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Abstract 

Introduction: Pulmonary embolism (PE) is a major cause of cardiovascular morbidity and mortality. In Africa, limited access to 

computed tomography pulmonary angiography (CTPA) enhances the clinical value of the electrocardiogram (ECG), a rapid and 

widely available tool, for early diagnostic orientation and prognostic assessment. Objectives: To describe ECG abnormalities 

observed in patients with acute pulmonary embolism and to analyze their association with in-hospital mortality and paraclinical 

markers of severity. Methods: We conducted a retrospective, descriptive, and analytical study including 103 patients hospitalized 

for confirmed pulmonary embolism in the cardiology department of the National Hospital Center Dalal Jamm, Dakar, Senegal, 

between January 1, 2021 and December 31, 2023. Clinical characteristics, risk factors, biological parameters, transthoracic 

echocardiographic findings, and CTPA results were collected. The associations between isolated or cumulative ECG 

abnormalities and in-hospital mortality were analyzed. Results: The mean age was 53 years, with a female predominance 

(male-to-female ratio: 0.84). The main risk factors were obesity (36.2%), age >70 years (31.9%), prolonged immobilization 

(24.6%), underlying heart disease (13%), and gynecological factors (14.5%). The most common symptoms were dyspnea 

(83.5%), chest pain (67%), and cough (49.5%). The most frequent ECG abnormalities were sinus tachycardia (62.1%), 

subepicardial ischemia (47.6%), the S1Q3T3 pattern (38.8%), and right-sided conduction disturbances, including right bundle 

branch block (20.4%). Transthoracic echocardiography revealed right heart chamber dilation (50%), pulmonary hypertension 

(38.8%), and intracardiac thrombus (6.3%). CTPA showed bilateral PE in 29.1% of cases, right-sided PE in 15.5%, and left-sided 

PE in 9.7%. All patients received anticoagulation therapy. In-hospital mortality risk was significantly higher in patients 

presenting with at least two cumulative ECG abnormalities and was strongly associated with right heart dilation and pulmonary 

hypertension. Conclusion: Pulmonary embolism represents a significant clinical burden in Senegal. Although nonspecific, the 

ECG provides valuable information for early suspicion and prognostic stratification, particularly in emergency settings with 

limited resources. The presence of multiple ECG abnormalities identifies patients at high risk of early mortality. Early 

recognition of these findings, combined with risk factor assessment and evaluation of right ventricular involvement, may 

facilitate timely management and improve patient outcomes. 
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1. Introduction 

Pulmonary embolism (PE) is a major cardiovascular 

emergency and, together with deep vein thrombosis, repre-

sents one of the main clinical manifestations of venous 

thromboembolic disease. It remains a significant cause of 

morbidity and mortality worldwide and ranks among the 

leading preventable causes of cardiovascular death [1, 2]. 

Acute PE can rapidly become life-threatening, particularly 

when associated with right ventricular failure or hemody-

namic instability, making early diagnosis and prompt thera-

peutic management crucial [3]. 

However, the diagnosis of PE remains a clinical challenge 

due to the nonspecific nature of its presentation. Computed 

tomography pulmonary angiography (CTPA) is currently 

considered the reference diagnostic modality because of its 

high sensitivity and specificity [4]. Nevertheless, access to 

CTPA remains limited in many low-resource settings, par-

ticularly in sub-Saharan Africa, where technical, economic, 

and logistical constraints restrict its widespread use [5]. In this 

context, simple, rapidly available, and low-cost diagnostic 

tools retain particular importance. 

The electrocardiogram (ECG), although nonspecific, re-

mains a first-line investigation widely used in patients with 

suspected PE. It not only helps exclude certain 

life-threatening differential diagnoses but also reveals indirect 

signs of acute right ventricular overload [6]. ECG abnormali-

ties such as sinus tachycardia, the S₁Q₃T₃ pattern, right bundle 

branch block, and anterior repolarization abnormalities are 

classically described in acute PE. However, their frequency 

and diagnostic and prognostic value vary considerably across 

studies, and approximately 15–20% of patients may present 

with a completely normal ECG [7, 8]. 

Beyond its limited diagnostic role, several studies suggest 

that certain ECG abnormalities may be associated with PE 

severity and short-term prognosis, particularly in relation to 

right ventricular dysfunction and early mortality [9-11]. 

