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Abstract: Cardio-cerebrovascular disease has a high rate of disability and mortality and affects a large number of people 
worldwide. Early prevention, accurate diagnosis and effective treatment are of great significance. This article reviews the risk 
factors, multimodalities of imaging diagnosis, and operational options for the atherosclerotic cardio-cerebrovascular combined 
disease.
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Reports on global, regional, and national disability-
adjusted life-years (DALYs) for 333 diseases 
and injuries and healthy life expectancy (HALE) 

for 195 countries and territories [1], demonstrated that 
ischemic heart disease and cerebrovascular disease 
are the main conditions affecting DALYs and HALE. 
Statistics from the American Heart Association (AHA) 
updated in 2018 [2] showed that coronary heart disease 
(CHD) and stroke contribute a lot to mortality, which 
causes significant economic burden all over the world. 
Recently, researchers in China reported that as many 
as 290 patients have cardiovascular disease (CVD), 
and stroke is the leading cause of death. Wang Y et al. 
[3] conducted a nationally representative door-to-door 
survey in 155 urban and rural centers in 31 provinces 
in China, and demonstrated that stroke in China has 
increased over the past 30 years, bringing heavy burden 
to families and societies. It is imperative to implement 
the prevention and treatment of cardio-cerebral vascular 
disease.

In 1947, Byer et al. [4] firstly reported that cerebral 
vascular disease could lead to cardiac damage and 
arrhythmia. After that, myocardial ischemia, arrhythmia, 
acute myocardial infarction or heart failure caused 

by acute stroke or brain trauma were identified as the 
cerebral-cardiac syndrome. Cerebral-cardiac syndrome 
increases the mortality of patients with cerebral vascular 
disease, and with the accelerating trend of population 
aging, morbidity and mortality have increased. Therefore, 
it is of great importance for patients to receive early risk 
assessment, accurate diagnosis and effective treatment of 
cerebrovascular disease, especially patients with CVD. 

Risks Factors of CHD Concomitant with 
Cerebrovascular Disease

The well-established risk factors of atherosclerosis 
are include age, sex, hypertension, diabetes mellitus 
(DM), hyperlipidemia (HLP) and smoking. Age-specific 
stroke rates are higher in men, but, because of longer 
life expectancy and much higher incidence at older ages, 
women have more stroke events than men [5]. HT is the 
most important independent risk factor for CVD death [2]. 
A prospective observational study found that every long-
term decrease of 5-6 mm Hg in diastolic blood pressure 
was associated with about 35-40% less stroke and 20-25% 
less CHD [6]. DM is an independent predictor for stroke 
recurrence. A meta-analysis showed that stroke recurrence 
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risk of all stroke patients with DM was significantly higher 
than those without DM (HR, 1.45; 95% CI, 1.32-1.59) [7]. 
HLP was found [8] increasing the risk of CHD and stroke 
that every 1mmol/L increase in total cholesterol with 
20% and 1% in women, 24% and 3% in men. Cigarette 
smoking also has a synergistic effect with other factors 
such as HLP, untreated HT and DM [2].

Studies showed that the prevalence of CHD 
concomitant with severe carotid artery stenosis (CAS) 
was 11.8%-29.8%, increasing with the stenotic degree of 
CHD [9]. Meanwhile, the severity of CHD is positively 
correlated with the degree of carotid and intracranial 
artery stenosis [9]. Abd-Allah F et al [10] found that 
the prevalence of CHD concomitant with intracranial 
atherosclerosis was 11.9%. In addition, multivessel or 
the left main coronary artery stenosis and moderate-to-
severe extracranial CAS were the strongest predictors for 
the existence of intracranial atherosclerosis among CHD 
patients.

Beyond that, as an independent risk factor, CHD 
increases the risk of a stroke three times, and is a 
significant contributor to death among ischemic cerebral 
stroke (ICS) patients [10]. Taking patients without CAD 
as the reference, the age- and sex-adjusted hazard ratio 
of cardiac and cerebrovascular events was 4.36 (95% CI, 
1.35–14.12) for patients with asymptomatic CHD, and 
6.86 (95% CI, 2.15–21.91) for patients with known CHD 

after the incidence of ICS [11], which suggests the risk 
of recurrent CVD events will be high in patients with 
cardio-cerebral vascular combined disease.

