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Cardio-cerebral infarction (CCI) is a rare clinical syndrome characterized by the
simultaneous or sequential occurrence of acute myocardial infarction (AMI) and
acute ischemic stroke (AIS). Despite its complex pathogenesis and more severe
prognosis compared to isolated AMI or AIS, no consensus has been established
regarding its definition, classification, epidemiology, treatment protocols, or
prognostic management. Current research is largely confined to case reports
or small case series, and there are no unified diagnostic or treatment
guidelines, nor any expert consensus. Consequently, clinicians often rely on
single-disease guidelines for AMI or AIS, or personal experience, when
managing CCI cases. This approach complicates treatment decisions and may
result in missed opportunities for optimal interventions, thereby adversely
affecting long-term patient outcomes. This narrative review aimed to
systematically summarize the definition, classification, epidemiological
features, pathogenesis and therapeutic strategies, and prognostic aspects of
CCI while thoroughly examining the progress and limitations of existing
studies to guide future research and clinical practice. By offering a detailed
analysis of reperfusion strategies, antiplatelet therapy, and anticoagulation in
CCI patients, this review highlights the safety and efficacy differences among
current treatments and explores methods for optimizing individualized
management to improve clinical outcomes. Furthermore, this article aimed to
enhance clinicians’ understanding of CCI, provide evidence-based
recommendations for patient care, and outline directions for future research.
Ultimately, by refining diagnostic and therapeutic strategies, we aimed to
reduce CCI-related mortality and improve long-term prognoses for
affected patients.
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1 Introduction

Acute myocardial infarction (AMI) and acute ischemic stroke

(AIS) are leading causes of mortality and disability worldwide,

posing significant challenges to public health (1). According to the

Global Burden of Disease study 2022 (2), the global prevalence of

ischemic heart disease was approximately 315 million, with 9.23

million deaths. As a major subtype of ischemic heart disease, AMI

substantially impacts patient survival and prognosis. Concurrently,

AIS ranks as the second leading cause of death and the third

leading cause of disability globally, with 8.66 million prevalent

cases and approximately 3.54 million deaths attributed to AIS in

2022. These conditions not only severely impact patients’ quality

of life but also impose significant burdens on healthcare systems

and socioeconomic resources worldwide.

In 2010, Omar et al. introduced the concept of cardio-cerebral

infarction (CCI), defined it as a clinical syndrome characterized by

the concurrent or sequential occurrence of AMI and AIS within a

short timeframe (3). The pathological mechanisms of CCI are

complex, involving various factors such as neurogenic, cardiogenic,

and inflammatory processes. As a critical illness with dual cardiac

and cerebral injury, CCI is characterized by a narrow therapeutic

time window, complicated treatment decisions, and poor

prognosis, with significantly higher mortality rates compared to

isolated AMI or AIS (4, 5). Consequently, the diagnostic and

management challenges of CCI far exceed those posed by single-

disease entities. Despite advancements in CCI research, there

remain numerous uncertainties regarding its definition, diagnostic

criteria, and treatment strategies. Furthermore, current studies are

predominantly limited to case reports or small case series, and

unified diagnostic guidelines or expert consensus on treatment

have yet to be established. As a result, clinicians often rely on

disease-specific guidelines for either AMI or AIS, or their own

clinical judgment, when managing CCI cases.

Given the high-risk nature and complexity of CCI, a

comprehensive understanding of its pathogenesis, clinical

characteristics, and prognosis is crucial for developing optimized

diagnostic and therapeutic strategies. This narrative review aimed

to summarize the current knowledge on the definition,

classification, epidemiological characteristics, pathophysiological

mechanisms, diagnostic approaches, therapeutic interventions, and

prognostic factors associated with CCI. By conducting an in-depth

analysis of the available literature, this review seeks to enhance the

understanding of CCI, offer evidence-based recommendations for

clinical management, highlight limitations in current research, and

provide guidance for future research directions. Strengthening

clinicians’ knowledge of CCI and offering an evidence-based

framework for decision-making is critical for optimizing diagnostic

and treatment approaches, ultimately reducing CCI-related

mortality and improving long-term patient outcomes.
2 Methods

We conducted a systematic search of English-language

databases, including Web of Science, MEDLINE, BIOSIS
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Previews, and KCI-Korean Journal Database. We used the

search term “Cardio-Cerebral Infarction” and included articles

published from database inception until December 31, 2024.

