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Abstract 
Background & Aims: Acute pulmonary thromboembolism with a mortality of about 15-20% is the third leading cause of death from 

vascular disease after myocardial infarction and cerebrovascular disease. Considering the ominous nature of the disease and our 

experience of observing significant degrees of pulmonary hypertension among these patients, we decided to evaluate the prevalence of 

echocardiographic findings and its relationship with in-hospital mortality of affected patients. 

Materials & Methods: In this cross-sectional study, we enrolled 183 patients with a definitive diagnosis of pulmonary embolism having 

admission echocardiography. Clinical and echocardiographic findings were extracted from patients' medical records. Patients were 

grouped as survivors to hospital discharge and non-survivors, and the relationship between echocardiographic findings and in-hospital 

mortality was evaluated. All data analysis was performed using SPSS software version 22 and the significance level was considered 

less than 0.05. 

Results: In-hospital mortality rate of our patients was 20.2%. Dyspnea and chest pain were the most prevalent symptoms, while 

tachycardia, tachypnea and hypotension were the most frequent signs. Average systolic pulmonary artery pressure was about 

50.82±22.88 mmHg with significant difference between deceased and discharged subjects. We also reported a significant relationship 

between in-hospital mortality and TR severity and right ventricular dysfunction. Severe pulmonary hypertension was present in 42% 

of the patients, and about one third of them didn't survive to the hospital discharge. However, only 14 patients with less than severe PH 

on presentation expired during hospital stay (p=0.002). 

Conclusion: High frequency of severe pulmonary hypertension observed in our acute presenting patients could be a sign of combined 

PH etiologies and warrant further evaluation of secondary causes. 
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Introduction  
Pulmonary embolism and deep venous thrombosis 

represent the spectrum of one disease that primarily 

originates from deep vein thrombosis of the lower limbs 
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(1-3). Genetic and acquired factors are involved in 

developing venous thromboembolism. Factors such as 

long-haul flights, obesity, smoking, oral contraceptives, 

postmenopausal hormone replacement therapy, surgery, 
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cancer, systemic arterial hypertension, and chronic 

obstructive pulmonary disease are 

among the acquired underlying risk factors (3,4). 

The incidence of pulmonary embolism in the United 

States is estimated as 1 in 1,000 people, and the 

mortality rate of the disease in the first three months 

after diagnosis reaches more than 15%, resulting 

primarily from right ventricular failure (5-7). There is no 

exact epidemiologic data on its prevalence in Iran, but 

some reports suggest that it may account for 2% of 

emergency visits and 8-13% of post mortal cases of 

acute presenting dyspnea (8-9). 

According to previous studies, dyspnea, chest pain, 

cough and hemoptysis account for 73%, 66%,37%, and 

13% of the disease manifestation, respectively. On 

physical examination, about two third of subjects have 

tachypnea and one third have tachycardia at arrival, 

while hypotension and hemodynamic instability can 

compromise the disease course in massive or saddle 

emboli cases (7,10).   

  Since clinical manifestations of pulmonary emboli 

in many cases might be variable or nonspecific, careful 

evaluation of the patient and application of diagnostic 

tests play a vital role in early diagnosis. Chest 

radiography, electrocardiography, serum D-dimer level, 

lung CT scan, perfusion ventilation scan, and 

echocardiography could be done initially as appropriate, 

according to the patients' symptoms and the disease 

probability. However, despite its invasive nature and 

risks of contrast application, pulmonary angiography 

remains the gold standard for confirming the diagnosis 

in equivocal cases (10-13). 

It is well known that patients presenting with 

sustained hypotension (systolic blood pressure less than 

90 mm Hg for more than 30 minutes) or a pressure drop 

greater than or equal to 40 mmHg from baseline are at 

increased risk of premature death due to early right 

ventricular failure (13). On the other hand, the presence 

of moderate to severe right ventricular (RV) failure 

according to the echocardiographic data in patients with 

stable systolic arterial pressure is a potential sign of 

increased short- and long-term mortality. However, the 

appropriate strategy for the management of 

hemodynamically stable patients remains controversial 

and attention to the cardiac biomarkers and RV 

dysfunction are proposed to decide which one of 

thrombolytic administration or anticoagulant therapy is 

considered beneficial for the patient (14-19). 

Echocardiography has a unique role in identifying 

patients with increased pulmonary arterial pressure in 

whom significant pulmonary emboli is suspected (90% 

sensitivity). In these patients right ventricular (RV) 

dilatation, RV free wall hypokinesia and flattening of 

the interventricular septum can address the severity of 

the underlying disease (20, 21). 

