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Introduction

Acute pulmonary embolism (PE) is the third 
cause of cardiovascular death, behind the 
acute myocardial infarction and stroke1. The 
annual incidence of acute PE is approximately 

100 per 100.000 inhabitants with significant dependents 
on age. During the severe acute respiratory syndrome 
coronavirus (SARS-CoV)-2 pandemic, the incidence of PE 
is probably doubled, since 5% of COVID-19 PCR positive 
patients who are examined in emergency departments2 
may have PE. Taking these data into account, approxi-
mately 7000 patients would have acute PE in Serbia each 
year. Intra-hospital case-fatality rate of PE is around 10%, 
and it can be estimated that 500-700 patients die direct-
ly from PE every year in Serbia. Apart of this, acute PE is 
a leading cause of death in pregnancy and the second 
cause of death in patients with malignant disease. Many 
hereditary and phenotypic factors can influence the oc-
currence of PE and we can call PE as a shadow of various 
diseases and conditions. 

Diagnostic dilemmas
Patients in cardio-respiratory arrest. An algorithm for 
diagnosis acute PE in patients admitted to the hospital 
under cardiopulmonary resuscitation (CPR) does not 
exist. Definitely, acute PE is a differential diagnosis. The 
data of bystanders could be of great value, because 
acute dyspnea could precede the cardiac arrest and if 

there are any data about the potential risk factors for PE 
(recent surgery, trauma or other illness, hospitalization, 
previous PE, thrombophilia, long journey, use of certain 
drugs etc.) we will have strong suspicious for acute PE 
as a cause of cardiac arrest. The signs of deep vein 
thrombosis also contribute to this conclusion. Bedside 
echocardiography is the most useful diagnostic tool un-
der these circumstances, where right ventricle dysfunc-
tion could be observed in severe acute PE3. However, 
some other diseases also can provoke acute right ven-
tricle dysfunction, or chronic pulmonary hypertension 
could also make the diagnosis of acute PE difficult. Ad-
ditionally, if we find trias, acute dyspnea before loss of 
consciousness, signs of deep vein thrombosis and right 
ventricle dysfunction on cardiac ultrasound, the diag-
nosis of acute PE is very probable and we can proceed 
to reperfusion therapy if patient is hemodynamically 
stabilized4. Bolus of 50 mg tPA can be repeated twice 
during CPR4. Treatment with thrombolysis during resus-
citation has resulted to better survival in case-series5.    
Diagnosis of high-risk PE. Current PE ESC guidelines rec-
ommend cardiac ultrasound as the first line diagnostic 
tool in patient with suspected high-risk PE. However, in 
patients with suspected high-risk acute PE, with hypoten-
sion, echocardiography examination at admission may 
not be sufficient to make a decision for applying throm-
bolytic therapy, if the thrombus not seen in right heart 
chambers, or if patient doesn’t have clear signs of deep 
vein thrombosis6. Some patients also can be in a very se-
rious condition, or have very fast tachycardia or poor 
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echocardiography windows, which preclude qualitative 
ultrasound examination. Computed tomography pulmo-
nary angiography (CTPA) should be performed before the 
decision for reperfusion therapy whenever is possible. 
The role of the lower limb venous compression ultra-
sound examination (CUS). The significance of CUS of 
lower limbs veins in PE patients with symptoms sugges-
tive of DVT is controversial. What clinical decision we 
should make according to this finding? Early hospital 
discharge is recommended without the necessity for 
CUS using European Society of Cardiology (ESC) risk 
model and cardiac ultrasound. Recently published HOT-
PE study used HESTIA criteria and cardiac ultrasound, 
and not CUS for the discrimination of low-risk PE pa-
tients planned for the early hospital discharge7.  
Looking for malignancy. How deep we should be look-
ing for malignant disease in patient with acute PE with-
out visible reason for that? During CTPA, it should be 
wise to examine the abdomen, at least upper abdomen 
and to carefully explore lungs, mediastinum, liver, kid-
neys, pancreas, spleen and suprarenal glands. We may 
also determine also determine some tumor markers if 
deemed necessary, and perform a gynecological exami-
nation, mammography or breast ultrasound, and thy-
roid examination. Rarely, a malignant process may be 
found and treated before dissemination, but in most 
cases cancer is already evident and advanced at diagno-
sis of acute PE. Therefore, rather limited malignancy 
survey and follow-up of the patients are needed8. 
Looking for thrombophilia. To look or not to look he-
reditary thrombophilia? Although it usually does not 
change the dose or duration of anticoagulant treatment 
for the patient herself/himself9 we look for hereditary 
thrombophilia in patients younger than 50 years espe-
cially in females because of the possible complications 
related to pregnancy10. It may also be wise to make an 
effort to diagnose or exclude antiphospholipid syn-
drome11, especially in younger patients without clear 
risk factors for PE.
Cardiac troponin as a marker of higher PE risk. Use of 
cardiac troponin for the risk stratification in acute PE 
has some caveats. Cardiac troponin as a marker of car-
diac injury can increase in various reasons such as hy-
poxemia, coronary disease, tachycardia, anemia etc. 
Especially high-sensitive troponin can be elevated in 
healthy elderly patients with concomitant renal dys-
function12. Therefore, cardiac troponin may be non-spe-
cific for the cause of cardiac injury and for the hemody-
namic changes in seen in severe PE. The use of troponin 
as a marker for high-intermediate PE could make a bias 
toward older patients with higher risk for bleeding. The 
cut-off value above the 99-percentiles of the normal 
laboratory range is too low for the risk stratification in 
PE. However, only cardiac troponin was used in the 
large randomized PEITHO trial13 and recognized as the 
laboratory marker of choice for risk stratification in the 
2019 ESC PE guidelines.   
  
