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Abstract 

Introduction- Microvascular disease has been described in many organs, and is associated with 

poor outcome. The hypothesis of a diffuse organ damage is not answered, in particular the 

correlation of cerebral and myocardial microvascular dysfunction. This study is searching for a 

correlation between cerebral small vessels disease and coronary microvascular disease. 

Methods- We included 38 patients who had a stroke from atherothrombotic origin hospitalized 

in the CHUGA stroke unit who were addressed to cardiology day hospital for a check-up 

including myocardial SPECT. All patients had a neurologic microvascular assessment using 

the Age-Related White Matter Changes scale on MRI or CT scan. SPECT images were analysed 

with a software attributing an entropy score, corresponding to the heterogeneity of pixels 

intensity of the myocardium. Coronary artery disease screening using SPECT was evaluated 

after a stroke in selected patients. 

Results- We included 38 patients (mean age 64.2 years old +/- 10.9, 81% of men) who had a 

cerebral and myocardial microcirculation assessment after a stroke. No correlation has been 

found between ARWMC score and myocardial perfusion entropy, Spearman correlation -0,10 

p = 0,51.  

Among all patients, 27.1% had abnormal SPECT and 20 % had a coronary angiogram, 9.1% 

had at least one severe coronary stenosis and 7.3% were revascularized, 80% of patients who 

underwent coronary angiogram had a treatment adaptation. 

Conclusion- No association was found between cerebral microvascular disease and myocardial 

perfusion heterogeneity, using myocardial perfusion entropy. Coronary artery disease screening 

in selected patients who had a stroke is efficient, leading to coronary revascularisation and 

treatments modifications. 
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Résumé  

Introduction- L’atteinte microvasculaire est décrite dans de nombreux organes et est associée 

à un pronostic défavorable. Une atteinte microcirculatoire systémique est suspectée, plusieurs 

organes pouvant être atteints simultanément. L’association entre une atteinte microvasculaire 

cérébrale et myocardique n’a pas encore été prouvée, cette étude recherche une corrélation entre 

l’atteinte microcirculatoire de ces deux organes. 

Méthodes- Nous avons inclus 38 patients qui ont été hospitalisés dans l’unité neurovasculaire 

du CHUGA, pour un AVC ischémique d’origine athérothrombotique présumée. Ces patients 

ont eu une évaluation de l’atteinte cérébrale microcirculatoire en utilisant le score ARWMC sur 

un scanner ou une IRM cérébrale. L’étude de l’atteinte myocardique a été réalisée en analysant 

l’hétérogénéité de perfusion myocardique en scintigraphie myocardique, appelée entropie de 

perfusion myocardique. Une corrélation entre ces deux scores a été recherchée, et la 

performance du dépistage de la coronaropathie a été évaluée chez cette population de patient 

ayant présenté un AVC ischémique athérothrombotique. 

Résultats- Nous n’avons pas retrouvé de corrélation entre le score ARWMC et l’entropie de 

perfusion myocardique, corrélation de Spearman -0,10, p=0,51. Parmi nos patients, 27.3% 

avaient une scintigraphie pathologique, 20 % des patients ont bénéficié d’une coronarographie, 

9.1% avaient au moins une sténose significative et 7.3 % ont été revascularisé. Parmi les 

patients ayant eu une évaluation coronaire invasive, 80% ont bénéficié d’une adaptation 

thérapeutique personnalisée à l’issue de celle-ci. 

Conclusion- Avec notre méthode d’évaluation, nous n’avons pas trouvé de corrélation entre 

les troubles de la microcirculation myocardique et cérébrale. Le dépistage de la coronaropathie 

par scintigraphie chez des patients à haut risque cardiovasculaire ayant présenté un AVC 

athérothrombotique semble efficace pour le diagnostic de sténoses coronaires sévères, 
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aboutissant à une revascularisation par angioplastie ou chirurgicale. Il permet aussi une 

adaptation thérapeutique personnalisée chez des patients présentant un athérome coronaire et 

un très haut risque cardiovasculaire. 
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Introduction 

Cardiovascular disease is the first cause of mortality worldwide responsible of 15.2 million of 

death (1) whether 31% of total mortality. It is the first cause of mortality in Europe too (2). 

Macrovascular disease is now well known, whether it be cerebral, myocardial or peripheral 

arterial disease, sharing the same risk factors, each one having a different impact on the location 

of the organ damage. Major cardiovascular risk factors include the age depending on age, high 

blood pressure, diabetes mellitus, dyslipidaemia, smoking, family history of premature 

cardiovascular disease, and to a lesser extent, obesity, physical inactivity and metabolic 

syndrome (3–6). 

Each risk factor has a different impact for developing either cerebrovascular, myocardial or 

peripheral artery damage (7,8). So, pathophysiological mechanisms are common, but also 

specific to develop one or another disease. The common mechanism of cardiovascular disease 

is the development of atherosclerosis. Macrovascular disease is well studied, but with the 

development of imagery, biology including molecular biology, nuclear medicine, some disease 

which were idiopathic, have now found a common explanation: the microvascular dysfunction.  

Microvascular dysfunction is described in several organs including brain and heart.   

The cerebral microvascular disease is highlighted by CT scan or MRI with parenchymatous 

damages of white matter, and deep grey nuclei. The lesions seen in sectional imaging is called 

leukoariosis, which means capillary rarefaction (9). Theses lesions correspond to a pathological 

point of view, to a loss of smooth muscle cells from the tunica media, deposits of fibrohyaline 

material, narrowing the lumen, and thickening of the vessel wall (10). These findings are 

secondary to chronic ischaemic lesions caused by small vessels disease. This ischaemia is 

extended to oligodendrocytes leading to their apoptosis, and the hypothesis that blood brain 

barrier is damage by small vessel disease is at study (11). These lesions are seen in many 
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pathologies like vascular dementia, Alzheimer disease, CADASIL (Cerebral autosomal 

dominant arteriopathy with subcortical ischaemic strokes and leukoencephalopathy) which is a 

model of microvascular cerebral disease (12). White matter intensities, are proved to be 

associated with ageing, diabetes and hypertension (13). The presence of cerebral small vessels 

disease is associated with a more than two-times increased risk of dementia at the age of 75. 

