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Abstract
Introduction: Pulmonary embolism (PE) is a common condition but if it is diagnosed with
delay, it can cause serious morbidity or mortality. Herein we evaluated the role of transthoracic
echocardiography (TTE) as a real-time, non-invasive, portable, and cost-efficient modality in
diagnosis of PE in critically ill patient.
Case: We report a successful application of bedside TTE in a 55-years-old man presenting with
dyspnea and unstable hemodynamic. Bedside echocardiogram showed a free-flouting thrombus
at the main pulmonary artery bifurcation.
Discussion: Although TTE can be used for rapid risk stratification in patients with PE, it
provides a means for rapid, reproducible, portable, and cost-efficient diagnostic modality in the
setting of high clinical suspicion of PE. The sensitivity and specificity of TTE for diagnosis of
PE ranged between 29% and 52% and between 96% and 87%, respectively. Echocardiographic
signs used in the diagnosis of acute PE include reduced RV size and function, direct visualization
of thrombus, reduced LV cavity size, dilated pulmonary arteries, interventricular septal
flattening, paradoxical septal motion, tricuspid regurgitation, increased velocity of tricuspid
regurgitation jet, and dilatation of IVC.
Conclusion: Although TTE had a low sensitivity for diagnosis of PE, this modality is noninvasive, cost-efficient, portable, and helps us to differentiate between the etiologies of
hypotension in the unstable patients.
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Introduction
Pulmonary embolism (PE) is a frequent cardiovascular emergency and still remains one of the
leading causes of cardiovascular morbidity and mortality. The PE is responsible for 100,000 to
300,000 deaths per year in the United States1-3, and it is frequently not diagnosed until after the
patient dies.4,5 Prognosis of PE strongly depends on hemodynamically status and
echocardiographic findings. A short-term mortality in normotensive patients that do not have
evidence of right ventricular dysfunction (RVD) is 2%, but the mortality rate rapidly increases
up to 30% in patients with shock and up to 65% in patients with cardiac arrest at presentation.6 In
the other hand, delay in presentation and diagnosis is very common and it can lead to increase
the morbidity and mortality. Thus, rapid diagnosis and treatment of possible causes of
hypotension or shock in the critically ill patient that highly suspicious to PE are very important.
Transthoracic echocardiography (TTE) may be invaluable as a real-time, non-invasive, and costefficient modality which allows serial bedside examinations. Herein, we reported a case of
unstable hemodynamic PE that was diagnosed by TTE, and then reviewed the literatures about it.

Case
A 55-years-old man (174 cm, 95 kg) presented with an atypical chest pain and sudden onset
dyspnoea from one day ago. Also, he was complaining of left leg pain from 3 days ago, but did
not refer to any medical center. Initial physical examination revealed an ill-appearing man in
significant respiratory distress using accessory muscles of respiration. Vital signs were: blood
pressure 78/45 mm Hg, heart rate 124 beats/min, respiratory rate 32 breaths/min, SpO2 82% on
non-rebreather mask, and temperature 37 ⁰C. The cardiac examination was regular tachycardic,
lungs were clear, and left lower limb had pitting edema, compatible with deep vein thrombosis.
After examination, a bedside TTE examination was performed. Bedside echocardiogram showed
normal RV size and function, mild tricuspid regurgitation, and a free-flouting thrombus at the
main pulmonary artery bifurcation (Fig. 1). Unfortunately, the multidetector computed
tomography was not available at same time. So, base on clinical condition and TTE finding, we
decided to use the thrombolytic agent (streptokinase) for the patient. Then, the patient was
treated by full anticoagulant therapy. After one day, the patient significantly feel better, and
physical examination revealed stable hemodynamic; blood pressure 112/78 mm Hg, heart rate 86
beats/min, respiratory rate 18 breaths/min, SpO2 94%. After two weeks admission, he was
discharged home in good condition.

