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Abstract: Acute pulmonary embolism is a relatively common acute cardiovascular disease in clinical practice. It can lead to
respiratory and circulatory failure, with a poor prognosis for patients, and is one of the common causes of death in
cardiovascular diseases. Electrocardiography (ECG) is a simple, fast, and low-cost examination, making it one of the most
commonly used imaging tests in clinical settings. In recent years, numerous studies have shown that ECG not only has
diagnostic value for acute pulmonary embolism but also provides certain prognostic value for assessing patient outcomes.
Abnormalities such as ST segment elevation in aVR lead, T wave inversion in leads V2-V4, right bundle branch block, sinus
tachycardia, S1Q3T3 pattern, fragmented QRS complex dynamics, a lower depth of the S wave in lead V5, and atrial fibrillation

on the ECG can predict mortality outcomes and length of hospital stay.
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Pulmonary embolism (PE) is a relatively common
cardiovascular disease in clinical practice, with acute
pulmonary embolism (APE) being the most prevalent
form. APE can trigger various pathophysiological
responses, including hypoxemia and right ventricular
failure [1]. It is a potentially life-threatening medical
emergency and a leading cause of cardiovascular
mortality, posing a significant public health issue [2]. Due
to the non-specific nature of most symptoms associated
with PE, ranging from asymptomatic to hemodynamically
unstable and fatal, its diagnosis can be challenging [3].
Although diagnostic methods have improved in recent
years, enhancing the accuracy and timeliness of APE
diagnosis, thus optimizing treatment, many patients still
experience adverse outcomes, especially those with shock
or hemodynamic instability [4]. Negative physiological
consequences of APE can ultimately lead to right
ventricular failure, which is the primary cause of death in
APE patients [5]. Therefore, rapid and accurate
assessment of disease severity and prognosis is crucial.

Electrocardiography (ECG) is one of the most
common diagnostic tools used in clinical practice,
typically serving as the primary examination for most
cardiovascular diseases. As a fundamental test that
reflects cardiac electrical activity, ECG can not only
reveal disruptions in cardiac structure and function but
also reflect systemic effects originating from non-cardiac
sources, such as inflammation, ion imbalances, direct
myocardial cytotoxicity, and hemodynamic changes
caused by nervous system disorders [6]. Due to its
widespread clinical use, the application of ECG in APE
patients has also gained increasing attention. Some
studies have shown a correlation between ECG

abnormalities and hemodynamic instability, which can
provide prognostic value for APE patients [7-8].

1 Grading of APE

Grading APE patients can help assess their prognosis
to some extent, and therefore, timely risk assessment
upon admission is essential [9]. Clinically, patients are
generally classified into three categories — high-risk,
intermediate-risk, and low-risk—based on hemodynamic
status, right heart function, and myocardial injury markers.
High-risk patients exhibit elevated myocardial injury
markers, right heart dysfunction, shock, and hypotension;
intermediate-risk patients have right heart dysfunction,
with or without myocardial injury, but without shock or
hypotension; low-risk patients have no signs of shock,
right heart dysfunction, or myocardial injury. Right heart
dysfunction is primarily indicated by gastrointestinal
symptoms, such as abdominal distension, nausea,
vomiting, and loss of appetite due to liver congestion, as
well as exertional dyspnea. This occurs because, in right
heart failure, impaired venous return leads to blood stasis,
especially in the liver [10]. The Pulmonary Embolism
Severity Index (PESI) is also commonly used to assess
the severity of PE and evaluate patient prognosis [11-12].
The initial PESI score is based on factors like age, sex,
comorbidities, and relevant clinical signs, while the
simplified PESI includes selected variables (age, cancer
history, chronic lung or heart disease history, pulse,
systolic blood pressure, and oxygen saturation), with
patients scoring 0 considered low risk, and all others
considered high risk [13].
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2 ECG findings in APE

