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(Abstract )
Pulmonary embolism is a relatively common acute cardiovascular disorder with high early mortality rates. Prolonged
immobility, advanced age, postoperative period, post-infarction period, heart failure, obesity and pregnancy are
common risk factors for thromboembolic disease via venous stasis. The pathophysiology and clinical manifestations
of pulmonary embolism based upon four main factors such as a) the extent of occlusion of the vascular tree and the
size of the emboli; b) the patient’s pre-existing cardiopulmonary condition; c) chemical vasoconstriction due to the
secretion of serotonin and thromboxane from platelets that adhere to the embolus, as well as to fibropeptide B, which
is a product of fibrinogen breakdown; and d) the reflex vasoconstriction that is likely to occur as a consequence of
pulmonary artery dilatation. The cornerstone therapy for pulmonary embolism is prevention of new embolic episodes
with anticoagulant treatment or a filter in the inferior vena cava, since it has been resulted that the majority of patients
do not die from the embolism that leads to diagnosis, but to the continuing deterioration of their condition due to new
emboli. Anticoagulant therapy can be classified into two overlapping phases. The first is treatment of the presenting
episode of pulmonary embolism, which takes about three months. The second, which is optional, is extended therapy
designed to inhibit new episodes of venous thromboembolism. Standard primary therapy is with subcutaneous low

\_

molecular weight heparin, fondaparinux, or unfractionated heparin, or intravenous unfractionated heparin.
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Introduction

Pulmonary embolism (PE) is a relatively common acute car-
diovascular disorder with high early mortality rates [1]. PE is
a dramatic and life-threatening complication of deep venous
thrombosis (DVT). Pulmonary embolism (PE) is the third great-
est cause of mortality from cardiovascular disease, after myo-
cardial infarction and cerebrovascular stroke [2]. Pulmonary
embolism (PE) is an emergency condition in which a fragment
of a thrombus travels through the venous system to the lungs
via the right ventricle. Due to pulmonary bed obstruction, PE
can result in acute right ventricular failure, a life-threatening
condition because most patients eventually die within the first
hours of presentation, and early diagnosis is of paramount im-
portance [3]. Pulmonary embolism covers a broad variety of
clinical conditions, which range from asymptomatic, coinciden-
tally revealed subsegmental thrombus found on chest computed
tomographic (CT) scan to pressure-dependent PE complicated
by multisystem organ failure and cardiogenic shock. Pulmonary
thromboembolism is a serious cardiovascular disease, causing
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a considerable level of morbidity and mortality. Hemodynamic
status, concomitant comorbidities, and dysfunction of the right
ventricle are predictors of short-term mortality. Indeed, 30-day
mortality rates in patients stratified by the European Society of
Cardiology (ESC) classification into high, intermediate-high,
and intermediate-low risk groups were resulted to be 22%, 7.7%,
and 6.0%, respectively [4]. Pulmonary embolism is a leading
cause of death in the general population and its incidence rises
with age, and patients aged more than 65 years constitute nearly
60% of these cases. Three professional society statements from
the American Heart Association, American College of Chest
Physicians, and European Society of Cardiology encapsulate
contemporary thinking and principles of risk stratification for
PE, primarily based on hemodynamic consequences and right
ventricular dysfunction. Patients with acute PE perhaps present
on a spectrum from sudden cardiac arrest or death at one ex-
treme to incidental clots without hemodynamic insult or cardio-
pulmonary dysfunction [5].
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Risk factors

The classical triad of risk factors for the occurrence of throm-
boembolic disease proposed by Virchow in 1856 such as local
injury to the vascular wall, increased coagulability, and circula-
tory stasis can explain PE. Prolonged immobility, advanced age,
postoperative period, post-infarction period, heart failure, obesi-
ty and pregnancy are common risk factors for thromboembolic
disease via venous stasis. Events such as local trauma, vasculitis
and previous thrombosis cause injury to the endothelium of the
venous wall. Polycythemia, contraceptive pills, as well as malig-
nant cancers, and particularly adenocarcinomas, are associated
with coagulability disorders and an elevated risk of DVT and PE
[6,7]. Major risk factors for pulmonary embolism are idiopathic,
primary, and unprovoked involves no apparent cause, old age
(>65 years), prolong-haul travel, associated with thrombophil-
ia (eg, factor V Leiden or prothrombin gene mutation), obesity,
cigarette smoking, hypertension, metabolic syndrome, air pollu-
tion and secondary and provoked includes immobilization, post-
operative, trauma, oral contraceptives, pregnancy, postmeno-
pausal hormonal replacement, cancer and acute medical illness
(eg, pneumonia, congestive heart failure) [8].