Discussion
Relationship between delay in diagnosis and prognosis
Identification of patients with PE who are at risk for mortality or severe morbidity in the early
observation period is important. Because the non-specific signs and symptoms, patients may
experience significant delays from the onset of symptoms to presentation and diagnosis. So that
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may majority of cases diagnosed after died. Pineda et al reported only a 45 % rate of correct
antemortem diagnosis of PE.7 In previous studies, 16% to 30.4% of the patients with acute PE
were diagnosed one week or longer after the symptom onset; while only 31.6% to 50% of the
patients presented within 24 hours of symptom onset.8-11 Same as delay in diagnosis,
misdiagnosis of PE is frequent and occurred in 50% of patients. Higher age, more days of delay
and the absence of syncope or sudden onset dyspnea were factors associated with misdiagnosis.12
Kline et al. found that in-hospital adverse outcomes including death, cardiogenic shock, or
endotracheal intubation for respiratory distress in patients with delayed diagnosis were worse
than those of patients with PE diagnosed in the emergency department. They showed that
adverse events were occurred in 30% of the patients who have delayed diagnosis compared to
8.5% in the patients with early diagnosis.13 Also, same as early diagnosis, early treatment is very
important. Smith et al showed that patients who received heparin and achieved a therapeutic
activated partial thromboplastin time within 24 h from presentation had lower in-hospital and 30day mortality rates as compared with patients who achieved a therapeutic activated partial
thromboplastin time after 24 h (1.5% vs. 5.6% and 5.6% vs. 14.8%, respectively).14 Because,
hours or even minutes are important, especially high risk patients, guidelines recommend
initiation of anticoagulation if clinical suspicion for PE is high, even prior to confirmatory
testing.15-17

Relationship between Hemodynamic status and prognosis
Hemodynamic status at the time of presentation in patient with acute PE has the strongest
prognostic implications for short-term mortality.18 Secondary hemodynamic destabilization,
usually within the first 24h to 48 h, may occur in hemodynamically stable patients with PE, as a
result of recurrent emboli or deterioration of right ventricular function. Also, early PE
recurrences commonly occur in patients with undiagnosed or inadequately anticoagulant
treatment19, and may deteriorate the hemodynamic status.20 In previous studies, the in-hospital
mortality of normotensive patients with PE has been reported to vary from 3 to 15%;21,22 while
this rate in patients with massive PE, defined on the basis of systemic hypotension or cardiogenic
shock rapidly raise to ranges from 25 to more than 50%.18,23,24

Diagnostic utility of TTE in patients with suspected PE
Despite TTE can be used for rapid and accurate risk stratification in patients with PE, it provides
a means for rapid, reproducible, portable, and cost-efficient diagnostic modality in clinical
situations where PE is suspected. It may be most useful in the setting of high clinical suspicion of
PE.25,26 In previous studies an increasing interest in the use of TTE in the diagnostic investigation
of patients with suspected PE were seen.27-29 In spite of these benefits, only 30% to 40% of
patients with acute PE will demonstrate echocardiographic abnormalities.30-32 In many centers,
TTE is not routinely used as a diagnostic modality in patients with suspected PE; and
transesophageal echocardiography is still preferable in certain specific clinical situations in
which TTE is likely to fail or be suboptimal.33 But, although transesophageal echocardiography
was once the principal diagnostic approach using ultrasound to evaluate critically ill patients,
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advances in ultrasound imaging, including harmonic imaging, digital acquisition, and contrast for
endocardial enhancement, has improved the diagnostic yield of TTE.34 However in massive PE,
when patients are hemodynamically unstable with unexplained dyspnea, syncope, or right heart
failure, that is a relatively common occurrence in critically ill patients, prompt TTE is useful
within minutes at the bedside to justify the use of thrombolytic therapy.25,34-37 The sensitivity and
specificity of TTE for diagnosis of PE ranged between 29% and 52% and between 96% and
87%, respectively.27 Also, Adding TTE to the diagnostic strategy for PE would avoid about 12%
to 28% of lung-scan angiography procedures.27
TTE can be used to detect acute RV dilatation and dysfunction in massive PE. Regional RVD
has a sensitivity of 77% and a specificity of 94% for the diagnosis of acute PE; positive
predictive value is 71% and negative predictive value is 96%. The presence of regional RVD that
spares the apex (McConnel sign) should raise the level of clinical suspicion for the diagnosis of
acute PE.34,38 In 1993, Goldhaber et al suggested a correlation between echocardiographic RVD
and poor outcome in patients with acute PE.39 Since then, several studies have evaluated the
importance of echocardiographic RVD as a predictor of mortality. According to previous studies,
the short-term (in-hospital) and long-term mortality are 2% to 14% and 9% to 17%, whereas in
patients with RVD these percentages raise to 4% to 33% and 18% to 21%, respectively.18,36,39-43
Even, RVD is associated with an increased risk of mortality in patients with hemodynamically
stable PE.44,45 In a study, the sensitivity and specificity of RVD for 30-day mortality in
normotensive patients were 52.4% and 62.7%, respectively.31
It may also be possible to visualize the thrombus directly in the main pulmonary artery, although
Transesophageal echocardiography is more useful in visualizing the thrombi lodged in main and
right pulmonary artery or the right sided chambers.46 Central PE are present in half of patients
with symptoms of PE and acute pulmonary hypertension on TTE.47 Other echocardiographic
signs used in the diagnosis of acute PE include reduced reduced LV cavity size, dilated
pulmonary arteries, interventricular septal flattening, paradoxical septal motion resulting in a “Dshaped” LV in short axis view, significant (moderate to severe) tricuspid regurgitation, increased
velocity of tricuspid regurgitation jet, and dilatation of IVC.35,36,38,46,48,49
Despite these advantages, some limitations have restricted the use of TTE in diagnosis of PE.
This method is highly dependent on operator skills. Thrombus rarely visualize in the pulmonary
artery and left pulmonary artery distal to left main is not good visualized by TTE due to
interposition of the left main bronchus. Also, while RVD may portend a poor prognosis in acute
PE, these findings alone without a consistent clinical picture are not specific and may also be
seen in COPD, obstructive sleep apnea, pulmonary hypertension, right sided myocardial
infarction, cardiomyopathy, or valvular heart disease.25,26

