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Pulmonary thromboembolism is a very common cardiovascular disease, with a high mortality rate. This disease still
represents a great challenge both in diagnosis and treatment. The heterogeneous clinical picture, often without
pathognomonic signs and symptoms, represents a huge differential diagnostic problem even for experienced doctors. The
decisions surrounding this therapeutic regimen also represent a major dilemma in the group of patients who are
hemodynamically stable at initial presentation and have signs of right ventricular (RV) dysfunction proven by
echocardiography and positive biomarker values (pulmonary embolism of intermediate—high risk).
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1. From Diagnostic Doubts to the Correct Diagnosis of Pulmonary
Embolism

Venous thromboembolism (VTE) is the third most common cardiovascular disease (after myocardial infarction and
cerebrovascular insult), with an estimated annual incidence in epidemiological studies of 1-2 cases per 1000 people L2,
The frequency of VTE largely depends on age, gender, and associated diseases.

Most episodes of VTE are provoked by the presence of a number of risk factors, and in some episodes of VTE it is not
possible to establish a clear risk factor (unprovoked PE) El,

Major traumatic injuries, surgery, lower extremity fractures, knee or hip arthroplasty, myocardial infarction (within the
previous three months), previous VTE, as well as spinal cord injury are strong risk factors. Blood transfusions, the use
of drugs that stimulate erythropoiesis, chemotherapy, autoimmune diseases, thrombophilia (Factor V Leiden gene
mutation, activated protein C resistance, prothrombin gene mutation (G 20210 A), AT3 deficiency, protein C and S
deficiency, elevated values of lipoprotein), the presence of a central venous catheter, heart failure, stroke, the postpartum
period, as well as infections are classified as moderate risk factors . Malignant diseases comprise a well-known
predisposing factor for VTE. It has been shown that 20% of patients with VTE have an active malignant disease . It has
been shown that cancer patients have an increased risk of recurrence of PE, major bleeding, and risk of early and three-
month mortality after PE €. The use of oral contraceptives is the most common risk factor in women during the
reproductive period 4. Weak risk factors for the development of PE are older age, diabetes, hypertension, obesity,
varicose veins, pregnancy, laparoscopic surgery, immobilization for more than 3 days, and prolonged sitting . A more
recent division of risk factors for PE includes four groups: major transitory (traumas, major surgical interventions); major
persistent (malignant diseases and antiphospholipid syndrome); minor transient (oral contraceptives, pregnancy,
puerperium); minor persistent (congenital thrombophilias, autoimmune diseases). Strong transient risk factors are
responsible for approximately 20% of all VTE episodes .

The diagnosis of this sometimes insidious disease is also complicated by the fact that the specificity and sensitivity of
symptoms associated with PE is very low, so the presence or absence of any symptom is not enough to confirm or
exclude the existence of PE [&. The most common symptoms and signs of PE are dyspnea (30-88%) L1253 pleuritic
type of chest pain (from 39—-70%) B3] |eg swelling, which is suspicious for deep vein thrombosis (DVT) (24%) 4],
hemoptysis (2-11.8%) 1318l cough (9-23%) 2216l syncope (6-39%) [ERANLE] tachycardia (40%) B hypoxemia
(70%) LA and new-onset atrial fibrillation (24%) (&1,

In recent times, the tendency to reduce the unnecessary costs of testing patients with suspected PE on the one hand and
overlooking non-specific signs and symptoms of the disease on the other hand are the causes of the largest number of
missed diagnoses of PE. By standardizing algorithms for the diagnosis and treatment of patients with suspected PE, the



diagnostic accuracy of this disease has been improved 12, These diagnostic algorithms include pre-test probability
assessments for the existence of PE, the evaluation of D-dimer values as well as non-invasive radiographic techniques.
However, in clinical practice, the non-specific clinical picture of PE represents a great challenge for a diagnosis of this
disease. The initial presentation of patients with PE varies from asymptomatic cases (discovered incidentally during a
diagnostic examination to detect other diseases) to high-risk PE resulting in RV dysfunction and the subsequent
development of shock. The symptoms of the disease in PE can vary and gain in dynamics. Thus, patients initially
misdiagnosed with PE may deteriorate clinically to such an extent that re-evaluation will lead to a definitive diagnosis of
PE. On the other hand, patients who are hemodynamically unstable with cardiogenic shock may raise the suspicion of an
initially cardiac cause of such a condition.

