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Background: Echocardiography can be used for risk stratification in patients 
with acute pulmonary embolism (PE). While the severity of PE has been 
assessed through laboratory criteria in most studies, the Pulmonary Embolism 
Severity Index (PESI) scoring system was used in this study to evaluate the 
severity of echocardiographic criteria in acute PE patients. 
Materials and Methods: All PE patients admitted to Ghaem Hospital in 
Mashhad between 2021-2022 were included in the study. Clinical symptoms 
and echocardiographic markers were checked and recorded when the patients 
entered the study. Data were analyzed in SPSS version 24 at a significance level 
of 0.05 using the Chi-square test and t-test. 
Results: Of 40 patients, 80% were at a high risk of PESI. The most common 
clinical symptoms were dyspnea (97.5%) and pleuritic chest pain (75%). Right 
ventricle (RV) size enlargement and its dysfunction were recorded in 57.5% of 
patients. The average age of patients in the high-risk group was significantly (p-
value: 0.001) higher than the low-risk group. There was a significant correlation 
between MID-right ventricle and pulmonary artery pressure with the severity 
of embolism, so that mid-right ventricle and pulmonary artery pressure in the 
high-risk group were significantly higher (p-value: 0.000) than in the low-risk 
group. Also, the severity of PE was significantly related to RV size (P = 0.026) 
and function (P = 0.038). 
Conclusion: RV size, function, and dilatation, and pulmonary artery pressure 
variated significantly in different severities of PE. 
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INTRODUCTION 

Acute pulmonary embolism (PE) is the third most 

common cause of cardiovascular death among hospitalized 

patients in the Western world after acute myocardial 

infarction and stroke. Early diagnosis and intervention are 

critical because most deaths from acute PE occur within the 

first few hours to days. The most common risk factor for 

PE is a history of previous deep vein thrombosis (DVT) (1). 

PE is often caused by thrombosis in a systemic blood 

vessel, usually a deep vein of the lower extremity. In 

Western countries, the incidence of PE in the general 

population is approximately 60 to 120 cases per 100,000 

persons per year (2). Worldwide, the overall 3-month 

mortality rate of all PE patients is approximately 15%, and 

50% have shock (3). Because symptoms are nonspecific, PE 

remains a diagnostic challenge, and less than 10%              
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of patients evaluated for PE are ultimately diagnosed with 

PE (2).  

Venous thromboembolism (VTE) is caused by the 

interaction of environmental and structural risk factors that 

can be hereditary or acquired and may be due to non-

modifiable factors such as older age or potential temporary 

factors such as immobility (2,4). Clinical manifestations of 

PE range from asymptomatic to hemodynamic collapse 

and death. Although PE alters pulmonary gas exchange 

and can cause hypoxemia, hemodynamic impairment is 

the most important factor for a worse prognosis. The 

increase of pulmonary vascular resistance increases RV 

afterload and leads to reduced left ventricular preload and 

cardiac output. The hemodynamic response to PE depends 

on the size of the obstruction and the presence of chronic 

right heart failure and left heart failure (5). Because the 

symptoms associated with PE are nonspecific, identifying 

PE can be challenging. The primary symptoms are chest 

pain and dyspnea (6). A study of 881 patients in France 

reported that approximately 30% of patients with chest 

pain were evaluated for PE (7). PE may also present as 

unexplained syncope. In 2 cohort studies of patients with 

syncope, the overall incidence of PE at 30 days was 0.6% 

and 2.2% (8,9). The first step to assess the clinical 

possibility of acute pulmonary thromboembolism is a 

physical examination. With low clinical probability, a D-

dimer test should be requested. A normal D-dimer usually 

rules out pulmonary thromboembolism. If D-dimer is 

elevated, CT angiography must be done (10). In suspicion 

of PE, bedside echocardiography is suggested (2).  

Wide variation in the prognosis of PE indicates the 

importance of early diagnosis and risk classification (11). 

There are common signs and symptoms between patients 

with and without PE, which shows the importance of 

diagnostic tests (12) such as echocardiography (13). While 

most studies investigating the severity of PE have used 

laboratory markers such as TPI or PROBNP, in the present 

study, clinical symptoms and echocardiographic criteria 

were investigated based on the severity of the PE, using a 

scoring system. 