Detecting right heart thrombi by TTE
Right heart thrombi can be diagnosed by TTE and are observed almost exclusively in patients
with massive PE.50,51 There is infrequent data available about thrombi in right heart in patients
with PE. According to previous studies, the prevalence of thrombi in right heart among patients
with PE is infrequent, approximately 4% to 18%.48,52-56 Patients with right heart thrombi are
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more hemodynamically unstable at the time of diagnosis than other patients. It may secondary to
higher prevalence of hypotension, higher heart rate, and frequent RVD on echocardiography in
patient with thrombi.35,48 Patients with right heart thrombi had a worse short and long-term
survival when compared to those without thrombi. In the ICOPER study, mortality rate in acute
PE patients with free floating right heart thrombi was 21% compared with those without right
heart thrombi 11%.48 Prognosis is mostly depend on conventional clinical and hemodynamic
status rather than the size and location of the thrombus.57 Also, when thrombus is visualized,
especially accomplished with other echocardiographic criteria, thrombolytic therapy is
recommended.34-36

Conclusion
Accurate and prompt diagnosis of PE is crucial in the emergency department and the easiest and
least invasive method of imaging cardiac structures is TTE. This modality is non-invasive, costeffevtive, portable, and helps us to differentiate between the etiologies of hypotension in the
unstable patients.
Conflict of Interest: None declared.

References
1. Kearon C, Kahn S, Agnelli G, Goldhaber S, Raskob G, Comerota A. American College of
Chest Physicians. Antithrombotic therapy for venous thromboembolic disease: American
College of Chest Physicians evidence-based clinical practice guidelines. Chest 2008(6
Suppl);133:Suppl:454S-545S.
2. Silverstein MD, Heit JA, Mohr DN, Petterson TM, O'Fallon WM, Melton III LJ. Trends in
the incidence of deep vein thrombosis and pulmonary embolism: a 25-year population-based
study. Archives of Internal Medicine. 1998;158(6):585.
3. Dalen JE. Pulmonary Embolism: What Have We Learned Since Virchow? Chest.
2002;122(5):1801-17.
4. Sandler D, Martin J. Autopsy proven pulmonary embolism in hospital patients: are we
detecting enough deep vein thrombosis? Journal of the Royal Society of Medicine.
1989;82(4):203.
5. Morgenthaler TI, Ryu JH, editors. Clinical characteristics of fatal pulmonary embolism in a
referral hospital1995: Mayo Clinic.
6. White RH. The epidemiology of venous thromboembolism. Circulation. 2003;107(23 suppl
1):I-4-I-8.

