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Abstract

Pulmonary embolism (PE) remains an important preventable condition with high mortality and morbidity, recurrence, and sometimes difficult 
diagnosis. Current treatments have evolved considerably and changed remarkably recently. PE is a condition requiring critical care, and rapid 
advances in this field have led to significant evolution in treatment strategies. The broad spectrum and severity of PE require individualization and 
optimization of treatment approaches. In addition to algorithms guiding the diagnostic process of patients, the use of risk classifications guiding the 
recognition of critically ill patients and the decision of treatment modalities has an important place in emergency department practice. This review 
addresses the latest developments for treating PE based on the current findings of epidemiological studies. Considering the characteristics of patient 
populations, clinical conditions, and comorbidities, a range of treatment options from anticoagulation therapies to catheter-based interventions, 
thrombolytic therapies, and alternative approaches will be examined. Changes in current guidelines affecting treatment decisions and the role of a 
multidisciplinary approach will also be emphasized. This review aims to synthesize the current knowledge in the field of PE treatment and will allow 
us to collectively interpret the most effective and safe treatment strategies for this critical condition.
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Introduction

Pulmonary embolism (PE) is a critical vascular condition 
affecting the pulmonary arterial system resulting from an 
embolism caused by venous thrombosis. Emboli resulting 
from the unfavorable course of deep vein thrombosis cause 
occlusions in the pulmonary arteries, leading to a serious 
condition that restricts lung perfusion. Clinical symptoms 
can vary over a wide spectrum and can cause potentially life-
threatening complications that require timely diagnosis and 
intervention.

This review aims to provide a deeper understanding of PE cases 
and examine treatment strategies. Considering recent medical 
advances, available treatment options, and current literature 
will be reviewed, thus providing a basis for understanding the 
role of this important vascular event in the medical field.

When cases with suspected PE in the emergency department are 
analyzed, PE is the final diagnosis in approximately 35% of cases 

with advanced imaging and investigations, and the prevailing 
mortality rate of 10% shows the complexity related to PE 
management. In recent years, increasingly effective treatment 
modalities, the use of advanced diagnostic tools, and increased 
adherence to guidelines have led to favorable developments 
in PE prognosis [1,2]. However, the use of diagnostic tests 
has increased nowadays because of the involvement of small 
branches or the diagnosis of PE without clinical significance. 
Although this has increased the incidence of PE cases, the same 
efficacy has not been demonstrated in terms of mortality and 
treatment complications.

This situation is a paradox in clinical practice. Diagnostic 
difficulties may lead to unnecessary treatment, whereas missed 
cases of PE may lead to potentially fatal outcomes. These 
challenges highlight the need for an important balancing 
act that influences clinical practice and guides treatment 
strategies.
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In PE diagnosis, the interpretation of symptoms and 
association with PE and clinical suspicion play an important 
role, and the algorithm followed by the clinical combination of 
risk factors may lead to a diagnosis [3]. Modified Genova and 
Wells scoring systems are the most commonly used systems 
in clinical decision-making and risk determination [4,5]. While 
scoring systems allow the determination of the risk of PE in 
the patient, they may also guide the planning of the diagnostic 
stages. In these scoring systems, the PE expectancy in the low, 
medium, and high-probability groups is 10%, 30%, and 65%, 
respectively [6,7].

In patients with new-onset chest pain or shortness of breath 
presenting to the emergency department, considering PE 
without risk analysis increases the risk of misuse of excessive 
laboratory tests and imaging modalities in the differential 
diagnosis. PE exclusion criteria have been developed with a 
sensitivity of 97% for excluding the diagnosis, especially in 
patients with a low probability of PE. In the PROPER study, 
the correct and effective use of exclusion criteria in patient 
evaluation may reduce the use of computed tomography 
pulmonary angiography and may also reduce unnecessary 
follow-up periods when the waiting time of patients for 
laboratory and imaging results is considered [8,9].

In the diagnostic process, it is important to question provoking 
factors such as the patient’s history of previous operations, 
trauma, bed rest and immobilization, pregnancy status, or use 
of hormone replacement therapy. These factors play a critical 
role in assessing the risk of possible thrombosis. However, 
there are cases of thrombosis occurring without any known 
provocative factor, which is an important factor in determining 
the course of treatment. Clinical evaluation of patients, history 
taking, and determination of risk factors help to accurately 
classify both provoked PE states and thrombosis developing 
without provocation and to develop a treatment plan [10].