Treatment of high-risk acute PE
Reperfusion. Patients with high-risk PE are hemody-
namically compromised or in cardiac arrest. They need 

prompt reperfusion therapy and resuscitation mea-
sures such as mechanical ventilation or extra-corporal-
membrane oxygenation (ECMO) and inotrope stimula-
tion with norepinephrine3. However, recent data has 
demonstrated that about only 20% of high-risk PE pa-
tients has been treated with reperfusion therapy in USA 
and Germany14,15. The high risk for bleeding and severe 
comorbidities preclude the wider application of throm-
bolytic therapy in this group of patients. The clinical 
benefits of surgical embolectomy and catheter-directed 
therapy have not been tested in randomized trials and 
the data of their use are limited to case series and re-
ports with strong possibility of bias through the the se-
lection of patients for certain procedures. It is obvious 
that many patients with high-risk PE are not eligible for 
the systemic thrombolysis which is the most available 
treatment option for reperfusion. All other reperfusion 
therapies need a high degree of expertise and there is a 
significant learning curve for the different surgical or 
catheter based procedures.   
Treatment of patient in cardiac arrest. Several systemic 
thrombolytic protocols are approved by ESC. However, 
none of them are suitable for patient in cardiac arrest, 
during resuscitation. Tenecteplase, the bolus thromboly-
sis, is not recommended because of the high bleeding risk 
of that drug demonstrated in PEITHO study13. Other 
thrombolytic protocols need time. British Thoracic Society 
Standards of Care Commitie Pulmonary Embolism Guide-
line Development Group guidelines recommended bolus 
of 50 mg of tPA (or double dose) in this circumstance and 
that is the most used protocol of thrombolytic therapy 
during resuscitation in PE patients in the literature16,17. 