Leukoariosis is also associated with mood (14), cognitive (15,16), gait (17) and urinary 

dysfunction, affecting the quality of life of the patients, and having an impact on their autonomy, 

indirectly having a cost impact on the society (18). A correlation has been found between the 

progression of leukoariosis and the decline in cognitive performance (19), thus, discovering 

white matter intensities should have an incidence on the patient’s care, and it could be a marker 

of progression of dementia when it is diagnosed and associated with leukoariosis. 

Coronary microvascular disease has been described in many cardiopathies, resulting in a four 

grades classification made by Camici et al. (20) CMD in the absence of myocardial diseases 

and obstructive coronary artery disease, CMD in myocardial diseases without obstructive CAD, 

CMD in obstructive CAD, and finally iatrogenic CMD. CMD is an entity discovered in the last 

three decades, but is still a current issue, the first precise definition has been made recently by 

the COVADIS (Coronary Vasomotion Disorders International Study Group) in 2017 (21). With 

the development of functional pharmacological tests during a coronary angiography, we found 

out that this category of patients had a lower response to vasodilator molecules indicating a 

microcirculation dysfunction with a loss of flow auto regulation (22,23). Coronary 

microvascular disease is an underestimated disease, partly due to a lack of systematic 

procedures in patients addressed to the catheterization laboratory for a suspected cardiac 

ischemia, without finding any coronary stenosis. In trials studying patients with myocardial 

ischemia without significant coronary stenosis, more than 60 % of patients had abnormal 

response to acetylcholine test, 45% had inducible vasospasm and 55% had microvascular 
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impairment proved with Coronary Flow Reserve and/or Index of Microvascular Resistance 

(24). In another study, authors found out that 51% of men and 54% of women with suspected 

coronary artery disease had a coronary microvascular dysfunction, associated or not with 

coronary stenosis (25).  CMD is associated with a poor prognosis, with cardiovascular outcomes 

including Myocardial Infarction, stroke, hospitalizations and death (26,27).  

In 2000 Al Suwaidi & al showed that patients with severe endothelial dysfunction had 14% of 

major cardiac events after 28 months follow up against 0% in the mild and normal endothelial 

function (27). A meta-analysis published in 2017 by Brainin et al, including 26 prospective 

cohort studies, with a large panel of cardiopathies (angina, heart failure, hypertrophic 

cardiomyopathy, aortic stenosis, left atrial enlargement) proved that in all these groups, CMD 

was associated with significant more MACE than patients with normal microcirculation (28). 

Another study found out that patients with CMD had 30 % risk of developing CAD or an acute 

coronary event at 10 years.  In 2018, a study proved that patients with persistent angina without 

obstructive CAD had a limited quality of life, but patients with a proved CMD had an improved 

quality of life under specific treatment (29). 

Microvascular dysfunction is a pathology identified in almost every organ (30–33), often 

sharing the same risk factors, but the question of a systemic disease is still not answered. Every 

single condition (ageing, diabetes, hypertension, smoking, obesity…) is not systematically 

associated with microvascular dysfunction. Some usual atherosclerosis risk factors like the sex 

condition, is inversed when studying microvascular dysfunction, with a higher proportion of 

female in CMD (34). Many studies tried to test if one organ damage is associated with other 

organs dysfunctions (35). Many correlations have been found, but discordant findings are also 

discovered (36), making this subject debated, in particular between cerebral and myocardial 

microvascular impairment.    
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In this context, we made a prospective study to search a correlation between cerebral small 

vessels disease, and coronary microvascular dysfunction. The purpose of this study is to search 

if the microvascular impairment is a systemic disease. 
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Methods 

We realized a prospective monocentric observational study at the CHUGA, using a cohort of 

patients include from 01/01/2016 to 01/02/2020. 

Study population 

The study population is constituted of a very high cardiovascular risk in secondary prevention, 

who had an ischemic stroke from atherosclerotic aetiology presumed. We included every patient 

hospitalized in neurology unit for a stroke, who had the cardiac check up in the cardiology day 

hospital of the CHUGA. The stroke is confirmed by a sectional imaging (CT scan or MRI), 

excluding haemorrhagic strokes, with an atherosclerotic origin presumed. This presumption is 

based on the aetiology work-up after the stroke, finding atheroma on the supra aortic arteries, 

and at least one major cardiovascular risk factor, and the absence of an embolic origin (EKG, 

absence of embolic arrythmia at the scope or the rhythm holter, no cardio embolic proof on the 

TTE and/or TOE, and no coagulation abnormality). The atheroma can be seen on the vascular 

doppler, on the CT scan or MRI. 

Patients with a RANKIN score > 4 were excluded from the study, their functional capacity and 

their dependence were not justifying a coronary disease screening. 

Stroke check up 

A systematic check-up is recommended after a stroke (37). Complementary exams are done to 

search for a carotid or vertebral artery stenosis, and to search for a cardio embolic disease. This 

check-up contains a CT scan of supra aortic arteries with contrast product injection, 

electrocardiogram, doppler echography of cervical carotid arteries, a rhythm monitoring for 24 

to 48 hours, a blood pressure holter, a transthoracic echocardiography. If there is a strong 

suspicion of cardioembolic stroke, a transoesophageal echocardiography is indicated that may 



21 
 

be completed with a bubble test. To precise the cardiovascular risks, a diabetes mellitus 

screening should be done with fasting plasma glucose, HbA1c or glucose tolerance test, a 

complete lipid blood sample is also indicated. A single photon emission computed tomography 

can be proposed for screening obstructive coronary disease, this screening is not recommended 

systematically but some statement paper consider it in specific categories of patients with a high 

cardiovascular risk. (38) 

In our protocol, these complementary exams are done in two times, one part during the 

hospitalization in stroke unit, the second part in cardiology day hospital. SPECT are done in the 

cardiology day hospital unit from one to three months after the stroke, this delay respects a 

restricted time interval between the neurological et cardiological evaluation, et permit a stress 

test for the SPECT either with dipyridamole either with dobutamine. 