Considering the ominous nature of acute pulmonary 

emboli and our experience of observing significant 

degrees of pulmonary hypertension among this category 

of patients, we decided to evaluate echocardiographic 

and clinical findings and its correlation with in-hospital 

mortality of affected subjects in a five-year survey of our 

educational hospitals. 

 

Materials & Methods 
In this cross-sectional study, we evaluated medical 

records of all patients admitted to our two educational 

centers between 2014 and 2019 with a diagnosis of 

pulmonary embolism including massive, sub massive or 

small types. Inclusion criteria were as follows: 1) age 

above 18 years, 2) definite diagnose of acute pulmonary 

embolism on initial contrast computed tomography 

(pulmonary CT angiography), 3) having baseline 

echocardiography data on the first day of admission. 

Exclusion criteria were incomplete medical records or 

having simultaneous comorbidities affecting the degree 

of pulmonary artery pressure (e.g., decompensated heart 



Studies in Medical Sciences, Vol. 34(6), May 2023 

 

323 

failure, infection and sepsis, or collagen vascular 

disease). During the 5-year time interval (2014-2019) a 

total of 321 patients with the diagnosis of acute 

pulmonary embolism were admitted to our hospitals. 

We excluded 120 cases with lacking echocardiographic 

data, and 18 subjects due to the underlying 

comorbidities affecting the results of pulmonary artery 

pressure. Ultimately, 183 patients enrolled our study. 

Initial vital signs including blood pressure, heart rate, 

respiratory rate, past medical history and 

echocardiographic data on right ventricular size and 

function, tricuspid regurgitation (TR) severity and 

pulmonary artery systolic pressure (SPAP) were 

extracted from patients' medical records. Right 

ventricular function was assessed using tricuspid 

annular plane systolic excursion (TAPSE) and values 

below 17 considered abnormal (reduced RV systolic 

function). SPAP was calculated using the formula: 4(TR 

peak velocity) ² + right atrium pressure. Finally, we 

analyzed the relationship between mentioned variables 

and in-hospital mortality of our studied patients. 

Data analysis: 

We expressed continuous variables as mean ± 

standard deviation values and descriptive variables as 

numbers and percentage values. Student’s t-test and 

Mann–Whitney U test were applied to compare 

continuous variables and descriptive data were 

compared using Chi-square or Fisher’s exact test as 

appropriate. All data analysis was performed using 

Windows SPSS software version 22 and the significance 

level was considered less than 0.05. 

  

Ethics: 

The study was in accordance with the Ethics 

Committee of Urmia University of Medical Science 

which waived the informed consent due to its 

observational and cross sectional nature. The approval 

ID is IR.UMSU.REC.1397.055 

 

Results 
In this study, 45.4% (n=83) of the patients were 

male, and the remaining (n=100) were female with the 

mean age of 61.15(±18.98 SD). In-hospital mortality 

rate of the affected subjects was 20.2% (n=37). The 

major causes for death was massive pulmonary 

embolism and RV collapse. 17 patients experienced 

nonfatal bleeding complications of thrombolysis or 

anticoagulant therapy and only one patient died due to 

extensive intraventricular cerebral hemorrhage 3 days 

after thrombolysis. 

Dyspnea and chest pain were the most prevalent 

symptoms with the frequency of 88% and 49.2%, 

respectively. Hemoptysis and syncope were present in 

13.1% and 7.1% of patients, respectively. On physical 

examination at arrival hypotension was observed in 

37.2% of patients, whereas either tachycardia or 

tachypnea was seen in 54.1% of our study population 

(Table 1). 

 

Table 1. baseline characteristics and clinical features. 

Percent 

(%) 

Number/average 

(total=183) 
variable 

45.4% 

54.6% 

83 

100 

Sex     male 

           female 

15.8% 

26.2% 

20.2% 

37.7% 

29 

48 

37 

69 

Age   <40 y 

40-60 y            

            60-70 y  

>70 y         
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Percent 

(%) 

Number/average 

(total=183) 
variable 

88% 161 dyspnea 

49.2% 90 Chest pain 

37.2% 68 hypotension 

13.1% 24 hemoptysis 

7.1% 13 syncope 

54.1% 99 tachycardia 

54.1% 99 tachypnea 

20.2% 37 death 

 

 

Echocardiography: 

