
2019/2020

Ana Luísa Cabral Rodrigues Magno Leitão

Regulação Autonómica em Pacientes com 

Doença Arterial Aterosclerótica Intracraniana

Autonomic Regulation in Patients with

Intracranial Arterial Atherosclerotic Disease

MARÇO, 2020



Mestrado Integrado em Medicina

Área: Neurologia

Tipologia: Dissertação

Trabalho efetuado sob a Orientação de:

Professor Doutor Pedro Castro
E sob a Coorientação de:

Professora Doutora Marta Carvalho

Trabalho organizado de acordo com as normas da revista: 

Brain Sciences

Ana Luísa Cabral Rodrigues Magno Leitão
Regulação Autonómica em Pacientes com 

Doença Arterial Aterosclerótica Intracraniana

Autonomic Regulation in Patients with
Intracranial Arterial Atherosclerotic Disease

MARÇO, 2020



Trabalho de acordo com as normas da Revista 

Brain Sciences.

(ISSN 2076-3425; CODEN: BSRCCS)



UC Dissertação/Projeto (6º Ano) - DECLARAÇÃO DE INTEGRIDADE 

 

 

 

 

Eu, Ana Luísa Cabral Rodrigues Magno Leitão, abaixo assinado, nº mecanográfico 201404408, 
estudante do 6º ano do Ciclo de Estudos Integrado em Medicina, na Faculdade de Medicina da 
Universidade do Porto, declaro ter atuado com absoluta integridade na elaboração deste projeto de 
opção.  

Neste sentido, confirmo que NÃO incorri em plágio (ato pelo qual um indivíduo, mesmo por omissão, 
assume a autoria de um determinado trabalho intelectual, ou partes dele). Mais declaro que todas as 
frases que retirei de trabalhos anteriores pertencentes a outros autores, foram referenciadas, ou 
redigidas com novas palavras, tendo colocado, neste caso, a citação da fonte bibliográfica. 

 

Faculdade de Medicina da Universidade do Porto, 22/03/2020. 

 

Assinatura conforme cartão de identificação: 



UC Dissertação/Projeto (6º Ano) – DECLARAÇÃO DE REPRODUÇÃO 

 

 

NOME 

Ana Luísa Cabral Rodrigues Magno Leitão 

 
NÚMERO DE ESTUDANTE     E-MAIL 

201404408 analuisamagno@hotmail.com 
 

DESIGNAÇÃO DA ÁREA DO PROJECTO 

Neurologia 

 
TÍTULO DISSERTAÇÃO 

Autonomic Regulation in Patients with Intracranial Arterial Atherosclerotic Disease 

 
ORIENTADOR  

Pedro Miguel Araújo Campos Castro 

 
COORIENTADOR (se aplicável) 

Marta Maria de Pinho Dias Oliveira Carvalho Monteiro 

 

ASSINALE APENAS UMA DAS OPÇÕES: 

É AUTORIZADA A REPRODUÇÃO INTEGRAL DESTE TRABALHO APENAS PARA EFEITOS DE INVESTIGAÇÃO, 

MEDIANTE DECLARAÇÃO ESCRITA DO INTERESSADO, QUE A TAL SE COMPROMETE. 

 

É AUTORIZADA A REPRODUÇÃO PARCIAL DESTE TRABALHO (INDICAR, CASO TAL SEJA NECESSÁRIO, Nº 

MÁXIMO DE PÁGINAS, ILUSTRAÇÕES, GRÁFICOS, ETC.) APENAS PARA EFEITOS DE INVESTIGAÇÃO, MEDIANTE 

DECLARAÇÃO ESCRITA DO INTERESSADO, QUE A TAL SE COMPROMETE. 

 

DE ACORDO COM A LEGISLAÇÃO EM VIGOR, (INDICAR, CASO TAL SEJA NECESSÁRIO, Nº MÁXIMO DE PÁGINAS, 

ILUSTRAÇÕES, GRÁFICOS, ETC.) NÃO É PERMITIDA A REPRODUÇÃO DE QUALQUER PARTE DESTE TRABALHO. 