 Primary endpoint 

The primary endpoint is the correlation score between the neurological score of leukoariosis, 

named Age-Related White Matter Changes, and a myocardial perfusion heterogeneity score 

evaluated with SPECT images. ARWMC is a quotation score of leukoariosis evaluated on 

cerebral MRI or CT scan (39). Myocardial perfusion heterogeneity is evaluated with short axis 

acquisitions SPECT images, evaluated by a program giving a Myocardial Perfusion Entropy 

score. 

Secondary endpoint 

The secondary endpoint of our study is to assess the screening of CAD with the use of SPECT, 

and assess the revascularisation rate in the cohort of neurological patients. To evaluate the 

efficiency of the cardiologic check-up in neurological patients, we included all patients 

addressed to cardiology day hospital with a SPECT programmed from 01/01/2016 to 

01/02/2020. In this evaluation, patients with transient ischemic attack and patients with cardio 
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embolic stroke who had a high cardiovascular risk were included. We analyse the rate of 

pathologic SPECT, the rate and the results of coronary angiogram, the revascularisation rate 

and the treatment modifications. 
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Assessment of myocardial microvascular statement 

SPECT imaging protocol and analysis  

Stress tests and SPECT MPI were performed according to the recommendations of the 

European Association of Nuclear Medicine and European Society of Cardiology (40) and to the 

previously described routine protocols in use in our institution (41,42). Briefly, at the end of 

stress (exercise test or dipyridamole injection, 0.56mg/kg over 4 minutes), 74 - 92.5 MBq of 

Thallium-201 were injected intravenously, and initial gated-SPECT images were recorded 10 

minutes later (DST-XLI, Sopha Medical, Paris, France). Three hours following stress, 37.5 

MBq of Thallium-201 was injected at rest and gated-SPECT MPI was performed 15 minutes 

later (rest reinjection imaging). Images were acquired using a dual-head rotating digital gamma 

camera with a 180° circular orbit (32 projections, 30 sec each). A uniform imaging pre-

treatment for the reconstruction of raw MPI data was applied, and images were reconstructed 

with a Butterworth filter (cut-off value, 0.3; roll-off value, 20) and reoriented to obtain 

transaxial sections of the left ventricle according to the three standard cardiac planes, resulting 

in sets of images for stress and rest sequences for each patient.  
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Assessment of Myocardial Perfusion Entropy (MPE) 

Dicom files corresponding to stress and rest short-axis images were extracted from the 

acquisition system and used for the determination of MPE using an algorithm developed in 

Matlab software (Mathworks, Natick, MA, USA), typically leading to 23-31 short axis slices 

extracted / patient. Briefly, short axis slices were selected starting from the slice containing the 

highest number of pixels with non-zero values. Starting from this slice and going either in the 

basal and apical directions, slices considered for analysis were included as long as they 

contained at least 1 pixel which intensity was >73% or >65% higher than the maximum pixel 

value observed over the whole LV reconstructed volume. Included slices were then interpolated 

to obtain a fixed total of 21 slices/patient. On each of these 21 slices, the position of the LV 

center was automatically estimated according to the methodology described by Soneson et al 

(43). The LV center was used to convert the short-axis cartesian images into polar images using 

64 interpolating angles to draw interpolation lines. The pixel of highest intensity along each of 

the 64 interpolation lines was selected and used to build a 64 x 21 pixels 2D map of myocardial 

perfusion (Figure 1). The 2D map of myocardial perfusion was then normalized from 0 to 1000 

using the highest intensity pixel value in order to allow inter-patient comparisons and was 

further thresholded to 500 and 850 as previously described (44) MPE was finally computed 

from stress and rest 2D perfusion maps from each patient using the formula:  

 

where M was the number of intensity value and pk was the probability associated with pixel 

intensity k. 

Entropy quantifies the information contained in an image and can be viewed as a measure of 

disorder in the image. Entropy is also a lower bound of the average number of bits per pixel 
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required to encode an image without distortion. The entropy is therefore maximal for a uniform 

distribution, and equals zero for a constant image.  

This method has not proved yet the correlation with IMR or CFR, but it has proved a poor 

prognosis in patients (45).  

 

 

Figure 1: Short axis Thalium 201 MPI SPECT images and 2D myocardial perfusion map 
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Cerebral small vessels disease assessment 

Cerebral small vessels disease cannot be diagnosed directly on sectional imaging. The lesions 

seen correspond to the consequence of white matter ischemia due to microvascular dysfunction, 

also called leukoariosis. These lesions are located in the sub cortical white matter and in deep 

grey nuclei. These white matter changes can be observed either on CT scan and on cerebral 

MRI with T2 and FLAIR sequences. These sequences are systematically done when the exam 

is done to search for a stroke. In CT scan, the lesions are hypodensities, in MRI it corresponds 

to hypersignals. A few scores have been established to quantify the extent of leukoariosis, the 

mean one is called Age Related White Matter Changes (39,46,47). This score attributes a 0 to 

3 score judging the severity of the leukoariosis, in 5 regions in both hemisphere giving un score 

out of 30. This score is validated on MRI and on CT scan. In our study, both MRI and CT scan 

are used because some patients only had a CT scan to confirm the stroke.  

The scale of ARWMC is given below: 

White matter lesions: 

- 0: no visible lesions 

- 1: focal lesions (>5mm) 

- 2: beginning confluence of lesions 

- 3: Diffuse involvement of the entire region, with or without involvement of U fibers 

Basal Ganglia lesions 

- 0: No lesions 

- 1: 1 focal lesion (>5mm) 

- 2: >1 focal lesion 

- 3: Confluent lesions 
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The different regions in both hemispheres evaluated are: frontal lobe, parieto occipital lobe, 

temporal lobe, infra tentorial region, basal ganglia (containing striatum, globus palidus, 

thalamus, internal and external capsula, insula).  