Treatment of intermediate-high risk PE
Mortality rate from PE is discrepant between random-
ized trials and observational studies. In the randomized 
PEITHO trial13, intra-hospital mortality was less than 2% 
in both the thrombolytic and placebo (only anticoagula-
tion) arm. In contrast, in several other trials, in this group 
of patients’ early mortality rate was 5-15%18,19. Many ex-
perts agree that this group of patients also needs reper-
fusion therapy, but standard systemic thrombolytic pro-
tocols have an unfavorable net effect, with the benefit in 
prevention of hemodynamic instability offset by the 
high risk for major bleeding. Catheter directed throm-
bolysis or mechanical thrombectomy are promising 
treatment modalities in this group of patients which use 
a low dose of tPA20 or only mechanical fragmentation 
and aspiration of thrombi without thrombolytic thera-
py21. There is currently a gap between clinical practice 
and guidelines, with an increasing number of centers 
performing almost routinely catheter-directed therapy 
in intermediate-high- and high-risk PE patients without 
supporting evidence from randomized trials. 
There are several studies in which reduced, usually a half 
of the systemic tPA dose was used with doubtful signs of 
benefit considering the balance between efficacy and 
safety22,23. There is also (only) one small randomized study 
that compared systemic half-dose tPA with full dose t-PA 
in high-risk PE24. Additionally, comparison of half-dose tPA 
with low-molecular heparin in patients with intermedi-
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ate-high risk PE was not done in a randomized fashion. 
The largest observational, retrospective trial22 did not 
confirm that half-dose tPA was better than full-dose tPA 
in reducing mortality or bleeding.   

How to estimate anticoagulation failure and to aggra-
vate the therapy? Current guidelines recommend close 
hemodynamic monitoring in patients with intermedi-
ate-high PE for at least 48 hours and the use of rescue 
thrombolytic therapy, or some other reperfusion thera-
py in case of hemodynamic decompensation3. However, 
if we wait for shock to develop, it may be too late for 
successful reperfusion therapy. Earlier, sensitive mark-
ers of deterioration should be used, such as increase of 
heart rate, worsening of hypoxemia, fall of systolic blood 
pressure, but not below the 90 mmHg, increase of blood 
lactate concentration, or worsening the RV performance 
on cardiac ultrasound21. Some authors also recommend-
ed that an unchanged status after 48 hours of anticoag-
ulation therapy means treatment failure and that we 
should then proceed to reperfusion modalities21.     

When to start a direct oral anticoagulant in patients 
with severe PE?
It is obvious that it is not prudent to start direct oral 
anticoagulants (DOAC) as the first line anticoagulation 
in patients with intermediate-high and high-risk PE be-
cause escalation therapy to systemic or local thrombol-
ysis may become necessary25. The combination of DOAC 
and thrombolysis is unknown zone and it should be 
avoided if possible. The use of thrombolytic therapy 
(the authors advise a reduced dose of tPA) in patients 
on DOAC who develop high-risk PE can be an option if 
there is no possibility to use catheter-based mechanical 
thrombectomy. DOACs should be initiated as soon as 
hemodynamic stabilization is achieved25. 

How to choose DOAC?
Four DOAC have had large published randomized trials 
in patients with venous thromboembolism which in 
summary showed that they are non-inferior to vitamin K 
antagonists for the prevention of recurrent VTE events 
and safer regarding the occurrence of major or clinically 
relevant non-major bleeding, in particulare causing sig-
nificantly less intracranial bleeding than vitamin K an-
tagonists3. DOACs are also more convenient for use 
compared to vitamin K antagonists. All these facts to the 
recommendation of guidelines by international scientif-
ic societies to recommend DOACs in preference to a vi-
tamin K antagonist3. Rivaroxaban has a higher initial 
dose, 15 mg bid for 3 weeks, following by once daily dos-
ing of 20 mg per day. For apixaban, the initial dose is 10 
mg bid for 7 days followed by 5 mg bid thereafter. Both 
rivaroxaban and apixaban have robust data from the 
randomized trials for the extension therapy after the 
first the six months following an index VTE event, where 
the lower dose of rivaroxaban (10 mg per day) and apix-
aban (2.5 mg bid) were effictive and safe for the preven-
tion of VTE for the long-term anticoagulation. We can 
choose the higher dose of rivaroxaban or apixaban or 
the lower doses of these drugs depending on the risk for 

VTE recurrence and hemorrhagic risk3. On the other 
hand, dabigatran has been tested after at least five days 
of heparin therapy in higher dose of 150 mg bid. Dabiga-
tran was also non-inferior to a enoxaparin/vitamin K an-
tagonists and similarly safe. Lower doses of dabigatran 
have not been tested for extended anticoagulation. 
Dabigatran is contraindicated in patients with glomeru-
lar filtration rate (GFR) less than 50 ml/min. Both rivar-
oxaban and apixaban can be used in this indication with-
out dose reduction in patients with GFR>15 ml/min3.