 

MATERIALS AND METHODS 
Study design 

This prospective descriptive-analytical study was 

conducted in Qaem Hospital, Mashhad, Iran, in the lung, 

internal, and heart departments between 2021 and 2022. 

All hospitalized patients diagnosed with PE were included 

in the study. Patients whose clinical symptoms and 

echocardiographic findings were not determined at the 

time of admission and patients who died at the time of 

diagnosis were excluded from the study. Due to the lack of 

a similar study to determine the sample size, the sample 

size was estimated based on the clinical judgment of the 

researcher, and finally, 40 patients were included in the 

study by the census method.  

 

Outcome measures  
The main outcome was the pulmonary embolism 

severity index (PESI). Secondary outcomes included 

dyspnea, pleuritic chest pain, non-massive hemoptysis, 

hypotension, RV status, including size and dysfunction, 

PAP, MID RV, and S(tv). Patient characteristics and clinical 

symptoms as well as echocardiographic markers, were 

checked and recorded when the patients entered the study. 

PESI was used to check the severity of embolism. In the 

simplified PESI scoring system, score 1 is assigned in the 

presence of factors including age>80, history of cancer, 

chronic cardiopulmonary disease, PR≥110, SBP<100, and 

O2 sat < 90. A score of zero is considered low risk and a 

score of one or more is considered high risk (14). PESI is a 

widely validated and used risk score for predicting 

mortality in acute PE. Likewise, its simplified version 

(sPESI) has also been successfully validated and has 

provided similar prognostic accuracy. Both scores are 

based only on clinical parameters assessed at the first time 

of the patient's presentation, which leads to a better 

orientation of the treatment of PE patients according to the 

estimated mortality (11). 



366  Signs and Symptoms in Acute Embolism  

Tanaffos 2024; 23(4): 364-370 

Ethical considerations and statistical analysis 
Throughout the research process, all members of the 

team maintained the confidentiality of patient information. 

The data was entered into SPSS software version 24. 

Central and dispersion indices and frequency tables were 

used to describe the data. A T-test was used to compare 

quantitative variables in two independent groups. The chi-

square test was used to check the relationship between two 

qualitative variables. P values less than 0.05 were 

considered statistically significant. 

 

RESULTS 
Baseline characteristics of the study population  

Table 1 shows demographic information about the 

study participants. Out of 40 patients, 22 (55%) were male 

and 18 (45%) were female. The mean and standard 

deviation of the age of the patients were 58.10 and 15.57 

years, respectively. The oldest patient was 90 years old, 

and the youngest was 27 years old. The results of the 

evaluation of sPESI are shown in Figure 1. As can be seen, 

8 patients (20%) were included in the low-risk group (score 

0) and 32 patients (80%) were included in the high-risk 

group (score 1 or more). According to the t-test, the 

average age of the patients in the high-risk group was 

significantly higher (p-value: 0.001) than the low-risk 

group. 

The results related to the clinical symptoms of the patients 

at the beginning of the study are presented in Figure 2. Out 

of 40 patients, 39 (97.5%) had dyspnea, 30 patients (75%) 

suffered from pleuritic chest pain, 17 patients (42.5%) 

experienced massive hemoptysis, and 1 patient (2.5%) 

faced a pressure drop. 
Table 1. Demographic information of acute PE patients 

 
Age Sex 

Mean 58.10  Frequency Valid Percent 
Std. Deviation 15.57 

Male 22 55 Minimum 27.00 
Maximum 90.00 

Percentiles: 
25 48.00 

Female  18 45 50 59.00 
75 70.00 

 

 

 

 

 

 

 

 

 

 
Figure 1. The frequency percentage of scores indicating the embolism severity 
index 

 

 

 

 

 

 

 

 

 
Figure 2. Frequency percentage of clinical symptoms in patients with acute 
pulmonary embolism 

 

Association between embolism severity and variables 
The chi-square test was used to investigate the 

relationship between embolism severity index and clinical 

symptoms. In this study, all patients had dyspnea, except 

for one patient who was in the low-risk group in terms of 

the severity of the embolism. According to the chi-square 

test, which obtained a p-value of 0.2, there was no 

statistically significant relationship between dyspnea and 

embolism severity.  

