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Abstract: Acute cerebral hemorrhage is a serious neurological disease with a high risk of
recurrent bleeding. As a common clinical test, the importance of electrocardiogram in
predicting recurrent bleeding in acute cerebral hemorrhage has gradually come to the fore.
This paper provides a comprehensive review of the recent research progress in predicting
recurrent bleeding in acute cerebral hemorrhage, emphasizing the application of
electrocardiogram in this prediction and its clinical value.

1. Introduction

Acute cerebral hemorrhage (ACH) is a serious neurological condition, imposing a significant
burden on patients and their families due to its high rates of disability and mortality [1,2], as shown
in Figure 1. Rebleeding is a common issue encountered during the treatment of acute cerebral
hemorrhage patients, and it is also an important factor that affects the prognosis of these patients [3,4].
It is therefore crucial to predict the risk of rebleeding in acute cerebral hemorrhage patients. Currently,
methods for predicting rebleeding are primarily based on imaging and blood biochemical indices,
among others [5,6]. Nevertheless, these methods possess certain limitations and are unable to
accurately predict the risk of rebleeding in patients. In recent years, electrocardiography, being a
noninvasive, simple, and easily reproducible examination method, has gained increasing attention in
predicting acute cerebral hemorrhage rebleeding [7,8]. The objective of this study is to examine the
value of electrocardiography in predicting acute cerebral hemorrhage rebleeding and to explore the
independent predictive value of electrocardiography in this context. Through this study, we aim to
gain a deeper understanding of the electrocardiographic characteristics of acute cerebral hemorrhage
patients and provide clinicians with a more accurate and reliable method for predicting acute cerebral
hemorrhage rebleeding. The goal is to formulate a more rational treatment plan for patients, reduce
the risk of rebleeding, and enhance the quality of life of these patients.
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Figure 1: Acute cerebral hemorrhage (ACH)

2. Cerebral hemorrhage rebleeding in relation to the electrocardiogram.

Cerebral hemorrhage refers to bleeding resulting from the rupture of a blood vessel within the
skull, often resulting in severe neurological damage [9]. Rebleeding, conversely, refers to the
recurrence of a brain hemorrhage following a cerebral hemorrhage. This condition is typically caused
by either the re-rupture of a blood vessel at the original site or the rupture of a new blood vessel [10].
The recurrence of a brain hemorrhage, known as rebleeding, poses a severe risk due to its potential
to cause even more severe neurological damage and higher mortality rates [11].

Rebleeding from a brain hemorrhage can result from a range of causes, with the most prevalent
being high blood pressure and the hardening of arteries. High blood pressure can lead to the walls of
blood vessels becoming thinner and harder, thereby elevating the risk of rupture. Conversely,
atherosclerosis can result in the walls of blood vessels becoming weaker and thus more susceptible
to rupture. Furthermore, other causes encompass cerebrovascular malformations, rare disorders like
smokers' disease, and the inappropriate use of anticoagulant medications.

In the management of cerebral hemorrhage with risk of rebleeding, emergency surgical
intervention is essential to eliminate the hematoma and control intraoperative bleeding. Prior to
surgery, the surgeon carefully assesses the patient's condition and devises an individualized treatment
plan customized according to the patient's unique clinical situation [12,13]. Following surgery,
patients typically require prolonged rehabilitation and care in order to optimize neurological recovery
and enhance quality of life.

In summary, recurrent bleeding from cerebral hemorrhage is a life-threatening condition that
warrants prompt treatment. For individuals with hypertension and atherosclerosis, proactive
management of blood pressure and treatment of atherosclerosis are imperative to mitigate the risk of
recurrent brain hemorrhage. Additionally, individuals who have experienced a cerebral hemorrhage
should undergo regular check-ups and follow-up assessments to facilitate the timely detection and
treatment of recurrent brain hemorrhages.

Electrocardiography (ECG) is a non-invasive medical test employed to evaluate the electrical
activity of the heart [14]. It is a widely used diagnostic tool that holds significant importance in the
evaluation of cardiac diseases, arrhythmias, myocardial infarction, and other disorders. By recording
the electrical activity of the heart, ECG can detect abnormal heart rhythms, conduction blocks, and
so forth [15,16]. In clinical practice, electrocardiography is frequently employed as a preferred
method for assessing cardiovascular diseases.

Electrocardiography (ECG) has a wide range of applications, not only for the evaluation of patients
with cardiovascular disease, but also for the supplementary diagnosis of other disorders. For instance,
in neurological disorders, ECG testing can be used to assess conditions like insufficient cerebral blood
supply and epilepsy [17,18]. Additionally, ECG examination can assist in assessing cardiovascular
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diseases during pregnancy in expectant mothers [19,20]. In summary, ECG examination is a non-
invasive, safe, dependable, and expeditious medical diagnostic method, which holds great
significance for the evaluation of cardiovascular and cerebrovascular diseases as well as other
disorders.