 

 

Faculdade de Medicina da Universidade do Porto, 22/03/2020 

 

Assinatura conforme cartão de identificação: ______________________________________________ 

 



Aos meus pais que são incansáveis e o meu 
suporte desde sempre. 

Ao meu irmão João Nuno pelo companheirismo 
constante e cumplicidade incondicional. 

Aos amigos que me acompanharam ao longo 
destes extraordinários 6 anos.

Dedicatória



 

Brain Sci. 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.com/journal/brainsci 

Original Article 

Autonomic Dysfunction in Patients with 
Intracranial Arterial Atherosclerotic Disease and its 
Effects in Cognitive Performance 

Marta Carvalho1, Ana Luisa Magno2, Ana Monteiro3, Pedro Castro4, Jorge Polónia5, Elsa 

Azevedo6 

1  Dept. Neurology, Centro Hospitalar Universitário São João, Faculty of Medicine of Porto; 
martacv@med.up.pt 

2 Faculty of Medicine of Porto; analuisamagno@hotmail.com 
3 Dept. Neurology, Hospital Pedro Hispano, Faculty of Medicine of Porto; ana.mg.monteiro@gmail.com 
4 Dept. Neurology, Centro Hospitalar Universitário São João, Faculty of Medicine of Porto; 

pedromacc@gmail.com 
5 Hypertension Clinic, Hospital Pedro Hispano, Faculty of Medicine of Porto; jjpolonia@gmail.com 
6 Dept. Neurology, Centro Hospitalar Universitário São João, Faculty of Medicine of Porto; 

eazevedo@med.up.pt 

Abstract. (1) Background: Intracranial arterial atherosclerotic disease (ICAD) has been pointed 
by some studies as a contributor to vascular cognitive impairment. However, the 
pathophysiological mechanisms that play a part in the development of cognitive decline are not 
clearly understood. It was hypothesized that the autonomic nervous system could have a role in 
this matter, since it is frequently dysfunctional in neurological diseases. (2) Methods: Autonomic 
Nervous System was evaluated through parameters related to baroreflex, heart rate and blood 
pressure variability in ICAD patients, Healthy and Hypertensive Controls. The results were then 
compared between the 3 groups. The autonomic parameters were also correlated with 
performance in cognitive tests in ICAD patients. (3) Results: the ICAD group showed lower 
sympathetic activity in some autonomic tests when compared to both control groups and lower 
sympathetic activity correlated to a generally worse cognitive performance. (4) Conclusions: The 
findings of this study indicate that ICAD tends to be associated with autonomic dysfunction, 
especially at sympathetic level, and that these alterations might possibly be responsible for the 
vascular cognitive impairment reported in this group of patients. 

Keywords: Intracranial Arterial Atherosclerotic Disease, Autonomic Dysfunction, Cognitive 
Impairment. 
 

1. Introduction 

Intracranial arterial atherosclerotic disease (ICAD) represents the luminal narrowing of 
the large brain arteries, attributable to primary atherosclerosis. ICAD is mostly seen as a cause of 
ischemic stroke [1]. However, there is growing evidence that ICAD could be also an important 
contributor to long-term vascular cognitive impairment [2, 3]. In this regard, the 
pathophysiological mechanisms linking intracranial stenosis and cognition are poorly 
understood.  

