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ABSTRACT
Cardio-cerebral infarction (CCI) is a term coined to describe concomitant myocardial infarction and acute 
ischemic stroke. Acute myocardial infarction and stroke, as separate events, constitute some of the most 
important causes for disability and mortality in aging societies. Stroke can either occur simultaneously with 
myocardial infarction or become a serious complication of myocardial infarction and/or its treatment. The 
frequency of CCI has been reported at a 0.009% incidence rate in stroke patients and is associated with 
an extremely high mortality. Because of the rare occurrence of CCI, there are currently no guidelines for 
assessing its diagnosis and optimal treatment. Therefore, currently, the management of CCI cases needs to be 
individualized. Hopefully, in the future, the results of large clinical trials or prospective registries are expected to 
enhance our understanding of managing concomitant acute MI and stroke. In this review we have focused on 
the current literacy in the diagnosis and treatment of CCIs. The paper illustrates potential distinct scenarios of 
CCI through the analysis of three patient cases (Fig. 5, Ref. 65). Text in PDF www.elis.sk
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Introduction

Myocardial infarction (MI) and stroke remain important clini-
cal and public health problems in aging societies. They are the 
major causes of mortality worldwide and both have a significant 
global impact on patients’ survival (1). 

Coronary heart disease and some subtypes of ischemic stroke 
share similar risk factors and pathophysiology, including inflam-
mation and the progression of atherosclerotic plaques (2, 3). 
Additionally, MI itself can be a stroke risk factor, either during 
revascularization or from atrial fibrillation in association with acute 

MI or from blood stasis in dysfunctional left ventricle (4‒7). While 
stroke and MI share some common vascular risk factors, acute 
vascular damage to specific brain areas has also been implicated 
in cardiac dysfunction and myocardial damage (8).

MI complicated by a stroke, two possible scenarios
Stroke can either cooccur with MI simultaneously or become 

a serious complication after MI or its treatment. Cardio-cerebral 
infarction (CCI) is a term coined to describe concomitant MI and 
acute ischemic stroke. CCI has been reported at an incidence rate 
of 0.009% in patients who suffered from a stroke (9). Given the 
rarity, there are currently no guidelines concerning the diagnosis 
and treatment of CCI. Therefore, CCI requires careful evaluation 
as it is a serious clinical situation with high mortality (10).

Spontaneous co-occurrence of MI and stroke 2,4,
The overlapping pathogenesis of stroke and MI contributes to 

the spontaneous co-occurrence of those two conditions while only 
a few possible mechanisms have been described so far. Firstly, in 
the case of akinesis or dyskinesis of the myocardium, an intracar-
diac thrombus can form and embolize the coronary and cerebral 
arteries. Likewise, a thrombus resulting from peri-myocardial atrial 
fibrillation can cause CCI. Deep vein thrombosis is also a risk 
factor for CCI, as emboli can move through patent foramen ovale 
and occlude coronary and cerebral arteries concurrently. Other 
mechanisms of simultaneous MI and stroke unrelated to thrombi 
include ascending aorta dissection involving ostia that extend to 
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the coronary and carotid arteries. Moreover, primary myocardial 
infarction that results in hypotension and cardiogenic shock can 
subsequently cause a brain ischemic injury in the mechanism of 
hypoperfusion (9). The safe and effective treatment of these pa-
tients is complicated. The proper order of interventions is difficult 
to determine because there are no clear indications as to whether 
MI or stroke should be treated first. However, every decision can 
impact the patient’s health, including disability or heart failure in 
future (11‒13). 