Pathophysiology of pulmonary embolism

The pathophysiology and clinical manifestations of PE based
upon four main factors such as a) the extent of occlusion of the
vascular tree and the size of the emboli; b) the patient’s pre-ex-
isting cardiopulmonary condition; ¢) chemical vasoconstriction
due to the secretion of serotonin and thromboxane from platelets
that adhere to the embolus, as well as to fibropeptide B, which
is a product of fibrinogen breakdown; and d) the reflex vasocon-
striction that is probably to occur as a consequence of pulmo-
nary artery dilatation [9]. The contribution of reflex and humoral
pulmonary vasoconstriction observed in an experimental setting
is not considered to be relevant in clinical practice. The acute-
ly developing pulmonary hypertension in PE leads to elevate in
RV afterload, morphologically presenting as right ventricular
dilation and may ultimately cause right-heart failure. Once pul-
monary vascular resistance has risen to a level that the RV is
unable to tolerate, PE can result in sudden death through pulse-
less electrical activity (formerly electromechanical dissociation)
or a systole. A less sudden drop in RV cardiac output results in
reducing left ventricular (LV) filling, deteriorated diastolic LV
function due to RV dilation (ventricular interdependence) and
inter ventricular septal bulging. These events can lead to a fall
in blood pressure and present as syncope, hypotension or car-
diogenic shock. RV overload and reduction in coronary flow
secondary to high RV pressure in the presence of massive PE
can lead to subendocardial RV ischemia or infarction, with a
potential contribution of coronary atherosclerosis. Patients sur-
viving the primary episode of right-heart failure advance com-
pensatory mechanisms via activation of the sympathetic nervous
system. Inotropic and chronotropic stimulation, together with
the Frank-Starling mechanism, results in the development of
pulmonary hypertension crucial for maintaining pulmonary ar-

tery flow and, hence, systemic circulation. Together with sys-
temic vasoconstriction, these mechanisms can preserve systemic
blood pressure and organ function. It is believed that the RV of
a healthy man exposed to acute overload will not generate more
than 40 mmHg of mean pulmonary artery pressure [10, 11]. Ox-
idative stress upholds an essential role in the pathophysiologic
mechanism of various diseases. Levels of uric acid (UA), the
ultimate oxidation product of purine metabolism, arise in con-
ditions of injured oxidative metabolism, namely cardiovascular
disease, idiopathic pulmonary arterial hypertension, chronic
thromboembolic pulmonary hypertension, metabolic syndrome,
diabetes mellitus and obesity sleep apnea syndrome (OSAS).
Hyperuricemia has been associated with elevated mortality and
is considered as an independent predictor of death in patients at
high risk of cardiovascular disease. High serum UA levels have
long been known to indicate poor prognosis in certain acute dis-
eases [12].

Diagnostic procedure

Pulmonary embolism was diagnosed, based on the presence
of positive computerized pulmonary angiography findings, as
complete or partial filling defect in the main, lobar, segmental or
sub-segmental branches of the pulmonary tree [13]. The clinical
diagnosis of pulmonary embolism is difficult, especially when
there is coexisting heart or lung disease, and it is notoriously
inaccurate when depending on clinical signs alone. About two
thirds patients who present with suspected pulmonary embolism
do not have these conditions. Very rarely, pulmonary embolism
presents in such a dramatic fashion that the diagnosis is intui-
tively known and treatment will be started, but the usual pre-
sentation is often vague and variable in severity, so that further
testing is necessary to establish or exclude the diagnosis. Diag-
nostic evaluation is best carried out by first attempting to identi-
fy a provable alternative diagnosis that can explain the patient’s
symptoms [14].