Studies have demonstrated the diagnostic value of
ECG for PE, as the occurrence of PE can lead to
structural and functional changes in the heart, resulting in
altered myocardial electrical activity [14-18]. While no
single ECG abnormality is independently associated with
PE, certain abnormalities have been shown to possess
reasonable specificity [19-21]. ECG findings in APE
include rhythm disturbances, changes in the QRS
complex, and T-wave abnormalities, with the most
common finding being sinus tachycardia [22]. Other
findings include the S1Q3T3 pattern, right bundle branch
block (RBBB), and less common features such as right
precordial T-wave inversions [23]. Recent studies have
indicated that the presence of RBBB and S1QsTs patterns
in APE patients is valuable for assessing complications
[24-25]. Additionally, ST-segment elevation may occur in
APE, typically in the III, aVF, and V1-V4 leads, though
the elevation is usually less than 0.1 mV and often lacks
dynamic changes. For patients with acute chest pain,
ECG should be performed immediately, and if ST
elevation is observed, APE should be considered as a
differential ~diagnosis, alongside acute myocardial
infarction. Generally, the ST elevation in APE patients is
mild and does not exceed 0.1 mV, and it typically does
not show dynamic changes [26]. In APE stratification
based on embolic size, ECG findings differ. In a
retrospective study of 250 APE patients, those with
massive or submassive PE demonstrated a significantly
higher incidence of ECG abnormalities, such as right axis
deviation, ST-segment changes, S1Qs;T; pattern, and
T-wave inversions in leads V1-V3 and V4-V6. T-wave
inversions in V1-V3 and V4-V6 were independent
predictors of massive or submassive PE. This study also
found that T-wave inversions in V1-V3 had the highest
overall diagnostic accuracy for distinguishing massive or
submassive PE [27]. Moreover, ECG can reflect
hemodynamic instability in APE, with myocardial
ischemia and right ventricular strain patterns observable
on 12-lead ECG [7].

3 Prognostic value of ECG in APE patients

Early diagnosis and treatment of APE are critical,
and ECG, as a commonly used and convenient diagnostic
tool, provides valuable insights in diagnosing APE and
assessing its prognosis. Compared to other imaging
studies, ECG is widely used in clinical practice due to its
simplicity, ease of operation, and low cost, while also
providing good reflection of cardiac activity, offering
diagnostic value for acute cardiovascular conditions such
as APE and acute myocardial infarction [6]. Furthermore,
existing research suggests that ECG plays a role in
predicting the prognosis of APE patients [28-31].

3.1 Prediction of adverse outcomes, including death
showed that

A meta-analysis ECG findings

indicating right ventricular strain caused by acute
pulmonary hypertension (sinus tachycardia, S1QsT;3
pattern, RBBB, T-wave inversions in V2-V3, ST
elevation in aVR, and atrial fibrillation) were
significantly associated with an increased likelihood of
circulatory shock and PE-related death [32]. In a
prospective study, patients were grouped based on early
clinical deterioration (defined as respiratory failure,
hypotension, arrhythmias, cardiac arrest, escalation of PE
intervention, or death within 5 days). ECG findings,
including sinus tachycardia, T-wave inversions (in V2-V4,
II, III, and aVF leads), ST elevation (in aVR and V1), ST
depression in V4-V6, and supraventricular tachycardia,
were found to be associated with clinical deterioration.
Supraventricular tachycardia was the only independent
predictor of clinical deterioration. This study also
examined the differences in ECG findings between
patients with normal and abnormal right heart function
assessed by echocardiography, showing significant
differences in the presence of T-wave inversions, S1Q3T3
pattern, RBBB, and ST changes in aVR [33]. The sudden
obstruction of pulmonary arterial blood flow during APE
increases right ventricular pressure, leading to right heart
dysfunction, which can be reflected on ECG as right-axis
deviation, repolarization abnormalities, myocardial injury
patterns, conduction blocks, and rhythm disturbances [8].
High-risk APE patients exhibit right heart
dysfunction, and the recovery of right heart function
affects their prognosis. ECG can reflect the status of right
heart function, thus providing prognostic value for
critically ill APE patients. A large multicenter prospective
study by Geibel ef al. [34] analyzed the prognostic value
of specific ECG parameters at admission in patients with
severe APE. A total of 508 patients were included, and
survival within 30 days of admission was used as the
primary prognostic endpoint. Univariate analysis revealed
that atrial arrhythmias (mainly atrial fibrillation or flutter),
complete RBBB, peripheral low voltage,
pseudo-infarction patterns in leads III and aVF (Q waves),
and ST segment changes (elevation or depression) in left
heart precordial leads were more common in patients with
fatal outcomes, and were associated with poor clinical
outcomes. Therefore, these ECG findings may provide
prognostic value for 30-day survival in patients with
severe APE. Another study from Italy evaluated the
changes in ECG during hospitalization in APE patients
and their prognostic impact on 30-day mortality. The
results showed that the persistent presence of right
ventricular strain on ECG after 3 days of admission was
an independent predictor of 30-day mortality in high-risk
APE patients. Right ventricular strain was defined as the
presence of at least one of the following: RBBB, SiQsT3
pattern, and NTWs (T wave inversion). It was also found
that the persistence of at least two of the following ECG
abnormalities in high-risk APE patients was associated
with higher risk: RBBB, T wave inversion in leads V1-V4,
and qR pattern in lead V1. The risk of death was highest
when all three abnormalities were present [35]. A study
by Novicic et al. [36] indicated that the resolution of
RBBB and the disappearance of the S wave in aVL were
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associated with reduced all-cause 30-day mortality in
medium- to high-risk patients, suggesting that RBBB may
predict patient outcomes to some extent. In addition to the
aforementioned ECG findings, which can assess the risk
of adverse outcomes such as death, there are also studies
showing that the dynamic changes of fragmented QRS
(fQRS) complexes may help predict prognosis in APE
patients. A retrospective study analyzing the significance
of dynamic fQRS changes classified them into deep,
shallow, and stable groups. The results indicated that
shallow dynamic fQRS was a marker of a good prognosis,
while deep dynamic fQRS indicated poor prognosis [37].
Other studies have also found that a high heart rate at
admission increases the mortality risk in APE patients
[38]. Furthermore, the presence of atrial fibrillation was
associated with increased mortality and poorer clinical
outcomes in hospitalized APE patients [39].