MI therapy complicated by a stroke
Among various complications of MI, stroke is one of the most 

life-threatening conditions, with significantly higher in-hospital 
and long-term mortality rates as compared to stroke occurring 
alone. Both ischemic and hemorrhagic strokes can complicate 
acute MI. The short-term and 1-year mortality rates of MI-related 
ischemic stroke are 30.1% and 36.5%, respectively (14). The 
hemorrhagic stroke is less frequently observed within 30 days 
after MI as compared to ischemic stroke (2.1 vs 0.22%) (15, 16), 
but its mortality rate is higher (65.4% at 30 days) (17). Risk fac-
tors for ischemic stroke after MI include a history of prior stroke, 
older age, female sex, diabetes mellitus and atrial fibrillation (16, 
18). Moreover, any new onset of atrial fibrillation complicating 
the course of MI is associated with a significantly increased risk of 
ischemic stroke (19). The main and most important risk factor of 
stroke of any type after discharge from the hospital is the history 
of prior stroke (20). 

Among patients from the GRACE registry admitted to hos-
pital with an acute coronary syndrome, in-hospital stroke was 
a relatively uncommon event, occurring in 0.88% of cases. In the 
available literature, stroke complicated the course of ST segment 
elevation MI (STEMI) more frequently compared to non-ST seg-
ment elevation MI (NSTEMI) (1.3 vs 0.9% respectively) (20). 
Although most strokes were non-hemorrhagic, the proportion of 
hemorrhagic strokes was higher in the STEMI population com-
pared to the NSTEMI population. Almost one-third of strokes 
were fatal, which emphasizes the severity of this condition (14, 
20). In the population of the APEX-AMI trial, stroke events oc-
curred in 1.3%, with most of them occurring later than 48 hours 
after percutaneous coronary interventions (PCI), indicating that 
they might not be directly related to the invasive procedure (21).

Merkler et al (22) have shown that the risk of ischemic stroke 
is elevated for 12 weeks after MI, maintaining its peak within 
four weeks after the incident. For almost 25 years, the frequency 
of stroke occurrence after acute coronary syndromes has been 
reduced due to the routine use of acetylsalicylic acid, P2Y12 in-
hibitors, statins, and advances in PCI (16, 18). Albeit, the effects 
of fibrinolytic treatment, the second potential option in acute MI 
therapy, are inconclusive. Fibrinolytic therapy in acute MI is as-
sociated with a decreased risk of ischemic stroke (18). Simultane-
ously, fibrinolysis in MI increases the risk of intracranial bleedings 
leading to hemorrhagic strokes (23, 24) and the risk of cardiac 
walls rupture (25). The benefits of early fibrinolytic reperfusion 
in patients who cannot undergo PCI outweigh the slight risk of 
bleeding, but careful monitoring of the patient is essential. 

Routine thrombectomy is currently not recommended in the 
invasive management of MI patients (26) since in the large trials, 
it did not improve clinical outcomes (27, 28) despite promising 
results in the TAPAS trial (29). The TOTAL trial showed that 
thrombectomy did not improve the primary outcomes including 
death from cardiovascular causes, recurrent myocardial infarction, 
cardiogenic shock, or new or progressing up to New York Heart 
Association (NYHA) class IV heart failure within 180 days (hazard 
ratio [HR] 0.99, 95% confidence interval [CI] 0.85‒1.15, p=0.86). 
Moreover, in this trial, thrombectomy with PCI was associated 
with an increased risk of ischemic and hemorrhagic strokes (HR 
2.08, 95% CI 1.29‒3.35, p=0.002) (30) which resulted in a higher 
mortality rate. 

The role of anticoagulation and antiplatelet drugs is a key point 
in stroke prevention. Although new P2Y12 inhibitors such as tica-
grelor and prasugrel are more effective in reducing cardiovascular 
mortality than clopidogrel, especially in the acute phase of MI, 
their advantage has not been proven in the case of strokes (31, 32). 
Moreover, compared with unfractionated heparin, enoxaparin in 
the treatment of acute coronary syndromes did not significantly 
increase the risk of both hemorrhagic and non-hemorrhagic stroke 
(incidence rates of stroke among patients on enoxaparin and un-
fractionated heparin were 1% and 0.9%, respectively) (33, 34). In 
terms of post-MI pharmacological treatment, the PEGASUS-TIMI 
54 trial showed that the addition of ticagrelor to the aspirin in the 
secondary prevention after MI significantly reduced the risk of 
stroke without excessive of hemorrhagic stroke but with a higher 
prevalence of major bleedings (35). 