In determining the relationship between the severity of 

embolism and pleuritic chest pain, half of the patients in 

the low-risk group experienced chest pain, while 81.3% of 

those in the high-risk group reported this pain (p-value: 

0.089). Although a higher percentage of people in the high-

risk group had chest pain than in the low-risk group, this 

difference was not found to be significant based on the chi-

square test. In exploring the relationship between the 

severity of embolism and non-massive hemoptysis, these 
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clinical signs were not observed in 75% of the low-risk 

group and 53.1% of the high-risk group. Additionally, 

88.2% of the cases were related to the high-risk group. 

According to the chi-square test, with a p-value equal to 

0.428, there was no significant relationship between non-

massive hemoptysis and the severity of pulmonary 

embolism in the studied patients.  

In terms of blood pressure drop and its relationship 

with the severity of embolism, no pressure drop was 

recorded among the low-risk group in terms of the severity 

of embolism. In 96.9% of the high-risk group, there was no 

pressure drop. The chi-square test with a p-value equal to 1 

also showed that there is no relationship between the 

patient's embolism severity and blood pressure drop. 

According to the echocardiography results, the value of 

MID RV in 50% of patients was more than 3.55 cm (a 

diameter greater than 3.5 cm indicates RV dilatation). The 

amount of S(tv) in 25% of patients was less than 9 cm/s 

(the normal reference limit is more than 9.5 cm/s). PAP 

was more than 25 mmHg in 75% of patients. 

To investigate the relationship between embolism 

severity index and echocardiography criteria, including 

MID RV, S(tv), and PAP, a t-test was used. The values of 

these variables according to the embolism severity index 

are shown in Table 2. The average MID RV in the high-risk 

group was significantly (p-value<0.001) higher than in the 

low-risk group. The difference between the low-risk and 

high-risk groups was not significant in terms of S(tv) (p-

value: 0.062). The average pulmonary artery pressure in 

the high-risk group was about twice that of the low-risk 

group, which was statistically significant (<0.001 p-value). 

 
Table 2. The relationship between embolism severity index and 
echocardiography criteria in PE patients 
 

 Mean & Std. 
Deviation 

sPESI Mean 
Std. 

Deviation 
P-value 

MID RV 3.49±0.609 
high risk 3.6562 0.55471 

<0.001 
low risk 2.8250 0.27646 

S(tv) 10.59±2.3 
high risk 10.3688 2.49185 

0.062 
low risk 11.5000 1.06904 

PAP 45.7±22.63 
high risk 50.5938 22.72253 

<0.001 
low risk 26.1250 4.54933 

Table 3 presents the results related to the size and 

function of the right ventricle. RV size was normal in 42.5% 

of patients, and 57.5% had increased RV size in different 

degrees of mild, moderate, and severe. RV function was 

normal in 42.5% of patients, and various degrees of RV 

dysfunction were reported in 57.5% of patients. 

 
Table 3. Findings related to RV size and function in PE patients 
 
  Frequency Valid Percent 

RV size 

Normal 17 42.5 
Mild enlargement 5 12.5 
Moderate enlargement 11 27.5 
Severe enlargement 7 17.5 

RV function 

Normal 17 42.5 
Mild dysfunction 2 5.0 
Moderate dysfunction 16 40.0 
Severe dysfunction 5 12.5 

 

To investigate the relationship between RV size and 
function with embolism severity index, the chi-square test 
was used (Table 4).  