The initial search yielded 118 papers. After excluding

conference papers (n = 12), reviews (n = 1), abstracts (n = 29),

theses (n = 4), editorials (n = 1), letters (n = 1), and patents

(n = 1), we preliminarily screened 94 papers. Two researchers

independently conducted the initial screening based on titles

and abstracts, with discrepancies resolved through team

discussion. Ultimately, 25 articles were deemed relevant to the

research topic. Additionally, we manually reviewed the

reference lists and similar articles of the retrieved papers to

ensure comprehensiveness. After removing duplicate records,

two researchers independently screened the articles based on

titles and abstracts, with discrepancies resolved through

team discussion.
3 Definition

In 2010, Omar et al. (3) first reported a case involving a

48-year-old male who developed a large-area AIS within 1 h

following an acute inferior wall and right ventricular transmural

AMI. They hypothesized that the sequential occurrence of these

two conditions was not coincidental and subsequently introduced

the concept of CCI. Since then, an increasing number of CCI

cases have been documented and studied. Currently, CCI is

mainly classified into two types: synchronous and metachronous

(6). Synchronous CCI refers to the simultaneous occurrence of

AMI and AIS within a short time frame. However, there is no

unified definition of “short time frame” at present.

Kijpaisalratana et al. (7) defined synchronous CCI as the

occurrence of AIS within 12 h after AMI or the occurrence of

AMI within 4.5 h after AIS. De Castillo et al. narrowed the time

window to 6 h (8), while the latest research expanded the time

window to 24 h (5). Metachronous CCI refers to the sequential

occurrence of AMI and AIS, with time intervals ranging from

days to 3 months (5, 9–11).

Although synchronous CCI has a relatively clear definition, it

still faces numerous challenges in clinical practice. First, the

clinical manifestations of AMI and AIS may overlap or mask

each other, potentially leading to delayed diagnosis. Second,

some patients may experience asymptomatic or “silent”

myocardial infarction or cerebral infarction, increasing the

difficulty of accurately determining the time of onset. To address

this issue, Gao et al. (12) suggested that patients diagnosed with

both AMI and AIS at admission, but with unclear sequence and

time interval, could be classified as having synchronous CCI.

This perspective fully considers the objective difficulties in

accurately determining the time of onset in clinical practice,

particularly for patients with insidious AMI symptoms. Future

studies should validate the definition of synchronous CCI in

larger samples and further explore rational diagnostic criteria for

metachronous CCI to establish a unified diagnostic consensus

and guide clinical practice.
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4 Epidemiology

Currently, there is no consensus on the incidence of CCI, with

considerable differences in results among studies (Table 1). Ho

et al. (5) conducted a retrospective cohort study of 120,531

patients with AMI and AIS from the Singapore National Stroke

and AMI Registry. They found that 0.5% of patients met the

diagnostic criteria for synchronous CCI (AMI and AIS

occurring within 24 h), while 0.8% of patients had

metachronous CCI (AMI and AIS occurring sequentially within

1 week). However, a single-center study by Yeo et al. (6)

involving 555 AIS patients revealed an incidence of synchronous

CCI (AMI and AIS occurring within 24 h) of only 0.009%,

significantly lower than other studies. Factors contributing to

these discrepancies may include small sample sizes and selection

bias. De Castillo et al. (8) included 1,683 AIS patients and 1,983

AMI patients, reporting an overall CCI prevalence of 0.79%.

Among these, patients who developed AIS within 12 h after

AMI or AMI within 6 h after AIS were classified as having

synchronous CCI (0.25%), while those who experienced AIS and

AMI sequentially within 72 h were classified as having

metachronous CCI (0.55%).

Some studies only report the overall incidence of CCI. Gao

et al. (12) reviewed 17,645 AIS patients and 7,584 AMI patients,

finding that 85 cases (0.34%) developed CCI within 2 weeks. The

GRACE study included 35,233 hospitalized AMI patients, of

whom 116 (0.33%) had complicating ischemic stroke during

hospitalization (13). Kawamura et al. (14) analyzed complications

in 2,281 AMI patients after percutaneous coronary intervention

(PCI), reporting that 20 cases (0.88%) developed stroke, with

0.53% occurring within 24 h after the procedure and 0.35%

occurring between 24 h post-procedure and discharge. A large

cohort study involving 173,233 AMI patients showed an

incidence of AIS of 2.1% within 30 days after AMI (15).

The main reason for the variation in CCI incidence rates

among different studies is the lack of uniform diagnostic criteria,
TABLE 1 Summary of major studies reporting the prevalence and outcomes

Study Country Sample
size

Population (%) P

Total Sync
Kajermo et al.
(15)

Sweden 173,233 AMI (100) 2.1

Yeo et al. (6) Sweden 555 AIS (100) 0.009

Chong et al.
(66)

Singapore 3,500 AIS (100) NA

Budaj et al.
(13)

GRACE 35,233 AMI (100) 0.33

Ho et al. (5) Singapore 127,919 AMI (NA); AIS (NA) 1.24

Gao et al. (12) China 25,229 AMI (30.10); AIS
(69.94)

0.34

de Castillo
et al. (8)

Philippines 3,666 AMI (54.10); AIS
(45.90)

