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Abstract 

Background: Cerebrovascular reserve capacity [CVRC] is a hemodynamic parameter 

indicating the brain’s capacity to overcome ischemia. Transcranial Doppler [TCD] is 

a useful device to measure CVRC, with high availability and low cost. The aim of the 

study is to investigate asymptomatic patients with affected CVRC, who could benefit 

from CEA.  

Methods: One hundred and forty five consecutive patients (60 symptomatic and 65 

asymptomatic), with internal carotid artery (ICA) stenosis >70% and 20 healthy 

individuals without internal carotid stenosis underwent TCD-inhalation CO2 tests in 

order to measure the CVRC in both hemispheres of each patient.  

Results: CVRC between asymptomatic and symptomatic patients were significantly 

different in the 95% Confidence Interval (CI) as well as the mean CVRC value in 

contralateral carotid artery. The correlation between CVRC in the carotid artery with 

stenosis and the existence of symptoms is significant at the 0.01 level. Additionally, 

symptoms and CVRC of the contralateral carotid artery are also significant at the 0.05 

level and CVRC values in asymptomatic patients and the control group at the 0.01 

level. None of the covariant factors, except the age, are significantly correlated with 

CRVC. 

Conclusions: CVRC could be an early mark-index to evaluate the risk of stroke in 

this group of patients and to design their therapeutic approach.  

 

Keywords: cerebrovascular reserve capacity, Transcranial Doppler, internal carotid 

stenosis, carotid endarterectomy 
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Introduction  

Large prospective, randomized controlled trials have proved the benefit of 

carotid endarterectomy [CEA] especially in symptomatic and asymptomatic patients 

with severe carotid stenosis (70-99%) (ECST trial 1998) (Ferguson et al 1999). In 

these studies, a number of subgroups of patients had been identified, in which CEA 

could be beneficial in preventing stroke.  

Beyond the criterion of the degree of ICA stenosis, several factors may affect 

the risk of stroke, such as gender, age, dyslipidemia, smoking, diabetes, hypertension 

and the type of the initial ischemic attack (TIA, symptoms>24h, the presence of an 

infarct) (Shaikh et al 2010). This may be explained by changes in cerebral 

hemodynamic parameters. Impaired cerebral perfusion is associated with higher 

incidence of TIA or stroke (Zachrisson et al 2012).
  

The cerebrovascular reserve capacity (CVRC) reflects the hemodynamic status 

of the cerebral circulation and could be a useful tool to identify which patients are at 

higher risk of stroke. There are many methods evaluating CVRC such as Transcranial 

Doppler (TCD), Magnetic Resonance Imaging (MRI), Positron Emission 

Tomography (PET) and Single-photon emission computed tomography (SPECT) 

(Tsivgoulis and Alexandrov 2008). When compared with other methods, TCD is 

thought to be less expensive method with a higher availability (Tsivgoulis and 

Alexandrov 2008).  

The aim of the present study is to investigate asymptomatic patients with 

affected CVRC who could be benefited from CEA.    
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Materials and Methods 

We prospectively studied 125 consecutive patients whose CVRC was measured 

with TCD. All patients had unilateral ICA stenosis>70%, that was evaluated 

preoperatively with Duplex scanning by the same investigator. A careful neurological 

and cardiologic examination including electrocardiogram, transthoracic 

echocardiography and brain Computed Tomography (CT) scan was also performed in 

all the participants of the study. Also, complete blood examination and clinical history 

with particular attention to the major vascular risk factors (hypertension, diabetes, 

smoking and hyperlipidemia) was obtained from each patient.  

Exclusion criteria were (Silvestrini et al 1996):  

a) History of thrombophilia, Idiopathic or Hereditary. 

b) Bilateral severe carotid stenosis. 

c) Heart failure, atrial fibrillation and valve disease. 

d) Ascending aorta aneurysms 

e) Brain pathology [tumors, arterio-vein communications, aneurysms, mental 

disturbances].  

f) Obstructive Pulmonary Disease 

g) Hematocrit < 35%. 