3.2 Prediction of hospitalization duration

For the prognosis of non-high-risk APE patients,
better prediction of hospital stay duration allows low-risk
patients to continue treatment in an outpatient setting
after discharge, which can reduce both the psychological
and financial burdens on patients to some extent [13]. A
prospective study analyzed the predictive value of ECG
for early discharge in non-high-risk APE patients. This
study categorized patients into moderate-risk and low-risk
APE groups. It was found that moderate-risk patients had
larger right ventricular size and longer hospital stays than
low-risk patients. Additionally, the ECG findings in the
two groups differed: moderate-risk patients had more
RBBB, S1Q3T3, and V1-type Qr patterns compared to the
low-risk group. The study also used early discharge
(within 3 days of hospitalization) as a prognostic
indicator and analyzed the prognostic significance of
ECG for early discharge in both moderate- and low-risk
patients. Univariate analysis showed that the S wave in
lead V5 (S-V5) and the R wave in lead V1 + S-V5 were
significant predictors for early discharge. After
multivariate adjustment, S-V5 remained the only
independent predictor for early discharge. A lower S-V5
(depth <0.15 mV) was associated with a better prognosis,
indicating that a lower S-V5 (depth <0.15 mV) is related
to early discharge in these patients [40]. For non-high-risk
APE patients, ECG can provide important information to
guide treatment and predict prognosis, helping identify
those who may benefit from early discharge [41]. Many
studies have analyzed the prognostic significance of ECG
in APE patients, most of which focus on high-risk APE
patients. However, the prognostic value of ECG in
moderate- and low-risk APE patients is still less explored.
In the case of moderate- and low-risk APE patients, it is
crucial not only to categorize them as non-high-risk but
also to identify factors that may influence their length of
stay, thus potentially reducing hospitalization time, which
can alleviate both the economic and psychological
burdens on the patients.

4 Conclusion

APE is a clinically severe acute cardiovascular
disease, and with ongoing medical advancements, the
diagnostic rate for APE has improved, allowing patients
to receive timely treatment. ECG, as a widely used and
convenient diagnostic tool, not only serves as an initial
clue in the diagnosis of APE but also provides significant
prognostic value. Abnormalities such as ST elevation in
aVR, T-wave inversions in V2-V4, RBBB, S1Q3Tj3 pattern,
sinus tachycardia, fQRS dynamics, lower S-V5 amplitude,
and atrial fibrillation can predict adverse outcomes and
hospitalization duration in APE patients. Therefore, ECG
can serve as a valuable reference for the diagnosis and
treatment of APE patients.
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