0.79

Kawamura
et al. (14)

Japan 2,281 AMI treated with PCI
(100)

0.83

AMI, acute myocardial infarction; AIS, acute ischemic stroke; CCI, cardio-cerebral infarction; PCI,

(2009–2014); Chong et al. (2014–2018); Budaj et al. (1999–2003); Ho et al. (2007–2018); Gao et
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particularly regarding the sequence and time window definitions

for AMI and AIS. Additionally, heterogeneity in study

populations is an important factor influencing incidence

estimates. Future studies should employ standardized diagnostic

criteria in larger sample populations to obtain precise estimates

of CCI incidence. Furthermore, there is an urgent need to

explore risk factors for CCI, which is crucial for early recognition

and prevention. Only by gaining a thorough understanding of

the epidemiological characteristics of CCI can clinical practice be

better guided and targeted diagnostic and treatment strategies

be developed.
5 Etiology and pathophysiology

CCI is a clinical syndrome with complex etiologies and diverse

mechanisms, involving multiple pathophysiological processes.

Based on the available research evidence, the main causes of CCI

can be categorized as follows: atherosclerosis, neurogenic factors,

cardiogenic factors, inflammatory responses, and certain

systemic diseases.
5.1 Atherosclerotic factors

Atherosclerosis is the most common shared cause and risk

factor for AMI and AIS (16). An analysis of 200 consecutive

autopsy reports revealed a significant correlation between the

extent of coronary and cerebral artery atherosclerosis, with

coronary atherosclerosis developing earlier than cerebral

atherosclerosis. Specifically, atherosclerosis is first observed in the

left anterior descending artery, while the most severe lesions

occur in the basilar artery and middle cerebral artery (17). Gao

et al. (12) demonstrated that the risk factor profile of CCI

patients is similar to that of patients with common

cardiovascular and cerebrovascular diseases, including
of CCI.

revalence (%) Time window

hronous Metachronous
NA NA Total: within 30 days

NA NA Not mentioned

0.29 NA Synchronous: ≤24 h;

NA NA Total: In-hospital

0.49 0.76 Synchronous: ≤24 h; Metachronous: ≤1 week

NA NA CCI: 2 weeks

0.25 0.55 Synchronous: AMI ≤12 h before AIS or AIS
≤6 h before AMI; Metachronous: within 72h

0.53 0.35 Synchronous: ≤24 h post-PCI; Metachronous:
24 h post-PCI to discharge

percutaneous coronary intervention. Study time ranges: Kajermo et al. (1998–2008); Yeo et al.

al. (2014–2024); de Castillo et al. (2017–2020); Kawamura et al. (2001–2005).
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hypertension, diabetes, dyslipidemia, smoking, and alcohol

consumption. This finding aligns with the results of a meta-

analysis conducted by Ng et al. (18), which included 44 CCI

patients. The meta-analysis revealed that 65.9% of CCI patients

were male, with many having a history of long-term smoking

(27.3%) and comorbidities such as hypertension (31.8%), diabetes

(15.9%), and dyslipidemia (11.4%). These risk factors are

common upstream mechanisms that promote the development of

atherosclerosis. When a plaque ruptures, the exposed

subendothelial tissue initiates platelet activation and the

coagulation cascade, leading to thrombus formation and

subsequent distal embolization. This process can result in

occlusion of the coronary, carotid, or vertebrobasilar arteries,

ultimately causing the concurrent or sequential occurrence of

AMI and AIS, termed CCI.
5.2 Neurogenic factors

The neurogenic pathogenesis of CCI is primarily based on

autonomic nervous dysfunction of the “brain-heart axis”. Brain

injury may affect the central or peripheral components of the

autonomic nervous system, resulting in excessive activation of

cardiac sympathetic nerves and/or parasympathetic inhibition,

which in turn leads to various cardiovascular complications.

Overactivation of the sympathetic system can elevate

catecholamine secretion, inducing myocardial ischemia, injury, or

even necrosis, and potentially progressing to heart failure.

Conversely, parasympathetic inhibition may cause tachycardia,

atrial fibrillation, or ventricular arrhythmias. The insular cortex

has been shown to play a pivotal role in central autonomic

regulation. Stimulation of the right insula can elicit sympathetic

excitation, whereas stimulation of the left insula leads to vagal

excitation (7). Therefore, AIS involving the left insular region can

disrupt the autonomic nervous system’s balance, leading to

relative sympathetic hyperactivity, which increases the likelihood

of arrhythmias, QT prolongation, and myocardial injury, thereby

elevating the risk of AMI (7, 19). A prospective study revealed

that, compared to patients with non-insular stroke, patients with

left insular stroke had a significantly higher risk of adverse

cardiac events (RR = 1.75, 95% CI: 1.02–3.00; P = 0.05) (19).