Sixty-five (65) patients were asymptomatic [group A,], while 60 patients were 

symptomatic [group B,]. As symptomatic were defined the patients who had suffered 

from carotid distribution transient ischemic attack (TIA) or a non-disabling stroke in 

the preceding 6 months. Patients with silent cerebral infarct in CT-scan were also 

considered symptomatic. Twenty healthy individuals were used as a control group 

[group C,] and they were also evaluated with detailed neurological examination and 

duplex scanning by the same investigator. We considered as “healthy” the individuals 
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who did not suffer from cerebrovascular or cardiovascular diseases and they did not 

present with abnormal findings on the duplex and CT scanning examination.  

Symptomatic patients were further classified according the duration of their 

symptoms (TIA, symptoms lasting >24 hours, stroke), cerebral CT-scan findings 

(presence or absence of an ischemic infarct) and the degree of carotid stenosis (70-

79%, 80-89%, 90-99%).   

Each patient was examined early in the morning on the day before CEA. The 

patients had been instructed to avoid coffee, alcohol, refreshments and smoking for 

the last 12 hours (Silvestrini et al 1996) (Nemoto et al 2004). Before TCD 

measurements, arterial blood gases and blood pressure were measured. The upper 

limit for systolic arterial pressure was 130 mmHg, otherwise it was regulated. 

Measurements were performed at rest and after an administration of a mixture of 

95% O2 and 5% CO2, from the temporal window, bilaterally. Patients breathed 

through the ventilation mask until middle cerebral artery (MCA) velocity became 

stable. Then, recording was continued for 30 sec. CVRC was estimated by the 

following equation: 

                           MVFCO2-MVFrest 

CVRC=    x100 

                                 MVFrest  

 

where MVFCO2=Middle velocity flow, in the middle cerebral artery during the 

mixture inhalation and MVFrest=Middle velocity flow, in the middle cerebral artery 

during rest  
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Statistical analysis 

Statistical analysis was performed using the Statistical Package for Social 

Sciences (SPSS version 17.0; SPSS, Chicago, Ill) software. Statistical significance 

was set at p<0.05. Values are expressed as mean percentage signal change ± standard 

deviation (SD). 2-paired test was performed for establishing statistically significant or 

no correlation. Test for normality (Colmogorov-Smirnof) was used to confirm the 

normal distribution of the data. A univariate analysis of covariance (ANCOVA) was 

performed to look at the effect on CVRC (as assessed by TCD) whilst controlling for 

age, hypertension, type of ischemic attack (TIA, symptoms>24h, the presence of an 

infarct), hyperlipidemia, diabetes, gender and smoking.   

 

Results 

A total of 145 patients were deemed appropriate for inclusion in this study, 65 

were asymptomatic [mean age 70.45 ± 4.66], 60 were symptomatic [mean age 74.5 ± 

3.83] and 20 were ‘’healthy’’ individuals [mean age 65.85 ± 3.31]. The mean CVRC 

value for the symptomatic patients was 14.37% ±5.66% and in asymptomatic was 

19.18%±5.72%. These values were significantly different (p=0.01). The mean CVRC 

value in contralateral carotid artery for the symptomatic patients was 21.96±2.44% 

and in asymptomatic was 23.38±3.53%. These values were also significantly different 

(p=0.05). The mean CVRC value for the control group was 24.87±4.60% (Diagram 1). 

The lowest CRVC value in this group was 20.27%. Values below 20.27%, were 

considered as abnormal or affected. Interestingly, there was a statistically significant 

correlation between the CVRC values in asymptomatic patients and the control group 

(p<0.01).  
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Regarding both groups, the difference between the percentage of patients with 

affected CVRC in all categories of stenosis was significant. More specifically, the 

percentage of patients with affected CVRC in the first subcategory (70-79% stenosis), 

was 32.7%, whereas in the 80-89% category was 45.5% and in the 90-99% category 

was 59.4% (p<0.05) (Diagram 2). There was no difference found between the 

percentage of men and women with affected CRVC (45.6% vs 41.3% respectively) 

(Diagram 3). 