There are several caveats in literature. Some studies show that the stroke risk in ICAD 
could not be fully explained by conventional risk factors, such as arterial hypertension, Diabetes 
Mellitus and dyslipidemia [4]. More knowledge about the factors that aggravate cerebral cortex 
perfusion in ICAD territory are of crucial importance to identify the best strategies to manage 
and treat these patients.  
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 One possible explanation for the vascular cognitive impairment, could be that low blood 
pressure levels needed to maintain adequate cerebral perfusion could endanger brain at the ICAD 
territory and cause chronic ischemia. The autonomic nervous system, particularly its sympathetic 
component, is one of the main regulators of the blood pressure levels. Interestingly, a large 
number of studies claim that autonomic dysfunction associates with various forms of higher level 
malfunctions that include cognitive impairment and may also negatively impact patients’ clinical 
outcome. [5] Besides, it is known that dysfunction of the autonomic nervous system is present in 
many neurological diseases including neurogenic hypertension, stroke, Alzheimer’s disease, 
Parkinson’s disease, and depression, and is also observed in metabolic diseases such as diabetes, 
obesity, and metabolic syndrome. [6]  It is plausible that ICAD patients, sharing many of these 
pathologies, could have some degree of autonomic dysfunction. This could have major impact in 
ICAD because the autonomic dysfunction particularly, on the sympathetic nervous system can 
cause orthostatic insufficiency and the lower BP levels decrease the perfusion in downstream 
vasculature dependent of the large stenotic artery. This was not studied so far.  
 The classic method to evaluate overt autonomic dysfunction is the Ewing battery which 
comprises maneuvers such as deep breathing, Valsalva, orthostatic test, and isometric handgrip. 
However, non-invasive and less cumbersome protocols based on spontaneous fluctuations of 
heart rate and blood pressure over a couple of minutes at rest can be used to test subclinical 
autonomic dysfunction. This is usually achieved by the time and frequency domain analysis of 
the heart rate and systolic blood pressure variabilities (HRV and BPV, respectively).    
 We sought to evaluate the presence of autonomic dysfunction by the assessment of HRV 
and BPV in a cohort of patients with ICAD and its correlation with the cognitive performance of 
these patients. 

2. Materials and Methods 

 This study was conducted in Centro Hospitalar Universitário São João. It was approved 
by the appropriate local institutional ethical committee and performed in accordance with the 
Declaration of Helsinki ethical standards. All participants gave written and signed informed 
consent.  

2.1. Population studied 
 We screened all patients with ICAD with follow-up at our institution between 2013 and 
2016. We included patients with unilateral 50-99% stenosis of the middle cerebral artery (MCA) 
confirmed with cerebral magnetic resonance angiography. MCA irrigates two thirds of the 
cerebral hemisphere (therefore, most of the cognitive areas) and is not involved in brainstem 
autonomic control. To minimize the confounding by the ICAD burden on cognition and the 
affection of autonomic areas of brainstem, we excluded cases with concomitant significant 
stenosis ≥ 50% in the contralateral MCA, proximal posterior cerebral artery (which is responsible 
for irrigation of thalamus), vertebral artery, basilar artery and extracranial cerebral vessels. We 
also excluded patients with brain ischemic disease of large vessel (cortico-subcortical) in the 
territory of the stenotic MCA or with diffuse and confluent small vessel disease (Fazekas grade 2 
or 3), as well as patients with dementia.  
 We recruited two control groups with similar age and sex to the ICAD group patients: 
(A) healthy controls selected by from within university and hospital facilities without vascular 
risk factors (dyslipidemia, hypertension, diabetes mellitus or active tobacco use) or diseases 
affecting cardiovascular or nervous systems; and (B) hypertensive patients follow-up at 
hypertension clinic, Hospital Pedro Hispano without diseases affecting cardiovascular or 
nervous systems except for vascular risk factors. All participants were characterized by age, 
gender, cardiovascular risk factors, and chronic medication. 
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2.2. Cognitive assessment  
 To test cognitive performance in the ICAD group, patients went through several global, 
dominant and non-dominant hemisphere cognitive evaluations. The global tests applied were the 
Montreal Cognitive Assessment (MoCA) test, which is sensitive to vascular cognitive impairment 
and validated in Portuguese population [7], the Mini-Mental State Examination (MMSE), the 
Dementia Rating Scale 2 (DRS-2), the Frontal Assessment Battery at bedside (FAB), the Learning 
Evolution test, the Word List Evocation test and the Retention test. To assess cognition in 
dominant hemisphere we used the Stroop test for Words and Colours (Stroop test W and Stroop 
test C), the T interference test, a Work Memory test, a Processing Velocity test, Trail A and B test, 
verbal and animal fluency tests. In non-dominant hemisphere, the tests used were the Wechsler 
Adult Intelligence Cubes Test (WAIS Cubes), Matrix and Incomplete figures test. 