Corresponding to the above, cardiogenic stroke is 
one of the major types of ICS, accounting for 30.2% 
[12]. The potential lesions included under this subtype 
are: mitral stenosis, prosthetic heart valve, myocardial 
infarction within the past four weeks, mural thrombus 
in the left cavities, left ventricular aneurysm, and atrial 
fibrillation. Compared with other subtypes of ICS, 
the highest recurrence rate was found due to cardio-
embolism (22%; 95% CI, 14.0-30.0), while the lowest 
2-year survival rate was in cardiogenic stroke (55%; 
95% CI, 0.47-0.63) [12]. As a consequence, early 
diagnosis and effective treatment are of particular 
importance among patients with cardio-cerebral vascular 
comorbidities.

I m a g i n g  E x a m i n a t i o n s  o f  C H D  a n d 
Cerebrovascular Disease

Cardio-cerebral artery disease can be comprehensively 
evaluated by multiple imaging modalities [13]. In 
recent years, ultrasonography, computed tomography 
angiography (CTA), magnetic resonance angiography 
(MRA) and digital subtraction angiography (DSA) have 
been widely used (Fig. 1). 

Figure 1 Different imaging modalities for cerebrovascular. (A) The severe stenosis was shown in the left internal carotid artery in DSA; (B) The severe 
stenosis was illustrated in the left internal carotid artery in CTA; (C) The near occlusion was shown in the right common carotid artery in high-resolution 
MRA.

A  B  C

Imaging Examinations of CHD

CTA and DSA
The severity of coronary artery lesions was defined 

as normal, mild stenosis (the stenotic degree of <50%), 
moderate stenosis (50%-74%), severe stenosis (≥75% 

for left anterior descending artery LAD, left circumflex 
artery LCX, right coronary artery RCA, or ≥50% for 
left main trunk), and occlusion [12]. 

Coronary CTA is widely used in clinical practice,  
with the sensitivity and specificity of CTA for coronary 
artery stenosis 84.9% and 97.2%, respectively [14]. 
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However, this imaging approach is susceptible to heart 
rate, abnormal heart rhythm or other factors. Also, 
caution must be used in patients with hypersensitivity to 
iodinated contrast media or renal insufficiency. Although 
coronary DSA is considered as the gold standard for 
CHD diagnosis, due to the high cost and invasive 
procedure, it is mainly used for revascularization of 
severe CHD (Fig. 2A, 2B).

Intravascular Ultrasound (IVUS) and Optical 
Coherence Tomography (OCT)

The development of IVUS [15] and OCT [16] 
revolutionized interventional cardiology. These 
techniques better visualized the vascular wall and played 
an important role in the diagnosis and treatment of CHD 
(Fig. 2C, 2D).

Imaging Examinations of Cerebrovascular 
Disease

Ultrasonography and Contrast-enhanced Ultrasound 
(CEUS)

Imag ing  examina t ions  o f  ex t rac ran ia l  and 
intracranial arteries include ultrasonography, CTA, 
MRA and DSA. Each modality has its advantages 
and disadvantages. When combined, they can provide 
comprehensive information on plaque and stenotic 
degree. Ultrasonography is the first line in the clinic for 
screening and monitoring carotid atherosclerosis due to 
its noninvasiveness, cost-effective, and convenience. 

Primary B-mode ultrasound helps to identify carotid 
intima-media thickness (CIMT) and plaque, with color 
Doppler and spectral analysis, it can also grade the 
carotid stenosis (Fig. 3A, 3B, 3C). CIMT is an early 
manifestation of atherosclerosis. Salonen et al. [18] 
reported that for each 0.1 mm increase of CIMT, the 
risk of myocardial infarction increased by 11%. Carotid 
plaque formed as the progression of atherosclerosis. 
Inaba Y et al. [19] showed that the ultrasound assessment 
of carotid plaque, compared with that of CIMT, had 
a higher diagnostic accuracy for the prediction of 
future CHD events (OR 1.35, 95% CI 1.10-1.82). And 
hypoechoic, irregular plaques are associated with future 
CVD events (OR 2.97, 95% CI 1.85-4.78) [20]. 

Figure 2 Coronary artery imaging. (A) The left main trunk with sever 
LAD stenosis was shown in DSA; (B) The left main trunk and the RCA 
with calcifications were illustrated by CTA; (C) The plaque was shown in 
a coronary artery by intravascular ultrasound; (D) OCT imaging for the 
intravascular plaque of coronary artery.

IVUS provides detailed morphology of intravascular 
atherosclerotic plaques including ulcers and the 
intraluminal thrombus, which help to identify high-risk 
plaques. According to this measurement, future major 
cardiovascular events can be predicted. 