 In group B, among patients with symptoms>24hours and TIA, the affected 

CVRC was 72.22% and 45.8% respectively (p<0.01) (Diagram 4), whereas within the 

sub-group with neurological symptoms>24hours, 79.16% of patients with residual 

symptoms presented with affected CVRC whereas in patients without residual 

symptoms only 58.33% of them presented with affected CRVC (p<0.05) (Diagram 5) 

(Table 1). 

As far as the type of the cerebrovascular disease is concerned, our findings 

indicated no significant correlation between the CVRC values and the type of 

ischemic attack. Specifically, the affected CRVC values in the subgroup of 

symptomatic patients with TIA did not significantly differ from the relevant values in 

the subgroup of patients with symptoms>24 hours (with or without residual 

symptoms) (p=0.056) (Table 2). The presence of an infarct and its correlation with the 

affected CRVC values was also not significant (p=0.340) (Table 3). None of the 

covariant factors such as gender (p=0.819), dyslipidemia (p=0.440), smoking 

(p=0.368), diabetes (p=0.351) and hypertension (p=0.779) were significantly 

correlated with CRVC as well as after a univariate analysis of covariance 

(ANCOVA).  
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As far as age is concerned, it was significantly correlated with CRVC at the 

0.01 level in the 2-tailed test but this significance cannot be reconfirmed after 

ANCOVA (p=0.033). Lastly, there is no respectable ascendancy recorded between the 

co-existent diseases, diabetes, hyperlipidemia, hypertension and smoking and the 

affected CVRC. 

 

Discussion 

Many multicenter studies (ECST trial 1998) (Ferguson et al 1999) in patients 

with carotid stenosis have shown that in asymptomatic patients, the risk/benefit ratio 

of CEA is marginal. Our aim was to identify these specific subgroups of 

asymptomatic patients with affected CRVC, in which CEA could be beneficial. 

CRVC values below 20.27% were considered as affected. 

The brain, in order to compensate the stenosis of intracranial and extracranial 

arteries, promotes the development or the utility of collateral circulation. If the 

collateral circulation could not maintain adequate blood flow, two other mechanisms 

emerge: the increase of oxygen extraction (Derdeyn et al 1999) (Donahue
 
et al 2014) 

and the vasodilation of cerebral arteries. Cerebrovascular reserve capacity is based on 

the vasodilation from the increase in the concentration of CO2. Brain hemisphere 

without satisfactory collateral circulation, due to low blood flow, the arterioles are in 

maximum vasodilation, so that the challenge of further vasodilation may sustain little 

response and the price of CRVC that is measured should be low (Derdeyn et al 1999) 

(Donahue
 
et al 2014). 

One interesting observation that arises is the fact that affected CVRC could 

not be found in the hemisphere with non-hemodynamically significant carotid stenosis 

<30%. Orosz et al
 
(Orosz et al 2002) measured the “healthy” hemisphere and came up 
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with similar findings. A possible explanation could be the fact that CVRC is liable to 

changes in hemodynamic stability that is not the case in these studies since the 

stenosis was below 30%. A significant observation is noted between asymptomatic 

and symptomatic patients, where the difference regarding with affected CVRC is 

statistically significant.  

The mean CRVC value for symptomatic patients was 14.37±5.66% whereas in 

asymptomatic was 19.18±5.72%. These values were significantly different as well as 

the difference of mean CRVC values in contralateral carotid artery between 

symptomatic (21.96±2.44%) and in asymptomatic patients (23.38±3.53%).  

The correlation between CVRC in the ‘’affected’’ carotid artery and the 

presence of symptoms demonstrate a significant difference at the 0.01 level. 