2.3. Monitoring protocol for autonomic assessment 
 Systolic and diastolic blood pressures were averaged from three measurements in the 
sitting position with an oscillometric cuff (Omron M6, Japan). Body mass index was calculated. 
Participants underwent cervical and transcranial ultrasound examination (Vivid e, GE) to 
exclude hemodynamically significant extracerebral stenosis. 
 Evaluations were carried out in a dim lighted room, temperature around 20ºC, supine 
position with bed head at 0º. Subjects were asked to stop alcohol and coffee intake, exercise or 
vasoactive drugs for at least 12 hours before the monitorization. Continuous blood pressure (BP) 
was recorded with plethysmography Finometer MIDI (FMS, Amsterdam, Netherlands) at non-
dominant side. Heart rate (HR) was assessed from lead II of a standard 3-lead electrocardiogram. 
All data were synchronized and digitized at 400 Hz with Powerlab (AD Instruments, Oxford, 
UK) and stored for offline analysis with dedicated software based on MATLAB (Natick, USA).  
After stabilization, a 5-minute recording was used to further analysis. 
 By using spontaneous oscillations of beat-to-beat RR intervals and systolic BP along the 
5-minute period we could calculate indexes of HRV and BPV. With RR and BP variations over 
time it is also possible to estimate indexes of baroreflex sensitivity. These reflect in part the 
influence of the two limbs of the autonomic nervous system and its analysis can be used to assess 
autonomic function. [8]  
 HRV was characterized in time domain by the standard deviation of the successive 
normal RR intervals (SDNN) and in frequency domain by the power spectrum of normal RR 
intervals, with low frequency (RRLF: 0.04-0.15 Hz), high frequency (RRHF: 0.15-0.4 Hz) and LF/HF 
ratio (RRLFHF ratio). The LF band of HRV has partial contributions of adrenergic and baroreceptor 
mechanisms, but the HF spectrum of HRV is highly influenced by parasympathetic vagal 
function. [9]  
 BPV was characterized by the power spectrum of beat-to-beat systolic blood pressure 
values of successive normal RR intervals in low (BPLF; 0.04–0.15 Hz) and high (BPHF; 0.15-0.40 Hz) 
frequency bands. Concerning BPV, the LF power is again particularly associated with the arterial 
baroreceptor reflex function, being partly determined by α-adrenergic sympathetic component 
of vasomotor function. [10] The HF component of BPV is usually ignored because it is mostly 
determined by the mechanical effects of respiratory movements on cardiac output. [10] 
 The sensitivity of the baroreflex was assessed in the time domain by the cross-correlation 
method (xBRS) [11], which is based on the computation of the beat-to-beat correlation coefficients 
of systolic BP with normal RR intervals in a 10-second window. In the frequency domain, 
baroreflex is commonly called the α-index [12] and is obtained by calculating the cross-correlation 
gain between the spectral densities of the systolic BP and the HR in the LF band (0.04–0.15 Hz). 
[13] 
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2.4. Statistics 
Normality of variables was inferred by Kolmogorov-Smirnoff test. Comparison of 

baseline characteristics was achieved by Chi-Square, ANOVA or Kruskal-Wallis tests as 
appropriate. Bonferroni post-hoc tests was used to correct for multiple comparisons. Considering 
only the ICAD patients, autonomic indexes were compared between subgroups of laterality or 
severity of stenosis with T-test or Mann-Whitney test as appropriate. The effect of each index of 
HRV, BPV or baroreflex on cognitive performance was studied by linear regression models 
adjusted to age and stenosis side. Statistical significance was inferred at p < 0.05 level. All statistics 
were performed using IBM Statistical Package for Social Sciences (SPSS) Statistics.  

3. Results 

 We evaluated 22 patients with ICAD, mostly male and with mean ± standard deviation 
age of 67±11; left MCA affected in 13 patients (59%); 9 (41%) had MCA stenosis ≥ 70%. One patient 
had 50-70% stenosis of anterior cerebral artery ipsilateral to MCA stenosis and was included in 
the study. We also recruited 22 healthy subjects for control group A and a cohort of 22 
hypertensive patients without atherosclerotic disease for control group B. Sex and age were 
similar among groups (Table 1). Both ICAD and hypertensive controls had higher systolic BP 
values (p<0.001) and higher BMI (p=0.002) compared to healthy controls. In contrast with 
hypertensive controls, ICAD population had fewer diabetic patients and less frequently 
medicated with beta-blocker, although these differences were not statistically significant.  