Mean left ventricle ejection fraction (LVEF) was 

49.21% ±9.29% and right ventricle enlargement was 

observed in 66.7% of patients (n=122). LVEF was 

significantly lower in non-survivors versus discharged 

group (46.4±7.7% and 49.9±9.9%, respectively, 

p=0.04). Average systolic pulmonary artery pressure 

was about 50.82±22.88 mmHg with significant 

difference between deceased and discharged subjects 

(61.1±20.1 and 48.2±22.85 mmHg respectively, p 

value=0.03). We didn't observe significant tricuspid 

regurgitation (TR) in about 12.6% of the patient (i.e., 

trivial or no TR); However, 35.5% had mild, 28.4% had 

moderate, and 23.5% had severe TR in transthoracic 

echocardiography assessment (Table 2). 

 

Table 2. Echocardiographic findings and its relationship with in-hospital mortality 

P value survivors 
Non-

survivors 
Total   

0.007 
81(92%) 

65(68.4%) 

7(8%) 

30(31.6%) 

88 (48.1%) 

95 (51.9%) 

No TR or mild 

Moderate or severe 
TR severity 

0.03 
94(75.8%) 

52(88.2%) 

30(24.2%) 

7(11.8%) 

124 (67.8%) 

59 (32.2%) 

Present 

Absent 
RV dysfunction 

0.002 

48.2±22.8 61.1±20.1 50.8±22.8 Average SPAP 

42(93.4%) 

19(100%) 

31(74%) 

54(70.2%) 

3(6.6%) 

0(0%) 

11(26%) 

23(29.8%) 

45 (24.6%) 

19 (10.4%) 

42 (23%) 

77 (42.1%) 

Normal 

30-40 mmHg 

40-60 mmHg 

>60 mmHg 

Systolic PAP 

0.04 49.9±9.5% 46.6±7.7% 49.2±9.3% Average LVEF 

 

 

We observed a significant relationship between TR 

severity and in-hospital mortality (p=0.007). More than 

two third of deceased patients had at least moderate TR, 

among which 32.4% had severe TR. On the other hand, 

less than half of discharged patients had more than 

moderate TR (moderate to severe TR in 28.8% and 

severe TR in 15.8%). 
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We also reported a significant relationship between 

in-hospital mortality and right ventricular dysfunction in 

our study population. Variable degrees of right 

ventricular dysfunction were observed in 81.1% and 

64.4% of non-survivors and discharged subjects, 

respectively (p=0.03). Severe pulmonary hypertension, 

defined as SPAP ≥60 mmHg, was present in 42% of 

patients (n=77), among which 48% (n=37) had 

hypotension on admission and about one third of them 

(n=23) didn't survive to the hospital discharge. While 

only 14 patients with less than severe PH on 

presentation, expired during hospital stay (13%, p=002) 

and interestingly no death was reported among patients 

presented with mild degrees of pulmonary hypertension 

(SPAP=30-40mmHg) (Table 3). 

 

Table 3. Relationship between pulmonary artery pressure severity and shock state  

 
Shock state 

(Total=68) 
P value 

sPAP       normal                

                30-40mmhg     

                40-60mmhg 

                >60mmhg 

10(14.7%) 

3(4.4%) 

18(26.5%) 

37(54.4) 

0.006 

 

The main finding of this study was the fact that we 

encountered more frequency of severe pulmonary 

hypertension among our patients as we expected, which 

warrants further evaluation of these critical cases in the 

follow up period for secondary causes of pulmonary 

hypertension such as chronic thromboembolic disease.  

 

Discussion 
In this study, we assessed the general characteristics, 

symptoms and sign, echocardiographic features and in-

hospital outcome of acute pulmonary embolism 

patients. As expected, we observed a mortality rate of 

20.2% in our affected population which is high enough 

even in treated cases, in line with other previous reports 

of 1:6 to 1:5 death rate (1, 2, 4, 5, 16, 22,23). The mean 

age of our studied patients was 61.15±18.98 years, and 

54.6% were female, resembling that of reported by prior 

studies of evaluating clinical findings of pulmonary 

embolism which illustrated the highest percentage of 

patients being in middle-age group with the slight 

dominancy of female sex due to probable hormonal 

factors or high prevalence of inflammatory and 

rheumatologic disorders (23-25). 

The most frequent symptoms and signs of our 

subjects on admission were dyspnea (88%), tachycardia 

(54.1%), tachypnea (54.1%), chest pain (49.2%), and 

hypotension (37.2%). We reported syncope and 

hemoptysis in 7.1% and 13.1% of patients, respectively, 

with relatively similar frequencies compared to other 

previous reports. In a study of Bajaj et al., most common 

clinical symptoms were dyspnea (72%), tachypnea 

(39%), chest pain (38%) and tachycardia (32.6%), 

whereas syncope (6%) and hemoptysis (4%) were less 

frequent, consistent with the present study (25). 