Clinical symptoms are usually nonspecific, and the most 
common complaint is chest pain. Chest pain manifests 
as sudden onset pleuritic-type pain, particularly in distal 
pulmonary artery (PA) emboli, whereas it causes pressure and 
pain in the chest in the presence of large areas of centrally 
located thrombus [11]. In this case, in addition to PE, life-
threatening causes of chest pain, especially acute coronary 
syndromes and acute aortic pathologies, should be considered.

Dyspnoea is a common symptom following chest pain in 
patients with PE. In particular, in individuals with previous 
cardiopulmonary disease, a sudden increase in dyspnoea 
and impaired oxygenation should suggest PE. Arterial blood 
gas examination is not always diagnostic, and normal values 
may be encountered in 40% of cases. However, hypoxia and 
hypocapnia and consequent respiratory alkalosis are the most 
common blood gas symptoms resulting from ventilation-

perfusion imbalance. Although chest radiography is far 
from diagnostic, it should be used to rule out other causes. 
Obtaining indirect findings may support the diagnosis [12,13].

Electrocardiographic (ECG) findings may also be helpful in the 
diagnosis of PE. The most common finding is sinus tachycardia. 
T wave changes between V1 and V4 may be seen as a reflection 
of right ventricular (RV) enlargement on ECG because of RV 
involvement. The S1Q3T3 pattern is unlikely to be seen and is 
not diagnostic alone. These findings are important guidelines 
in the ECG evaluation of PE and provide important clues for 
emergency management [14].

Hypotension and shock are important symptoms that indicate a 
high risk of the development of PE. However, most PE cases are 
in the intermediate- and low-risk groups. Clinical parameters 
such as low systolic blood pressure, tachycardia, tachypnea, 
and syncope adversely affect the short-term prognosis of PE.

Detection of myocardial damage because of RV involvement 
or acute pressure overload, particularly in patients in the 
medium-low risk class, is critical for determining a rapid and 
accurate prognosis. These clinical parameters play a vital role 
in determining treatment strategies [15-17].

In conclusion, in patients diagnosed with PE, an accurate 
assessment of both the basic findings indicating high-risk 
conditions and the prognosis in intermediate-low-risk groups 
is vital in establishing an effective and personalized treatment 
plan.

Treatment in the Acute Phase

Respiratory Support and Haemodynamic Stabilization

Hypoxaemia is an important sign of severe PE and is usually 
caused by a mismatch between ventilation and perfusion. 
Supplemental oxygen administration is necessary for patients 
with PE and arterial oxygen saturation <90%, which is 
considered a fundamental strategy in the management of 
acute respiratory failure due to hypoxaemia [18].

Hypoxaemia that develops because of ventilation and perfusion 
incompatibility may lead to severe respiratory failure that may 
become resistant to conventional oxygen support. Alternatively, 
high-flow oxygen or non-invasive mechanical ventilation 
techniques should be considered to be correct hypoxaemia 
[18-20]. Invasive mechanical ventilation may decrease venous 
return due to the positive intrathoracic pressure it creates. It 
may further deepen the existing hypotension with RV failure 
that develops especially in unstable patients due to severe 
PE. Therefore, this situation should be considered in the 
presence of an indication for invasive mechanical ventilation, 
and undesirable haemodynamic effects should be reduced 
with low tidal volume (6 mL/kg) and end-inspiratory plateau 
pressure (below 30 mmHg) [18,21].
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Pharmacological Treatment for New-onset RV Failure

The most common cause of mortality observed in PE is 
impaired pump function and decreased volume due to RV 
involvement. Initiation of appropriate fluid therapy in these 
patients requires careful monitoring. Although delay in fluid 
replacement does not contribute to treatment, excessive 
fluid administration may deepen the dysfunction of the RV. 
Giving fluid replacement in a controlled manner according to 
the patient’s current volume load and deciding the volume 
and rate of fluid replacement under the guidance of central 
venous pressure measurement or inferior vena cava imaging 
with ultrasonography represent a more accurate and effective 
approach [22,23].