The left ventricular (LV) thrombus is a well-known complica-
tion in acute MI patients. Its most feared complication is cardioem-
bolism causing an acute ischemic stroke (36). Before the advent of 
primary PCI for the treatment of STEMI, LV thrombus used to be 
a serious complication reported in up to 46% of patients follow-
ing anterior wall STEMI (37). Since the introduction of primary 
PCI, the incidence of LV thrombus after STEMI has decreased, 
ranging from 2% to 4% in large studies. The steady decline in the 
incidence of LV thrombus can be related to the improvement in 
PCI practice and increasing accessibility of catheterization labs 
over the years (38, 39). 

Stroke as a complication of percutaneous coronary intervention
Although a rare event, stroke after a percutaneous coronary 

intervention is a life-threatening complication. The prevalence of 
peri-PCI stroke is reported from 0.38 (40) to 0.96% of procedures 
in the latest publication (41), and is correlated with an unfavorable 
prognosis associated with a significant increase in long-term mor-
tality rate (hazard ratio 1.71 [95% confidence interval 1.25‒2.33]) 
(41). The independent predictors of stroke occurrence during 
percutaneous procedures are acute coronary syndrome during 
hospitalization, older age, heart failure, carotid artery disease, atrial 
fibrillation, chronic obstructive pulmonary disease, and neoplasm 
(41). Interestingly, the increase in the prevalence of a transradial 
approach compared to transfemoral intervention was not associ-
ated with an increase in the incidence of stroke (42), but in some 
studies it was linked to the reduction in cerebral incidents (odds 
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ratio; 0.33 [95% confidence interval, 0.16–0.71], p=0.004) (43). 
Despite that, the incidence of post-PCI strokes is increasing over 
time. This is partially caused by the higher complexity of patients 
undergoing PCI in the current era (44).

A series of three cases

The concomitant occurrence of acute MI and stroke is infre-
quently encountered among patients suffering from life-threating 
conditions. There are no evidence-based guidelines for the man-
agement of such patients, nor are there any published studies 
addressing the decision-making process in 
such cases. In the third case we would like to 
underscore the risk of cerebral events during 
percutaneous vascular procedures. Each of 
these cases was diagnosed or treated in our 
tertiary center. 

First case
A 78-year-old male, ex-smoker, was 

admitted to the district hospital emergency 
department with focal neurologic deficits, 
which had started 48 hours earlier. Neu-
rological examination revealed mixed 
transcortical aphasia, right-sided central 
facial paresis, and right hemiparesis (more 
expressed in the upper extremity). The pa-
tient’s electrocardiogram showed biphasic 
T-waves in III, aVF, V2-V4 and inverted 
T-waves in I, aVL, V5-V6 leads. Cardiac 
troponin I level was elevated at 489.50 ng/l 
(the upper limit of normal <34.2 ng/l) with 
a downward trend on repeat every 3 hours. 
Both before admission to the hospital and 
during the hospitalization, the patient did 
not complain about chest pain.

Emergent bedside transthoracic echo-
cardiography showed akinesis of the basal 
segments of the inferior wall, basal inter-
ventricular septum, and hypokinesis of the 
lateral wall with mildly reduced LV systolic 
function up to 45%. A computed tomog-
raphy (CT) brain scan showed subacute 
ischemic stroke lesions of the frontal and 
parietal lobes without intracerebral hem-
orrhage. Based on clinical symptoms and 
laboratory results a diagnosis of NSTEMI 
with concomitant brain ischemia was made. 
As the time window for thrombolytic treat-
ment had elapsed, the patient was disquali-
fied from thrombolytic therapy.