 
Table 4. Investigating the relationship between embolism severity index and RV 
size and function 
 

Variables Degree of changes 
 sPESI score 

Total 
 Low risk High risk 

RV
 si

ze
 

Normal 
Count 7 10 17 

% within PESI 87.5% 31.3% 42.5% 
 

Mild enlargement 
count 1 4 5 

% within PESI 12.5% 12.5% 12.5% 
Moderate 

enlargement 
Count 0 11 11 

% within PESI 0.0% 34.4% 27.5% 

Severe enlargement 
Count 0 7 7 

% within PESI 0.0% 21.9% 17.5% 

RV
 fu

nc
tio

n 

Normal 
Count 7 10 17 

% within PESI 87.5% 31.3% 42.5% 

Mild dysfunction 
Count 0 2 2 

% within PESI 0.0% 6.3% 5.0% 
Moderate 

dysfunction 
Count 1 15 16 

% within PESI 12.5% 46.9% 40.0% 

Severe dysfunction 
Count 0 5 5 

% within PESI 0.0% 15.6% 12.5% 

 

All cases of severe and moderate RV size increase were 
related to the high-risk group. Also, 80% of the cases of 
mild increase in RV size were reported in the high-risk 
group. Also, 87.5% of patients in the low-risk group were 
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in normal condition in terms of RV size. While only 31.3% 
of people in the high-risk group were in normal condition. 
The p-value was 0.026, which confirms a significant 
relationship between RV size and the severity of 
pulmonary embolism. Examining the severity of embolism 
concerning RV function showed that out of 23 cases of 
dysfunction, 22 cases belonged to the high-risk group. 
Thus, RV function was normal in only 31.3% of patients in 
the high-risk group. While 46.9% of people in this group 
had moderate dysfunction, 15.6% had severe dysfunction, 
and 6.3% had mild dysfunction. The p-value was 0.038, 
which showed a significant relationship between RV 
function and the severity of pulmonary embolism. 

 
DISCUSSION 

In the present study, the average age of patients in the 

high-risk group was about 20 years older than the low-risk 

group. Also, among the echocardiographic markers, RV 

size and function, MID RV, and pulmonary artery pressure 

showed a significant relationship with embolism severity. 

In a retrospective study with a 4-year data analysis by 

Bajaj et al. regarding the clinical characteristics of PE, all 

hospitalizations and emergency department admissions 

over 18 years of age with a diagnosis of PE were included 

in the study. PE was confirmed in 334 patients during the 

study period. The average age of the subjects was 65.8 

years (±16.4, range 98-22). 54% of the studied subjects were 

women. Dyspnea, chest pain, and cough were present in 

72, 38, and 19% of patients, respectively. Dyspnea was the 

only presenting symptom in 29%. Tachypnea, hypoxia, and 

tachycardia were present in 39, 35, and 33%, respectively 

(15). Similarly, in our study, shortness of breath and chest 

pain were the two clinical symptoms with the highest 

frequency among the patients. In this study, the rate of 

pulmonary embolism increased with age, which is 

consistent with the results of other studies. In fact, age is 

not an independent factor in the aggravation of the disease, 

but underlying diseases and immobility, and 

accompanying conditions are predisposing factors for this 

disease at older ages (16). 

In a prospective observational study by Dresden et al. 

regarding patients with suspected or confirmed pulmonary 

embolism, bedside echocardiography was performed for 

the participants to evaluate right ventricular dilatation and 

right ventricular dysfunction. 30 out of 146 patients had 

pulmonary embolism. Right ventricular dilatation in 

echocardiography had a sensitivity of 50% and a specificity 

of 98%. In this study, it was found that right ventricular 

dilatation and right ventricular dysfunction detected in 

echocardiography performed by an emergency physician 

are highly specific for pulmonary embolism but have poor 

sensitivity (17). 

In the study of Kurnicka et al., echocardiographic 

findings of pulmonary embolism were investigated. In this 

study, which included 511 consecutive patients with 

confirmed PE (281 women and 230 men; mean age 64 ± 

18.6 years), there were 16 cases (3.1%) of high-risk PE, 

while the remaining 495 patients (96.9%) were 

hemodynamically stable on admission (non-high-risk PE). 

RV dysfunction was observed in 20% of patients. RV 

enlargement was reported in 27.4% of patients (18). In our 

study, 42.5% of patients were in a normal condition 

regarding RV size and function. It is worth mentioning that 

about half of all patients with acute pulmonary 

thromboembolism have normal echocardiographic 

findings. On the other hand, symptoms of right ventricular 

overload or dysfunction may also be observed in the 

absence of acute pulmonary embolism, and this may be 

due to concurrent cardiac or respiratory disease (19). 