Vasopressors, such as norepinephrine, increase myocardial 
perfusion and contractility without affecting peripheral 
vascular resistance and should be used especially in shock 
states. In patients with a low ejection fraction and normal blood 
pressure, dobutamine may be preferred. Vasodilators, such as 
inhaled nitric oxide has been reported to improve ventilation 
and perfusion by providing selective pulmonary vasodilatation 
and to be beneficial; however, extensive additional studies are 
needed [24].

Advanced Life Support

In the presence of pulseless electrical activity in cardiac arrest 
developing with non-shockable rhythm, acute PE should 
be considered as a cause of arrest. Advanced cardiac life 
support steps should be applied in cases of cardiac arrest 
due to PE. Thrombolytic treatment should be kept in mind, 
and resuscitation procedures should be continued for 60-90 
minutes if a thrombolytic drug is administered [25,26].

Maintenance of cardiopulmonary resuscitation and 
circulation with mostly venoarterial extracorporeal membrane 
oxygenation (VA-ECMO) may be beneficial in high-risk PE 
patients, and successful case series have been reported in 
patients with circulatory collapse or cardiac arrest [27].

Initial Anticoagulation

Patients with high and moderate suspicion of PE should 
receive anticoagulant therapy while the diagnostic testing 
process is being performed. The anticoagulant agent of choice 
is often subcutaneous low molecular weight heparin (LMWH), 
fondaparinux, or intravenous unfractionated heparin (UFH) 
[28,29]. The decision should be based on the clinical condition 
of the patient and drug interactions. LMWH and fondaparinux 
may be preferred over UFH for initial treatment because they 
have a lower risk of major bleeding and heparin-induced 
thrombocytopenia.

Non-vitamin K antagonist oral anticoagulants (NOACs) are 
now the agents of choice for treating most patients with 
PE, both in the acute phase (with or without a short initial 
period of parenteral heparin or fondaparinux) and in the 

longer term. Regardless of whether parenteral heparin is 
used in the first few hours or days after acute PE, the 2019 
guidelines now recommend that a NOAC is preferred over a 
vitamin K antagonist when the decision is made to start oral 
anticoagulation [30,31].

Reperfusion Therapies

Systemic Thrombolysis

The clinical probability of suspected acute high-risk PE is 
usually high, and the differential diagnosis includes other 
life-threatening conditions such as cardiac tamponade, 
acute coronary syndrome, aortic dissection, acute valvular 
dysfunction, and hypovolemia. If acute PE causes hemodynamic 
decompensation, immediate bedside transthoracic 
echocardiography will detect acute RV dysfunction. In a highly 
unstable patient, echocardiographic evidence of RV dysfunction 
is sufficient to initiate immediate reperfusion without further 
testing. In intubated patients, transesophageal echocardiography 
can provide direct visualization of thrombi in the PA and its main 
branches, particularly in patients with RV dysfunction.

The 2019 guidelines recommend the establishment of a 
multidisciplinary team for the acute phase management 
of high-risk and (in selected cases) intermediate-risk PE, 
depending on the available resources and expertise in each 
hospital [8]. Primary reperfusion therapy includes systemic 
thrombolytic therapy to prevent circulatory shock. Surgical 
pulmonary embolectomy (SPE) or percutaneous catheter-
directed therapy are alternative reperfusion options in patients 
with contraindications for thrombolysis, if expertise in either 
of these methods and appropriate resources are available 
[31,32].

In addition, the PE thrombolysis study examined the efficacy 
of thrombolytic therapy in normotensive intermediate-risk 
cases of PE. This study found a significantly better response 
with thrombolytic agents than with anticoagulants in 
hemodynamic instability, but a high risk of serious major 
bleeding and intracranial hemorrhage after thrombolytic 
therapy in these patients. Therefore, thrombolytic therapy 
in these patients should be carefully evaluated and possible 
complications should be considered [33].

Tissue plasminogen activator (rtPA), streptokinase, and 
urokinase are commonly used as thrombolytic agents. The 
most commonly preferred thrombolytic agent is rtPA, which 
is widely used because of its short half-life and ease of 
administration compared with other agents. rtPA is usually 
administered as an infusion of 100 mg/2 h for treating PE. 
Recent studies on half the classical dose of rtPA (50 mg/2 h 
infusion and 10 mg bolus + 40 mg/2 h infusion) have shown 
that although the same therapeutic effect is achieved, a lower 
rate of complications is observed [34,35].
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Catheter-mediated Embolectomy

Mechanical reperfusion is achieved by PA catheterization via 
the femoral route. This includes mechanical fragmentation 
with different types of catheters, thrombus aspiration, 
or, more commonly, mechanical or ultrasound-assisted 
fragmentation with a pharmacomechanical approach and 
low-dose thrombolysis [36].