Moreover, hypotension was observed in about one third 

of our subjects, which was more prevalent compared to 

the previous reports. In the study of Grifoni et al., 

patients with latent hemodynamic instability following 

PE had 10% shock and 5% in-hospital mortality (26). 

Considering the older age of our patients, and the 

endpoint of shock versus hypotension in their report, 

these discrepancies would be expected. 
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  Among echocardiographic findings, more than two 

third of our patients had right ventricular (RV) 

dysfunction and dilation and some degrees of 

pulmonary hypertension (PH), defined as systolic PAP 

more than 30 mm Hg. Interestingly, the rate of RV 

dysfunction and PH were higher in our report, in 

contrast to the study of Kurnicka et al. in Poland in 2016 

reporting a frequency of 27.4% and 46.6% for RV 

enlargement and the presence of PH, respectively (24). 

The differences between two studies from the point of 

inclusion criteria, sample size, the diagnostic tests used 

for confirming the disease and possible late medical 

contact of our patients may explain these variations. 

 Moreover, we observed a significant relationship 

between initial reduced left ventricular ejection fraction 

and increased risk of mortality among our patients, 

demonstrating the importance of septal deviation and 

abnormal motion due to RV pressure overload, which in 

terms has a critical role in the preload-afterload balance 

of left ventricle, resulting in decreased cardiac output 

and high clinical risk of subjects presenting with 

reduced LVEF. Strategies to improve the LVEF and 

reduce the mortality of these patients may include early 

thrombolysis, mechanical circulatory support, or 

surgical embolectomy depending on the patients’ 

presentation and risk of complications. 

  Based on our previous experience, we assessed the 

frequency of significant degrees of PH among our 

patients, and interestingly 42% of subjects had severe 

PH on initial echocardiographic assessment. It is well 

known that the normal right ventricle could not produce 

an average pressure above 40 mmHg in acute 

conditions, and in more elevated pressures, the gradient 

between RV and pulmonary artery would decrease due 

to secondary dilated and dysfunctional right ventricle 

(27). According to the Wood K.E. study in 2002, TR 

velocity greater than 3.7 (equivalent to 55 mmHg 

systolic PAP) may indicate previous underlying 

pulmonary disease such as chronic thromboembolism 

(CTEPH) (28). On the other hand, the risk of severe PH 

and CTEPH following pulmonary embolism based on 

meta-analysis reports was between 0.5-2.3% (29). 

However, more than one third of our patients who were 

presented with acute symptoms of PTE had shown 

severe pulmonary hypertension, which is contrary to the 

mentioned theoretical concepts. Delayed diagnosis, 

inadequate treatment, or underlying undiagnosed 

comorbidities of our patient which could lead to the 

occurrence of acute on chronic pulmonary embolism, 

may explain the high prevalence of RV failure and 

complications in this study. Considering the fact that we 

do not expect severe degrees of PH in pure acute 

pulmonary embolism, we can emphasize the need for 

further evaluation of discussed etiologies countering 

severe PH in acute settings of suspected pulmonary 

embolism. Regarding relatively high prevalence of 

severe PH observed in our study, we recommend 

rheumatologic counseling, complete laboratory 

evaluation of endocrine and metabolic disorders (e.g., 

thyroid abnormalities) and reinterpretation of 

pulmonary CT angiography by expert radiologists to 

confirm or rule out the presence of CTEPH as the 

probable causes of severe PH. In the absence of 

mentioned disorders and after adequate anticoagulant 

treatment for at least three months, we encourage the 

patients to be reevaluated for the presence of CTEPH 

and idiopathic PH in cases of persistent pulmonary 

hypertension, using step ward lung perfusion 

scintigraphy and right heart catheterization, as 

appropriate.  

 

Limitations: 
The study had the limitation of decreased sample 

size due to the incomplete medical records. Some 

patients were initially unstable and echocardiography 

could not be done for them on the first day of admission. 
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Besides, because of manual reports of some emergent 

echocardiographies, the illegible reports were excluded 

leading to missing data of some subjects. Moreover, we 

didn’t follow the patients after hospital discharge to 

distinguish the probable chronic thromboembolic 

pulmonary hypertension which was out of the scope of 

the present study. According to the mentioned 

limitations and the relative high mortality rate of the 

disease, further local studies with larger sample size are 

needed to investigate the lacking information about 

local incidence of the disease and appropriate follow up 

protocols in the course of its management. 