Infarcted regions are excluded from the quotation. The final score is out of 30. The ARWMC 

score is evaluated for the five first patients in double reading with Pr Detante (Neurology 

Physician), then in single reading. 

       

Figure 2: stage 1 (at the left) to stage 3 (at the right) of ARWMC scale, on FLAIR MRI 

acquisition. 
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Fazekas score was evaluated in all patients. Fazekas score is a simpler method to assess 

leukoariosis on one frame of a CT scan or a MRI. Fazekas score attributes from 0 to 3 depending 

on severity, the periventricular leukoariosis. (46,48) Fazekas score is attributed on one single 

sectional image containing lateral ventricles, frontal and parieto occipital lobes. 

The Fazekas scale is detailed below: 

- 0: no lesions 

- 1: focal lesions 

- 2: beginning confluence of lesions 

- 3: multiples confluent lesions 
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Statistical analysis 

 

Analysis was performed using SPSS 21 software (SPSS Inc., Chicago, IL). Continuous 

variables are expressed as mean ± SD or median (25th, 75th percentile) and discrete variables 

as percentage. Relationships between the variables were assessed using Pearson's correlation 

analysis. A p-value < 0.05 was considered as statistically significant for all the analyses. 
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Results 

From the January 1st 2016 to February 1st 2020, 371 patients were addressed to cardiology day 

hospital for post stroke check-up. Among them, 64 had a check-up with a myocardial SPECT 

planned. In these 64 patients, 8 were excluded because of a transient ischemic attack, 7 patients 

had cardio embolic stroke, 5 patients didn’t come to their convocation, 3 patients refused the 

SPECT, 2 patients had cerebral imaging in another hospital, one had migraine. Finally, we 

included 38 patients in our study. 

 

 

 

 

Figure 3: Flow chart

371 patients who had cardiology 
check up at the cardiology day 
hospital from 01/01/2016 to 

28/02/20 

64 patients were addressed for 
check up including myocardial 

SPECT 

38 patients were included 

 5 patients didn’t come 

3 refused to have a SPECT 

9 patients had no stroke 

7 patients had cardio embolic stroke 

2 patients had no cerebral imaging 
available 
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Patient’s characteristics 

In our 38 patients, the mean age was 64.2 +/- 10.9 years old, 31 (81%) were men.   

Patient characteristics are summarized in Table 1. 

 

Patients characteristics   Total n=38 

Age, year (SD)   64.2 (10.80) 

Gender    

 Male, n (%)  32 (81) 

 Female, n (%)  6 (19) 

Weight, kg (SD)   80.2 (15.91) 

Height, m (SD)   1.72 (0.09) 

BMI, Kg/m² (SD)   27.1 (4.78) 

Hypertension, n (%)   25 (64.1) 

Diabetes mellitus, n (%)   9 (23.1) 

Dyslipidemia, n (%)   9 (23.1) 

Stroke, n (%)   0 (0) 

Myocardial infarction, n (%)   2 (5.1) 

Peripheral arteriopathy, n (%)   2 (5.1) 

Family history, n (%)   3 (7.7) 

Active smoking, n (%)   16 (41) 

 

Table 1: Patients characteristics 
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SPECT analysis  

In SPECT, 13.2% of stress images quality was excellent, 84.2% was good and 2.6 % acceptable, 

55.3% of images had no artefacts, 36.8% had mild artefacts and 7.9% had moderate artefacts. 

Patients had normal LVEF (61.3%), normal volumes (LVTDV 72.6 mL; LVTSV 28.8mL). 

SPECT and Myocardial Perfusion Entropy values are summarized in table 2 

 

SPECT characteristics Total n=38 

Pathologic SPECT, n (%) 10 (26.3) 

Ischemia %, m (SD) 10.3 (6.8) 

Necrosis %, m (SD) 1.7 (2.7) 

SRS m (SD)  3.4 (2) 

SSS m (SD)  4.4 (3.1) 

LVEF m (SD) rest stress 

 61.3 (9.7) 59.5 (8.9) 

LVEDV mL, m (SD) rest stress 

 72.6 (27.3) 64.9 (17.5) 

LVESV mL, m (SD) rest stress 

 28.8 (16.1) 27.1 (12) 

Entropy   

Decubitus non gated 4.4256 (0.3315) 

 

Table 2: SPECT Characteristics 
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Neurological assessment and cerebral images analysis 

The average NIHSS score of the patients was 5.9 (+/- 5.3), the RANKIN score was 1.7               

(+/- 1.5), and the average maximal diameter of the stroke was 23 mm (+/- 1.7). The mean 

ARWMC score was 5.2 (+/- 4.9), and the mean FAZEKAS score was 1.0 (+/- 0.96). 

Cerebral imaging characteristics are summarized in table 3. 

Cerebral MRI or CT scan Characteristics Total n=38 

Maximal stroke size, mm (SD)  23.7 (13.9) 

Fazekas score, m (SD)   1.0 (0.96) 

ARWMC score, m (SD)   5.2 (4.9) 

  Right Left 

 Frontal lobe, m (SD) 0.97 (1.0) 1.08 (0.94) 

 Parieto occipital lobe, m (SD) 1.0 (1.04) 1.03 (0.97) 

 Temporal lobe, m (SD) 0.21 (0.47) 0.32 (0.62) 

 Infratentorial area, m (SD) 0.18 (0.46) 0.16 (0.44) 

 Basal ganglia, m(SD) 0.16 (0.44) 0.08 (0.27) 

RANKIN score, m (SD)   1.7 (1.5) 

NIHSS, m (SD)   5.9 (5.3) 

 

Table 3: Cerebral images characteristics
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Primary endpoint 

There was no correlation between ARWMC and MPE scores, spearman correlation was -0.10, 

p = 0.52. 

In all risk factors studied, no association neither with ARWMC, neither with Myocardial 

perfusion entropy was found. 