Surgical Embolectomy

Surgical embolectomy in acute PE is usually performed with 
aortic cross-clamping and cardioplegic cardiopulmonary 
bypass without cardiac arrest and incision of the pulmonary 
arteries with removal or resorption of fresh clots. Recent reports 
have shown favorable surgical outcomes in high-risk PE patients 
with or without cardiac arrest and in selected cases of PE [37].  
Pulmonary embolectomy is recommended for individuals 
with submassive or massive PE under specific conditions. 
These include cases where there are contraindications to 
thrombolysis, unsuccessful outcomes following thrombolysis 
or catheter-assisted embolectomy, or instances where 
the patient is in a state of shock with a high likelihood of 
succumbing to the condition before the effects of thrombolysis 
can manifest, especially within a few hours. This surgical 
intervention is suitable when there is access to the necessary 
surgical expertise and resources [38].

Using thrombolysis and catheter thromboembolectomy 
can swiftly restore hemodynamic stability. However, these 
treatments carry the potential risk of causing distal fragment 
embolization and hemorrhage.

In cases involving high-risk situations and cardiogenic shock, 
SPE is a viable option. This is particularly applicable to 
patients with massive PE who are unsuitable candidates for 
fibrinolysis or exhibit instability even after its administration. 
In addition, individuals with submassive PE, in whom 
thrombolysis is either contraindicated or proves ineffective, 
and those with right heart thrombi situated close to or 
straddling a patent foramen ovale are also considered 
suitable candidates for surgical intervention [39].

Upon deciding to proceed with pulmonary embolectomy, it is 
imperative to swiftly move the patient to the operating room. 
In situations involving massive pulmonary embolism, it is 
advisable to establish VA-ECMO support before transitioning to 
the operating room. This precautionary measure mitigates the 
challenges associated with sudden and potentially disorderly 
induction of anesthesia and initiation of cardiopulmonary 
bypass. For severely ill patients with PE, VA-ECMO can be 
employed to provide life-saving support. In fact, VA-ECMO is 
frequently employed as a crucial intervention before opting for 
surgical embolectomy [40,41].

VA-ECMO stands out as a rapid and reliable mechanical 
circulatory support device that effectively reduces RV volume 
overload. Its application is also endorsed as a viable treatment 
for PE patients experiencing refractory circulatory collapse or 
cardiac arrest. Notably, the reported overall survival rate for 
patients undergoing VA-ECMO for severe PE ranges from 38% 
to 67%. Current guidelines advocate VA-ECMO as a transitional 
support mechanism leading to definitive reperfusion therapy 
[40,42].

The Class IIb recommendation for VA-ECMO is derived from 
various case series because there is a dearth of case-control 
or cohort studies directly comparing VA-ECMO with alternative 
treatments. Despite the absence of robust evidence, the use 
of VA-ECMO has seen a rise over time and has demonstrated 
improved outcomes in high-risk PE, as indicated by national 
studies [43,44].

Treatment Strategies

Emergency Treatment of High-risk PE

In high-risk PE patients, the initial treatment is acute 
reperfusion therapy, and in most cases, systemic thrombolysis 
is the preferred treatment protocol. In patients with 
contraindications to thrombolysis, alternative reperfusion 
strategies such as SPE or catheter embolectomy-guided 
therapy may be considered, depending on the experience of 
the clinic and hospital conditions. However, for these methods 
to be applied, expertise in the relevant field and appropriate 
resources should be available. After hemodynamic stabilization 
and reperfusion therapy, oral or parenteral anticoagulant 
therapy should be initiated. In particular, NOACs apixaban or 
rivaroxaban may be preferred [10].

Emergency Treatment of Intermediate-risk PE

For most acute PE cases without hemodynamic compromise, 
parenteral or oral anticoagulation (without reperfusion 
techniques) is adequate. In normotensive patients, at least one 
PE-related indicator or comorbidity should be treated with 
hospitalization. In this group, in the presence of evidence of RV 
dysfunction on echocardiography or pulmonary angiography 
or a positive troponin test result, patients should be monitored 
during the first hours and days and followed for hemodynamic 
decompensation.