OCT is a technique using near-infrared light to 
provide microscopic insight into the vessels. According 
to the intensity of back-reflected near-infrared light, it 
measures the thickness of different biological tissues. 
Due  to  the  high  resolution  (10  μm), OCT  is  now 
considered as the gold standard for detecting vulnerable 
plaques. The application of OCT in cerebrovascular 
was reviewed [17] and was found to provide accurate 
diagnosis of atherosclerotic stenosis and to precisely 
measure the thin fibrous cap.

A  B

C D

Figure 3 Ultrasonography exam for the carotid artery. (A) Intima-media 
thickness measurement; (B) By B-mode ultrasound, plaque ulceration was 
shown at the origin of the right carotid artery; (C) A severe stenosis due 
to atherosclerosis plaque was shown in the color mode ultrasound; (D) 
Neurovascular was detected by contrast-enhanced ultrasound. 

Representing as a current new technique advance, 
CEUS can provide more advantages. It can accurately 
delineate the plaque,  identify ulcerat ions,  and 
differentiate total occlusion from the near occlusion. In 

A  B

C D
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addition, it also helps to detect and grade intraplaque 
neovascularization, explore vascular wall inflammation 
in patients with arteritis (Fig. 3D). Moreover, some 
specific ligands may attach to microbubbles that target 
molecules that achieve targeted therapy in the future [21].  

Transcranial Doppler (TCD) and Transcranial Color 
Doppler (TCCD)

TCD or TCCD are generally used for detecting 
and quantifying intracranial artery stenosis. When 
combined, they may improve the diagnostic accuracy of 
intracranial artery stenosis [22]. A cross-sectional TCCD 
study on patients with advanced CAD showed that the 
asymptomatic intracranial stenosis rate was 63.6%, and 
the most affected region was the C1 segment of the ICA 
[23]. TCCD was concluded to be a reliable method and 
to help to predict events in patients with advanced CAD.

Except for stenosis, micro-embolization is one of the 
important risks for stroke events that can be detected 
by TCD or TCCD. Potential sources of emboli include 
extracranial or intracranial plaques, which can usually 
be detected in the lesion side, while emboli from the 
aortic arch, cardiac chambers or coronary arteries can be 
detected in both sides of middle cerebral arteries. As we 
discussed above, cardio-embolism is the major reason 
for the recurrence of stroke. Therefore, TCD monitoring 
may help to stratify different risk for patients. 

In brief, a comprehensive evaluation of the coronary 
artery and the extracranial and intracranial arteries has 
great clinical value for early diagnosis and effective 
treatment of cardio-cerebral vascular concomitant 
disorders.

Therapeutic Strategies of CHD Concomitant with 
Cerebrovascular Disease 

In 1964, Garrett first performed coronary artery 
bypass grafting (CABG) successfully. Then in 1977, 
Grtientzig improved to perform percutaneous coronary 
intervention (PCI). Previous studies showed that patients 
with severe CAS undergoing CABG had an increased 
9-fold higher mortality [24]. 

The optimal operative strategy in patients with 
severe CAS undergoing CABG is still unknown. 
Optional plans include carotid artery stenting or carotid 
endarterectomy (CEA), either simultaneously with PCI 
or CABG, or before/after PCI or CABG. The risk of any 
stroke or death in patients receiving synchronous CEA 
and CABG was 1.38-1.91 times higher than patients 
receiving isolated CABG [24]. However, Dick AM et 
al. [25] showed that synchronous CEA and CABG did 
not increase the risk of perioperative stroke relative to 
patients undergoing CABG alone. Illuminati G et al. [26] 
suggested that previous or simultaneous CEA in patients 

with unilateral severe asymptomatic CAS undergoing 
CABG could prevent stroke better than delayed CEA, 
without increasing the overall surgical risk.

For staging surgery, the interval time of CABG after 
carotid artery stenting is becoming the hotspot at present. 
In 2016, Dong et al. [27] suggested that the extent of 
CHD and the interval between carotid artery stenting 
and CABG were identified as independent risk factors 
for a major stroke, MI, or any death after the operation. 
An interval between carotid artery stenting and CABG 
of 6-30 days had the lowest risk of periprocedural 
cardiovascular events. Therefore, for patients with 
cardio-cerebral vascular disease, the individualized 
strategy should be made based on a comprehensive 
evaluation before.

Conclusion
In summary, early prevention, accurate diagnosis, 

systematic evaluation and effective treatment of CHD 
concomitant with CVD are of great significance in 
reducing the morbidity and improving long-term clinical 
efficacy. 
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