Coronary disease screening 

Among the 64 patients who were addressed to the cardiology day hospital for a check-up 

containing a myocardial SPECT, 55 patients (85.9%) benefited from the exam. Among them, 

16 patients had an abnormal SPECT (29.1%), 11 went to coronary angiogram (20%). After 

proofreading, 5 patients who had abnormal SPECT were considered of false positive because 

of artefacts, or had not enough ischemia to undergo an invasive coronary exploration. For 

patients who had a coronary angiogram, 2 had multi vessels disease, one was managed with 

medical treatment, one with CABG. Two patients had bitroncular stenosis and were both 

revascularized with two stents, one patient had a single vessel stenosis and had one stent. Five 

patients had diffuse atheroma without significant stenosis. None of the patients benefited from 

a microvascular assessment by invasive method (CFR or IMR).  

Eight of the ten patients who had a coronary angiogram had a treatment modification. Three 

went from a single to a dual anti platelet therapy. The five others had an intensification of their 

cardiovascular lowering risk treatment, including an introduction of beta blocker, angiotensin 

conversion enzyme inhibitor, thiazide inhibitor, and modification of the anti-diabetic treatment 

with introduction of glucagon like peptide 1 analogue. Four of the six patients who were not 

revascularized benefited from a treatment modification to lower cardiovascular risk.  

Patients modification treatments are available in appendix 2.
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Discussion 

The systemic microcirculatory disease hypothesis 

Microcirculation is defined by a vessel diameter < 200 µm, containing three compartments, 

arterioles, capillaries and venules (32). These three components are in a constant regulation to 

assess its role, to adapt blood flow and vascular permeability for tissue metabolism. It uses 

autocrine, paracrine, endocrine system to communicate, and is under the influence of autonomic 

nervous system. Microcirculation is the major determinant for vascular resistance, so it is the 

principle place for blood pressure regulation (49).  Macro and microcirculation are sharing 

similar mechanisms and risk factors such as hypertension, diabetes and glucose intolerance, 

dyslipidaemia (50) but microvascular disease can reach patients without macrovascular 

damage. Functioning of microcirculation involves blood flow regulation by vasodilation or 

constriction, vascular permeability, cellular proliferation and angiogenesis.  

The concomitant impairment between macro et microcirculation is not systematic but has been 

demonstrated in few circumstances, for example, patients presenting hypertension (51), 

diabetes (52) or chronic renal failure (53), had a capillary rarefaction on tissue biopsies. Patients 

without proven hypertension but in the upper limit of blood pressure have also been shown to 

have less capillaries than people with a lower blood pressure (54). 

A corner stone of microvascular disease is endothelial dysfunction. Endothelium can be 

considered as a single organ responsible for maintaining homeostasis in each organ (55). It is 

the main component of capillaries, and its polymorphism permit son adapt itself to each organ 

demand. It can be continuous, discontinuous, fenestrated, sinusoidal, associated with a 

basement membrane or subendothelial cells to assure its functions. Endothelium role is to 

procure enough nutriments to the cell and to evacuate cellular waste. To permit sufficient 

exchanges, endothelium can modulate vascular permeability to fluids and molecules, and also 
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regulate leucocytes migration by dint of LEUcocytes Adhesion Molecules (LEUCAM), which 

contain integrins, selectins, and immunoglobulins (56). 

Endothelium has a major place in regulating hemostasia in both ways. The secretion of NO and 

prostacyclin will have anti thrombotic and vasodilation action. Tissular plasminogen activator, 

secreted by endothelium, produces activated plasmin which degrade fibrin then having an 

antithrombotic action. Thrombomudulin which is an endothelial transmembrane protein, with 

its co-factor thrombin is able to activate protein C, and then inactivate factors V and VIII 

implicate in the coagulation cascade. In the other way, endothelial cells can secrete Willebrand 

factor, tissular factor and plasminogen activator inhibitor and will lead to the clot formation and 

coagulation activation. In physiological condition, the two systems are in balance to avoid 

spontaneous thrombosis, but able to activate coagulation systems if the capillary is damaged 

(57). 

Microcirculation, by the action of endothelium, is the most important determinant of vascular 

resistance and blood flow auto regulation (49). The NO and prostacyclin produced by 

endothelial cells will have a vasodilation action on smooth muscle, at contrary, the production 

of endothelin or thromboxane A2 will promote vasoconstriction. This blood flow regulation is 

mediated by tissular metabolism, shear stress, autonomic nervous system, and by circulating 

hormones like angiotensin II and endothelin. 

The systemic microvascular disease hypothesis is based on endothelial dysfunction which will 

lead to a loss of blood flow auto regulation and an inadequacy between the needs and 

contributions of the cell. With the impairment of endothelial function, we understand that this 

trouble will impact every organ. Endothelial dysfunction will unbalance all the mechanisms in 

favour of vasoconstriction, thrombosis, inflammation, cellular proliferation and fibrosis. 
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A model of systemic microvascular disease is obesity (58,59). It is recognised as a risk factor 

for developing endothelial dysfunction. The role of white adipose tissue is to stock mobilizable 

energy in opposition to brown adipose tissue which regulate thermogenesis. In obesity, the 

accumulation of adipocytes in white adipose tissue will cause an increase in cellular size from 

50 to 150-200 µm. This will lead to a diminution of oxygen diffusion, and associated with 

vascular rarefaction, will cause chronic hypoxia (60,61). The consequence will be a change of 

adipocyte secretion, a diminution of adiponectin secretion, which is an insulin sensibiliser 

cytokine reducing diabetes risk, lower atherogenisis, and having an anti-inflammatory role (62). 

Adipocytes will also secrete more leptin, a satiety hormone, which have lower effects in obese 

patients. Leptin stimulates sympathic tonus favouriting vasoconstriction and endothelial 

dysfunction. Other cytokines are overproducted in obese patients like resistin, TNF alpha, 

interleukine 6 and 18, having a pro inflammatory role (60). 