Vol. 4 No. 12 (2012)

2031

International Journal of Collaborative Research on Internal Medicine & Public Health

7. Pineda LA, Hathwar VS, Grant BJB. Clinical Suspicion of Fatal Pulmonary Embolism.
Chest. 2001;120(3):791-5.
8. Bulbul Y, Ozsu S, Kosucu P, Oztuna F, Ozlu T, Topbaş M. Time delay between onset of
symptoms and diagnosis in pulmonary thromboembolism. Respiration. 2009;78(1):36-41.
9. Jiménez Castro D, Sueiro A, Díaz G, Escobar C, García-Rull S, Picher J, et al. Prognostic
significance of delays in diagnosis of pulmonary embolism. Thrombosis research.
2007;121(2):153-8.
10. Elliott CG, Goldhaber SZ, Jensen RL. Delays in Diagnosis of Deep Vein Thrombosis and
Pulmonary Embolism. Chest. 2005;128(5):3372-6.
11. Timmons S, Kingston M, Hussain M, Kelly H, Liston R. Pulmonary embolism: differences
in presentation between older and younger patients. Age and ageing. 2003;32(6):601-5.
12. Alonso-Martínez J, Sánchez F, Echezarreta M. Delay and misdiagnosis in sub-massive and
non-massive acute pulmonary embolism. European journal of internal medicine. 2010;21(4):27882.
13. Kline JA, Hernandez‐Nino J, Jones AE, Rose GA, Norton HJ, Camargo Jr CA. Prospective
study of the clinical features and outcomes of emergency department patients with delayed
diagnosis of pulmonary embolism. Academic Emergency Medicine. 2007;14(7):592-8.
14. Smith SB, Geske JB, Maguire JM, Zane NA, Carter RE, Morgenthaler TI. Early
anticoagulation is associated with reduced mortality for acute pulmonary embolism. Chest.
2010;137(6):1382-90.
15. Torbicki A, Perrier A, Konstantinides S, Agnelli G, Galiè N, Pruszczyk P, et al. Guidelines
on the diagnosis and management of acute pulmonary embolism The Task Force for the
Diagnosis and Management of Acute Pulmonary Embolism of the European Society of
Cardiology (ESC). European Heart Journal. 2008;29(18):2276-315.
16. Charlebois D. Early recognition of pulmonary embolism: the key to lowering mortality.
Journal of Cardiovascular Nursing. 2005;20(4):254.
17. Kearon C, Kahn SR, Agnelli G, Goldhaber S, Raskob GE, Comerota AJ. Antithrombotic
Therapy for Venous Thromboembolic Disease. Chest. 2008;133(6 suppl):454S-545S.
18. Goldhaber SZ, Visani L, De Rosa M. Acute pulmonary embolism: clinical outcomes in the
International Cooperative Pulmonary Embolism Registry (ICOPER). The Lancet.
1999;353(9162):1386-9.
19. Hull RD, Raskob GE, Hirsh J, Jay RM, Leclerc JR, Geerts WH, et al. Continuous
intravenous heparin compared with intermittent subcutaneous heparin in the initial treatment of
proximal-vein thrombosis. New England Journal of Medicine. 1986;315(18):1109-14.
20. Jiménez D, Aujesky D, Yusen RD. Risk stratification of normotensive patients with acute
symptomatic pulmonary embolism. British journal of haematology. 2010;151(5):415-24.
Vol. 4 No. 12 (2012)

2032

International Journal of Collaborative Research on Internal Medicine & Public Health