In a research by Eid et al., 40 patients with pulmonary 

embolism were examined to study risk factors and 

echocardiographic markers. According to the results of this 

study, all patients experienced shortness of breath, 18 

patients (45%) experienced chest pain, 8 patients (20%) 

experienced hypotension, and only four patients (10%) 

experienced hemoptysis. Echocardiography in this study 

showed that 27.5% of patients had no significant findings 

of pulmonary thromboembolism. In this study, RV 

dilatation and its dysfunction had a significant relationship 

with the severity of embolism in high-risk pulmonary 
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embolism patients (3). Several studies have shown that RV 

dilatation and RV dysfunction are independently 

associated with hemodynamic instability and higher 

mortality in patients presenting with acute PE (20,21). In 

our study, similar to the Eid study, a significant percentage 

of patients experienced shortness of breath and chest pain. 

Also, the present study showed a significant relationship 

between RV dilatation and its dysfunction with the 

severity of embolism, which is in line with the results of 

other studies. An individual patient-level meta-analysis of 

6 prospective cohort studies that included 2874 

normotensive patients with PE reported that right 

ventricular dysfunction was associated with an increased 

risk of death, shock, or recurrent PE (22). 

In the present study, the average pulmonary artery 

pressure in the high-risk embolism group was about twice 

that of the low-risk embolism group. It is clear that acute 

embolism affects both blood circulation and lung gas 

exchange. If more than 30 to 50% of the total cross-section 

area of pulmonary arterial vessels is blocked by 

thromboembolism, pulmonary arterial blood pressure 

increases. Vasoconstriction caused by pulmonary 

thromboembolism, through the release of thromboxane A2 

and serotonin, causes an increase in pulmonary vascular 

resistance (10). 

   

CONCLUSION 
According to PESI criteria, in acute PE patients who 

have risk factors such as underlying disease, low oxygen 

saturation, drop in blood pressure, and high heart rate, 

more detailed follow-up must be conducted through 

echocardiography. 

 

Acknowledgments 
Authors appreciate all support made by Mashhad 

University of Medical Sciences. 

 

Financial support 
This work was supported by Mashhad University of 

Medical Sciences. 

REFERENCES 
1. Martinez Licha CR, McCurdy CM, Maldonado SM, Lee LS. 

Current Management of Acute Pulmonary Embolism. Ann 

Thorac Cardiovasc Surg 2020;26(2):65-71.  

2. Freund Y, Cohen-Aubart F, Bloom B. Acute Pulmonary 

Embolism: A Review. JAMA 2022;328(13):1336-45. 

3. Eid M, Boghdady AM, Ahmed MM, Dahab LHA. 

Echocardiographic findings in patients with acute pulmonary 

embolism at Sohag University Hospitals. Egypt J Intern Med 

2022;34(1):21.  

4. Previtali E, Bucciarelli P, Passamonti SM, Martinelli I. Risk 

factors for venous and arterial thrombosis. Blood Transfus 

2011;9(2):120-38.  

5. Wood KE. Major pulmonary embolism: review of a 

pathophysiologic approach to the golden hour of 

hemodynamically significant pulmonary embolism. Chest 

2002;121(3):877-905. 

6. Laribi S, Keijzers G, van Meer O, Klim S, Motiejunaite J, Kuan 

WS, et al. Epidemiology of patients presenting with dyspnea 

to emergency departments in Europe and the Asia-Pacific 

region. Eur J Emerg Med 2019;26(5):345-9.  

7. Lefevre-Scelles A, Jeanmaire P, Freund Y, Joly LM, Phillipon 

AL, Roussel M. Investigation of pulmonary embolism in 

patients with chest pain in the emergency department: a 

retrospective multicenter study. Eur J Emerg Med 

2020;27(5):357-61. 

8. Thiruganasambandamoorthy V, Sivilotti MLA, Rowe BH, 

McRae AD, Mukarram M, Malveau S, et al. Prevalence of 

Pulmonary Embolism Among Emergency Department 

Patients With Syncope: A Multicenter Prospective Cohort 

Study. Ann Emerg Med 2019;73(5):500-10. 