Additionally, symptoms and CVRC of the contralateral carotid artery are also 

significantly correlated at the 0.05 level. Similar results were demonstrated in many 

relevant studies (Orosz et al 2002), (Ringelstein et al 1988), (Ringelstein et al 1992), 

(Silvestrini et al 1996), (Telman et al 2006).  

On the contrary, other studies (Nighoghossian et al 1994) (Lucerini et al
 
2002) 

did not find difference in CVRC values between asymptomatic and symptomatic 

patients. The rationale behind our findings probably lies into the fact that CVRC is 

also affected in asymptomatic patients, even though they present no symptoms.  

The same question arises from a recent study from Schubert et al (Schubert et 

al 2009) by identifying patients suffering from hemodynamic cerebral insufficiency 

and could benefit from cerebral revascularization procedures using xenon-CT 

scanning as a reliable measurement of the critical CRVC. The efficient collateral 

network forms a deterrent factor in the expression of symptoms.  
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In a study of asymptomatic patients (Gur et al 1996), an affected CVRC was 

found in 47.72% of patients, whereas other studies showed an affected CRVC in  25% 

of patients (combination of SPECT and TCD) (Engelhardt et al 2004), (Barzo et al 

1996) (Szabo et al 1997). In another study by Markus and Cullinane (Markus and 

Cullinane 2001), the affected CVRC was found in the 22.2% of patients with the CO2 

test inhalation but with 8% concentration. Nevertheless, Orosz et al (Orosz et al 2002) 

did not confirm affected CVRC in the asymptomatic patients. 

We also noticed that the type of the cerebrovascular disease did not affect 

CVRC values. Specifically, the affected CVRC values in the subgroup of patients 

with TIA do not significantly differ from the relevant values of the subgroup of 

patients with symptoms>24 hours (with or without residual symptoms) (p=0.056). 

The presence of an infarct and its correlation with the affected CVRC values is also 

not significant (p=0.340). The results differ from similar studies with the use of PET 

(Bullock et al 1985), (Naylor et al 1994). In these studies, the patients with remaining 

symptoms have affected CVRC in a higher percentage than those without remaining 

symptoms.  

The question that arises whether the affected CVRC is the outcome of brain 

ischemia due to intracranial artery stenosis or whether extracranial artery stenosis 

could have deleterious results, too. Naylor et al (Naylor et al 1994) showed that 

CVRC returns in its baseline in the 80% of patients 4 days after CEA and in the rest 

of the patients 6 months after, demonstrating extracranial artery stenosis as the most 

significant factor affecting CVRC.   

Given the theoretical pedestal of the affected CVRC, an important and 

reasonable observation is the fact that CVRC follows the degree of the stenosis; the 

higher the stenosis, the more CVRC is affected. Likewise in NASCET, the risk of 
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infarct reappearance follows the degree of the stenosis (Ferguson et al 1999). No 

difference was found between genders (Ferguson et al 1999).   

Nevertheless, other studies conducted in healthy populations (Kerniket et al 

1996), (Oláh et al 2000), showed difference in CRVC between men and women, with 

women demonstrating higher CVRC values. None of the 4 risk factors that were 

examined seems to correlate with the affected CVRC (Kerniket et al 1996), (Oláh et 

al 2000).  Moreover, because most of the patients usually present with more than one 

comorbidities, it is not always feasible to establish a predisposing factor without the 

risk of confounding bias.  

It has been clear in asymptomatic or asymptomatic patients, that there is a 

group of patients with affected CVRC, which reflects in a poor collateral network, a 

fact that predisposes to ischemia development in asymptomatic patients or stroke 

recurrence in symptomatic patients. This hypothesis was confirmed by many 

prospective studies (Kleiser and Widder 1992), (Vernieri et al 1999), (Markus and 

Cullinane 2001), (Silvestrini et al 1996), (Gur et al 1996). 