However, African data on the electrocardiographic features of 

PE and their correlation with morbidity and mortality remain 

scarce, fragmented, and often derived from small case series. 

In this context, we conducted the present study at the Na-

tional Hospital Center Dalal Jamm in Dakar, Senegal, to de-

scribe the electrocardiographic abnormalities observed in 

patients hospitalized for pulmonary embolism and to analyze 

their association with clinical and paraclinical findings, as well 

as with in-hospital mortality. This study aims to contribute to a 

better understanding of the role of ECG in the management of 

pulmonary embolism in African hospital settings. 

2. Methods 

Study design and setting 

This was an observational, retrospective, descriptive, and 

analytical study conducted in the cardiology department of the 

National Hospital Center Dalal Jamm (NHCDJ), a tertiary 

referral hospital located in Dakar, Senegal. 

Study period 

The study covered a three-year period, from January 1, 

2021 to December 31, 2023. 

Study population 

All patients hospitalized for acute pulmonary embolism 

confirmed by computed tomography pulmonary angiography 

during the study period were eligible for inclusion. 

Inclusion criteria 

Patients aged 18 years or older with pulmonary embolism 

confirmed by CTPA, who had a standard 12-lead electrocar-

diogram performed at admission or within the first 24 hours of 

hospitalization, and whose medical records were complete 

and exploitable, were included. 

Exclusion criteria 

Patients with clinically suspected but unconfirmed pul-

monary embolism, those with unavailable or uninterpretable 

ECG recordings, and those with incomplete medical records 

that did not allow analysis of the studied parameters were 

excluded. 

Data collection 

Data were retrospectively collected from hospital medical 

records, admission registers, and reports of paraclinical in-

vestigations, including electrocardiography, laboratory tests, 

and imaging studies. A standardized data collection form was 

used. 

The collected variables included sociodemographic data 

(age, sex, marital status, occupation, and socioeconomic 

level), clinical data such as risk factors for venous throm-

boembolic disease, functional symptoms (dyspnea, chest pain, 

syncope, hemoptysis), physical findings, and hemodynamic 

parameters at admission. Clinical probability of pulmonary 

embolism was assessed using the Wells score. 

Paraclinical data included systematic analysis of a 

standard 12-lead ECG, focusing on abnormalities sugges-

tive of right ventricular overload, such as sinus tachycardia, 

right axis deviation, the S₁Q₃T₃ pattern, complete or in-

complete right bundle branch block, right ventricular 

repolarization abnormalities, and atrial fibrillation. The 

ECG interpretation was performed by two cardiologists in a 

blinded manner. 

Additional investigations included laboratory tests 
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(D-dimer levels, arterial blood gases, and cardiac biomarkers 

when available), transthoracic echocardiography to assess 

right ventricular function and pulmonary artery pressure, and 

CTPA findings. 

Outcome data included the occurrence of in-hospital com-

plications, early mortality risk stratification, and in-hospital 

outcome, defined as survival or death. 

Statistical analysis 

Data were entered and analyzed using statistical software 

(SPSS®). Quantitative variables were expressed as mean ± 

standard deviation or median, depending on their distribution. 

Qualitative variables were expressed as frequencies and 

percentages. 

Associations between ECG abnormalities and clinical, 

paraclinical parameters or in-hospital mortality were analyzed 

using the Chi-square test or Fisher’s exact test, as appropriate. 

A p-value < 0.05 was considered statistically significant. 

Ethical considerations 

The study was conducted in accordance with the princi-

ples of the Declaration of Helsinki. Patient anonymity and 

data confidentiality were ensured. Given the retrospective 

nature of the study, individual informed consent was not 

required. 

3. Results 

General characteristics of the study population 

During the period from January 1, 2021 to December 31, 

2023, a total of 103 patients hospitalized for acute pulmonary 

embolism confirmed by computed tomography pulmonary 

angiography were included in the study. 

The mean age of the patients was 53 years, with a range 

from 19 to 82 years. Patients aged over 70 years were the most 

represented age group (21.4%). A female predominance was 

observed, with a male-to-female ratio of 0.84. 

The most represented socio-professional category was the 

working population (48.5%). Most patients were admitted 

through inter-hospital transfer (51.5%), followed by referrals 

from other healthcare facilities (47.6%). A middle socioeco-

nomic level was predominant in 51.5% of cases. The mean 

length of hospital stay was 8.3 days, ranging from 1 to 32 

days. 