21. Torbicki A, Van Beek E, Charbonnier B, Meyer G, Morpurgo M, Palla A, et al. Guidelines
on diagnosis and management of acute pulmonary embolism. Task Force on Pulmonary
Embolism, European Society of Cardiology. Eur Heart J. 2000;21(1):301.
22. Hamel E, Pacouret G, Vincentelli D, Forissier JF, Peycher P, Pottier JM, et al. Thrombolysis
or Heparin Therapy in Massive Pulmonary Embolism With Right Ventricular Dilation. Chest.
2001;120(1):120-5.
23. Kasper MD W, Konstantinides MD S, Geibel MD A, Olschewski PhD M, Heinrich MD F,
Grosser MD KD, et al. Management strategies and determinants of outcome in acute major
pulmonary embolism: results of a multicenter registry. Journal of the American College of
Cardiology. 1997;30(5):1165-71.
24. Vieillard-Baron A, Page B, Augarde R, Prin S, Qanadli S, Beauchet A, et al. Acute cor
pulmonale in massive pulmonary embolism: incidence, echocardiographic pattern, clinical
implications and recovery rate. Intensive care medicine. 2001;27(9):1481-6.
25. Stawicki SP, Seamon MJ, Meredith DM, Chovanes J, Paszczuk A, Kim PK, et al.
Transthoracic echocardiography for suspected pulmonary embolism in the intensive care unit:
Unjustly underused or rightfully ignored? Journal of Clinical Ultrasound. 2008;36(5):291-302.
26. Mookadam F, Jiamsripong P, Goel R, Warsame TA, Emani UR, Khandheria BK. Critical
appraisal on the utility of echocardiography in the management of acute pulmonary embolism.
Cardiology in Review. 2010;18(1):29.
27. Bova C, Greco F, Misuraca G, Serafini O, Crocco F, Greco A, et al. Diagnostic utility of
echocardiography in patients with suspected pulmonary embolism. The American Journal of
Emergency Medicine. 2003;21(3):180-3.
28. Grifoni S, Olivotto I, Cecchini P, Pieralli F, Camaiti A, Santoro G, et al. Utility of an
integrated clinical, echocardiographic, and venous ultrasonographic approach for triage of
patients with suspected pulmonary embolism. The American journal of cardiology.
1998;82(10):1230-5.
29. Miniati M, Monti S, Pratali L, Di Ricco G, Marini C, Formichi B, et al. Value of
transthoracic echocardiography in the diagnosis of pulmonary embolism: results of a prospective
study in unselected patients. The American journal of medicine. 2001;110(7):528-35.
30. Come PC. Echocardiographic evaluation of pulmonary embolism and its response to
therapeutic interventions. Chest. 1992;101(4 Supplement):151S-62S.
31. Kucher N, Rossi E, De Rosa M, Goldhaber SZ. Prognostic role of echocardiography among
patients with acute pulmonary embolism and a systolic arterial pressure of 90 mm Hg or higher.
Archives of Internal Medicine. 2005;165(15):1777.
32. Gibson NS, Sohne M, Buller HR. Prognostic value of echocardiography and spiral
computed tomography in patients with pulmonary embolism. Current opinion in pulmonary
medicine. 2005;11(5):380.

Vol. 4 No. 12 (2012)

2033

International Journal of Collaborative Research on Internal Medicine & Public Health

33. Cook CH, Praba AC, Beery PR, Martin LC. Transthoracic echocardiography is not costeffective in critically ill surgical patients. The Journal of Trauma. 2002;52(2):280.
34. Beaulieu Y. Bedside echocardiography in the assessment of the critically ill. Critical care
medicine. 2007;35(5):S235.
35. Goldhaber SZ. Echocardiography in the management of pulmonary embolism. Annals of
internal medicine. 2002;136(9):691-700.
36. Grifoni S, Olivotto I, Cecchini P, Pieralli F, Camaiti A, Santoro G, et al. Short-term clinical
outcome of patients with acute pulmonary embolism, normal blood pressure, and
echocardiographic right ventricular dysfunction. Circulation. 2000;101(24):2817-22.
37. Stawicki SP, Seamon MJ, Kim PK, Meredith DM, Chovanes J, Schwab CW, et al.
Transthoracic echocardiography for pulmonary embolism in the ICU: finding the “right”
findings. Journal of the American College of Surgeons. 2008;206(1):42-7.
38. McConnell MV, Solomon SD, Rayan ME, Come PC, Goldhaber SZ, Lee RT. Regional right
ventricular dysfunction detected by echocardiography in acute pulmonary embolism. The
American journal of cardiology. 1996;78(4):469-73.
39. Goldhaber S, Come P, Lee R, Braunwald E, Parker J, Haire W, et al. Alteplase versus
heparin in acute pulmonary embolism: randomised trial assessing right-ventricular function and
pulmonary perfusion. The Lancet. 1993;341(8844):507-11.
40. Jerjes-Sanchez C, Ramirez-Rivera A, Arriaga-Nava R, Iglesias-Gonzalez MSc S, Gutierrez
P, Ibarra-Perez C, et al. High dose and short-term streptokinase infusion in patients with
pulmonary embolism: prospective with seven-year follow-up trial. Journal of thrombosis and
thrombolysis. 2001;12(3):237-47.
41. Kasper W, Konstantinides S, Geibel A, Tiede N, Krause T, Just H. Prognostic significance
of right ventricular afterload stress detected by echocardiography in patients with clinically
suspected pulmonary embolism. Heart. 1997;77(4):346-9.
42. Ribeiro A, Lindmarker P, Juhlin-Dannfelt A, Johnsson H, Jorfeldt L. Echocardiography
Doppler in pulmonary embolism: right ventricular dysfunction as a predictor of mortality rate.
American heart journal. 1997;134(3):479-87.
43. Pollack CV, Schreiber D, Goldhaber SZ, Slattery D, Fanikos J, O'Neil BJ, et al. Clinical
Characteristics, Management, and Outcomes of Patients Diagnosed With Acute Pulmonary
Embolism in the Emergency Department:: Initial Report of EMPEROR (Multicenter Emergency
Medicine Pulmonary Embolism in the Real World Registry). Journal of the American College of
Cardiology. 2011;57(6):700-6.
44. Sanchez O, Trinquart L, Colombet I, Durieux P, Huisman MV, Chatellier G, et al.
Prognostic value of right ventricular dysfunction in patients with haemodynamically stable
pulmonary embolism: a systematic review. European Heart Journal. 2008;29(12):1569-77.