Insulin resistance is also implicated in endothelial dysfunction. Insulin is implicated in many 

signalisation routes. In one hand, insulin activates eNOS (endothelial Nitric Oxyde Synthase) 

through a PI 3 kinase protein, and will product NO (60). In the other hand, insulin activates 

ERK ½ way, resulting in endothelin production, which the most powerful vasoconstrictor agent 

known. Endothelin has also an inflammatory role, stimulating cellular proliferation and fibrosis. 

For healthy people, insulin effects are in favour of PI 3 kinase and NO synthesis, but for obese 

patients, the balance is in favour in the other signalising way, causing inflammation, fibrosis 

and vasoconstriction. 

As proved before for obese patients, microvascular impairment is the endpoint of many cellular 

pathways and cannot be considered as single factor issue. Obesity is one of the risk factors, but 

few others have been identified (36,51,63), and as many of them a secondary to modifiable risk 

factors, prevention of the major cardiovascular risk factors should be intensified. 
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Primary endpoint 

In our study, we didn’t find any correlation between ARWMC score and Myocardial Perfusion 

Entropy in a population of patients who suffered from an ischemic stroke. 

Literature review 

The studies interesting coronary microvascular disease and cerebral small vessels disease are 

few.  

Weidmann et al proposed to study cerebral perfusion with a technetium 99 HMPAO brain 

SPECT in patients presenting cardiac syndrome X (64). Their definition for Syndrome X was 

symptoms of myocardial ischemia on exercise test without any significant coronary stenosis, 

and presenting a slow flow at the contrast product injection during coronary angiogram. No 

microvascular measurement was done at the coronary angiogram. Many exclusion criteria were 

applied, among them any type of cardiopathy (valvular, hypertrophic, dilated or restrictive), 

hypertension, diabetes and patients with neurologic symptoms, or with a history of cerebral 

ischemia, cerebral disorder, and pathologic findings on carotid artery sonography. They 

included 90 patients with syndrome X, 76% had brain perfusion abnormalities, that were 

predominant in men (81% vs 69.8%). Their findings are interesting because of the high 

prevalence of perfusion abnormalities.  

PAI et al made a similar study using a technetium 99 ethyl cysteinate dimer to assess cerebral 

perfusion (65). They made a study including 30 patients with syndrome X (typical anginal chest 

pain with a positive stress ECG test finding and normal coronary arteries on angiography, 

without CFR or MRI performed). They had a dipyramidol stress and resting thallium 201 

myocardial perfusion SPECT and were divided in two groups, normal vs abnormal SPECT. 

Patients with altered left ventricle ejection fraction, dyslipidaemia, overweight, neurological 

symptoms and neurological disorders were excluded. Ninety-five percent of patients with 
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pathological myocardial perfusion SPECT had hypoperfusion lesions on brain SPECT vs 20% 

in patients with normal myocardial SPECT (p value < 0.001).  

The last study we found on the brain and myocardial perfusion was made by Sun et al. (66). 

Their study is very close to Weidmann’s, they included 40 patients with typical anginal chest 

pain with positive exercise test and normal coronary arteries on angiography. Patients with 

altered LVEF < 50%, regional wall motion abnormalities, hypertension, diabetes, systemic 

vascular disease, patients who smoked and patients with any cerebral disorder or symptom were 

excluded. Patients were divided into two groups, one with abnormal Thallium 201 myocardial 

perfusion SPECT, and the other one with normal SPECT. 92 % of patients with abnormal 

myocardial SPECT had multiple hypoperfusion lesions on Technecium 99m HMPAO brain 

SPECT vs 12 % in the normal myocardial SPECT group (p<0.001). The design of this study is 

very close to Weidmann’s, but they used a more performant gamma camera for the brain 

SPECT, with a better resolution. 

In these three studies, only Weidmann’s study was fulfilling the CMD definition. These studies 

are suggesting a correlation between cerebral and myocardial perfusion abnormalities, but their 

choice to exclude patients with diabetes, hypertension and overweight is objectionable since 

they are risk factors identified for microvascular impairment. When excluding the more 

important and more frequent risk factors of small vessels disease (hypertension, diabetes, 

smoking), the conclusions cannot be extended to the patients we often face, presenting an 

advanced age, diabetes, hypertension and smoking. Another thing to underline, is the young 

population they included: in Sun’s study, the mean age was 45 YO, in Pai’s study they were 

from 37 to 50 YO (no mean communicated) and in Weidmann’s study the mean age was 55 

YO. Choosing young patients without the principle risk factors identified for small vessels 

disease, may select a disease with microvascular disorder, but not representing the disease we 

face daily.  
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Finally, their brain perfusion method is debatable, the European Association of Nuclear 

Medicine Neuro-imaging Committee (ENC) published guidelines in 2009 for the use of brain 

SPECT (67). HMPAO and ECD SPECT can be used to assess brain perfusion in patients 

presenting mild cognitive impairment or dementia, but they precise that these methods do not 

provide absolute quantitative flow values but rather estimate relative regional flow differences 

based on the comparison of count density ratios between various regions. Johnson et al found 

out in a study with 5 years of follow up, that brain SPECT at baseline evaluation was more 

pathological in patients with Alzheimer disease and in patients who will develop Alzheimer 

disease, that in control group (68). In the same study, no brain SPECT pattern could differentiate 

patients who will develop cognitive impairment without Alzheimer disease, from the control 

group without cognitive decline. 

In 2018, a Japanese study found out that patients with mild to moderate white matter changes 

on MRI had regional perfusion abnormalities in brain SPECT, and hypertension was strongly 

associated with WMC (69). 

 In contrary to our study, Weidman, Pai and Shung included patients with a diagnostic of 

syndrome X, then find an association is easier than in our study, because the study population 

is not the same. In our study, we included patients who presented a stroke, without knowing if 

a cerebral or a myocardial microvascular impairment is present. Then our findings are 

depending on the prevalence of both organ damage.  

To our knowledge, no studies have been using cerebral MRI to assess cerebral microvascular 

disease consequences, and test the correlation with CMD.  