 

Conclusion 
In our study, dyspnea, chest pain and tachycardia 

were the most frequent clinical presentation of 

pulmonary embolism and the presence of right 

ventricular dysfunction and significant tricuspid 

regurgitation could be considered as markers of 

increased in-hospital mortality. High frequency of 

severe pulmonary hypertension observed in acute 

presenting patients could be a sign of combined PH 

etiologies and warrant further evaluation of secondary 

causes. 

 

Conflict of interest 
No potential conflict of interest was reported by the 

author. 

 

References 
1. Kistner RL, Ball J, Nordyke RA, Freeman GC. Incidence of 

pulmonary embolism in the course of thrombophlebitis of 

the lower extremities. Am J Surg 1972;124(2):169-76. 

https://doi.org/10.1016/0002-9610(72)90009-8 

2. Kearon C, Julian JA, Math M, Newman TE, Ginsberg JS. 

Noninvasive diagnosis of deep venous thrombosis. Ann 

Intern Med 1998;128(8):663-77. 

https://doi.org/10.7326/0003-4819-128-8-199804150-

00011 

3. Tapson VF. Acute pulmonary embolism. N Engl J Med 

2008;358(10):1037-52. 

https://doi.org/10.1056/nejmra072753 

4. Heit JA, Silverstein MD, Mohr DN, Petterson TM, O'Fallon 

WM, Melton LJ. Risk factors for deep vein thrombosis 

and pulmonary embolism: a population-based case-

control study. Arch intern Med 2000;160(6):809-15. 

https://doi.org/10.1001/archinte.160.6.809 

5. Alpert JS, Smith R, Carlson J, Ockene IS, Dexter L, Dalen 

JE. Mortality in patients treated for pulmonary embolism. 

JAMA 976;236(13):1477-80. 

6. Carson JL, Kelley MA, Duff A, et al. The clinical course of 

pulmonary embolism. N Engl J Med 1992;326(19):1240-

5. doi:10.1056/NEJM199205073261902  

7. Kostadima E, Zakynthinos E. Pulmonary embolism: 

pathophysiology, diagnosis, treatment. Hellenic J Cardiol 

2007;48(2):94-107.  

8. Teimouri A, Majidi SE. Assessment of the Relative 

Frequency of Pulmonary Embolism and Common Risk 

Factors in Patients with Pulmonary Embolism (PE) 

Referring to Emergency Department of Alzahra Hospital, 

Isfahan, Iran, in Year 2017. J Isfahan Med Sch 

2019;37(540):1007-12.  

9. Tofighi ZH, Mostafazadeh B, Gharedaghi J, Saleki S, 

Sheikh ahmad F. Evaluation of the prevalence of 

pulmonary thromboembolism in corpses referred to the 

Tehran Forensic Medicine Center with a history of 

admission leading to death in the hospital. Iranian J 

Forensic Med 1386;13(1):45-6. 

https://doi.org/10.1016/j.jflm.2007.12.017 

10. Stein PD, Gottschalk A, Sostman HD, et al. Methods of 

prospective investigation of pulmonary embolism 

diagnosis III (PIOPED III). Elsevier; 2008:462-70.  

11. Meyer G. Effective diagnosis and treatment of pulmonary 

embolism: Improving patient outcomes. Arch Cardiovasc 

Dis 2014;107(6-7):406-14.  

12. Stein PD, Terrin ML, Hales CA, et al. Clinical, laboratory, 

roentgenographic, and electrocardiographic findings in 

patients with acute pulmonary embolism and no pre-



 Significant Pulmonary Hypertension in Acute Pulmonary Embolism: Concepts and Facts. Mahsa Behnemoon, Elham Laleh 

 

 

328 

existing cardiac or pulmonary disease. Chest 

1991;100(3):598-603. 

https://doi.org/10.1378/chest.100.3.598 

13. Kelley MA, Carson JL, Palevsky HI, Schwartz JS. 

Diagnosing pulmonary embolism: new facts and 

strategies. Ann Intern Med 1991;114(4):300-6. 

https://doi.org/10.7326/0003-4819-114-4-300 

14. Pruszczyk P, Bochowicz A, Torbicki A, et al. Cardiac 

troponin T monitoring identifies high-risk group of 

normotensive patients with acute pulmonary embolism. 