Additionally, the catecholamine surge following AIS can trigger

stress cardiomyopathy, also known as Takotsubo syndrome,

which can present as acute myocardial infarction. Stress

cardiomyopathy can promote thrombus formation within the

cardiac chambers, which may subsequently embolize to both

cerebral and coronary arteries, thereby exacerbating the

manifestations of AIS and AMI (20).
5.3 Cardiogenic factors

The cardiogenic mechanisms underlying CCI primarily involve

cardiogenic embolism and circulatory dysfunction following AMI.

Studies have shown that patients with AMI are at significantly

increased risk of developing AIS, with this risk persisting in the
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short term (21). A large community-based study reported that the

risk of stroke in the first month after AMI increased 44-fold, with

this elevated risk lasting up to three years after the acute event (21).

AMI can trigger AIS through various mechanisms (10, 16, 20,

22). Specifically, AMI can cause regional wall motion abnormalities

and left ventricular aneurysms, particularly when involving the left

ventricular apex and anterior wall, which result in blood flow stasis,

thereby increasing the risk of stroke. Under the influence of factors

such as low shear stress, inflammation, and a hypercoagulable state,

the coagulation cascade is activated, promoting the formation of

left ventricular thrombi (10, 16, 20). These thrombi can embolize

to intracranial arteries via the systemic circulation, causing AIS

(22). Additionally, the heightened secretion of catecholamines

following AMI exacerbates platelet aggregation and thrombus

formation, further increasing the risk of AIS (10). Loh et al. (23)

found that for every 5% reduction in left ventricular ejection

fraction after AMI, the risk of stroke rose by 18%.

Atrial fibrillationis another major contributor to both cerebral

embolism and coronary embolism and one of the important causes

of CCI (24). In patients with comorbidities such as infective

endocarditis, cardiac myxoma, left ventricular wall thrombus, or

prosthetic valve thrombus, atrial fibrillation can cause thrombus

dislodgement, leading to cerebral embolism and coronary

embolism, followed by simultaneous or sequential AMI and AIS

(16, 25). Additionally, for patients with right heart failure

combined with patent foramen ovale, as the right ventricular

pressure increases, right ventricular thrombi may flow back into

the systemic circulation through the foramen ovale and embolize

to cerebral vessels (3).

PCI is also a risk factor for AIS after AMI. A case report

described a 64-year-old woman with AMI who developed

neurological deficits 2 days after PCI (26). Gao et al. (12) further

verified this mechanism. They found that among CCI patients

with AMI as the first manifestation (49.41%, n = 42), 26 cases

(30.59%) were classified as cardioembolism, of which 6 cases

were cerebral infarction after PCI, 16 cases were caused by atrial

fibrillation, 3 cases were secondary to left ventricular thrombus

dislodgement, and 1 case was caused by both atrial fibrillation

and left ventricular thrombus.

Moreover, insufficient effective circulating blood volume after

AMI can lead to reduced cerebral perfusion, which may also

trigger AIS (9). This situation is more common in patients with

acute right ventricular infarction but can also occur in cases of

left ventricular infarction accompanied by pump failure. After

AMI, due to myocardial damage, the ventricular pumping ability

decreases sharply, causing severe hypotension, decompensation of

blood pressure autoregulation, and a dramatic decrease in

cerebral blood flow, thereby inducing AIS. This type of AIS

usually occurs in watershed areas and brainstem regions that are

highly sensitive to ischemia and hypoxia (3).
5.4 Inflammatory factors

Numerous basic studies have confirmed that after stroke,

neuroendocrine disorders and sustained intense inflammatory
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responses are triggered through the brain-heart axis, leading to an

injury storm that increases the risk of AMI (27–29). Research in

neuroscience has further revealed the neural pathway basis of

this process. The neurons of the amygdala and paraventricular

nucleus of the hypothalamus are connected to the spleen through

direct neural connections, participating in the regulation of

immune responses, stress reactions, and inflammatory processes

(30). Immune organs such as the spleen are innervated by a rich

sympathetic nervous system, with approximately 98% of the

splenic nerves composed of noradrenergic nerve fibers. After

stroke, these neural pathways are activated, resulting in the

massive release of monocytes and neutrophils from the spleen

and other immune organs and altering the proliferative state of

lymphocytes (31, 32). Furthermore, elevated levels of adrenaline

and noradrenaline after stroke can trigger a catecholamine storm,

further increasing the levels of inflammatory cytokines in the

plasma, activating the hypothalamic-pituitary-adrenal axis, and

leading to the secretion of large amounts of endogenous

glucocorticoids (33–35). These factors work together to

ultimately cause a series of pathological changes, including lysis,

necrosis, apoptosis, and fibrosis of myocardial cells; vascular

endothelial swelling; basement membrane disintegration;

perivascular edema; subendocardial hemorrhage; decreased

mitochondrial function; and impaired myocardial excitation-

contraction coupling and contractile function, significantly

increasing the risk of CCI (36).