Management of Low-risk PE: Triage for Early Discharge and 
Home Treatment

In low-risk PE cases, discharge from the emergency department 
and outpatient anticoagulant therapy may be considered after 
evaluation of certain criteria. Outpatient follow-up may be 
considered if the risk of mortality and morbidity is found to be 
low in the PE risk assessment and if the patient is in the low-
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risk group in terms of existing complications. In addition, the 
patient should not have comorbid conditions and additional 
provoking factors that may worsen PE, and the patient should 
have social support to follow anticoagulation therapy on an 
outpatient basis.

Considering the commonly used exclusion criteria, in studies 
interpreting the use and efficacy of Hestia pulmonary 
embolism severity index (PESI) or simplified PESI, it was 
found that the rate of recurrent venous thromboembolism 
cases within 3 months was 2.3% and the mortality rate was 
0.6% in patients discharged within 1 day and followed up as 
outpatients. Therefore, it may be considered to use one of 
these criteria in clinical triage based on personal experience 
and preference [45-47]. The treatment strategies determined 
by risk classification in PE are summarized in Figure 1 [10].

In conclusion, PE is an important pathology that should be 
considered in the differential diagnosis of patients presenting 
with chest pain and shortness of breath in the emergency 
department. The use of appropriate risk classifications at the 
time of patient evaluation and the execution of diagnostic 

algorithms accompanied by scoring allows the critical patient 
to be recognized.

In the diagnosis of PE obtained because of the necessary 
imaging and laboratory tests, making severity estimates and 
deciding on the need for hospitalization play a key role in 
effective treatment and management. Reperfusion therapies 
that should be applied in unstable patients should be planned 
within the existing experience and facilities and, where 
possible, should be performed in emergency departments 
simultaneously with diagnostic processes. Providing an 
appropriate treatment approach in emergency departments 
may increase survival.

The prognosis of PE heavily relies on the presence or absence 
of circulatory collapse and advanced cardiac conditions like 
cardiac arrest requiring external massage. A comprehensive 
approach involving swift noninvasive diagnostics, accurate risk 
assessment, and immediate access to surgical intervention is 
pivotal for achieving optimal outcomes. Numerous studies 
have underscored a higher in-hospital mortality rate for 
patients with preoperative cardiac arrest. Therefore, SPE should 

Figure 1. Algorithm including treatment decision stages after the diagnosis of pulmonary embolism

PESI: Pulmonary embolism severity index, RV: Right ventricular, TTPE: Transthoracic echocardiography, CTPA: Computed tomography pulmonary 
angiography
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be considered for patients before progressing to advanced 
hemodynamic instability and reaching cardiogenic shock.

The growing accessibility of VA-ECMO and concerted efforts to 
standardize the intricate surgical procedure have significantly 
enhanced the post-operative outcomes of SPE. This 
underscores the value of surgery as a viable option for treating 
PE accompanied by severe RV dysfunction or hemodynamic 
instability. In the future, there is a pressing need for the 
reeducation of medical and surgical trainees, ensuring they 
are well-versed and updated on the role of SPE in acute PE 
treatment, especially in centers equipped with surgical 
expertise for performing SPE.

Ethics

Authorship Contributions 

Surgical and Medical Practices: M.B., Concept: E.D., A.A., 
Design: S.E., A.A., Data Collection or Processing: E.D., Analysis 
or Interpretation: E.D., Literature Search: S.E., Writing: E.D., S.E.

Conflict of Interest: No conflict of interest was declared by the 
authors. 

Financial Disclosure: The authors declared that this study 
received no financial support.

References
1.	 Wendelboe AM, Raskob GE. Global Burden of Thrombosis: Epidemiologic 

Aspects. Circ Res. 2016;118:1340-7. 

2.	 Huang X, Zhou S, Ma X, Jiang S, Xu Y, You Y, et al. Effectiveness of an artificial 
intelligence clinical assistant decision support system to improve the 
incidence of hospital-associated venous thromboembolism: a prospective, 
randomised controlled study. BMJ Open Qual. 2023;12:e002267.