It is recommended that in patients with a low or moderate pre-test probability for PE, D dimer values are also determined,
while in patients with a high probability, sophisticated diagnostic methods are immediately implemented 129 However,
both decreased and elevated D dimer values can lead the doctor to misdiagnose cases. Elevated D-dimer values are also
found in patients with inflammatory processes, who suffer from chronic renal failure, cancer, during pregnancy, injuries,
and surgeries [21221 patients with elevated D-dimer levels due to their low positive predictive value should undergo
further diagnostic testing to confirm and/or rule out the diagnosis of PE. Given that normal D-dimer values increase with
age, it is necessary to take the patient’s age into account when interpreting the results, which is achieved with age-
adjusted D-dimer values 23], Studies have shown that an age-adjusted D-dimer cutoff may be effective and safe in ruling
out PE compared with conventional D-dimer (500 ug/L) 2423l Elevated values of the D-dimer are physiologically present
in pregnancy (they increase in relation to the trimester of pregnancy) which can lead to a wrong diagnosis 28, Clinical
suspicion of the existence of PE and elevated D dimer values are often the reason for performing CT pulmonary
angiography and/or ventilation—perfusion scanning, which exposes both the mother and the fetus to the harmful effects of
radiation [24. In the case of negative D-dimer values combined with a low clinical probability, PE can be ruled out without
further diagnostic procedures 29, A study that analyzed data from the national collaborative study (PIOPED II) showed
that despite a low clinical probability for the presence of PE (according to the Wells score), patients had a CT-proven
embolus in the main or lobar branches of the PA 131,

Despite advances in medicine, Alonso-Martinez et al. showed that misdiagnosis occurred in 50% (95% CI 44-55) of
patients. A higher age, more days of delay and the absence of syncope or sudden-onset dyspnea were factors associated
with misdiagnosis 28], To reduce the number of missed diagnoses of PE, the YEARS rule can be used, which consists of
three items: the clinical suspicion of PE, presence of clinical signs of DVT, and the presence of hemoptysis ¥l The
Pulmonary Embolism Rule-out Criteria (PERC) score is also used, where it is possible to rule out PE in patients with a low
clinical probability who, in addition, have fulfilled all eight criteria of the PERC rule. The impossibility of its widespread use
is reflected in the fact that it can only be applied in clinical settings with a low (<5%) prevalence of PE 47, Tome van der
Hulle and colleagues showed in a prospective cohort study that D-dimer testing in combination with clinical pretest
probability assessments using the YEARS criteria or the revised Geneva score can exclude pulmonary embolism 22,

In a systematic review by Kwok Chun S and associates (analysis of 18 studies), it was shown that the most common
diagnoses with which PE is mixed are pneumonia, bronchitis, exacerbation of chronic obstructive pulmonary disease,
heart failure and acute coronary syndrome 9,

The presence of individual signs and symptoms for PE has a low sensitivity and specificity, while combining them
increases the probability that a patient suspected of PE really has this disease. The latest European recommendations for
the diagnosis of PE suggest the use of the revised Geneva score and the Wells score. Regardless of which score is used,
the expected percentage of patients with PE is about 10% in the low-probability category, 30% in the intermediate
category, and 65% in the high-probability category 4!,

Although changes in the electrocardiogram (ECG) in patients with PE are considered insufficiently specific and sensitive
for establishing a diagnosis, they can point researchers to this disease. Most often, sinus tachycardia can be registered in
the ECG (present in about 40% of patients); sign S1Q3T3 (Mc Ginn White sign—in about 10% of patients); complete or
incomplete right bundle branch block (present in about 25%; in hemodynamically unstable patients up to 30%) 8132l The
presence of right bundle branch block in the electrocardiogram in hemodynamically stable patients is often associated
with RV dysfunction compared to patients without it (15% vs. 5%, p < 0.001) B3l Right bundle branch block in patients
with PE is associated with a poor prognosis 4. Ermis et al. also found an association between presence of right axis
deviation and the severity of PE with this finding in 3% of low-risk PE, 15% of intermediate-risk PE and 28% of high-risk
PE cases (p = 0.009) 51, P pulmonale occurs in the ECG in up to 19% with acute PE. ST segment depression in leads
V1-V6 is present in about 26% of PE patients. The presence of inversion T waves in anterior leads has been reported
with variable frequency from 16% to 68% 32, The presence of atrial fibrillation in patients with PE was observed in 15% to



21% of patients 28, The Qr configuration in V1 (Weber and Phillips sign) is specific for PE but has a low prevalence (11—
19%) B4, This sign is a predictor of RV dysfunction.

