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INTRODUCTION

Pulmonary embolism (PE) is one of the leading cardiovas-
cular causes of morbidity and mortality in patients sur-
viving an acute coronary syndrome or stroke, and a large 
number of these patients die even before the diagnosis, 
due to the ambiguous forms of clinical presentation and 
lack of highly specific signs and symptoms.1,2 An impor-
tant percent of these patients remains undiagnosed until 
the chronic phase of the disease, when pulmonary hyper-
tension is installed, or in other cases, during autopsy.3,4 
Large registry studies show that approximately 10% of PE 
patients die during the first three months after diagno-
sis.5,6 The early recognition and treatment of PE is essen-
tial, as many studies demonstrated that mortality rates 
drop significantly if adequate therapy is administered 
from the early stages.7 

Echocardiography has become a cheap, helpful, and 
widely available method for the assessment of patients 

presenting with clinical suspicion for PE. Biomarkers such 
as D-dimers are useful for the exclusion of PE in low- and 
intermediate-risk patients, but current guidelines do not 
recommend it for the confirmation of the diagnosis. Com-
puted tomography (CT) represents the method of choice 
for a positive diagnosis in intermediate and high pre-test 
probability risk patients.8,9 

The clinical setting of PE patients is also an impor-
tant factor for both short- and long-term survival. The 
30-day mortality rates vary from 1% to over 50%, mainly 
depending on the baseline clinical characteristics of the 
patients.10 Those presenting in the emergency department 
(ED) with hemodynamic instability, right ventricular dys-
function, or necessitating cardiopulmonary resuscitation 
have mortality rates up to 70–80% in the acute phase.11 
These parameters, along with altered left ventricular 
function, older age, higher body weight, and associated 
pulmonary and renal comorbidities, are also predictors 
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for higher long-term mortality rates.11 The widespread use 
noninvasive diagnostic tools in the ED have led to better 
accuracy in the identification of even lower risk patients. 
The aim of this update is to summarize the various pat-
terns of PE presentations in the ED.

PE in the emergency department 

The diagnosis of PE can be a very challenging task in the 
ED due to the diverse, common, and unspecific symptoms. 
The assessment of the large number of patients present-
ing with chest pain and dyspnea in the ED has to be accu-
rate and cost-effective. McCaig et al. assert that approxi-
mately 15% of all ED patients would be screened for PE if 
every patient complaining of chest pain and shortness of 
breath would be tested.12 In severe cases, patients pres-
ent to the ED with severe hypotension, tachyarrhythmia, 
or after an episode of cardiac arrest and cardiopulmonary 
resuscitation. All known risk factors, such as deep vein 
thrombosis, cancer, recent surgery, and immobilization, 
should be quickly evaluated in patients withsuspicion of 
PE, as delayed diagnosis in the ED is associated with worse 
outcomes.13 The validated clinical probability scores and 
biomarkers help the ED physician to select the proper pa-
tient category who should undergo further investigations, 
as undiagnosed PE leads to high mortality rates, and un-
necessary examinations create high costs and a possibly 
faulty diagnosis.14–16 

The triple-rule-out CT (TRO CT) is a new, emerging 
noninvasive diagnostic technique that is suitable to ex-
clude the three most common, possibly life-threatening 
vascular conditions, namely acute coronary syndromes 
(ACS), aortic dissection, and PE, using decreased amount 
of radiation. It is an appropriate and cost-effective diag-
nostic tool for patients who present with chest pain in the 
ED and have low-to-intermediate risk for ACS.17–20 In a 
study which included 1,024 patients who presented to the 
ED for chest pain, Chae et al. demonstrated that TRO CT is 
a useful tool for an efficient triage of these patients and 
has a good predictive value for 30-day major adverse car-
diovascular events (MACE), regardless of clinical scores.21 
Further clinical studies are required for the validation of 
this method. 

Clinical probability and 
risk stratification

Although the common symptoms and signs in PE are lim-
ited in sensitivity and specificity, clinical judgment, aided 
by the use of prediction scores, can provide a distribu-

tion of patients with suspected PE into specific catego-
ries of probability.22 Through these scores, the algorithm 
sequence of predicting diagnosis will be based on binary 
decisions, thus inappropriate variance of clinical decision 
will be confined.22 

The sequence of diagnostic work-up consist of ap-
plying pre-test probability rules, which are necessary in 
determining whether further invasive or noninvasive in-
vestigations are needed. There are several pre-test scores 
being used, either to rule-in or to rule-out PE diagnosis. 
The most applied validated pre-test scores are: the Ge-
neva score with two derived models, the Wells score, the 
PISA models, the Charcotte model, the PESI scores, and 
the Gestalt model. 