After an interventional cardiologist 
consultation, owing to his stable condi-
tion without chest pains, the patient was 
qualified for conservative pharmacological 

treatment with clopidogrel and acetylsalicylic acid. Both duplex 
ultrasound and CT angiography revealed 70‒75% stenosis of the 
left carotid artery however carotid revascularization was delayed 
due to recent MI. During hospitalization the patient’s neuro-
logical condition had improved and after 13 days, the patient was 
discharged on dual-antiplatelet therapy and referred to a tertiary 
cardiovascular center.

Four weeks later, the patient was admitted to the tertiary 
cardiological unit for further diagnostic procedures and treatment 
optimalization. Coronary angiography and selective left carotid 
artery angiography revealed multi-vessel disease (Fig. 1AB) with 

Fig. 1. The results of coronary angiography with multivessel disease (A–C), left internal 
carotid artery angiography with 80% stenosis (D) CAS procedure (E–G) and ischemic lesion 
in left hemisphere (H).
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total occlusion of the right coronary artery (Fig. 1C) and 80% 
stenosis of the left internal carotid artery (Fig. 1D). Next day, the 
patient was assessed by a multidisciplinary, joint Vascular and 
Heart Teams including a cardiac surgeon, invasive and noninvasive 
cardiologists, neurologist, vascular surgeon, and an anesthesiolo-
gist to plan the best treatment modality. The patient was qualified 
for hybrid one-day carotid artery stenting combined with coronary 
artery bypass grafting (CABG).

Five days before the procedures, clopidogrel was discontin-
ued. Carotid artery stenting (CAS) was performed under local 
anesthesia through percutaneous transfemoral access using a distal 
embolic protection device and mesh-covered stent (Fig. 1E-G). 
Next, without any neurological deficits, the patient was immedi-
ately transferred to the cardiac operating room, where the CABG 
surgery was performed. Clopidogrel (loading dose of 300 mg) was 
administered in the sixth postoperative hour when major surgical 
bleeding was excluded. After waking up from sedation, follow-
ing completion of a combined procedure, aphasia and weakness 
of the right limbs were observed. Computed tomography scan of 
the brain revealed an acute stroke of the left hemisphere without 
intracerebral hemorrhage (Fig. 1H). After neurological consulta-
tion dual-antiplatelet therapy was continued. Nine days after the 
procedure, the patient without aphasia and with mild left-sided 
hemiparesis was discharged to the rehabilitation department.

Second case
A 51-year-old male with a history of smoking and insulin-

dependent diabetes mellitus type 2 was admitted to the hospital 
with left-arm weakness and left-sided central facial paresis. 
The symptoms appeared on the day of admission at 5 p.m. after 
waking up from a nap. The patient was admitted to the hospital 
around 7 p.m., 6 hours after he had been seen without symptoms. 
Two days before the admission, the patient experienced severe 
retrosternal pain which he neglected. Neurological examination 
revealed central-face palsy on the left side and paresis with sensory 

disturbances in his left hand. Furthermore, 
he had no reflexes in the lower limbs. He 
scored 4 points according to the National 
Institute of Health Stroke Scale (NIHSS). 
CT showed completed focal brain ischemia 
in the right cerebellar hemisphere. The oc-
clusion of the right middle cerebral artery 
was visible on the angio-CT scan (Fig. 2A). 
As the time window for pharmacological 
thrombolysis had elapsed, the thrombolytic 
treatment was not possible. The patient’s 
condition was consulted with the mechani-
cal thrombectomy team, and consequently 
to the completed brain ischemic lesion, the 
patient was referred to conservative therapy. 