3.	 Hendriksen JM, Lucassen WA, Erkens PM, Stoffers HE, van Weert HC, Büller 
HR, et al. Ruling Out Pulmonary Embolism in Primary Care: Comparison of 
the Diagnostic Performance of “Gestalt” and the Wells Rule. Annals of Family 
Medicine. 2016;14:227-34.

4.	 Wells PS, Anderson DR, Rodger M, Ginsberg JS, Kearon C, Gent M, et al. 
Derivation of a simple clinical model to categorize patients probability of 
pulmonary embolism: increasing the models utility with the SimpliRED 
D-dimer. Thromb Haemost. 2000;83:416-20.

5.	 Le Gal G, Righini M, Roy PM, Sanchez O, Aujesky D, Bounameaux H, et al. 
Prediction of pulmonary embolism in the emergency department: the 
revised Geneva score. Ann Intern Med. 2006;144:165-71. 

6.	 Robert-Ebadi H, Mostaguir K, Hovens MM, Kare M, Verschuren F, Girard P, et al. 
Assessing clinical probability of pulmonary embolism: prospective validation 
of the simplified Geneva score. J Thromb Haemost. 2017;15:1764-9.

7.	 Fu Z, Zhuang X, He Y, Huang H, Guo W. The diagnostic value of D-dimer 
with simplified Geneva score (SGS) pre-test in the diagnosis of pulmonary 
embolism (PE). J Cardiothorac Surg. 2020;15:176.

8.	 Mountain D, Keijzers G, Chu K, Joseph A, Read C, Blecher G, et al. RESPECT-
ED: Rates of Pulmonary Emboli (PE) and Sub-Segmental PE with Modern 
Computed Tomographic Pulmonary Angiograms in Emergency Departments: 
A Multi-Center Observational Study Finds Significant Yield Variation, 
Uncorrelated with Use or Small PE Rates. PLoS One. 2016;11:e0166483.

9.	 Meesa IR, Junewick J, Hoff A, Blumer A, Daro R, Linna N, et al. Incidence 
of pulmonary emboli on chest computed tomography angiography based 
upon referral patterns. Emerg Radiol. 2016;23:251-4.

10.	 Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, Harjola 
VP, et al. Predictive value of coMbined pre-test proBability and blOod gas 
anaLysis In pulmonary emboliSM-the EMBOLISM study. Intern Emerg Med. 
2022;17:2245-52. 

11.	 García-Sanz MT, Pena-Álvarez C, López-Landeiro P, Bermo-Domínguez A, 
Fontúrbel T, González-Barcala FJ. Symptoms, location and prognosis of 
pulmonary embolism. Rev Port Pneumol. 2014;20:194-9. 

12.	 Meusel M, Pätz T, Gruber K, Kupp S, Jensch PJ, Saraei R, et al. PrEdictive 
value of coMbined pre-test proBability and blOod gas anaLysis In pulmonary 
emboliSM-the EMBOLISM study. Intern Emerg Med. 2022;17:2245-52.

13.	 Kulka HC, Zeller A, Fornaro J, Wuillemin WA, Konstantinides S, Christ M. Acute 
Pulmonary Embolism–Its Diagnosis and Treatment From a Multidisciplinary 
Viewpoint. Dtsch Arztebl Int. 2021;118:618-28.

14.	 Bolt L, Lauber S, Limacher A, Samim D, Löwe A, Tritschler T, et al. Prognostic 
Value of Electrocardiography in Elderly Patients with Acute Pulmonary 
Embolism. Am J Med. 2019;132:e835-43. 

15.	 Cimini LA, Candeloro M, Pływaczewska M, Maraziti G, Di Nisio M, Pruszczyk 
P, et al. Prognostic role of different findings at echocardiography in acute 
pulmonary embolism: a critical review and meta-analysis. ERJ Open Res. 
2023;9:00641-2022.

16.	 Pruszczyk P, Kurnicka K, Ciurzyński M, Hobohm L, Thielmann A, Sobkowicz 
B, et al. Defining right ventricular dysfunction by echocardiography in 
normotensive patients with pulmonary embolism. Pol Arch Intern Med. 
2020;130:741-7.

17.	 Prosperi-Porta G, Ronksley P, Kiamanesh O, Solverson K, Motazedian P, 
Weatherald J. Prognostic value of echocardiography-derived right ventricular 
dysfunction in haemodynamically stable pulmonary embolism: a systematic 
review and meta-analysis. Eur Respir Rev. 2022;31:220120. 