Similarly, AMI can trigger a widespread inflammatory

response, resulting in the release of large quantities of

inflammatory cytokines, which subsequently activate neutrophils

and promote the synthesis of acute-phase reactants (24, 37). This

cascade may further destabilize and even rupture atherosclerotic

plaques in the cerebral circulation (38). Previous studies have

shown that C-reactive protein (CRP) levels rise significantly

following myocardial injury (39, 40). CRP exerts potent

proinflammatory and procoagulant effects (41), reducing nitric

oxide production by endothelial cells while simultaneously

increasing the expression of adhesion molecules. It also

influences monocyte chemotaxis and foam cell formation within

atherosclerotic plaques, exacerbating the vasoreactivity of

unstable plaques (42). Moreover, a study found that the

incidence of complex and unstable carotid plaques in AMI

patients was markedly higher than in those with stable angina

(42% vs. 8%) (43). Consequently, systemic vascular inflammation

induced by AMI may lead to the rupture of multiple plaques and

the formation of extensive thrombi in the aorta and cerebral

circulation, significantly increasing the risk of AIS.
5.5 Other contributing factors

In addition to the mechanisms previously discussed, certain

systemic diseases can also contribute to the development of CCI.

These include essential or hereditary thrombocythemia,

antiphospholipid antibody syndrome, multiple myeloma, and

other hematological disorders, as well as hypercoagulable states,

vasculitis, and coronary artery disease induced by electrical injury
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or malignant neoplasms (21, 44, 45). A study revealed that

elevated D-dimer levels in the malignancy-associated

hypercoagulable state were closely related to extracellular vesicles

(EVs) secreted by tumor cells (46). EVs can activate platelet

aggregation and promote the formation of neutrophil

extracellular traps through tissue factor-dependent and tissue

factor-independent pathways, thereby accelerating the thrombus

formation process (47, 48). In this hypercoagulable state,

extensive microthrombus formation can lead to the simultaneous

or sequential development of AIS and AMI (49). Notably, during

the COVID-19 pandemic, there was a significant increase in CCI

case reports (50, 51). This may be attributed to endothelial

dysfunction and abnormal coagulation caused by SARS-CoV-2

infection, which predisposes patients to a hypercoagulable state,

thus increasing the risk of CCI.

Aortic dissection, especially type I aortic dissection, is also a

significant cause of CCI. The intimal tear in type I aortic

dissection originates in the ascending aorta and extends distally,

involving the aortic arch and descending aorta (16). When the

dissection propagates proximally to the ostium of the carotid

artery or vertebrobasilar artery or distally to involve the ostium of

the coronary arteries, it can lead to AIS or AMI, respectively (21).
6 Management strategies

6.1 Acute reperfusion strategies

Rapid restoration of cardiac and cerebral tissue perfusion is the

primary principle in the treatment of CCI (Figure 1). The 2019

guidelines of the American Heart Association/American Stroke

Association suggest that, for patients with both AIS and AMI,

intravenous alteplase at the dose appropriate for AIS should be

prioritized, followed by coronary angiography and percutaneous

coronary intervention (PCI) as needed (Class IIa

recommendation, Level of Evidence C) (52). However, these

guidelines do not fully account for the clinical heterogeneity of

AMI, such as the type (STEMI/NSTEMI) and severity (presence

of life-threatening conditions or complications), and therefore

may not be applicable to all CCI patients. In clinical practice,

treatment strategies for CCI should be individualized based on

the severity, hemodynamic status, and time window for both

AMI and AIS onset (7).

Currently, the optimal protocol for intravenous thrombolysis in

CCI patients remains uncertain. The recommended dose of rt-PA

for AMI (100 mg), which is higher than the dose used for AIS, may

increase the risk of symptomatic intracranial hemorrhage (18, 53,

54). Conversely, the standard dose for AIS (0.9 mg/kg, with a

maximum of 90 mg) may not be sufficiently effective in treating

AMI (5). Additionally, the occurrence of AMI within 3 months

is considered a relative contraindication for thrombolysis in AIS

patients, while an AIS within the past 6 months is considered an

absolute contraindication for thrombolysis in AMI patients

(52, 55). These contraindications further complicate the use of

intravenous thrombolysis in CCI patients.
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FIGURE 1

Proposed management strategy for cardio-cerebral infarction. A flowchart illustrating the proposed management strategy for patients with suspected
CCI. CCI, cardio-cerebral Infarction; NIHSS, National Institutes of Health Stroke Scale; AMI, acute myocardial infarction; AIS, acute ischemic stroke;
STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-elevation myocardial infarction; PCI, percutaneous coronary intervention.
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Endovascular intervention is another crucial strategy for

restoring cardiac and cerebral blood flow. PCI can improve the

success rate of myocardial revascularization and reduce adverse

cardiac events, with potential benefits even in patients with

cardiogenic shock (56). In CCI patients, the intervention strategy

must balance the priorities of coronary and cerebrovascular

ischemia. For high-risk patients, such as those with cardiac

arrest, pulseless ventricular tachycardia/ventricular fibrillation,

cardiogenic shock, or left main disease, emergency PCI should be

prioritized to maintain cardiac function (7, 57, 58).