Simultaneously, in the emergency 
room, the patient had dyspnea and oxygen 
saturation decrease, was pale and sweaty. 
The patient’s electrocardiogram revealed 
ST-elevation in the precordial leads. On 

laboratory tests, the levels of high-sensitive troponin (hsT) and 
creatine-kinase MB (CK-MB) were above the upper limits (hsT 
0.486 ng/mL, the upper limit of normal 0.014 and CKMB 33 U/L, 
the upper limit of normal 24 U/L). Emergent bedside transthoracic 
echocardiography showed reduced left ventricular ejection fraction 
with 35%, segmental akinesis of the apex, intraventricular septum, 
anterior and lateral wall. Moreover, a large narrow-pedunculated, 
movable structure that looked like a clot was observed in the left 
ventricle (Fig. 3A). 

The patient was disqualified from surgical removal of the ven-
tricular thrombus and opening of infarct-elated artery by the Heart 
Team due to his recent stroke and very high risk of complications 
during late coronary procedure. Conservative treatment with two 
subcutaneous administrations of 80 mg low-mass weight heparin 
was applied daily after multispecialty consultation including a car-
diologist, interventional cardiologist, cardiac surgeon, neurologist, 
anesthetist, and vascular surgeon.

On the second day of admission, the patient’s clinical status 
deteriorated. He was drowsy and developed new symptoms that 
included peripheral face paresis on the left side, left hemiamblyo-
pia, sensory loss on the left side of the body and paralysis in the 
left upper limb with decreased muscle tone and brisk reflexes. 
Paresis occurred in the left lower limb with decreased muscle 
tone and absent reflexes. He scored 16 points according to the 
NIHSS scale. A CT scan revealed a hypodense area between the 
parietal, temporal and occipital lobes in the right hemisphere, 
in the posterior insula and posterolateral part of the frontal lobe 
(Fig. 2B). On echocardiography, the structure in the left ventricle 
was smoother and had fewer movable elements probably due 
to resorption or small partial separation (Fig. 3B). Again, two 
subcutaneous administrations of 80 mg low-mass weight heparin 
daily were advised. A diuretic, small doses of ACE-inhibitor, 
spironolactone and statin were added to 75 mg acetylic acid and 
anticoagulation. The P2Y12 inhibitor was excluded due to the 
high risk of hemorrhage transformation of the ischemic brain 

Fig. 2. Occlusion of the right middle cerebral artery in 3D reconstruction of angio-CT (A) 
and hypodense area between parietal, temporal and occipital lobes in the right hemisphere, 
in the posterior insula and posterolateral part of the frontal lobe.
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lesions. On subsequent transthoracic echocar-
diography, the diameters of the structure in the 
left ventricle were gradually decreasing (Fig. 
3A-C). Five days after admission, the patient 
developed pneumonia (Fig. 4A) which was 
successfully treated with ceftriaxone.

Subsequently he developed Clostridium 
difficile infection which was treated with 
an oral dosage of vancomycin. After initial 
rehabilitation and treatment, the patient’s 
neurological status slightly improved. He was 
conscious and scored 8 points on the NIHSS 
scale.

In the next days of hospitalization, the 
patient was diagnosed with lower limbs’ embo-
lism probably due to further detachment from 
the intraventricular clot. The thrombectomy 
was delayed, because of the patient’s serious 
condition. To prepare the patient for vascular 
procedure, planned coronary angiography was 
performed. It revealed a three-vessel coronary 
artery disease involving the left descending 
artery, left circumflex artery and right coronary 
artery (Fig. 3D-F). The cardiac percutaneous 
revascularization was abandoned according to 
scheduled vascular surgery and sepsis. The pa-
tient’s condition was still serious with worsen-
ing ischemia symptoms, especially in the right 
lower extremity. One month after admission, 
the patient was transferred to the Intensive Care 
Unit due to exacerbating respiratory failure 
and was intubated and put on a ventilator. The 
patient underwent mechanical thrombectomy 
and angioplasty of the right popliteal artery 
(Fig. 4B) and arteries in his right leg localized 
below the knee. Unfortunately, the patient 
developed septic shock. Consequently, the 
right lower extremity was amputated. In 
subsequent days, the inflammatory and septic 
parameters increased. After seventy-one days 
of hospitalization, including forty-two days in 
the Intensive Care Unit the patient died due to 
cardiac arrest.