Echocardiography is a non-invasive method with a huge role in the diagnosis and clinical assessment of patients with
PE. Enlargement of RV, hypokinesia of the free wall of RV and interventricular septal flattening were found in 27.4%,
26.6%, and 18.4% of patients, respectively 28l An enlarged RV with akinesia of the basal segment of the free wall
(McConnell's sign) can be seen in approximately 20% of patients with PE 28, The presence of this sign has 77%
sensitivity and 94% specificity for the diagnosis of acute PE 24, Casazza et al. demonstrated that McConnell’s sign can
also be seen in cases of RV infarction and thus cannot be considered pathognomonic for acute PE B4 The only sure
sign for the existence of PE with this method is the visualization of thrombus masses in the right heart cavities, which
occurs in 4-18% of patients with acute PE 42, Transesophageal echocardiography, when it comes to central PE, has a
sensitivity of 90-95% and a specificity of 100%. Thromboembolus is very difficult to visualize in the middle part of the left
pulmonary artery because the interposition of the left main bronchus interferes with the ultrasound beam.

Thanks to the results of The Prospective Investigation On Pulmonary Embolism Diagnosis (PIOPED) Il study, CT
pulmonary angiography (CTPA) has become the method of choice for the diagnosis of PE (sensitivity of 83% and
specificity of 96%) 131,

| 2. Risk Stratification in Patients with PE

Risk stratification in patients with acute PE is necessary to determine the initial therapeutic approach. Determining the
correct initial therapeutic regimen is very important because the risk of early mortality in normotensive patients is still high
and amounts to 2—-8%, while in patients presenting with cardiogenic shock it is up to 30%, and in the case of the need for
cardiopulmonary resuscitation, the risk of early mortality increases up to 65% 431, Initial stratification is based on clinical
symptoms and signs: hemodynamic status at initial presentation, PESI score (Pulmonary Embolism Severity Index) and
simplified PESI score (sPESI), and the presence of RV dysfunction based on transthoracic echocardiography results and
biomarker values (Troponin and BNP-a) 424l Cardiac troponin, a marker of myocardial damage, was shown to be a
significant predictor of early mortality in patients with PE, and the presence of positive troponin even in the case of low
risk, as assessed by the PESI score, indicates higher early mortality 2. RV pressure overload due to PE is associated
with increased myocardial distension causing the release of BNP and N-terminal pro BNP (NT pro BNP). Natriuretic
peptide levels reflect the severity of RV dysfunction in acute PE 48],

All patients with PE can be classified into three risk categories: low, intermediate and high. Patients who are hypotensive
(systolic blood pressure less than 90 mmHg) or in shock (systolic blood pressure less than 80 mmHg) on admission
belong to the category of patients with high-risk PE (about 5% of PE cases) 447, Such patients should be treated with
thrombolytic therapy and/or embolectomy (Figure 1).
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Figure 1. Early mortality risk and initial treatment in patients with acute pulmonary embolism. Legend: ACT—

anticoagulant therapy; RT-reperfusion therapy; PESI—The Pulmonary Embolism Severity Index Score; sPESI—simplified
Pulmonary Embolism Severity Index Score.

In the group of patients in whom hemodynamic instability is not present, further risk stratification is based on the
assessment of prognostic criteria, namely clinical, visualization and laboratory indicators (mostly related to proving the
presence of RV dysfunction). Patients with a low risk of early mortality are normotensive on admission, have a sPESI
score of less than one, have no RV dysfunction on echocardiographic examination and have negative biomarker values
and are treated with anticoagulant therapy 48],



Patients with an intermediate risk of early mortality are hemodynamically stable on admission and have an sPESI score
greater than one. If they have positive values or biomarkers or signs of RV dysfunction proven by echocardiography, they
belong to the group of patients with intermediate—low risk and they should be treated with anticoagulant therapy 9. If
these patients have positive biomarker values and the presence of RV dysfunction, they belong to the intermediate—high
risk group and are initially treated with anticoagulant therapy, and in case of hemodynamic decompensation, with
thrombolytic therapy 49,

It is also important to note that the risk of pulmonary embolism is a dynamic category, so the initially set therapeutic
decision can be changed depending on the patient’s clinical condition. Choosing the right initial treatment for PE patients
not only affects their survival, but also reduces the frequency of post-thromboembolic pulmonary hypertension, which
worsens the long-term prognosis of these patients and reduces their quality of life.
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