Clinical pre-test probability

Diagnosis of pulmonary embolism starts with an assessment of
clinical pre-test probability. This is depending on assessment of
whether symptoms and signs are typical for pulmonary embo-
lism, if there are risk factors for pulmonary embolism, if pulmo-
nary embolism is considered to be the most probably diagnosis,
and if there is evidence of deep vein thrombosis. Clinical pre-test
probability (CPTP) assessment is facilitated by use of a clinical
prediction rule, of which the Wells score is most broadly used
and extensively validated. Although CPTP alone cannot diag-
nose pulmonary embolism, and generally does not exclude pul-
monary embolism, it guides the selection of diagnostic tests (for
example, a confirmatory test with high CPTP, an exclusionary
test with low CPTP) and perhaps diagnostic in combination with
these test results. Every patient for whom pulmonary embolism
is primarily considered does not need to be tested for pulmonary
embolism; a convincing alternative diagnosis may subsequently
be resulted [15].

Table 1: wells clinical pulmonary embolism model

Variables Points
Surgery or bedridden for 3 days or more during the past 4 weeks +1.5
Active cancer (patient receiving treatment for cancer within 6 months or currently receiving palliative treatment) [ +1
Hemoptysis +1
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History of deep venous thrombosis or pulmonary embolism +1.5
Pulmonary embolism judged to be the most likely diagnosis =3
Heart rate[ 100 beats/min +1.5
Clinical signs and symptoms compatible with deep venous thrombosis +3

A score of <2 indicates a low probability of pulmonary embo-
lism. A score of 2—6 indicates an intermediate probability of PE.
A score of more than 6 indicates a high probability of pulmonary
embolism.

D-dimer blood testing

D-dimer is formed when cross-linked fibrin is lysed by plasmin,
and elevated levels frequently occur with pulmonary embolism.
However, because elevations of D-dimer are nonspecific (e.g.,
elevated by aging, inflammation, cancer), an abnormal result has
a low positive predictive value. The value of D-dimer is that a
negative result can help to exclude pulmonary embolism. There
are a wide variety of D-dimer assays, some of which are not suit-
able as diagnostic tests for pulmonary embolism because they
have such poor operating characteristics (i.e., they are inaccu-
rate). D-dimer assays that have been validated as tests for pul-
monary embolism vary in their sensitivity and specificity, partly
because of differences in their accuracy and partly because of the
cutoff value they use to define normality (i.e., trade-off between
sensitivity and specificity) [16].

Computed tomographic pulmonary angiography

Computed tomographic (CT) pulmonary angiography which out-
lines thrombi in the pulmonary arteries with intravenous contrast
medium, has become the primary diagnostic test for pulmonary
embolism. Its positive predictive value varies with the extent of
pulmonary embolism and CPTP: the positive predictive value is
(a) 97% with main or lobar, 68% with segmental, but only 25%
with isolated subsegmental pulmonary artery abnormalities, and
(b) 96% with high CPTP, 92% with moderate CPTP, but only
58% with low CPTP [17].

Pulmonary angiography

Pulmonary angiography is the criterion standard for the diag-
nosis of pulmonary embolism, but it is associated with serious
side effects (e.g., mortality of about 0.5%), is technically de-
manding to perform, perhaps difficult to interpret and is costly.
It is contraindicated in patients with renal impairment and may
not be feasible in the sickest patients. For these reasons, pulmo-
nary angiography is frequently reserved for patients who have
had nondiagnostic noninvasive tests for pulmonary embolism
when it is considered unsafe to withhold anticoagulation, while
performing serial testing to detect evolving proximal deep vein
thrombosis, or when it is necessary to establish a diagnosis to
manage patients with severe symptoms. Of patients with normal
pulmonary angiograms, about 1% has an episode of symptomat-
ic venous thromboembolism during the following 6 months; this
is the standard against which the safety of withholding anticoag-
ulant therapy follows [18].

Blood gases

Arterial or venous blood sampling for blood gas analysis is a
routine laboratory test. A typical picture of acute PE is a combi-
nation of hypoxemia and hypocapnia with respiratory alkalosis
as a result of compensatory hyperventilation. Rarely, in severe
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forms of PE, hypercapnia can be present. Blood gas analyses in
PE patients enable more accurate risk stratification of an indi-
vidual patient, initially in terms of development of organ dys-
function (both current, when establishing the diagnosis, and over
time when monitoring the future course of disease and response
to therapy). Monitored parameters of organ function initially
involve the presence and development of respiratory and renal
dysfunction consistent both with the extent of PE (level of ven-
tilation-perfusion mismatch) and its impact on forward cardiac
output and potential development of low cardiac output syn-
drome. However, any blood sampling for blood gas analysis or
any cannulation for regular blood drawing should be carefully
considered because unnecessary puncture or cannulation before
thrombolysis can result not only in inconvenience but also in
fatal bleeding [19].