Third case
A 59-year-old female with a history of 

hypertension, hypercholesterolemia, inter-
mittent claudication, right kidney agenesis, 
osteoarthritis and right-sided inguinal hernia 
was admitted to the hospital for coronary an-
giography. During hospitalization six months 
earlier, she underwent non-invasive tests due 
to symptoms including dizziness and dyspnea 
occurring mainly in the evening or after reach-
ing the first floor by staircase. Stress echocardi-



294

Bratisl Med J 2024; 125 (5)

289–298

A B

Fig. 4. The pneumonic lesions in both lungs (A). Total occlusion of the right popliteal artery 
and stenosis of the femoral artery (B).

ography with dobutamine revealed no abnormalities. The patient 
was referred to the CT angiography of coronary arteries which 
revealed 60% stenosis in the proximal segment of the left anterior 
descending artery, 70% stenosis of the left circumflex artery and 
50% stenosis in the middle segment of the right coronary artery. 

During the current admission, the patient reported newly de-
veloped symptoms since the previous hospitalization, including 
recurrent, excruciating pain in the cervical spine, moving to the 
retrosternal area, and radiating to the mandible. The symptoms 
were likely related to coronary artery disease. Moreover, this 
pain appeared independently of physical activity, sometimes it 
woke the patient up at night and was sporadically accompanied 
by sweating and palpitations. 

Finally, the patient was qualified for coronary angiography 
based on her clinical symptoms and the results of non-invasive 
imaging tests. Angiography performed from the right radial artery 
revealed an unexpected tortuous course of the right subclavian 
artery (Fig. 5). Therefore, the procedure had to be re-initiated by 
shifting the approach to the left radial artery. The coronary angi-
ography showed that the left circumflex artery was stenosed up 
to 99% while the stenosis of the dominant right coronary artery 
was 80% in the mid segment and 99% in the distal segment with 
collateral flow to the right posterior descending artery and left 
ventricular branch. Furthermore, a borderline lesion in the mid 
part of the left descending artery was noted (Fig. 5B–D). After 
angiography, the patient was qualified for two-staged percutane-
ous coronary intervention, beginning with treating the circumflex 
artery and then proceeding to the right coronary artery.

After administration of a full dose of unfractionated heparin 
and ticagrelor, shortly after the intubation of the left main coronary 
artery with guiding EBU 4.0/6F catheter, the patient developed 
a new neurological deficit indicating right-hemisphere ischemia. 
The therapeutic procedure was interrupted before introducing 
guidewires and the patient was consulted with a neurologist and 

transferred to the imaging department. 
The immediately performed CT scan of 
the brain with the angiography of carotid 
and intracranial arteries did not show any 
ischemic or hemorrhagic lesions or ob-
structed arteries (Fig. 5E). After imaging, 
the patient was transferred to the neuro-
logical ward with a left-sided central facial 
palsy, paresis in the left arm, left sided 
dysesthesia, hemianopsia and dysarthria. 
These symptoms were rated as 14 points 
on the NIHSS scale. Pharmacological 
thrombolysis was not applied due to the ad-
ministration of unfractionated heparin and 
ticagrelor immediately before the planned 
percutaneous coronary intervention. More-
over, mechanical thrombectomy could not 
be applied due to the lack of mechanical 
stenosis or occlusion in large arteries. On 
the next day, the control CT scan revealed 
a focal brain ischemic lesion (11 x 15 mm) 