  

Conclusions  

In conclusion, in this study we demonstrated an association between CVRC 

and patients with asymptomatic carotid stenosis. These results should be further 

evaluated and used in caution due to study design. But it seems that CVRC could be 

an early mark-index to evaluate the risk of stroke in asymptomatic patients and to 

design their therapeutic approach. Further studies are compulsory in order to justify 

the use of CVRC in routine clinical practice and to assess the risk of stroke in 

asymptomatic patients that could eventually benefit from early CEA.  
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Diagram 1. Affected CVRC between symptomatic and asymptomatic patients [up-no, 

down-yes]. 

 

   
Diagram 2. Affected CVRC and the severity of the symptoms [up-no, down-yes] 

 

 
  Diagram 3. Affected CVRC and gender [up-no, down-yes]. 
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Diagram 4. Affected CVRC and type of ischemic attack in symptomatic patients [up-

no, down-yes]. 

 

 

 
Diagram 5. Affected CVRC and the existence of residual symptoms [up-no, down-

yes]. 

 

 

 

Figure Legends 

Diagram 1. Affected CVRC between symptomatic and asymptomatic patients [up-no, 

down-yes].  

Diagram 2. Affected CVRC and the severity of the symptoms [up-no, down-yes] 

 

Diagram 3. Affected CVRC and gender [up-no, down-yes]. 

 

Diagram 4. Affected CVRC and type of ischemic attack in symptomatic patients [up-

no, down-yes]. 

 

Diagram 5. Affected CVRC and the existence of residual symptoms [up-no, down-

yes]. 
 



 14 

Gender Age MVFrest MVFCO2 CRC Category Diabetes Hypertension Smoking Dyslipidemia Stenosis Infarct Affected CRVC 