Several studies have evaluated the safety and efficacy of PCI in

CCI patients. Watanabe et al. (56) reported on 7 CCI patients who

underwent percutaneous coronary intervention (PCI). Despite

receiving dual antiplatelet therapy before the procedure, 2

patients died, but the remaining 5 did not experience

complications such as intracranial hemorrhage. A retrospective

study by Schmidbauer et al. (59) indicated that PCI does not

increase the risk of intracranial hemorrhage in AIS patients, even

during the acute phase of ST-elevation myocardial infarction

(STEMI) or in hemodynamically unstable conditions. Mehta

et al. (60) analyzed 2,525 patients who received PCI and were
Frontiers in Cardiovascular Medicine 06
simultaneously diagnosed with AIS and STEMI during

hospitalization. The results showed that although patients with

AIS and concomitant STEMI had a higher mortality rate, PCI

treatment was not associated with mortality (OR = 0.93, 95% CI:

0.60–1.43, P = 0.7) or an increased risk of intracranial

hemorrhage (OR = 1.54, 95% CI: 0.93–2.56, P = 0.1). However,

this study did not include patients with NSTEMI, and it is

unclear whether these patients met the diagnostic criteria for

synchronous or metachronous CCI.

For CCI patients with mild manifestations of AMI (such as

NSTEMI) or hemodynamically stable but severe neurological

symptoms, and whose onset of CCI is within the thrombolytic

time window (<4.5 h), intravenous thrombolytic therapy can be

administered at the standard dose for AIS first. Subsequently, for

patients with large vessel occlusion, bridging mechanical

thrombectomy (MT) can be performed (61). Sakuta et al.

reported a CCI patient with stable vital signs who first

underwent MT to recanalize the occluded intracranial artery and

then underwent PCI for the treatment of a coronary artery

lesion, resulting in a favorable clinical outcome (57). These cases

suggest that, when conditions permit, prioritizing intravenous
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thrombolysis and MT is a reasonable treatment option, especially

for patients with severe neurological impairment, and it may

help to further improve cardiovascular symptoms.

In conclusion, for CCI patients, the decision to administer

intravenous thrombolysis followed by vascular interventions

(PCI/MT) or to prioritize emergency PCI depends on a

comprehensive assessment of the severity and urgency of the

cardiocerebral ischemic events. An individualized treatment plan

should be formulated. Regardless of the chosen strategy, close

monitoring and proactive prevention of recurrent thrombi and

embolisms are critical to patient management.
6.2 Antiplatelet therapy

Antiplatelet therapy is a key component in the management of

CCI, and strategies must balance the different clinical needs of AMI

and AIS patients. Commonly used antiplatelet agents include

aspirin and P2Y12 receptor antagonists, such as clopidogrel and

ticagrelor. In AMI patients, oral antiplatelet therapy is necessary

regardless of the reperfusion strategy employed, typically starting

with a loading dose followed by a transition to a maintenance

dose (55). However, the antiplatelet strategy for AIS patients

needs to be individualized based on previous treatment. Current

guidelines recommend that for AIS patients who are not eligible

for intravenous thrombolysis or endovascular thrombectomy and

have no contraindications, oral aspirin therapy should be

initiated as soon as possible after the onset of symptoms (Class

I recommendation, Level of Evidence A). For patients who

undergo thrombolytic therapy, antiplatelet agents should be

administered 24 h post-thrombolysis (Class I recommendation,

Level of Evidence B) (62).

For CCI patients, the use of antiplatelet drugs should be based

on a comprehensive consideration of reperfusion strategies, risk-

benefit balance, clinical presentation, imaging results, and patient

comorbidities to develop individualized treatment plans. A well-

chosen antiplatelet regimen can effectively prevent thrombosis

recurrence while minimizing the risk of bleeding. Several studies

have retrospectively analyzed the use of antiplatelet drugs in CCI

patients. Ho et al. (5) included 1,591 CCI patients (625

synchronous and 966 metachronous cases) and found that the

proportion of patients receiving antiplatelet therapy was similar

between the two groups (80.8% vs. 79.4%), with comparable rates

of aspirin (68.0% vs. 67.3%) and P2Y12 receptor antagonist

(54.2% vs. 62.1%) use. However, further analysis revealed that

patients with AIS following AMI had higher rates of aspirin

(76.7% vs. 56.5%) and P2Y12 receptor antagonist (71.1% vs.