localized near the thalamus and visible in the right hemisphere 
(Fig. 5F). The patient underwent neurological rehabilitation 
while her pharmacotherapy was optimized. Her neurological 
status improved significantly during hospitalization. She scored 
4 points on the NIHSS scale after a few days, and on discharge, 
her neurological deficits were diminished. The only remaining 
neuromuscular symptom was the tandem walking disturbance. 
During cardiologic consultation, the patient neglected resting 
stenocardial symptoms, palpitations, and dyspnea. Due to the high 
risk of hemorrhagic transformation of the brain ischemic lesion, 
the percutaneous coronary interventions with any potential stent 
implantations into the left circumflex artery and right coronary 
artery were postponed and scheduled within the next hospitaliza-
tion after one month.

Management with MI cardio-cerebral infarction

The intricacy of pathogenesis, the potential for severe 
complications, and the constraints of limited time available for 
decision-making are the cornerstones that must be addressed in the 
management of CCI. Even though studies present various treatment 
strategies for CCI, the use of an intravenous tissue-plasminogen ac-
tivator could be the most beneficial for those patients because of its 
guideline indication (1, 2, 26, 45, 46). However, administration of 
intravenous alteplase for the treatment of concurrent MI and stroke 
is not feasible because the doses used to treat MI are higher than 
those recommended for an acute ischemic stroke. Administration 
of higher than recommended doses of alteplase in the case of an 
acute ischemic stroke can result in cerebral hemorrhagic transfor-
mation. For the treatment of MI, lower than recommended doses 
have an unknown efficacy. Furthermore, percutaneous coronary 
intervention and angioplasty constitute the first-line treatment for 
MI (40). The American Heart Association and American Stroke 
Association indicate that a reasonable approach to patients with 
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CCI includes treatment with intravenous 
alteplase at a dose appropriate for cerebral 
ischemia, which is then to be followed by 
percutaneous coronary angioplasty and 
stenting if necessary (40). It is reasonable 
to treat patients with acute ischemic stroke 
and recent three-month history of MI with 
intravenous alteplase provided that MI was 
NSTEMI or STEMI and involved the right 
or inferior myocardium or the left anterior 
myocardium (47).

Fibrinolytic treatment for acute myo-
cardial ischemia can result in disintegration 
of intracardiac thrombi and cause throm-
boembolic complications such as stroke. If 
the cause of the stroke is cardioembolism, 
the acute ischemic stroke is more often 
major in extent and likely to produce 
severe disability (48‒50). In such a case, 
according to the guidelines, the treatment 
with intravenous alteplase may be reason-
able. The use of intravenous alteplase is 
of uncertain benefit in case of a moderate 
ischemic stroke which is likely to produce 
mild disability (47). 

The optimal management of patients 
with concomitant severe carotid stenosis 
and cardiac disease remains an unresolved 
issue. Both significant internal carotid artery 
stenosis and unstable carotid plaque causing 
cerebral hypoperfusion are risk factors for 
stroke associated with cardiac surgery (51, 
52). The risk of a perioperative stroke is 
approximately 8.5% in patients with symp-
tomatic internal carotid artery stenosis and 
is a serious complication of cardiac surgery 
with an in-hospital mortality rate reaching 
22% (53). There are several possible treat-
ment strategies for significant concurrent 
carotid and cardiac diseases. For stable 
patients, staged revascularization seems to 
be an adequate strategy. CAS and delayed 
cardiac surgery have already been reported 
to have a slightly lower major adverse event 
rate than staged carotid endarterectomy and 
cardiac surgery (54). However, unstable patients with aggres-
sive atherosclerotic disease manifestation represent a subgroup 
of extremely high-risk cases where the combination with a less 
invasive strategy, e.g., carotid artery stenting with a simultaneous 
cardiovascular surgery may reduce the global risk of both proce-
dures (55). The procedure of this hybrid treatment was established 
in several studies. The inclusion of the antithrombotic regimen 
balances the risk of bleeding during surgery and thrombosis after 
stenting (55‒60). Based on available data, this procedure is safe 
and effective in such patients. Dzierwa et al (61) have analyzed 

one-day sequential carotid artery stenting and a cardiac surgery 
approach. They have shown that all complications occurred 
among patients at high surgical risk, whereas NSTEMI seemed 
to be a risk for major adverse cardiac and cerebrovascular events. 
This report indicates that CAS immediately followed by cardiac 
surgery could be considered a viable treatment option for patients 
requiring urgent cardiac surgery.