Electrocardiograms are used to obtain information about heart function and rhythm, enabling
doctors to better diagnose and treat cerebral hemorrhage rebleeding. Cerebral hemorrhage rebleeding
is a serious condition that is closely linked to abnormalities in heart function and rhythm. During
cerebral hemorrhage rebleeding, cardiac dysfunction and arrhythmia frequently endanger the patient's
life. Hence, electrocardiograms are crucial for the diagnosis and treatment of cerebral hemorrhage
rebleeding. The identification and management of these disorders are imperative to avert cerebral
hemorrhage rebleeding.

Additionally, an electrocardiogram (EKG) test can assist doctors in assessing the severity of
recurrent brain hemorrhage. In cases where recurrent brain hemorrhage is severe, the patient's cardiac
function and heart rhythm may become abnormal, which can be detected through ECG. Physicians
can formulate a more precise treatment plan using the results of the ECG. In patients with acute
cerebral hemorrhage, alterations in the ECG can indicate both the patient's current condition and
prognosis.

3. Electrocardiography in the prediction of rebleeding in acute cerebral hemorrhage

Currently, studies on the application of ECG to predicting rebleeding in acute cerebral hemorrhage
fall into two main categories: those utilizing traditional ECG parameters, such as heart rate, rhythm,
QT interval and those employing novel ECG indices [21,22], including cardiac autonomic tone and
electrocardiographic information entropy [23,24].

3.1. Predictive value of traditional electrocardiographic indices in cerebral hemorrhage
rebleeding

3.1.1. Heart rate and cerebral hemorrhage rebleeding

Heart rate refers to the number of times the heart beats per minute, which is one of the most crucial
and elementary metrics in electrocardiography. Multiple studies have demonstrated a robust
correlation between a rapid heart rate and the risk of recurrent bleeding in patients with cerebral
hemorrhage. For instance, a substantial cohort study on patients with cerebral hemorrhage revealed
that the risk of recurrent bleeding was significantly higher in individuals with higher heart rates
compared to those with lower heart rates [25]. Furthermore, another study has demonstrated a direct
correlation between a faster heart rate and the risk of recurrent bleeding [26]. The risk of recurrent
bleeding has been found to be significantly higher in patients with higher heart rates compared to
those with lower heart rates. cerebral hemorrhage, existing literature indicates that an elevated heart
rate exerts pressure on cerebral blood vessels, thereby augmenting the likelihood of recurrent
hemorrhage. Nevertheless, the precise underlying mechanism necessitates additional investigation.
Regarding the association between heart rate and the occurrence of recurrent cerebral hemorrhage,
empirical studies have demonstrated that an elevation in heart rate is positively correlated with an
increased incidence of recurrent cerebral hemorrhage. Concerning the connection between heart rate
variability and recurrent cerebral hemorrhage, further research is warranted. Regarding the correlation
between heart rate variability and recurrent cerebral hemorrhage, a decrease in heart rate variability
has been found to elevate the likelihood of recurrent cerebral hemorrhage. Nevertheless, the precise
mechanism underlying this phenomenon necessitates additional investigation. Concerning the
association between heart rate and the prognosis of individuals afflicted with recurrent cerebral

93



hemorrhage, the majority of studies have indicated that an elevation in heart rate can influence the
prognosis of such patients. However, the precise manner and extent of this influence warrant further
exploration. In conclusion, the intricate association between heart rate and recurrent cerebral
hemorrhage necessitates additional comprehensive investigation. Thoroughly examining the
underlying mechanism through which heart rate impacts the occurrence of recurrent cerebral
hemorrhage may yield novel insights and approaches for the prevention and treatment of this
condition.