18.	 Messika J, Goutorbe P, Hajage D, Ricard JD. Severe pulmonary embolism 
managed with high-flow nasal cannula oxygen therapy. Eur J Emerg Med. 
2017;24:230-2.

19.	 Karim HMR, Duran E, Esquinas AM. An appraisal of high-flow nasal cannula 
oxygen therapy in hypoxic pulmonary embolism patients. Tuberk Toraks. 
2022;70:206-7. 

20.	 Frat JP, Ragot S, Girault C, Perbet S, Prat G, Boulain T, et al. Effect of non-
invasive oxygenation strategies in immunocompromised patients with 
severe acute respiratory failure: a post-hoc analysis of a randomised trial. 
Lancet Respir Med. 2016;4:646-52.

21.	 Pérez-Nieto OR, Gómez-Oropeza I, Quintero-Leyra A, Kammar-García A, 
Zamarrón-López ÉI, Soto-Estrada M, et al. Hemodynamic and respiratory 
support in pulmonary embolism: a narrative review. Front Med (Lausanne). 
2023;10:1123793. 

22.	 Mebazaa A, Tolppanen H, Mueller C, Lassus J, DiSomma S, Baksyte G, et 
al. Acute heart failure and cardiogenic shock: a multidisciplinary practical 
guidance. Intensive Care Med. 2016;42:147-63.

23.	 Yamamoto T. Management of patients with high-risk pulmonary embolism: 
a narrative review. J Intensive Care. 2018;6:16. 

24.	 Nishimoto Y, Ohbe H, Matsui H, Nakajima M, Sasabuchi Y, Sato Y, et al. 
Effectiveness of systemic thrombolysis on clinical outcomes in high-risk 
pulmonary embolism patients with venoarterial extracorporeal membrane 
oxygenation: a nationwide inpatient database study. J Intensive Care. 2023;11:4.

25.	 Truhlar A, Deakin CD, Soar J, Khalifa GE, Alfonzo A, Bierens JJ, et al. European 
Resuscitation Council Guidelines for Resuscitation 2015: Section 4. Cardiac 
arrest in special circumstances. Resuscitation. 2015;95:148-201.



 

Dal et al. Pulmonary Embolism TreatmentGlob Emerg Crit Care 2024;3(1):51-57

57

26.	 Soar J, Becker LB, Berg KM, Einav S, Ma Q, Olasveengen TM, et al. 
Cardiopulmonary resuscitation in special circumstances. Lancet. 
2021;398:1257-68.

27.	 Corsi F, Lebreton G, Brechot N, Hekimian G, Nieszkowska A, Trouillet JL, et 
al. Life-threatening massive pulmonary embolism rescued by venoarterial-
extracorporeal membrane oxygenation. Crit Care. 2017;21:76.

28.	 Duffett L, Castellucci LA, Forgie MA. Pulmonary embolism: update on 
management and controversies. BMJ. 2020;370:m2177.

29.	 Streiff MB, Agnelli G, Connors JM, Crowther M, Eichinger S, Lopes R, et 
al. Guidance for the treatment of deep vein thrombosis and pulmonary 
embolism. J Thromb Thrombolysis. 2016;41:32-67.

30.	 Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, Harjola 
VP, et al. 2019 ESC Guidelines for the diagnosis and management of acute 
pulmonary embolism developed in collaboration with the European 
Respiratory Society (ERS). Eur Heart J. 2020 ;41:543-603.

31.	 Konstantinides S, Meyer G. Management of acute pulmonary embolism 
2019: what is new in the updated European guidelines? Intern Emerg Med. 
2020;15:957-66.

32.	 Sanchez O, Charles-Nelson A, Ageno W, Barco S, Binder H, Chatellier G, 
et al. Reduced-Dose Intravenous Thrombolysis for Acute Intermediate-
High-risk Pulmonary Embolism: Rationale and Design of the Pulmonary 
Embolism International THrOmbolysis (PEITHO)-3 trial. Thromb Haemost. 
2022;122:857-66.