In turn, stroke management after planned or urgent percutane-
ous coronary intervention remains an unresolved issue. Although 
thrombolysis can be applied when a stroke occurs, there are some 

Fig. 5. Angiography of an extremely tortuous right subclavian artery (A) shows a significant 
stenosis of the right coronary artery (B), left circumflex artery (C) and borderline lesion in 
the left anterior descending artery with retrograde circulation to right coronary artery (D). 
The comparison of baseline (E) and next-day results after neurological symptoms onset (F) 
brain scan shows an ischemic lesion in the right thalamus.
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limiting factors that should be considered while the decision about 
further therapy is taken. Firstly, when the clogging material consists 
mainly of particles of an atheromatous plaque, the intravenous 
thrombolysis has a very limited effect. Secondly, anticoagulants 
and antiplatelet drugs used during percutaneous coronary in-
tervention increase the risk of hemorrhagic complications after 
intravenous thrombolysis, particularly including the hemorrhagic 
transformation of ischemic stroke with a subsequent worsening of 
patient condition, permanent disability, or even death. Also, the 
risk of access site bleeding is increased and generates problems 
particularly in the case of the femoral approach. Hence, the po-
tential risks and benefits of thrombolysis should be discussed with 
the patient while the decisions regarding the treatment should be 
individualized according to patient’s comorbidities, clinical status, 
risk of transformation, and patient’s preferences (62). Nowadays, 
there is another option of stroke therapy by way of mechanical 
thrombectomy (63). Thrombectomy is safe and effective also in 
patients with chronic treatment with oral anticoagulants (64). 
Moreover, the retrospective data prove that antiplatelet drugs might 
improve patients’ outcomes with a slight increase in hemorrhage 
transformation (65). Unfortunately, mechanical thrombectomy is 
the preferred treatment option only in patients with large vessel 
occlusion, not for lacunar ischemia (63). 

Nowadays, selecting a proper and most suitable therapy for 
CCI is a demanding challenge for physicians. Distinct aspects of 
patients’ comorbidities and dynamically changing clinical symp-
toms should be considered. The optimal treatment path for every 
patient with CCI is not described in existing guidelines and the 
detailed analysis of every patient’s status, based on the experience 
of a multidisciplinary team, is required for achieving satisfactory 
long-term outcomes. 

Perspectives

Large clinical trials are needed for enhancing our understand-
ing of concomitant acute myocardial infarction and stroke. The 
lack of guidelines impedes the diagnosis and management of CCI. 
Although the American Heart Association and American Stroke As-
sociation recommendations for the treatment of stroke in the case of 
present or recent myocardial infarction have been published, further 
research on the benefits of therapy with alteplase for CCI would 
be desirable. Patients with CCI have different risks including the 
factor of time elapsed since the first symptoms onset. Therefore, 
more individualized treatment options should be established. Also, 
more studies on the optimal management of concurrent carotid and 
cardiac diseases are needed for both stable and unstable patients to 
demonstrate the best approach to this condition.

Learning points

The onset of CCI is a life-threatening clinical situation. 
The proper treatment of CCS is challenging and requires de-

tailed analysis of patient’s comorbidity and clinical status.
Currently, there are no large clinical studies analyzing the 

outcomes of treatment options in patients with CCI.

The intravenous alteplase administration in cerebral dosage 
and further percutaneous coronary intervention is probably the 
most beneficial option for CCI therapy considering available data. 
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