51.9%) use compared to those with AMI following AIS. Gao

et al. (12) compared the antiplatelet treatment status of 85 CCI

patients, categorized into in-hospital death (n = 26) and survival

(n = 59) groups. The results showed that the survival group had a

significantly higher rate of dual antiplatelet therapy (DAPT) use

(74.58% vs. 42.31%, P = 0.014), while the death group had a

significantly higher proportion of patients not receiving any

antiplatelet therapy (19.23% vs. 6.78%, P = 0.014). This difference

may be related to the more complex and severe clinical situations
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faced by patients in the death group (e.g., larger infarct size, higher

bleeding risk, or more complications), leading clinicians to adopt a

more conservative treatment strategy. While the above studies

provided valuable insights into antiplatelet use patterns in CCI, the

lack of granular data on specific antiplatelet agents and doses used

is a limitation. Future studies should aim to collect and report

such details to enable more precise analyses of the impact of

different antiplatelet regimens on clinical outcomes in CCI.
6.3 Anticoagulation therapy

Anticoagulation therapy plays distinct roles in the management

of AIS and AMI, which presents challenges in developing optimal

treatment strategies for CCI patients. For most AIS patients,

current guidelines do not recommend routine anticoagulation

therapy (Class I recommendation, Level of Evidence A).

However, for patients with specific indications for

anticoagulation, such as atrial fibrillation, anticoagulation therapy

is advised 24 h after thrombolysis (Class I recommendation,

Level of Evidence B).

AMI patients typically receive anticoagulant therapy in

addition to antiplatelet treatment during initial hospitalization

and revascularization (63, 64). The 2023 European Society of

Cardiology (ESC) guidelines for the management of acute

coronary syndromes state that STEMI patients should receive

anticoagulant therapy during invasive procedures. However, there

is a lack of high-quality evidence regarding the benefit of

anticoagulant therapy at early time points in patients undergoing

a direct PCI strategy. Furthermore, the guidelines recommend

that patients with non-ST-segment elevation acute coronary

syndrome (NSTE-ACS) receive non-oral anticoagulant therapy.

For NSTE-ACS patients undergoing immediate or early

angiography, unfractionated heparin (UFH) is recommended, but

enoxaparin should be considered as an alternative to UFH. For

NSTE-ACS patients not expected to undergo early angiography,

fondaparinux is recommended (64).

For AMI patients who develop left ventricular thrombus, oral

anticoagulation therapy is indicated. Direct oral anticoagulants

such as apixaban, rivaroxaban, and dabigatran, or vitamin

K antagonists (e.g., warfarin/coumadin) are recommended for the

treatment of left ventricular thrombus. These anticoagulants help

prevent thrombus expansion and embolization to the cerebral

circulation, which can cause AIS.

In CCI patients, Gao et al. (12) found that the frequency of

anticoagulant therapy was significantly higher in the in-hospital

death group compared to the survival group (69.23% vs. 44.07%,

P = 0.037). De Castillo et al. (8) retrospectively analyzed the

treatment strategies of 29 CCI patients, with 66% of patients

receiving DAPT combined with anticoagulant therapy, 21%

receiving DAPT, and 7% receiving either single antiplatelet

therapy or no antiplatelet therapy.

In summary, antiplatelet and anticoagulant therapies are

crucial components in the management of CCI patients,

requiring the development of individualized regimens based on

comprehensive assessments. Clinicians should closely monitor
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patients’ coagulation function and clinical symptoms, promptly

adjusting treatment strategies to balance the therapeutic needs of

stroke and myocardial infarction while minimizing the risks of

bleeding and thrombosis recurrence. Future prospective studies

are needed to further explore the optimal antiplatelet and

anticoagulant treatment strategies for CCI patients.
7 Prognosis and clinical outcomes

AMI and AIS are both major critical clinical emergencies, and

their simultaneous occurrence significantly worsens the prognosis

compared to either condition occurring in isolation. Several

studies have consistently demonstrated that CCI patients face a

significantly higher risk of mortality, increased complications,

prolonged hospitalization, and greater medical expenses. A meta-

analysis by Ng et al. (18) (n = 44) revealed the high lethality of

CCI, with an overall mortality rate of 22.7%, and 90% of the

deaths were related to cardiac complications. Gao et al. (12)

further confirmed this finding, reporting an in-hospital mortality

rate of 30.59% for CCI patients, with 65.38% of patients dying

from cardiac causes. Another larger meta-analysis (4)

comprehensively evaluated the short-term and mid-term

prognoses of CCI patients and found that the in-hospital

mortality rate was as high as 33.3%, with a 3-month mortality

rate reaching 49.2%. De Castillo et al. (8) found that the all-cause

mortality rate in CCI patients was 45% (33% for synchronous

CCI vs. 50% for metachronous CCI), with the majority being

cardiovascular deaths (69%).