Echocardiography

Echocardiography, which should be available at all hours in any
intensive care unit, is recently considered in addition to physical
examination the main adjunct method of examination in acute
PE. Echocardiography offers a potential for emergency risk strat-
ification depending on evaluation of the hemodynamic impact of
the disease on the right-heart chambers while also permitting
for comprehensive non-invasive assessment of the patient’s he-
modynamic status [20]. Magnetic resonance imaging Magnetic
resonance imaging (MRI) offers both morphological and func-
tional information on lung perfusion and right heart function,
but its image quality still needs improvement to be comparable
with CT. MRI has several attractive advantages, involving the
avoidance of nephrotoxic iodinated contrast and ionizing radia-
tion, and excellent sensitivity and specificity for DVT, together
with the potential for performing lung perfusion imaging. This
technique may eventually allow simultaneous and accurate de-
tection of both DVT and pulmonary embolism. Additional data
are needed, however. A disadvantage of MRI compared to CT is
the long time (15-30 minutes) needed to perform the examina-
tion, which is not suitable for clinically unstable patients [21].

Differential diagnosis of pulmonary embolism

The below following are differential diagnosis of pulmonary
embolism: Pneumonia or bronchitis, asthma, exacerbation of
chronic obstructive pulmonary disease, myocardial infarction,
pulmonary oedema, anxiety-hysteria, aortic dissection, lung
cancer, primary pulmonary hypertension, rib fractures, pneumo-
thorax and musculoskeletal pain [22].

Treatment

The cornerstone therapy for PE is inhibition of new embolic epi-
sodes with anticoagulant treatment or a filter in the inferior vena
cava, since it has been resulted that the majority of patients do
not die from the embolism that leads to diagnosis, but to the
continuing deterioration of their condition due to new emboli
[23]. Several therapeutic implications exist for patients with pul-
monary embolism: (1) high-risk patients (who represent about
5% of all symptomatic patients, with about a 15% short-term
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mortality) should be treated aggressively with thrombolytic
medicines or surgical or catheter embolectomy; (2) low-risk pa-
tients (most patients with pulmonary embolism), with a short-
term mortality of about 1% might benefit from early discharge
or even outpatient treatment; (3) intermediaterisk patients (who
represent about 30% of all symptomatic patients) should likely
be admitted to hospital, with potential benefit of thrombolytic
treatment, pending results of ongoing clinical trials. Low-risk
and intermediate risk categories are referred to as non-massive
pulmonary embolism [24].

Supportive therapy

The patients frequently present with hypoxaemia, which re-
sponds to O2 administration, since the main pathophysiological
mechanism is V/Q disturbances. Bed rest appears to help via
two mechanisms. First, the restriction of movement decreases
the likelihood of thrombus detachment from its peripheral loca-
tion; second, it lowers O2 consumption (VO2) and therefore the
need for accelerated cardiac output [25]. Noradrenaline perhaps
used in severe cases, since by initiating peripheral vasospasm
it can enhance the pressure in the aorta and the flow to the cor-
onary vessels (ameliorating right heart ischaemia), without af-
fecting right ventricular afterload. Other inotropic drugs (dopa-
mine, dobutamine, isoproterenol and adrenaline) appear to have
no place in PE, since they enhance O2 consumption without a
corresponding improvement in cardiac output. Fluid administra-
tion is contraindicated, as further dilatation of the right ventricle
leads to accelerate in myocardial O2 consumption and greater
restriction of the left ventricle, because of the displacement of
the interventricular septum, and therefore a reduction in cardiac
output [26].