3.1.2. Heart Rhythm and Cerebral Hemorrhage Rebleeding

Cardiac rhythm refers to the pattern of heartbeats, which encompasses sinus rhythm, atrial
fibrillation, and ventricular fibrillation. Patients with cerebral hemorrhage and concurrent arrhythmia
are faced with a larger risk of subsequent bleeding episodes. The elevated risk could be attributed to
fluctuating blood pressure and altered hemodynamics induced by arrhythmia, thereby escalating the
likelihood of recurrent intracranial vessel rupture. Arrhythmia could additionally influence treatment
strategies and prognosis for these patients; for instance, anticoagulant usage can potentially amplify
the re-bleeding risk. Foreseeing the re-bleeding risk is vital for cerebral hemorrhage patients, wherein
arrhythmia could prove to be an insightful predictive marker. Findings exhibit an elevated re-bleeding
risk among arrhythmic patients, potentially correlating with elements like blood pressure instability
and arrhythmia-induced hemodynamic alterations. Furthermore, arrhythmia can impact treatment
modalities and patient prognosis; for instance, anticoagulant use might exacerbate the risk of re-
bleeding. Hence, vigilant arrhythmia surveillance in cerebral hemorrhage patients coupled with
appropriate therapeutic interventions could aid in mitigating the re-bleeding risk. In conclusion, the
prognostic value of arrhythmia in predicting cerebral hemorrhage re-bleeds warrants consideration.
Continuous monitoring of arrhythmia and application of intervention strategies tailored to the
patient's condition may serve to decrease the likelihood of re-bleeding. Multiple studies have
demonstrated a correlation between cardiac arrhythmias and the risk of rebleeding in patients with
cerebral hemorrhage. A clinical study of patients with cerebral hemorrhage, for instance, revealed a
correlation between the presence of arrhythmias and the risk of mortality due to rebleeding [27,28].
Furthermore, another study involving patients with cerebral hemorrhage demonstrated a strong
association between arrhythmias like atrial fibrillation and ventricular fibrillation with the risk of
rebleeding [29,30].

3.1.3. QT interval and cerebral hemorrhage rebleeding

The QT interval, measured from the beginning of the Q wave to the end of the T wave in an
electrocardiogram (ECG), is a crucial indicator of the heart's electrophysiological activity. Various
factors can influence the changes in the QT interval during cerebral hemorrhage. Increased
intracranial pressure can affect cardiac function and modify the QT interval. Autonomic dysfunction,
resulting from cerebral hemorrhage, can impact cardiac electrophysiological characteristics.
Therefore, changes in the QT interval can serve as an indicator of the severity of cerebral hemorrhage.
Regular electrocardiography monitoring for patients with cerebral hemorrhage can promptly detect
changes in the QT interval and predict the risk of rebleeding. Timely measures, such as reducing
intracranial pressure and improving cerebral perfusion, can lower the risk of rebleeding. In summary,
the prediction of rebleeding in cerebral hemorrhage holds certain value in relation to the QT interval.
Monitoring electrocardiography enables prompt detection of changes in the QT interval, leading to
the implementation of appropriate treatment measures and a reduced risk of rebleeding. Multiple
studies have demonstrated a link between prolonged QT intervals and an increased risk of rebleeding
in patients with cerebral hemorrhage. A longitudinal study revealed that a prolonged QT interval
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elevates the risk of adverse outcomes associated with rebleeding. Similarly, another investigation
further reinforced this correlation.

The current literature on the correlation between ECG indices and recurrent bleeding in cerebral
hemorrhage is mixed and inconclusive. One argument is that ECG indices can offer valuable insights
into the condition and prognosis of patients with cerebral hemorrhage, potentially serving as a
predictor of recurrent bleeding. For instance, one study reported that individuals with abnormal ECGs
exhibited a significantly increased risk of adverse outcomes resulting from recurrent bleeding
compared to those with normal ECGs [31]. Conversely, several investigations have found no
significant correlation between ECG indices and recurrent bleeding in cerebral hemorrhage,
suggesting they cannot serve as reliable predictors. For instance, a recent clinical study of patients
with cerebral hemorrhage revealed that ECG indices were not effective in anticipating the occurrence
of bleeding [32].

3.2. New electrocardiographic indices for the relationship between cerebral hemorrhage
rebleeding

In recent years, ECG-based indicators of cardiac autonomic tone have been shown to be effective
in predicting and preventing cerebral hemorrhage rebleeding. ECG is a non-invasive method that
allows for real-time monitoring of changes in cardiac autonomic tone. The cardiac autonomic tone
index can reflect the activity of sympathetic and parasympathetic nerves, enabling the evaluation of
patients' autonomic function status.

Multiple studies have demonstrated that patients with cerebral hemorrhage often experience a
severe impact on their autonomic function state, particularly an increase in sympathetic nerve activity.
The occurrence of rebleeding is closely associated with the autonomic function status of patients. As
such, the ECG-based cardiac autonomic tone index can be employed to monitor the autonomic
function status of patients with cerebral hemorrhage, enabling the prediction of risk for rebleeding
and subsequent implementation of appropriate preventive measures.

In particular, monitoring heart rate variability and the QT interval on an electrocardiogram can be
used to evaluate a patient's autonomic function status. Heart rate variability denotes the extent of
fluctuation in heart rate intervals, serving as a surrogate for sympathetic and parasympathetic nerve
activity. The QT interval, measured from the beginning of the Q wave to the end of the T wave on an
electrocardiogram, also serves as a proxy for changes in cardiac autonomic tone.