M 79 51-53 57-64 11,7-20,7 RS Y Y Y N M Y Y 

M 80 40-43 45-52 12,5-20,93 RS Y Y N Y M Y Y 

M 77 41-44 45-53 9,7-20,45 RS Y Y Y Y M Y Y 

M 69 51-56 56-67 9,8-19,29 RS Y Y Y N M Y Y 

M 72 54-56 59-65 9,25-17,8 RS Y Y N Y M Y Y 

F 78 51-52 56-63 9,6-21,1 RS N N Y N S Y Y 

F 80 47-48 51-60 9,3-25,58 RS Y N Y Y S Y Y 

F 78 41-42 45-52 9,75-23,8 RS N N N Y S Y Y 

M 76 43-42 51-50 18,6-19,04 RS N Y Y N M Y N 

M 74 58-56 64-68 10,3-21,4 RS Y N Y N S Y Y 

M 77 46-47 51-56 10,8-21,7 RS Y N Y N S Y Y 

M 74 38-41 42-51 10,52-24,39 RS N Y N N S Y Y 

F 75 40-44 45-53 9-20,4 RS N Y Y Y S Y Y 

M 76 43-42 51-50 18,6-19,04 RS Y N N N M Y N 

M 77 49-50 54-61 10,2-22 RS Y Y Y N O Y Y 

F 78 43-47 47-57 8,51-21,27 RS Y N N N O Y Y 

F 79 39-40 43-48 10,2-20 RS N Y Y Y O Y Y 

M 71 46-47 50-57 8,7-21,2 RS N Y N Y O Y Y 

M 72 54-55 66-67 22,2-21,8 RS Y Y N N M Y N 

M 75 51-56 56-67 9,8-19,29 RS N Y Y N O Y Y 

M 71 43-46 54-57 25,58-23,9 RS Y Y Y Y S Y N 

F 70 41-45 50-56 21,9-24,44 RS Y N N Y S Y N 

M 74 55-57 61-68 10,9-19,2 RS N Y Y N O Y Y 

M 69 41-43 47-54 14,6-25,58 WRS N Y Y N M Y Y 

M 79 43-48 54-60 25,58-25 WRS Y Y N Y M Y N 

M 75 41-44 46-53 12,1-20,45 WRS Y Y Y Y M Y Y 

M 73 45-49 56-60 24,44-22,44 WRS N Y N Y M Y N 

M 76 48-49 60-62 25-26,5 WRS Y N N N S Y N 

M 77 44-47 50-59 13,63-25,53 WRS N N Y Y S Y Y 

M 78 48-53 55-63 10,4-18,86 WRS N Y Y N S Y Y 

F 70 51-53 61-65 19,6-22,6 WRS N Y N Y S Y N 

M 71 41-42 45-51 9,7-17,6 WRS N N N Y S Y Y 

M 68 49-50 54-61 10,2-22 WRS Y N N N O Y Y 

F 72 40-44 48-59 20-20,4 WRS Y Y N N O Y N 

F 66 47-48 54-60 14,89-25 WRS N N Y Y O Y Y 

 

Table 1. Data of the patients with symptoms>24h 

 

 

 

 

 
Y=yes, N=no, M=mild, S=severe, O=occlusion, RS=residual symptoms, WRS=without residual symptoms, MVFCO2=Middle 

velocity flow, MVFrest=Middle velocity flow, CRVC=cerebrovascular reserve capacity, M=male, F=female  

 

 

 



 15 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Data of the patients with TIA 

 

 

Y=yes, N=no, M=mild, S=severe, O= occlusion, TIA= transient ischemic attack, MVFCO2=Middle velocity flow, 

MVFrest=Middle velocity flow, CRVC=cerebrovascular reserve capacity, M=male, F=female  

 

Gender Age MVFrest MVFCO2 CRC Category Diabetes Hypertension Smoking Dyslipidemia Stenosis Infarct Affected 
CRVC 

M 75 41-42 50-50 21,9-19,05 TIA N Y N N Μ Y N 

F 71 51-52 56-63 9,8-21,1 TIA Y N Y N Μ Y Y 

M 70 53-55 57-67 7,5-21,8 TIA N N Y Y Μ  Y 

M 69 43-42 52-52 21,4-23,8 TIA N Y N N Μ  N 

M 70 39-40 43-49 10,2-22,5 TIA Y N N Y Μ  Y 

M 70 52-53 62-61 19,2-20,7 TIA N Y N N Μ  N 

M 68 54-55 59-65 9,2-18,18 TIA Y Y Y N S Y Y 

F 69 46-47 50-57 8,7-21,2 TIA N Y Y Y S  N 

M 75 48-49 60-62 25-26,5 TIA N Y N N Μ  Y 

M 76 43-43 47-54 9,3-25,58 TIA N N Y Y S  N 

F 77 47-48 51-60 8,51-25 TIA Y Y Y N S  N 

M 80 41-42 45-52 9,75-23,8 TIA Y Y N Y O  N 

M 79 43-44 51-52 18,6-18,1 TIA N Y Y N Μ  Y 

M 77 49-50 53-60 7,5-20 TIA Y Y N Y O  Y 

F 80 38-39 41-47 7,8-20,5 TIA N Y N N O  Y 

F 73 54-55 66-67 22,2-21,8 TIA Y N N N Μ  N 

F 74 43-42 51-50 18,6-19,04 TIA N Y N N Μ  N 

F 75 39-42 47-51 19,04-17,64 TIA N Y Y Y S Y N 

M 77 41-42 47-52 14,63-23,8 TIA Y N N N O  Y 

M 79 40-44 48-53 20-20,4 TIA Y N Y N S  N 

F 80 40-45 48-54 20-20,5 TIA N Y Y N S  N 

F 71 40-43 49-52 22,5-20,9 TIA Y Y Y N O Y N 

M 81 43-42 52-52 21,4-23,8 TIA Y Y N Y O  N 

F 75 51-55 63-68 25,49-23,63 TIA N Y N N O  N 
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Gender Age MVF 
rest 

MVFCO2 CRC Category Diabetes Hypertension Smoking Dyslipidemia Stenosis Infarct Affected 
CRVC 