Vuorinen et al. followed 69 patients with macrovascular coronary heart disease for a mean time 

of 20.6 years (70). Cerebral MRI evaluation during follow up found a diminution of grey matter 
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volume compared to control group, whereas no difference was found in the evaluation of white 

matter.  

Ikram et al. used the Rotterdam study cohort and evaluated dementia and white matter lesions 

between patients with unrecognized myocardial infarction and patients without MI. Dementia 

and white matter lesions were more important in patients who had a silent myocardial infarction 

(71). 

Brunelli et al. published a case control study, including 16 patients with syndrome X and 16 

controls (72). The syndrome X diagnostic was made on a positive exercise test in patients 

suffering from typical angina chest pain, with normal coronary arteries on angiography, and 

excluding spasm with ergonovine test. They studied cerebral blood flow reserve using Xenon 

133 inhalation and its measurement with 32 epicranial probes, before and after acetalozamide 

intravenous administration. They found strictly the same cerebral blood flow reserve in the two 

groups (increase of 29.0 % +/- 14% vs 29.5 % +/- 11% in the control group).  

Coronary artery disease screening in patients with atherothrombotic stroke. 

In our study, we found out that 15 SPECTs had abnormal patterns (27.3%), but after 

proofreading by our nuclear physicians, only 11 exams were considered as pathological so the 

prevalence of pathological SPECT in our cohort is 20%. Nine percent of the patients had severe 

coronary stenosis, the other patients had intermediate stenosis or diffuse atheroma. Finally, 4 

patients were revascularized.  

Nigoghossian et al. (73) found a similar prevalence (15%) of abnormal dobutamine stress 

echography in a similar cohort of patients who had an ischemic stroke attributed to 

atherosclerosis. As in his study, all of our patients with pathologic stress test imaging didn’t 

have a significant stenosis at the coronary angiogram. Maybe these patients may benefit from 

a microvascular assessment. 
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In another study, Arenillas et al. (74) included 65 patients with a stroke or a TIA associated with 

an intra cranial significant stenosis, and searched for silent myocardial ischemia. They found 

out that 52 % of their patients had an abnormal myocardial SPECT, which is higher than our 

rate. They published their study without knowing if patients with abnormal SPECT benefited 

of a coronary angiogram, then the false positive rate of the SPECT is unknown, but during 

exercise test, only 5% were positive because of clinical angina pectoris, and 20% with ST 

segment depression. The authors didn’t mention the proportion of abnormal SPECTs due to 

artefacts. 

In 2009, Ovbiagele et al. (75) made a feasibility study of screening CAD in patients after an 

ischemic stroke, with a Framingham score > 20 %. The main result is that they proved the 

difficulty to organise a systematic screening in this category of patients, because only 44% of 

patients who had a good indication for non-invasive ischemic test, benefited of a stress 

dobutamine echography. The two reasons for this lack of performance were first the patient’s 

noncompliance, and the second one was the physician’s refusal. Forty-two percent of patients 

didn’t come to their convocation, a few of them because of insurance issues, but most of them 

didn’t come because of a lack of motivation and/or a lack of information of the goal of this 

exam. In our cohort, we suffered from the same problem, since 11 of 60 patients didn’t come 

to their convocation. In Ovbiagele’s study, 33 % of dobutamine echography didn’t carry out 

because of the physician’s refusal, then the problem that can be pointed out is the lack of 

information of the physicians about CAD in patients after a stroke. 

 The American Heart Association with the Amercian Stroke Association published a statement 

paper in 2003 regarding CAD screening in patients with TIA or stroke (76). Ischemic tests 

should not be systematic after a stroke but some population may benefit of it. There are few 

reasons for a CAD screening in this population. First, the prevalence of CAD, symptomatic or 

silent ischemia, is high in patients who presented a TIA or a stroke. Studies found out that 20 
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to 40 % of these patients had silent ischemia (77,78). More recently in a meta-analysis published 

in 2016 including more than 50 000 patients who presented a first TIA or a first stroke, 

significant coronary stenosis was found in 30 % of the patients, and the risk of myocardial 

infarction the first year after a stroke was 3% (79). 

Second, after a stroke, cardiac mortality is significant, after analysing studies including 30 000 

patients, cardiac mortality is from 2 to 5% at 90 days after stroke (but authors precise that these 

deaths concern mainly patients with known CAD) (80,81). 

In longer follow up studies, the incidence of myocardial event (myocardial infarction, cardiac 

death) is around 2 to 3 % per year during the three years after a stroke or TIA (82,83). 

The long-term prognosis of patients is also strongly influenced by CAD. In the Rochester study, 

the cumulative incidence of myocardial infarction or sudden death after a stroke was 10.6% at 

5 years, and even up to 17.4% at 5 years in the northern Manhattan study (84,85).  

Few studies showed a high mortality in the three first months after a stroke due to the actual 

stroke or complications linked to it and to the hospitalization, but the mortality after this period 

is significantly linked to cardiac death. Between 1 and 5 years after a first stroke, the first cause 

of mortality was cardiac deaths (41%), after 5 years non vascular deaths become first but cardiac 

deaths are still more important than death because of recurrent stroke (33% versus 23 %) (86). 

The conclusion of the ASA AHA statement is that a systematic coronary risk evaluation should 

be done after a stroke. It is based on the same guidelines as people in primary prevention, by 

calculating a coronary risk score at 10 years, using Framingham algorithm or SCORE score 

(87). A reduction of the number of cardiovascular risk factors should be done. Systematic non-

invasive ischemic test is not recommended, but patients with a high risk at 10 years and patients 

with a significant carotid stenosis should be considered for either exercise ECG, SPECT, 

exercise or dobutamine echography. This statement paper is a little outdated and an update 

should help clinicians to better manage patients with stroke. Calvet et al. created a score named 
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PRECORDIS score, associating Framingham score and cervicocephalic significant 

atherosclerosis which was associated with an occult > 50 coronary stenosis on CTA, and the 

value of the score was associated with the severity of CAD (88). This PRECORDIS Score may 

be an easy tool accessible in every stroke unit to identify the patients who would benefit from 

a CAD screening.  