Chest 2003;123(6):1947-52. 

https://doi.org/10.1378/chest.123.6.1947 

15. Meyer T, Binder L, Hruska N, Luthe H, Buchwald AB. 

Cardiac troponin I elevation in acute pulmonary 

embolism is associated with right ventricular 

dysfunction. J Am Coll Cardiol 2000;36(5):1632-6. 

https://doi.org/10.1016/s0735-1097(00)00905-0 

16. Sanchez O, Trinquart L, Colombet I, et al. Prognostic value 

of right ventricular dysfunction in patients with 

hemodynamically stable pulmonary embolism: a 

systematic review. Eur Heart J 2008;29(12):1569-

77.https://doi.org/10.1093/eurheartj/ehn208 

17. Horlander KT, Leeper KV. Troponin levels as a guide to 

treatment of pulmonary embolism. Curr Opin Pulm Med 

2003;9(5):374-7. https://doi.org/10.1097/00063198-

200309000-00006 

18. Lankeit M, Friesen D, Aschoff J, et al. Highly sensitive 

troponin T assay in normotensive patients with acute 

pulmonary embolism. Eur Heart J 2010;31(15):1836-44. 

https://doi.org/10.1093/eurheartj/ehq234 

19. Giannitsis E, Müller-Bardorff M, Kurowski V, et al. 

independent prognostic value of cardiac troponin T in 

patients with confirmed pulmonary embolism. 

Circulation 2000;102(2):211-17. 

https://doi.org/10.1161/01.cir.102.2.211 

20. Jardin F, Dubourg O, Bourdarias J-P. Echocardiographic 

pattern of acute cor pulmonale. Chest 1997;111(1):209-

17. https://doi.org/10.1378/chest.111.1.209 

21. Zakynthinos E, Zakynthinos S. Contemporary diagnosis 

and therapy of pulmonary hypertension. Hellenic J 

Cardiol 1991;32:111-23.  

22. Darze ES, Casqueiro JB, Ciuffo LA, Santos JM, 

Magalhães IR, Latado AL. Pulmonary embolism 

mortality in Brazil from 1989 to 2010: Gender and 

regional disparities. Arq Bras Cardiol 2016;106(1):4-12. 

https://doi.org/10.5935/abc.20160001 

23. Khemasuwan D, Yingchoncharoen T, Tunsupon P, et al. 

Right ventricular echocardiographic parameters are 

associated with mortality after acute pulmonary 

embolism. J Am Soc Echocardiogr 2015;28(3):355-

62https://doi.org/10.1378/chest.1984291 

24. Kurnicka K, Lichodziejewska B, Goliszek S, et al. 

Echocardiographic Pattern of Acute Pulmonary 

Embolism: Analysis of 511 Consecutive Patients. J Am 

Soc Echocardiogr 2016;29(9):907-13. 

https://doi.org/10.1016/j.echo.2016.05.016 

25. Bajaj N, Bozarth AL, Guillot J, et al. Clinical features in 

patients with pulmonary embolism at a community 

hospital: analysis of 4 years of data. J Thromb 

Thrombolysis. 2014;37(3):287-92. 

https://doi.org/10.1007/s11239-013-0942-8 

26. Grifoni S, Olivotto I, Cecchini P, 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. https://doi.org/10.1161/01.cir.101.24.2817 

27. Matthews JC, McLaughlin V. Acute right ventricular 

failure in the setting of acute pulmonary embolism or 

chronic pulmonary hypertension: a detailed review of 

the pathophysiology, diagnosis, and management. Curr 

Cardiol Rev 2008;4(1):49-59. 

https://doi.org/10.2174/157340308783565384 

28. Wood K.E. Major pulmonary embolism: review of a 

pathophysiologic approach to the golden hour of 

hemodynamically significant pulmonary embolism. 



Studies in Medical Sciences, Vol. 34(6), May 2023 

 

329 

Chest 2002;121(3):877-905. 

https://doi.org/10.1378/chest.121.3.877 

29. Ende-Verhaar YM, Cannegieter SC, Vonk Noordegraaf A, 

et al. Incidence of chronic thromboembolic pulmonary 

hypertension after acute pulmonary embolism: a 

contemporary view of the published literature. Eur Respir 

J. 2017;49(2). https://doi.org/10.1183/13993003.01792-

2016 
 

 

 
This is an open-access article distributed under the terms of the Creative Commons Attribution-noncommercial 4.0 International License 
which permits copy and redistribute the material just in noncommercial usages, as long as the original work is properly cited. 

 