By monitoring these indicators, the status of a patient's autonomic function can be evaluated, and
the risk of rebleeding can be predicted. For instance, prolongation of the QT interval or reduction of
heart rate variability may indicate autonomic dysfunction and an increased risk of rebleeding. At this
point, preventive measures, such as strengthening medication and improving lifestyle, can be
implemented to mitigate the incidence of rebleeding.

4. The value of the electrocardiogram in the prediction of rebleeding in acute cerebral
hemorrhage

Traditional ECG indicators have limited value in predicting acute cerebral hemorrhage rebleeding.
For instance, an elevated heart rate and a prolonged QT interval are strongly linked to the risk of acute
cerebral hemorrhage rebleeding. Furthermore, arrhythmia is a frequent complication of acute cerebral
hemorrhage with rebleeding, and ECG plays a crucial role in diagnosing and monitoring arrhythmia.

New electrocardiographic indices, such as cardiac autonomic tone and electrocardiographic
information entropy, hold significant value in forecasting rebleeding in acute cerebral hemorrhage.
Cardiac autonomic tone denotes the magnitude of cardiac sympathetic and parasympathetic tone,
whose fluctuations can offer insights into the heart's functional and metabolic status. On the other
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hand, cardiac information entropy refers to the measurement of information content in ECG signals,
which can reflect the complexity and stability of the heart's electrical activity. Previous studies have
demonstrated that these novel ECG indicators, particularly cardiac autonomic tone and ECG
information entropy, exhibit high accuracy in predicting rebleeding in acute cerebral hemorrhage,
suggesting their potential as novel methods for forecasting this medical condition.

ECG-based cardiac information entropy, a method to assess the complexity and regularity of the
heart's electrical activity through information processing and analysis of ECG signals, holds certain
application value in the research and diagnosis of cardiovascular and cerebrovascular diseases. In
studies on cerebral hemorrhage rebleeding, ECG-based entropy of cardiac electrical information can
serve as a predictor and assessor of the condition.

Studies have demonstrated a correlation between cerebral hemorrhage rebleeding and
abnormalities in the electrical activity of the heart. Additionally, ECG information entropy can
indicate the patient's vital signs and changes in condition, enabling doctors to adjust treatment plans
and make timely prognostic judgments.

Specifically, ECG-based ECG information entropy has the ability to predict and assess cerebral
hemorrhage rebleeding. While treating cerebral hemorrhage patients, doctors collect and process
ECG signals to calculate ECG information entropy. By comparing changes in entropy values before
and after treatment, they can evaluate the patient's condition and assess the treatment's effectiveness.
Additionally, ECG information entropy can be employed for prognostic assessments in patients with
cerebral hemorrhage. Monitoring patients' vital signs and changes in ECG signals allows for
predictions regarding the risk and likelihood of recurrent cerebral hemorrhage.

5. Conclusion

In conclusion, ECG-derived entropy analysis, a novel approach for processing and analyzing ECG
information, holds significant potential in the field of cerebral hemorrhage rebleeding research. By
monitoring and analyzing ECG information entropy, doctors can obtain more accurate and reliable
diagnosis and treatment plans, thereby improving the therapeutic outcomes and prognosis of patients
with cerebral hemorrhage.

Although studies on cerebral hemorrhage rebleeding utilizing cardiac autonomic tone and
electrocardiographic information entropy have produced some results, these studies still suffer from
several limitations. Firstly, the sample sizes of these studies are often small and subject to potential
biases. Secondly, the methods of these studies are relatively homogeneous and lack of cross-sectional
comparisons and longitudinal observations. Furthermore, the results of these studies remain
controversial and require additional validation and refinement.

6. Prospect

Although ECG has been shown to be valuable in predicting rebleeding in acute cerebral
hemorrhage, further exploration is still needed. For instance, is there a correlation between traditional
ECG indicators and new ECG indicators? How can we effectively combine these indexes to improve
prediction accuracy? Additionally, current research primarily focuses on single ECG indices, but the
combined application of multiple indices may enhance prediction precision. Future studies should
address these questions to provide new insights into the prevention and treatment of acute cerebral
hemorrhage rebleeding.

ECG holds substantial value in predicting the likelihood of acute cerebral hemorrhage rebleeding.
Although numerous studies have demonstrated the diagnostic accuracy of both traditional and novel
ECG indices in predicting acute cerebral hemorrhage rebleeding, further studies are needed to
enhance prediction accuracy. Future research should prioritize the comprehensive application of
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multiple ECG indices, exploring the correlation between traditional and novel ECG indices, to offer
fresh ideas and strategies for managing acute cerebral hemorrhage rebleeding.
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