More recent studies interested on cardiac computed tomography angiography or coronary artery 

calcium score to diagnose asymptomatic CAD, and predict poor prognosis in patients after a 

stroke. A Korean prospective cohort with 1893 patients with ischemic stroke found out that 

MACE was associated with asymptomatic coronary stenosis diagnosed on cardiac CTA (89). 

Cardiac CTA may be a tool to diagnose obstructive CAD, but this exam fails to recognise 

INOCA since it is an anatomic evaluation only. 

Limits 

Our study has few limits. First, the assessment of cerebral small vessels disease is validated and 

correlates with poor outcome (10,16,19,90,91) but our myocardial perfusion technic hasn’t 

proved a correlation with IMR during coronary angiogram yet with is gold standard. Myocardial 

perfusion entropy is associated with poor outcome in patients with diabetes but correlation 

between heterogeneity and IMR is poor (Non published data, EVACORY study, NCT0199595).  

The second limit is the lack of statistical power because of our too small sample size to find an 

association between cerebral and myocardial microvascular dysfunction. Despite an inclusion 

period of 4 years, only 64 patients were addressed to cardiology day hospital for stroke check 

up with a coronary disease screening with SPECT. Among these patients, some of them didn’t 

come to their convocation, and some were excluded from the study, because even if the coronary 

disease screening was justified, the origin of the stroke was cardio embolic. Since our cohort 

was including patients with a cerebral macrovascular damage, some of our patients could have 
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none of the two microvascular disease. Then to prove an association between the two organs 

damage was even more difficult.  

Another limit could have been the single reading of the majority of the cerebral MRI, but the 

rating scale of ARWMC is easy to apply, and the strong correlation found between the two 

methods of evaluation (FAZEKAS and ARWMC) is in favour of consistency of our assessment.
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Conclusion 

In this study, we didn’t find any association between cerebral leukoariosis and perfusion 

heterogeneity on myocardial SPECT in patients who suffered from a stroke. Further study may 

be done using another type of myocardial SPECT analysis, the coronary reserve, to search for 

a common disease between the brain and the heart microvasculature. The neurology – 

cardiology branch seems to be interesting in selected patients with an acceptable rentability of 

SPECT to detect CAD, which is similar to other studies. 
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Appendix 2: Abnormal SPECT patients treatments 

Patients Aspirine Plavix IEC/ARA2 
Beta 

Bloquant 

Anti 

HTA 
Statine 

Anti 

diabétique 

Modification de 

traitement 

1 1 
 

1 1 
 

1 
 

1 

2 1 1 1 1 1 1 
 

1 

3 1 1 1 
  

1 
 

1 

4 1 
       

5 1 1 
   

1 
 

1 

6 1 1 
     

1 

7 1 
 

1 
  

1 3 1 

8 1 
       

9 1 1 1 
  

1 
  

10 1 
 

1 
  

1 
  

11 1 
 

1 1 
   

1 

12 
 

1 1 
 

1 1 4 1 

13 1 
 

1 1 
 

1 
 

1 

14 1 
    

1 
  

15 1 
 

1 
 

2 
   

16 1 
 

1 
 

1 
  

1 

Total 15 6 11 4 4 10 2 10 
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ETUDE D’UNE COHORTE DE PATIENTS AYANT PRESENTE UN AVC ISCHEMIQUE D’ORIGINE 

ATHEROTHROMBOTIQUE : EVALUATION DE LA MICROCIRCULATION CEREBRALE ET MYOCARDIQUE, 

ANALYSE DU DEPISTAGE DE LA CORONAROPATHIE PAR SCINTIGRAPHIE MYOCARDIQUE. 

Résumé : 

Introduction- L’atteinte microvasculaire est décrite dans de nombreux organes et est associée 

à un pronostic défavorable. Une atteinte microcirculatoire systémique est suspectée, plusieurs 

organes pouvant être atteints simultanément. L’association entre une atteinte microvasculaire 

cérébrale et myocardique n’a pas encore été prouvée, cette étude recherche une corrélation entre 

l’atteinte microcirculatoire de ces deux organes. 

Méthodes- Nous avons inclus 38 patients qui ont été hospitalisés dans l’unité neurovasculaire 

du CHUGA, pour un AVC ischémique d’origine athérothrombotique présumée. Ces patients 

ont eu une évaluation de l’atteinte cérébrale microcirculatoire en utilisant le score ARWMC sur 

un scanner ou une IRM cérébrale. L’étude de l’atteinte myocardique a été réalisée en analysant 

l’hétérogénéité de perfusion myocardique en scintigraphie myocardique, appelée entropie de 

perfusion myocardique. Une corrélation entre ces deux scores a été recherchée, et la 

performance du dépistage de la coronaropathie a été évaluée chez cette population de patient 

ayant présenté un AVC ischémique athérothrombotique. 

Résultats- Nous n’avons pas retrouvé de corrélation entre le score ARWMC et l’entropie de 

perfusion myocardique, corrélation de Spearman -0,10, p=0,51. Parmi nos patients, 27.3% 

avaient une scintigraphie pathologique, 20 % des patients ont bénéficié d’une coronarographie, 

9.1% avaient au moins une sténose significative et 7.3 % ont été revascularisé. Parmi les 

patients ayant eu une évaluation coronaire invasive, 80% ont bénéficié d’une adaptation 

thérapeutique personnalisée. 

Conclusion- Avec notre méthode d’évaluation, nous n’avons pas trouvé de corrélation entre 

les troubles de la microcirculation myocardique et cérébrale. Le dépistage de la coronaropathie 

par scintigraphie chez des patients à haut risque cardiovasculaire ayant présenté un AVC 

athérothrombotique semble efficace pour le diagnostic de sténoses coronaires sévères, 

aboutissant à une revascularisation par angioplastie ou chirurgicale. Il permet aussi une 

adaptation thérapeutique personnalisée chez des patients présentant un athérome coronaire et 

un très haut risque cardiovasculaire. 
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