Etiological and clinical features 

The main risk factors for venous thromboembolic disease 

identified were obesity (36.2%), age over 70 years (31.9%), 

prolonged immobilization (24.6%), gynecological risk factors 

(14.5%), underlying heart disease (13%), and prolonged 

sitting position (10.1%). A history of ischemic stroke and 

cancer was reported in 8.7% of patients each. No etiological 

factor was identified in 33% of cases. 

From a functional standpoint, symptoms were dominated 

by dyspnea (83.5%), followed by chest pain (67.0%), cough 

(49.5%), and hemoptysis (17.5%), as shown in Table 1. 

Table 1. Distribution of patients according to functional symptoms. 

Symptoms Number Percentage (%) 

Dyspnea 86 83.50 

Chest pain 69 66.99 

Cough 51 49.51 

Painful swollen leg 18 17.48 

Hemoptysis 18 17.48 

Fever 12 11.65 

Palpitations 7 6.80 

Syncope 6 5.83 

On clinical examination, the most frequent cardiovascular 

signs were tachycardia on auscultation (76.6%), spontaneous 

jugular venous distension (39%), and an accentuated second 

heart sound (27.3%). Regarding pleuropulmonary findings, 

tachypnea was observed in 78.5% of patients, crackles in 

60.8%, and pulmonary consolidation syndrome in 58.2%. 

According to the Wells score, the clinical probability of 

pulmonary embolism was most often low (62.1%), as illus-

trated in Figure 1. 

 
Figure 1. Distribution of patients according to the clinical proba-

bility of pulmonary embolism based on the Wells score. 

Additional paraclinical findings 

A complete blood count was performed in all 103 patients. 

The most frequently observed abnormalities were leukocyto-

sis (47.6%), followed by anemia (38.8%). Regarding in-

flammatory markers, C-reactive protein was elevated in 91 

patients (88.3%), and D-dimer levels were elevated in all 

patients. 

Among the 103 included patients, the electrocardiogram 
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performed at admission revealed sinus tachycardia in 76.6% 

of cases. This was followed by right ventricular repolarization 

abnormalities manifested as anterior T-wave inversion in 47.6% 

of patients, the S₁Q₃T₃ pattern in 38.8%, complete or incom-

plete right bundle branch block in 20.4%, and right axis 

deviation in 12.6% of patients (Table 2). 

Table 2. Distribution of patients according to electrocardiographic abnormalities. 

Electrocardiographic parameters Number Percentage (%) 

Sinus tachycardia 59 76.6 

Right axis deviation 13 12.6 

T-wave inversion 49 47.6 

S₁Q₃T₃ pattern 40 38.8 

Right bundle branch block 21 20.4 

Left-ventricular hypertrophy 17 16.5 

Left atrial enlargement 14 13.6 

Right atrial enlargement 10 9.7 

Right-ventricular hypertrophy 9 8.7 

Atrial arrhythmia 8 7.8 

Ventricular arrhythmia 5 4.9 

 

Transthoracic echocardiography showed right heart 

chamber dilation in 50% of patients, pulmonary hypertension 

in 38.8%, intracavitary thrombus in 6.3%, and a visible pul-

monary artery thrombus in 1.3% of cases. 

Lower limb deep vein thrombosis was detected in 66.7% of 

patients, with equal involvement of the right and left lower 

limbs. 

Computed tomography pulmonary angiography revealed 

bilateral pulmonary embolism in 29.1% of cases, isolated 

right-sided involvement in 15.5%, and isolated left-sided 

involvement in 9.7% of cases. All patients received antico-

agulant therapy. 

Overall, 49.5% of patients were classified as low-risk for 

mortality, while 7 patients (6.8%) were classified as high-risk, 

as illustrated in Figure 2. 

 
Figure 2. Distribution of patients according to mortality risk. 

All patients received anticoagulant therapy. 

Low-molecular-weight heparin was administered in 88 pa-

tients (85.4%), vitamin K antagonists in 63 patients (61.2%), 

and direct oral anticoagulants in 50 patients (48.5%). 

Thrombolytic therapy was performed in 18 patients (17.5%). 

Clinical outcome 

Among the 103 included patients, the mean length of hos-

pital stay was 8.3 days, with a median of 7 days and a standard 

deviation of 6.1 days. Hospital stays ranged from 1 to 32 days. 