Vol. 4 No. 12 (2012)

2034

International Journal of Collaborative Research on Internal Medicine & Public Health

45. Coutance G, Cauderlier E, Ehtisham J, Hamon M. The prognostic value of markers of right
ventricular dysfunction in pulmonary embolism: a meta-analysis. Critical Care.
2011;15(2):R103.
46. Showkathali R, Hausenloy D. Echocardiography and the critically ill patient. Current
Anaesthesia & Critical Care. 2006;17(3):237-44.
47. Foster E, Schiller N. Transesophageal echocardiography in the critical care patient.
Cardiology clinics. 1993;11(3):489.
48. Torbicki A, Galié N, Covezzoli A, Rossi E, De Rosa M, Goldhaber SZ. Right heart thrombi
in pulmonary embolism: results from the International Cooperative Pulmonary Embolism
Registry. Journal of the American College of Cardiology. 2003;41(12):2245-51.
49. Jardin F, Dubourg O, Bourdarias JP. Echocardiographic pattern of acute cor pulmonale.
Chest. 1997;111(1):209-17.
50. Chartier L, Béra J, Delomez M, Asseman P, Beregi JP, Bauchart JJ, et al. Free-floating
thrombi in the right heart: diagnosis, management, and prognostic indexes in 38 consecutive
patients. Circulation. 1999;99(1):2779-83.
51. Goldhaber SZ. Optimal strategy for diagnosis and treatment of pulmonary embolism due to
right atrial thrombus. Mayo Clin Proc. 1988;63(12):1261-4.
52. Pierre-Justin G, Pierard LA. Management of mobile right heart thrombi: a prospective
series. International Journal of Cardiology. 2005;99(3):381-8.
53. Cameron J, Pohlner PG, Gregory Stafford E, O’Brien MF, Nicholas Bett J, Murphy AL.
Right heart thrombus: recognition, diagnosis and management. Journal of the American College
of Cardiology. 1985;5(5):1239-43.
54. Kinney EL, Wright RJ. Efficacy of treatment of patients with echocardiographically
detected right-sided heart thrombi: a meta-analysis. American heart journal. 1989;118(3):569-73.
55. Redish GA, Anderson AL. Echocardiographic diagnosis of right atrial thromboembolism.
Journal of the American College of Cardiology. 1983;1(4):1167-9.
56. Casazza F, Bongarzoni A, Centonze F, Morpurgo M. Prevalence and prognostic significance
of right-sided cardiac mobile thrombi in acute massive pulmonary embolism. The American
journal of cardiology. 1997;79(10):1433-5.
57. O'Neill JO, Iqbal R, McGARRY K. "Thrombus in transit"--the role of echocardiography in
the diagnosis of massive pulmonary embolism and a review of the literature. Acta cardiologica.
2002;57(4):291-294.

Vol. 4 No. 12 (2012)

2035

International Journal of Collaborative Research on Internal Medicine & Public Health

Figure 1: Parasternal short axis echocardiographic view: Arrow indicates a free-flouting thrombus at
the pulmonary artery bifurcation. MPA: Main Pulmonary Artery; Ao: Aorta.
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