9. Raynal PA, Cachanado M, Truchot J, Damas-Perrichet C, 

Feral-Pierssens AL, Goulet H, et al. Prevalence of pulmonary 

embolism in emergency department patients with isolated 

syncope: a prospective cohort study. Eur J Emerg Med 

2019;26(6):458-61.  

10. Jenab Y, Hosseini K. Epidemiology, diagnosis and treatment 

of pulmonary thromboembolism. Tehran University Medical 

Journal TUMS Publications 2020 ;78(9):554-61. 

11. Burgos LM, Scatularo CE, Cigalini IM, Jauregui JC, Bernal MI, 

Bonorino JM, et al. The addition of echocardiographic 



370  Signs and Symptoms in Acute Embolism  

Tanaffos 2024; 23(4): 364-370 

parameters to PESI risk score improves mortality prediction in 

patients with acute pulmonary embolism: PESI-Echo score. 

Eur Heart J Acute Cardiovasc Care 2021;10(3):250-7. 

12. Nazemi P, Safavi E, Bagherzadeh A, Taslimi R, Dizgah IM. 

Relationships of highly sensitive troponin T with clinical and 

echocardiographic findings in patients with acute pulmonary 

embolism. Scientific and Research Journal of Army University 

of Medical Sciences-JAUMS 2011; 9(2):73-7. 

13. Cohen R, Loarte P, Navarro V, Mirrer B. Echocardiographic 

findings in pulmonary embolism: An important guide for the 

management of the patient. World Journal of Cardiovascular 

Diseases 2012;2(3):161-4. 

14. Howard L. Acute pulmonary embolism. Clin Med (Lond) 

2019;19(3):243-7.  

15. Bajaj N, Bozarth AL, Guillot J, Kojokittah J, Appalaneni SR, 

Cestero C, 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.  

16. Ghasemieh J, Rezaeetalab F. Evaluation of the Clinical 

Features, Diagnostic Procedures and Mortality of Acute 

PulmonaryThromboembolism Pulmonary and Ttuberculosis 

Research Center, Mashhad of Medical Sciences 

University. Medical Journal of Mashhad University of 

Medical Sciences 2008; 51(2): 115-20.  

17. Dresden S, Mitchell P, Rahimi L, Leo M, Rubin-Smith J, Bibi S, 

et al. Right ventricular dilatation on bedside echocardiography 

performed by emergency physicians aids in the diagnosis of 

pulmonary embolism. Ann Emerg Med 2014;63(1):16-24. 

18. Kurnicka K, Lichodziejewska B, Goliszek S, Dzikowska-

Diduch O, Zdończyk O, Kozłowska M, et al. 

Echocardiographic Pattern of Acute Pulmonary Embolism: 

Analysis of 511 Consecutive Patients. J Am Soc Echocardiogr 

2016;29(9):907-13. 

19. Bova C, Greco F, Misuraca G, Serafini O, Crocco F, Greco A, et 

al. Diagnostic utility of echocardiography in patients with 

suspected pulmonary embolism. Am J Emerg Med 

2003;21(3):180-3.  

20. Vitarelli A, Barillà F, Capotosto L, D'Angeli I, Truscelli G, De 

Maio M, et al. Right ventricular function in acute pulmonary 

embolism: a combined assessment by three-dimensional and 

speckle-tracking echocardiography. J Am Soc Echocardiogr 

2014;27(3):329-38.  

21. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, 

Ernande L, et al. Recommendations for cardiac chamber 

quantification by echocardiography in adults: an update from 

the American Society of Echocardiography and the European 

Association of Cardiovascular Imaging. Eur Heart J 

Cardiovasc Imaging 2015;16(3):233-70.  

22. Klok FA, Toenges G, Mavromanoli AC, Barco S, Ageno W, 

Bouvaist H, et al. Early switch to oral anticoagulation in 

patients with acute intermediate-risk pulmonary embolism 

(PEITHO-2): a multinational, multicentre, single-arm, phase 4 

trial. Lancet Haematol 2021;8(9):e627-e636. 

 