Can we safely discharge patient with low-risk PE early?
New anti Xa drugs, rivaroxaban and apixaban can be 
used from the start as anticoagulant therapy in patients 
with PE. This enables early discharge from the hospital 
of patients with low-risk PE. Recent trials successfully 
tested this using HESTIA criteria and simplified PESI 
score for the selection of patients with lowest PE risk 
who could be safely treated at home7,26. Patients with-
out any of the HESTIA criteria and those who are PESI 0 
can be safely treated at home using rivaroxaban or 
probably apixaban if they have good social support and 
easy contact with the physician who treated PE. In this 
circumstances it is important to exclude serious comor-
bidities, PE recurrence risk and hemorrhagic risk. Car-
diac ultrasound may be necessary for the decision.    

How to treat symptomatic patients in sub-acute phase 
of PE?
A small percentage of patients have persisting symp-
toms, mostly dyspnea on effort and fatigue, in the sub-
acute phase of PE27. These can be accompanied by pul-
monary hypertension and RV dysfunction. Cardiac ul-
trasound, 6-minute walking test, multi-slice detector 
computed pulmonary angiography, BNP and right heart 
catheterization is needed before treatment of these pa-
tients. Some of them may benefit from sugical pulmo-
nary endarterectomy, percutaneous balloon pulmonary 
angioplasty or early treatment with drugs for pulmo-
nary hypertension.

Unmet needs in the management of cancer associated 
thrombosis
There are many unresolved issues in the management of 
cancer associated thrombosis (CAT). CAT maybe related 
to tumor and patient characteristics, to surgical, radiation 
and medicament therapy. VTE associated with currative 
oncology surgery may have very low risk for recurrence 
and it is very important to manage carefully at follow-up 
the malignant disease activity after surgery28. On the oth-
er side, metastatic or advanced local diseases, especially 
adenocarcinomas may have prolonged thrombotic storm 
which is resistant to anticoagulant therapy and lead to 
death. Anti Xa direct oral anticoagulants are at least as (if 
not more) effective and similarly safe as low molecular 
weight heparins in patients with active cancer-associated 
thrombosis29. Idiosyncracy on thrombotic reaction to 
some oncologic drugs is also very often present30. Various 
tumors have very different pathophysiology mechanisms 
of prothrombotic state. Therefore, we need tumor spe-
cific randomized trials for CAT management.    
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Sažetak
Dileme u dijagnostici i lečenju plučne embolije
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Uvod. Akutna plućna embolija (PE) je veoma heterogeno oboljenje u odnosu na etiologiju i kliničku prezentaciju. 
Zbog toga tretman PE iziskuje multidisciplinarni pristup i stvaranje lokalnih timova za lečenje PE koji će se uhvatiti 
u koštac sa raznim problemima u tretmanu PE.
Pregledni rad. Pokušali smo da prikažemo problem u današnjem tretmanu PE, kroz dijagnostiku, reperfuziju, an-
tikoagulantnu terapiju i lečenje određenih podgrupa bolesnika. I pored skorašnjeg napretka u lečenju bolesnika sa 
PE, kao što su uvođenje direktnih oralnih antikoagulantnih lekova, bolje stratifikacije rizika PE i uvrštavanja al-
goritma za dijagnostiku hronične tromboembolijske bolesti pluća u preporuke za tretman PE iz 2019-te godine, 
mnogo prepreka u lečenju je ostalo. Suprotno od akutnog koronarnog sindroma, u oblasti PE nedostaju random-
izovane studije i mnoga važna pitanja su otvorena u svakodnevnoj praksi. 
Zaključak. Postoji mnogo važnih, nerešenih pitanja u vezi dijagnostike i lečenja PE, i potrebne su nam brojne ran-
domizovane studije i podaci iz velikih registara da bi bolje lečili PE pacijente.    

Ključne reči: plućna embolija, reperfuzija, antikoagulantna terapija, biomarkeri


