, Goldhaber SZ. Right ventricular 
28 enlargement on chest computed tomography: a predictor of early death in acute 
29 pulmonary embolism. Circulation 2004; 110: 3276-3280. 

Silverstein MD, Heit JA, Mohr DN et al. Trends in the incidence of deep vein thrombosis 
and pulmonary embolism: a 25-year population-based study. Arch Intern Med 
1998; 158: 585-593. 

Spencer FA, Emery C, Lessard D et al. The Worchester Venous Thromboembolism Study. A 
population-based study of the clinical epidemiology of venous thromboembolism. J 
Gen Intern Med 2006; 21: 722-727. 

Stein PD, Beemath A, Matta F et al. Enlarged right ventricle without shock in acute 
pulmonary embolism: prognosis. Am J Med 2008; 121: 34-42. 

Stein PD, Patel KC, Kalra NK et al. Estimated incidence of acute pulmonary embolism in a 
community/teaching general hospital. Chest 2002; 121: 802-805. 

Stein PD, Woodard PK, Weg JG et al. Diagnostic pathways in acute pulmonary embolism: 
recommendations of the PIOPED II investigators. Am J Med. 2006 119:1048-1055. 

Sostman HD, Miniati M, Gottschalk A, Matta F, Stein PD, Pistolesi M. Sensitivity and 
specificity of perfusion scintigraphy combined with chest radiography for acute 
pulmonary embolism in PIOPED II. J Nucl Med 2008; 49:1741-1748. 

Tapson VF. Acute pulmonary embolism. N Eng J Med 2008; 358: 1037-1052 
Tardy B, Venet C, Zeni F, Coudrot M, Guyomarc'h S, Mismetti P. Short term effect of 

recombinant tissue plasminogen activator in patients with haemodynamically 
stable acute pulmonary embolism: results of a meta-analysis involving 464 patients. 
Thromb Res 2009; 124: 672-677. 

Te Hsu J, Ming Chu C, Tai Chang S et al. Prognostic value of arterial/alveolar oxygen 
tension ratio (a/APO2) in acute pulmonary embolism. Circulation J 2007; 71: 1560-
1566. 

Toosi MS, Merlino JD, Leeper KV. Electrocardiographic score and short term outcomes of 
acute pulmonary embolism. Am J Cardiol 2007; 100: 1172-1176. 

Toosi MS, Merlino JD, Leeper KV. Prognostic value of the shock index along with 
thransthoracic echocardiography in risk stratification of patients with pulmonary 
embolism. Am J Cardiol 2008; 101: 700-705. 

Torbicki A, Perrier A, Konstantinides S et al. Guidelines on the diagnosis and management 
of acute pulmonary embolism of the European Society of Cardiology. Eur Heart J 
2008; 29: 2276-2315. 

van der Meer RW, Pattynama PM, van Strijen MJ et al. Right Ventricular Dysfunction and 
Pulmonary Obstruction Index at Helical CT: Prediction of Clinical Outcome during 
3-month Follow-up in Patients with Acute Pulmonary Embolism. Radiology 2005; 
235: 798-803. 

Vanni S, Polidori G, Vergara R et al. Prognostic value of ECG among patients with acute 
pulmonary embolism and normal blood pressure. Am J Med 2009; 122: 257-264. 

Vieillard-Baron A, Page B, Augarde R, Prin S, Qanadli S, Beauchet A, Dubourg O, Jardin F. 
Acute cor pulmonale in massive pulmonary embolism: incidence, 
echocardiographic pattern, clinical implications and recovery rate. Intensive Care 
Med 2001; 27:1481-6 

Vuilleumier N, Le Gal G, Cornily JC et al. Is NT-proBNP superior to clinical scores for risk 
stratification in non-massive pulmonary embolism? J Thromb Haemost 2010; mar 
31: epub ahead of print 

Vuilleumier N, Le Gal G, Verschuren F et al. Cardiac biomarkers for risk stratification in 
non-massive pulmonary embolism: a multicenter prospective study. J Thromb 
Haemost 2009; 7: 391-398. 

www.intechopen.com



Advances in Risk Management172

Vuilleumier N, Legal G, Cornily JC et al. Is NT-proBNP superior to Clinical Scores for risk 
stratification in non-massive pulmonary embolism? J Thromb Haemost 2010; mar 
31: epub ahead of print. 