33.	 Meyer G, Vicaut E, Danays T, Agnelli G, Becattini C, Beyer-Westendorf J, et al. 
Fibrinolysis for patients with intermediate-risk pulmonary embolism. N Engl 
J Med. 2014;370:1402-11.

34.	 Duffett L, Castellucci LA, Forgie MA. Pulmonary embolism: update on 
management and controversies. BMJ. 2020;370:m2177. 

35.	 De Gregorio MA, Guirola JA, Kuo WT, Serrano C, Urbano J, Figueredo AL, et al. 
Catheter-directed aspiration thrombectomy and low-dose thrombolysis for 
patients with acute unstable pulmonary embolism: Prospective outcomes 
from a PE registry. Int J Cardiol. 2019;287:106-10.

36.	 Tafur AJ, Shamoun FE, Patel SI, Tafur D, Donna F, Murad MH. Catheter-
Directed Treatment of Pulmonary Embolism: A Systematic Review and Meta-
Analysis of Modern Literature. Clin Appl Thromb Hemost. 2017;23:821-9.

37.	 Pasrija C, Kronfli A, Rouse M, Raithel M, Bittle GJ, Pousatis S,et al. Outcomes 
after surgical pulmonary embolectomy for acute submassive and massive 

pulmonary embolism: A single-center experience. J Thorac Cardiovasc Surg. 
2018;155:1095-106.

38.	 Konstantinides SV, Torbicki A, Agnelli G, Danchin N, Fitzmaurice D, Galiè 
N, et al. 2014 ESC guidelines on the diagnosis and management of acute 
pulmonary embolism. Eur Heart J. 2014;35:3033-69.

39.	 Iaccarino A, Frati G, Schirone L, Saade W, Iovine E, D’Abramo M, et al. Surgical 
embolectomy for acute massive pulmonary embolism: state of the art. J 
Thorac Dis. 2018;10:5154-61.

40.	 Kaso ER, Pan JA, Salerno M, Kadl A, Aldridge C, Haskal ZJ, et al. Venoarterial 
Extracorporeal Membrane Oxygenation for Acute Massive Pulmonary 
Embolism: a Meta-Analysis and Call to Action. J Cardiovasc Transl Res. 
2022;15:258-67.

41.	 Corsi F, Lebreton G, Bréchot N, Hekimian G, Nieszkowska A, Trouillet JL, et 
al. Life-threatening massive pulmonary embolism rescued by venoarterial-
extracorporeal membrane oxygenation. Crit Care. 2017;21:76. 

42.	 Tsai HY, Wang YT, Lee WC, Yen HT, Lo CM, Wu CC, et al. Efficacy and Safety 
of Veno-Arterial Extracorporeal Membrane Oxygenation in the Treatment 
of High-Risk Pulmonary Embolism: A Retrospective Cohort Study. Front 
Cardiovasc Med. 2022;9:799488.

43.	 George B, Parazino M, Omar HR, Davis G, Guglin M, Gurley J, et al. A 
retrospective comparison of survivors and non-survivors of massive 
pulmonary embolism receiving veno-arterial extracorporeal membrane 
oxygenation support. Resuscitation. 2018;122:1-5. 

44.	 Kmiec L, Philipp A, Floerchinger B, Lubnow M, Unterbuchner C, Creutzenberg 
M, et al. Extracorporeal Membrane Oxygenation for Massive Pulmonary 
Embolism as Bridge to Therapy. ASAIO J. 2020;66:146-52.

45.	 den Exter PL, Zondag W, Klok FA, Brouwer RE, Dolsma J, Eijsvogel M, et al. 
Efficacy and Safety of Outpatient Treatment Based on the Hestia Clinical 
Decision Rule with or without N-Terminal Pro-Brain Natriuretic Peptide 
Testing in Patients with Acute Pulmonary Embolism. A Randomized Clinical 
Trial. Am J Respir Crit Care Med. 2016;194:998-1006.

46.	 Roy PM, Moumneh T, Penaloza A, Sanchez O. Outpatient management of 
pulmonary embolism. Thromb Res. 2017;155:92-100. 

47.	 Roy PM, Penaloza A, Hugli O, Klok FA, Arnoux A, Elias A, et al. HOME-PE 
Study Group. Triaging acute pulmonary embolism for home treatment by 
Hestia or simplified PESI criteria: the HOME-PE randomized trial. Eur Heart 
J. 2021;42:3146-57.