The original Geneva model (Wicki criteria) of risk strat-
ification is based on assessment at the time of presenta-
tion. Similar to original Geneva score are the revised Ge-
neva score and the simplified Geneva score.23 Nowadays, 
the revised Geneva Criteria are most used in determin-
ing PE probability risk.24 Patients presenting a total score 
equal or less than 2 points are considered unlikely to have 
PE.25

Another widely used probability risk score of PE is the 
Wells score, which was introduced in 1995 as a clini-
cal prediction rule, then it was revised multiple times by 
modifying the cut-off value. It uses a cut-off value of 4, 
thus dividing patients into two categories, those with up 
to 4 points are unlikely to have PE, and those with more 
than 4 points are likely to have a current PE.26 

A study conducted by El Wahsh et al., comparing differ-
ent validated predicting scores of PE, showed that among 
the most used scores the PISA model is the most accurate, 
capable of better negative prediction and better determi-
nation of positive prediction.27 According to the resulting 
percentage of probability, the patients’ risk could be di-
vided as follows: up to 10% low risk of PE, between 10% 
and 50% intermediate risk of PE, 51% to 80% moderately 
high risk, and between 81% and 100% high risk of current 
PE.28 

A meta-analysis comparing the 52 most important 
studies based on applying the most reliable risk scores in 
predicting PE, reveals that the Geneva score has the best 
sensitivity, while the revised Geneva model, the Wells 
score, and the Gestalt score have the most accurate speci-
ficity. These two important predicting scores of PE were 
analyzed as well in terms of failure rate, and the results 
showed that it is 0%. The same meta-analysis compared 
the efficacy of each predicting score associated with as-
sessment of D-dimer value, and the results showed that 
the Wells score associated with D-dimer value lacked in 
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efficiency, while the Gestalt model associated with D-di-
mer was highly efficient.29

In order to assess the mortality and the adverse medical 
events in PE patients, the Pulmonary Embolism Severity 
Index (PESI) and the simplified PESI (sPESI) were intro-
duced and validated.30 The PESI stratifies patients in five 
risk classes corresponding to the 30-day mortality rate. 
The sPESI includes only 6 clinical factors, namely age over 
80 years, malignancy, chronic cardiopulmonary disease, 
heart rate >110 bpm, systolic blood pressure <100 mm Hg, 
and SaO2 <90%. If one of these parameters is present, a 
high risk of 30-day mortality and adverse events is as-
sociated.31 Current guidelines recommend the assessment 
of the PESI score at hospital admission and initiation of 
thrombolytic therapy.31 

Syncope in PE

Until recently, syncope was considered an uncommon 
clinical presentation for PE, and current guidelines and 
recommendations do not focus enough on the consider-
ation and work-up of PE for these patients. However, in a 
recent, highly cited publication, Prandoni et al. identified 
a much higher prevalence (17.3%) of PE in patients pre-
senting in the ED for a first episode of syncope.32 Based on 
Prandoni’s results, Oqab et al. performed a meta-analysis 
which included 6,608 patients from ED and found sig-
nificantly lower prevalence of PE (p <0.0001) in the same 
category of patients.33 In a recent paper published by Fri-
zell et al., the results of the Prandoni study are also con-
tested, as only 1.4% of patients were identified with PE 
from a total number of 348 of patients presenting with 
syncope in the ED.34 These controverting results suggest 
the need of further investigations for the determination 
of the prevalence of PE in patients presenting with syn-
cope in the ED. 

Unusual presentations of 
PE in our experience

Unusual presentations of PE can be frequently encoun-
tered in the ED. We report, for instance, the case of a pa-
tient with massive PE presenting to the emergency room 
for sudden onset of an atrial fibrillation (AF) episode. A 
48-year-old male was admitted to our ED accusing re-
cent onset dyspnea at mild exertion and palpitations. No 
significant family history was recorded. The patient suf-
fered from deep vein thrombosis of the left inferior limb 
in the past, without other known diseases. The patient’s 
blood pressure was 140/100 mmHg with a heart rate of 

100 bpm, and no significant ECG changes were recorded. 
Cardiac ultrasound revealed a dilated right ventricle with 
an increased pulmonary pressure (55 mmHg), with sig-
nificant tricuspid regurgitation and an intracardiac hy-
perechogenic mobile mass of 13/10 mm, localized in the 
right atrium and adherent to the intertribal septum, and 
a similar hyperechogenic mass in the right ventricle. A 
chest CT was performed, which showed bilateral massive 
pulmonary embolism. Considering the history of the pa-
tient and the multiple thrombotic events, aPL and anti-
cardiolipin antibodies were determined and turned out to 
be positive, and the underlying cause of the PE proved to 
be antiphospholipid syndrome (APLS). 

In order to investigate the cause of the thrombotic 
events which lead to PE, it is important to consider other 
rare conditions in patients with unclear clinical presen-
tation. Literature data shows that the acquired hyperco-
agulability status emphasized by a thrombotic event can 
be caused by APLS with an incidence of up to 2% in the 
general population and can consist in a hypercoagulability 
state with high implications in the cardiovascular system, 
with a 5-year mortality rate of 5.3%.35–39 These patients 
are at high risk of developing arterial or venous throm-
bosis, intracardiac thrombus, pulmonary hypertension, 
coronary artery diseases, valvular disease, and stroke, and 
also can determine fetal loss.40,41 

The association between atrial fibrillation and PE is still 
highly debated and still understudied. Gex et al. suggest 
that AF increases the probability of PE in patients with 
chest pain and in a recent meta-analysis Bikdeli et al. state 
a strong relationship between AF and PE, which needs 
further studies for elucidation.42,43 

Conclusions

PE can have various clinical presentations at the ED, 
starting from mild asymptomatic cases to more classi-
cal symptoms such as dyspnea and chest pain, or severe 
forms with malignant arrhythmias and cardiac arrest. It is 
also important to take into consideration atypical forms, 
such as atrial fibrillation or syncope, for an as low as pos-
sible rate of missed diagnosis and better short- and long-
term outcomes. Clinical probability and risk stratification 
scores along with modern imagistic techniques help the 
ED physician for a quick and proper diagnosis of these pa-
tients.
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