Vuilleumier N, Perrier A, Sanchez JC et al. Cardiac biomarkers levels predict pulmonary 
embolism extent on chest computed tomography and prognosis in non-massive 
pulmonary embolism. Thromb Haemost 2009; 101: 1176-1178. 

Wan S, Quinlan DJ, Agnelli G, Eikelboom JW. Thrombolysis compared with heparin for the 
initial treatment of pulmonary embolism: a meta-analysis of the randomized 
controlled trials. Circulation 2004; 110: 744-749. 

Wells PS, Ginsberg JS, Anderson DR et al. Use of a clinical model for safe management of 
patients with suspected pulmonary embolism. Arch Intern Med 1998; 129: 997-1005. 

White RH. The epidemiology of venous thromboembolism. Circulation 2003; 107 (Suppl 1): 
I4-8. 

Wicki J, Perrier A, Perneger TV et al. Predicting adverse outcome in patients with acute 
pulmonary embolism: a risk score. Thromb Haemost 2000; 84: 548-552. 

Wicki J, Perneger TV, Junod AF, Bounameaux H, Perrier A. Assessing clinical probability of 
pulmonary embolism in the emergency ward. Arch Intern Med 2001; 161: 92-97. 

Wood KE. Major pulmonary embolism. Review of a pathophysiologic approach to the 
golden hour of hemodinamically significant pulmonary embolism. Chest 2002; 121; 
877-905. 

Writing Group for Christopher Study Investigators. Effectiveness of managing suspected 
pulmonary embolism using an algorithm combining clinical probability, D-dimer 
testing, and computer tomography. JAMA 2006; 295: 172-179 

Wu AS, Pezzullo JA, Cronan JJ, Hou DD, Mayo-Smith WW. CT pulmonary angiography: 
quantification of pulmonary embolus as a predictor of patient outcome-initial 
experience. Radiology 2004; 230: 831-835. 

www.clinicaltrials.gov PEITHO Pulmonary embolism thrombolysis trial. NCT00639743.  
www.clinicaltrials.gov. Safety Study of Outpatient Treatment for Pulmonary Embolism 

(OTPE). NCT00425542 
Janjua M, Badshah A, Matta F, Danescu LG, Yaekoub AY, Stein PD. Treatment of acute 

pulmonary embolism as outpatients or following early discharge. Throm Haemost 
2008; 100: 756-761. 

www.intechopen.com



Advances in Risk Management

Edited by Giancarlo Nota

ISBN 978-953-307-138-1

Hard cover, 270 pages

Publisher Sciyo

Published online 17, August, 2010

Published in print edition August, 2010

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

Risk management is an important part of governance sciences and has applications in several domains

ranging from enterprise risk management to environmental surveillance. The ideas and approaches described

in the book deal with general aspects of risk management as well as the peculiarities arising from given

application domains. With contributions from researchers and practitioners in different fields, Advances in Risk

Management will provide you with valuable insights into the evolution of models, methodologies and

technologies necessary for an effective implementation of risk management systems.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Luca Masotti and Roberto Cappelli (2010). Risk Management in Acute Pulmonary Embolism, Advances in Risk

Management, Giancarlo Nota (Ed.), ISBN: 978-953-307-138-1, InTech, Available from:

http://www.intechopen.com/books/advances-in-risk-management/risk-management-in-acute-pulmonary-

embolism



© 2010 The Author(s). Licensee IntechOpen. This chapter is distributed

under the terms of the Creative Commons Attribution-NonCommercial-

ShareAlike-3.0 License, which permits use, distribution and reproduction for

non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same

license.