Ho et al. (5) analyzed the prognosis of 625 synchronous CCI

and 966 metachronous CCI patients, finding similar in-hospital

all-cause mortality rates between the two groups (35.5% vs.

36.2%). However, compared to patients with isolated AMI or

AIS, both synchronous and metachronous CCI patients had

significantly increased 30-day mortality risk [synchronous CCI:

adjusted hazard ratio (aHR) 2.41, 95% confidence interval (CI)

1.77–3.28; metachronous CCI: aHR 2.80, 95% CI 2.11–3.73;

isolated AMI: aHR 2.90, 95% CI 1.87–4.51; isolated AIS: aHR

4.36, 95% CI 3.03–6.27]. Alqahtani et al. (65) conducted a

comparative study to investigate the differences in prognosis

between CCI patients and those with AIS alone. The results

revealed that the in-hospital mortality rate of CCI patients was

significantly higher than that of patients with AIS alone (21.4%

vs. 7.1%, P < 0.0001). Moreover, the incidence of major

complications, such as acute kidney injury, hemorrhagic

transformation, and gastrointestinal bleeding, was also

significantly increased in CCI patients. Additionally, the

discharge rate of CCI patients after being cured or improved was

significantly lower than that of patients with AIS alone (22.1%

vs. 38.4%, P < 0.001). From the perspective of medical resource

utilization, CCI patients had a significantly longer average length

of hospitalization (9 days vs. 6 days, P < 0.0001) and higher

hospitalization expenses (USD 12,830 vs. USD 9,369, P < 0.001)

compared to patients with AIS alone. These data collectively

reflect the poor prognosis and substantial socioeconomic burden

associated with CCI. Overall, compared to patients with isolated
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AMI or AIS, CCI patients face not only higher short- and mid-

term mortality risks but also endure more complications, longer

hospital stays, and significantly higher medical expenses (61).
8 Conclusion

This review systematically summarized the definition,

epidemiological features, pathogenesis and therapeutic strategies,

and prognosis of CCI, providing an evidence-based foundation

for clinical practice and outlining directions for future research.

CCI, characterized by the concurrent or sequential occurrence of

AMI and AIS, involves a range of complex pathophysiological

mechanisms, including atherosclerosis, neurogenic factors,

inflammation, cardiac factors, and certain systemic diseases.

Although significant progress has been made in understanding

CCI, numerous challenges remain. For instance, classification

criteria are not yet standardized, and there is currently no

consensus on the optimal diagnostic approach for CCI, given the

variability in healthcare settings, resources, and expertise across

different regions. Specific treatment guidelines are lacking,

treatment strategies remain controversial, and additional high-

quality prospective studies are needed to develop approaches for

improving long-term outcomes. Establishing standardized

diagnostic criteria and protocols for CCI remains an important

area for future research.

Furthermore, high-quality clinical research evidence on CCI

remains relatively scarce. Given these limitations, there is an

urgent need for large-sample, multi-center prospective cohort

studies and registries to accurately assess the incidence, risk

factor profile, and natural history of CCI. Randomized controlled

trials (RCTs), the gold standard for evaluating the efficacy of

interventions, should become one of the key research directions

in the CCI field. It is imperative to systematically evaluate the

impact of different reperfusion strategies, antiplatelet, and

anticoagulant regimens on the short- and long-term prognosis of

CCI patients through rigorously designed RCTs. However,

considering the low incidence of CCI, traditional large-scale

RCTs may face numerous practical challenges, such as difficulties

in patient enrollment, long study duration, and high costs.

Therefore, when designing future RCTs, researchers could

consider adopting novel study paradigms, such as sequential

trials or basket trials, to improve research efficiency while

ensuring study quality. Additionally, developing and validating

risk assessment models and personalized diagnostic and

treatment decision tools for high-risk CCI populations is of great

importance for promoting early recognition and precise

management of CCI. Moreover, secondary prevention in CCI

patients is another key focus for future research. Optimizing

multidisciplinary collaborative pharmacotherapy strategies,

strengthening risk factor management, and guiding patients to

establish healthy lifestyles will help improve the long-term

prognosis of CCI patients.

In conclusion, CCI is a complex clinical syndrome requiring

close collaboration among multidisciplinary teams in neurology,

cardiology, and critical care. Continued basic and clinical research
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will help to better understand the pathogenesis of CCI and refine

diagnostic and therapeutic strategies, ultimately improving patient

outcomes and alleviating the societal burden of the disease. Future

studies should prioritize addressing existing knowledge gaps,

paving the way for the development of CCI-specific diagnostic and

treatment guidelines, and offering more accurate and effective

individualized treatment options for high-risk patients.
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