Anticoagulant therapy

Anticoagulant therapy can be classified into two overlapping
phases. The first is treatment of the presenting episode of pul-
monary embolism, which takes about three months. The sec-
ond, which is optional, is extended therapy designed to prevent
new episodes of venous thromboembolism. Standard primary
therapy is with subcutaneous low molecular weight heparin,
fondaparinux, or unfractionated heparin, or intravenous unfrac-
tionated heparin. There is no strong evidence that any one meth-
od is superior. Subcutaneous low molecular weight heparin and
fondaparinux do not require intravenous infusion or laboratory
monitoring, whereas intravenous unfractionated heparin is pre-
ferred if there is shock, severe renal impairment (low molecular
weight heparin and fondaparinux are renally excreted), throm-
bolytic therapy is being considered, or it perhaps necessary to
reverse anticoagulation rapidly. These treatments should be
overlapped with a vitamin K antagonist (such as warfarin) and
stopped after a minimum of five days provided the internation-
al normalised ratio (INR) has been above 2.0 for at least a day
[27, 28]. Heparin is the basic treatment for PE, inhibiting the
formation of new thrombi and giving time for the endogenous
fibrinolysis to take effect, dissolving older thrombi [29]. Low
molecular weight heparin can be continued long term, a treat-
ment technique that is generally preferred in patients with cancer
associated pulmonary embolism because of superior efficacy of
low molecular weight heparin, difficulty in controlling vitamin
K antagonist therapy, and greater compatibility of low molec-
ular weight heparin with chemotherapy and the need for inva-
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sive procedures [30]. The new oral anticoagulants rivaroxaban
and dabigatran (apixaban is at an earlier stage of assessment in
the treatment of venous thromboembolism) are as effective as
conventional anticoagulant therapy, do not require laboratory
monitoring, and are associated with a lower risk of intracranial
bleeding but a higher risk of gastrointestinal bleeding. Dabiga-
tran is preceded by heparin therapy, whereas rivaroxaban does
not require primary heparin therapy but requires a higher dose
for the first three weeks of treatment [31].

Antiplatelet therapy

Results from two recent placebo controlled randomised trials
support that aspirin lowers risk of recurrent venous thrombo-
embolism by about a third in patients with a first unprovoked
venous thromboembolism who have completed at least three
months of anticoagulant therapy. Therefore, if patients are not
candidates for extended anticoagulant therapy, this reduction
in recurrent venous thromboembolism can be involved in the
overall assessment of benefit to risk for indefinite aspirin therapy
[32].

Systemic thrombolysis

Benefits of systemic thrombolysis (ST) accrue from rapid re-
canalization of the pulmonary artery, with corresponding im-
provements in pulmonary pressures, RV function, ventilation/
perfusion mismatches and overall hemodynamics. Although ST
achieves these benefits more rapidly when compared with sys-
temic anticoagulation, physiological benefits of anticoagulation
(reduced pulmonary pressures and RV dilatation) are identical
within days [33]. ST has the most benefits if administered with-
in 1 to 2 days of embolism, so that the clot is not impervious
to thrombolysis (note, guidelines permit for thrombolysis <2
weeks after symptom onset) [34].

Catheter-directed fibrinolysis

Local delivery of thrombolytic agent’s catheter-directed fibrino-
lysis (CDF) has been an area of elevating interest. Navigation of
a catheter physically through an obstructive pulmonary artery
thrombus creates a channel for drug delivery and accelerates the
surface area of thrombus exposed to thrombolytic agent [35].

Embolectomy

In patients with haemodynamic instability, in which thrombol-
ysis has failed or is contraindicated (intracranial haemorrhage,
current surgery or trauma); transvenous catheter thrombectomy
is performed [36].

Conclusion

Pulmonary embolism (PE) is the third greatest cause of mortal-
ity from cardiovascular disease, after myocardial infarction and
cerebrovascular stroke. Prolonged immobility, advanced age,
postoperative period, post-infarction period, heart failure, obesi-
ty, pregnancy, and other factors, predispose for thromboembolic
disease via venous stasis. Pulmonary embolism was diagnosed,
based on the presence of positive computerized pulmonary an-
giography findings, as complete or partial filling defect in the
main, lobar, segmental or sub-segmental branches of the pulmo-
nary tree. Anticoagulant therapy can be classified into two over-
lapping phases. The first is treatment of the presenting episode of
pulmonary embolism, which takes about three months.
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