Clinical outcome was favorable in 80.6% of patients. An 

unfavorable outcome was observed in 19.4% of cases, in-

cluding 17 in-hospital deaths. 

Analytical study 

Correlation between ECG abnormalities and mortality risk 

Analytical analysis showed no statistically significant cor-

relation between isolated electrocardiographic abnormalities 

and in-hospital mortality. 

However, analysis of cumulative ECG abnormalities 

demonstrated that patients presenting with multiple associated 

ECG abnormalities had a significantly higher risk of mortality 

compared with those presenting with one or no abnormality (p 

< 0.001). 

Correlation between ECG findings and right ventricular 

dysfunction 

Transthoracic echocardiography revealed right heart 

chamber dilation in 50% of cases and pulmonary hypertension 

in 38.8%. 

Patients presenting with the S₁Q₃T₃ pattern, right bundle 

branch block, or anterior T-wave inversion on ECG more 
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frequently exhibited right heart chamber dilation and pul-

monary hypertension, indicating a significant correlation 

between ECG abnormalities and right ventricular dysfunction. 

In addition, a significant association was observed between 

cardiac rhythm disturbances and the presence of intracavitary 

thrombus (p < 0.001), as well as between the S₁Q₃T₃ pattern 

and pulmonary hypertension (p = 0.026). 

Table 3. Correlation between electrocardiographic abnormalities and echocardiographic findings. 

ECG abnormalities 
RV dilation 

(%) 

RA dilation 

(%) 

Intracavitary throm-

bus (%) 

Pulmonary artery 

thrombus (%) 

Pulmonary hyperten-

sion (%) 

Sinus tachycardia 60 (p=0.82) 
58.06 

(p=0.921) 
100 (p=0.053) 0 (p=0.23) 74.19 (p=0.026) 

Rhythm disturbances 7.5 (p=0.288) 
16.13 

(p=0.272) 
60 (p<0.001) 0 (p=0.72) 9.68 (p=0.723) 

Conduction disorders 
22.5 

(p=0.239) 

25.81 

(p=0.12) 
40 (p=0.171) 0 (p=0.643) 22.58 (p=0.341) 

Right atrial enlarge-

ment 

12.5 

(p=0.456) 

12.9 

(p=0.491) 
20 (p=0.441) 0 (p=0.737) 12.9 (p=0.491) 

Right ventricular hy-

pertrophy 
15 (p=0.048) 

12.9 

(p=0.296) 
0 (p=0.475) 0 (p=0.755) 12.9 (p=0.296) 

S₁Q₃T₃ pattern 55 (p=0.116) 
51.61 

(p=0.444) 
60 (p=0.524) 100 (p=0.278) 67.74 (p=0.002) 

T-wave inversion 60 (p=0.025) 
54.84 

(p=0.296) 
40 (p=0.729) 100 (p=0.29) 51.61 (p=0.558) 

RA: right atrium; RV: right ventricle. 

Correlation between ECG findings and CT angiography 

features 

Proximal pulmonary embolism was significantly correlated 

with sinus tachycardia (p = 0.003) and the presence of T-wave 

inversion (p = 0.018). In addition, T-wave inversion was also 

significantly associated with segmental pulmonary embolism 

(p = 0.023). 

4. Discussion 

Epidemiological and clinical characteristics 

The mean age of 53 years observed in our series, with a 

female predominance (male-to-female ratio = 0.84), is com-

parable to that reported in several African studies, particularly 

from Senegal, but lower than that observed in European 

cohorts, where pulmonary embolism predominantly affects 

older patients. This difference may be explained by earlier 

exposure to thromboembolic risk factors in our setting, par-

ticularly gynecological factors and obesity. 

The main risk factors identified are obesity (36.2%), age 

over 70 years (31.9%), prolonged immobilization (24.6%), 

and underlying heart disease (13%) are consistent with data 

from the international literature and support the ongoing 

epidemiological transition of venous thromboembolic disease 

in Africa. 

Clinically, dyspnea (83.5%) and chest pain (67%) were the 

most frequent presenting symptoms, reflecting the nonspe-

cific nature of pulmonary embolism presentation. This finding 

highlights the need for readily available complementary 

diagnostic tools, such as the electrocardiogram, in routine 

clinical practice [6-8]. 