M 73 52-54 57-67 9,6-24 RS Y N N Y M Y Y 

M 79 51-53 57-64 11,7-
20,7 

RS Y Y Y Y M Y Y 

M 80 40-43 45-52 12,5-
20,93 

RS N Y N N M Y Y 

M 77 41-44 45-53 9,7-
20,45 

RS N Y Y N M Y Y 

M 69 51-56 56-67 9,8-
19,29 

RS N Y N Y M Y Y 

M 72 54-56 59-65 9,25-
17,8 

RS N YN Y N M Y Y 

F 78 51-52 56-63 9,6-
21,1 

RS Y N N Y S Y Y 

F 80 47-48 51-60 9,3-
25,58 

RS N N N N S Y Y 

F 78 41-42 45-52 9,75-
23,8 

RS Y N Y N S Y Y 

M 76 43-42 51-50 18,6-
19,04 

RS N Y N Y M Y N 

M 74 58-56 64-68 10,3-
21,4 

RS Y N N Y S Y Y 

M 77 46-47 51-56 10,8-
21,7 

RS Y N N Y S Y Y 

M 74 38-41 42-51 10,52-
24,39 

RS N Y Y Y S Y Y 

F 75 40-44 45-53 9-20,4 RS N Y N N S Y Y 

M 76 43-42 51-50 18,6-
19,04 

RS Y N Y Y M Y N 

M 77 49-50 54-61 10,2-
22 

RS Y N N Y O Y Y 

F 78 43-47 47-57 8,51-
21,27 

RS Y Y N Y O Y Y 

F 79 39-40 43-48 10,2-
20 

RS N Y N N O Y Y 

M 71 46-47 50-57 8,7-
21,2 

RS N Y Y N O Y Y 

M 72 54-55 66-67 22,2-
21,8 

RS Y Y Y Y M Y N 

M 75 51-56 56-67 9,8-
19,29 

RS N Y N Y O Y Y 

M 71 43-46 54-57 25,58-
23,9 

RS Y Y N N S Y N 

F 70 41-45 50-56 21,9-
24,44 

RS Y N Y N S Y N 

M 74 55-57 61-68 10,9-
19,2 

RS N Y N Y O Y Y 

M 69 41-43 47-54 14,6-
25,58 

WRS N Y N Y M Y Y 

M 79 43-48 54-60 25,58-
25 

WRS Y Y Y N M Y N 

M 75 41-44 46-53 12,1-
20,45 

WRS Y Y N N M Y Y 

F 73 45-49 56-60 24,44-
22,44 

WRS N Y Y N M Y N 

M 76 48-49 60-62 25-
26,5 

WRS Y N Y Y S Y N 

M 77 44-47 50-59 13,63-
25,53 

WRS N N N N S Y Y 

M 78 48-53 55-63 10,4-
18,86 

WRS N Y N Y S Y Y 

F 70 51-53 61-65 19,6-
22,6 

WRS N Y Y N S Y N 

M 71 41-42 45-51 9,7-
17,6 

WRS N N Y N S Y Y 

M 68 49-50 54-61 10,2-
22 

WRS Y N Y Y O Y Y 

F 72 40-44 48-59 20-
20,4 

WRS Y Y Y Y O Y N 

M 66 47-48 54-60 14,89-
25 

WRS N N N N O Y Y 
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Table 3. Data of the patients with infarct 

 

 

Y=yes, N=no, M=mild, S=severe, O= occlusion, TIA= transient ischemic attack, RS=residual symptoms, WRS=without residual 

symptoms, MVFCO2=Middle velocity flow, MVFrest=Middle velocity flow, CRVC=cerebrovascular reserve capacity, M=male, 

F=female  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

M 75 41-42 50-50 21,9-
19,05 

TIA N Y N Y Μ Y N 

F 71 51-52 56-63 9,8-
21,1 

TIA Y N N Y Μ Y Y 

M 68 54-55 59-65 9,2-
18,18 

TIA Y Y N Y S Y Y 

F 75 39-42 47-51 19,04-
17,64 

TIA N Y N N S Y N 

F 71 40-43 49-52 22,5-
20,9 

TIA Y Y Y Y O Y N 
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