Frequency and nature of electrocardiographic abnormali-

ties 

In our study, ECG findings were heterogeneous, with a 

predominance of sinus tachycardia (76.6%), right ventricular 

repolarization abnormalities manifested as anterior T-wave 

inversion (47.6%), the S₁Q₃T₃ pattern (38.8%), and 

right-sided conduction abnormalities, including right bundle 

branch block (20.4%). 

These abnormalities reflect acute right ventricular overload 

caused by a sudden increase in pulmonary vascular resistance, 

which represents the central pathophysiological mechanism 

of acute pulmonary embolism. The relatively high frequency 

of these findings confirms that the ECG appears to reflect the 

hemodynamic consequences of pulmonary embolism rather 

than directly measure them, despite its limited specificity for 

diagnosis [12]. 

Electrocardiogram and mortality risk 

Our analytical analysis did not demonstrate a statistically 

significant association between isolated electrocardiographic 
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abnormalities and in-hospital mortality. This finding is con-

sistent with several international studies that emphasize the 

limited independent prognostic value of a single ECG ab-

normality. 

However, a major finding of our study is that the presence 

of at least two cumulative electrocardiographic abnormalities 

was strongly associated with a significantly increased risk of 

mortality (p < 0.001). This result suggests that ECG inter-

pretation should be global and integrative rather than focused 

on individual abnormalities, in order to identify patients at 

high risk of early death [8, 12]. 

Correlation between electrocardiographic abnormalities 

and right ventricular dysfunction 

Transthoracic echocardiography demonstrated right heart 

chamber dilation in 50% of cases and pulmonary hypertension 

in 38.8%, indicating frequent right ventricular involvement. 

Several ECG abnormalities were significantly associated 

with these echocardiographic parameters. Anterior T-wave 

inversion was correlated with right ventricular dilation (p = 

0.025), electrical right ventricular hypertrophy was associated 

with right ventricular dilation (p = 0.048), and the S₁Q₃T₃ 

pattern was significantly correlated with pulmonary hyper-

tension (p = 0.002). In addition, cardiac rhythm disturbances 

were strongly associated with the presence of intracavitary 

thrombus (p < 0.001). 

These findings confirm that certain electrocardiographic 

abnormalities reliably reflect right ventricular dysfunction, 

which is a key determinant of pulmonary embolism severity 

[12-15]. 

Correlation between electrocardiogram and CT angio-

graphic findings 

CT angiographic analysis revealed significant associations 

between specific ECG abnormalities and the anatomical 

extent of pulmonary embolism. Sinus tachycardia was sig-

nificantly correlated with proximal pulmonary embolism (p = 

0.003), as was the presence of T-wave inversion (p = 0.018). 

Moreover, T-wave inversion was also associated with seg-

mental pulmonary embolism (p = 0.023). 

These correlations suggest that the ECG may serve as an 

indirect marker of thrombotic burden, particularly in clinical 

settings where immediate access to CT pulmonary angi-

ography is limited. 

In the African context, characterized by restricted access to 

advanced imaging modalities, our findings emphasize that the 

ECG although non specific represents a simple, low-cost, and 

widely available tool that can contribute to early prognostic 

stratification of pulmonary embolism. Early identification of 

patients presenting with multiple ECG abnormalities, signs of 

electrical right heart strain, or anterior repolarization abnor-

malities may allow earlier therapeutic decision-making and 

prioritization of access to specialized investigations and 

intensive management [12-15]. 

Study limitations 

This study has several limitations, including its retrospec-

tive and single-center design, the relatively small sample size, 

and the lack of systematic availability of certain prognostic 

biomarkers such as troponin and B-type natriuretic peptide. 

Nevertheless, it provides important and context-specific data 

that remain scarce in the African literature. Moreover, it 

highlights the additive prognostic value of the electrocardio-

gram in patients with pulmonary embolism. 

Conclusion 

Pulmonary embolism is a frequent and potentially 

life-threatening condition in our setting. In resource-limited 

environments, the electrocardiogram, although nonspecific, 

remains a readily available and useful tool for the initial 

assessment of patients with suspected pulmonary embolism. 

Our study demonstrates that electrocardiographic abnormali-

ties are common and that their cumulative presence is signif-

icantly associated with increased in-hospital mortality and 

right ventricular dysfunction. The ECG therefore allows early 

prognostic stratification, complementary to clinical and 

echocardiographic findings. 

Early identification of patients presenting with multiple 

ECG abnormalities may help optimize management strategies 

and improve the prognosis of pulmonary embolism in African 

hospital settings. 
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