Table 1. Demographic and clinical characteristics of ICAD and control groups. 

 
ICAD 

(N = 22) 

Control A - 
Healthy subjects 

(N = 22) 

Control B - 
Hypertensive 

cohort (N = 22) 
Male, n (%) 17 (77) 17 (77) 15 (68) 

Age, years 67 ± 11 67 ± 9 68 ± 8 

BMI, Kg.m2 * 28 ± 4 25 ± 3 * 29 ± 4 

Systolic BP  * 142 ± 22 130 ± 10 * 141 ± 13 

Diastolic BP  77 ± 13 77 ± 17 81 ± 9 

Previous stroke/ TIA, n (%) 10 (45) 0 0 

Hypertension, n (%) 20 (91) 0 22 (100) 

No of antihypertensive drugs  2 ± 1 0 3 ± 1 

β-blocker, n (%) 1 (4) 0 5 (23) 

ACEI / ARB, n (%) † 11 (50) 0 21 (95) 

CCB, n (%) 12 (55) 0 14 (64) 

Diuretic, n (%) 13 (59) 0 16 (73) 
Diabetes Mellitus, n (%) 8 (36) 0 14 (64) 

Dyslipidemia, n (%) 19 (86) 0 16 (73) 

Tobacco, n (%) 5 (23) 0 3 (14) 

All variables expressed as mean±SD unless otherwise specified. BMI: body mass index; TIA: transitory 
ischemic accident; BP: blood pressure; ACEI: Angiotensin converting enzyme inhibitors; ARB: angiotensin 

receptor blockers; CCB: calcium channel blockers. * p < 0.05 for differences to healthy control group.  
† p < 0.05 for differences to hypertensive control group. 
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In Table 2, we show the differences in autonomic parameters between ICAD patients and 
controls. ICAD patients had lower RRLF variability (nu p=0.001; % p=0.012), higher RRHF 
variability (nu p=0.001; % p=0.012) and also lower RRLFHF ratio (p=0.001). In what concerns BPV, 
Systolic BPLF power was significantly lower than in healthy and hypertensive controls (4.0 ± 2.4 
vs 7.2 ± 5.4 vs 9.3 ± 9.5 mmHg2, p=0.032). Baroreflex sensitivity was similar in the three groups. 

Table 2. Comparison of autonomic tests between the 3 study groups. 

 
ICAD 

(N = 22) 

Control A - 

Healthy subjects 

(N = 22) 

Control B - 
Hypertensive 

cohort (N = 22) 

P 

Baroreflex    

xBRS 7.9 ± 7.6 5.6 ± 2.3 6.8 ± 7.4 0.608 

α-index 5.5 ± 4.6 4.6 ± 1.9 7.2 ± 6.2 0.599 

Heart rate variability 

SDNN 37.0 ± 36.3 26.9 ± 10.1 42.7 ± 44 0.365 

RR total power, ms2 1678 ± 3627 667 ± 553 3184 ± 9998 0.449 

RRLF power, ms2 2675 ± 6654 175 ± 160 954 ± 3146 0.208 

RRHF power, ms2 1075 ± 2896 101 ± 99 1646 ± 6176 0.057 

RRLF power, nu * 0.3 ± 0.1 0.6 ± 0.2 0.5 ± 0.2 0.001 

RRHF power, nu * 0.7 ± 0.1 0.4 ± 0.2 0.5 ± 0.2 0.001 

RRLF power, % * 16 ± 7.0 25 ± 11 25 ± 14 0.012 

RRHF power, % * 38 ± 21 20 ± 15 27 ± 19 0.012 

RRLFHF ratio * 0.6 ± 0.4 3.1 ± 4.0 1.5 ± 1.5 0.001 

Systolic BP variability 

BP total power, mm Hg2 27 ± 14 38 ± 28 39 ± 26 0.322 

BPLF power, mm Hg2 * 4.0 ± 2.4 7.2 ± 5.4 9.3 ± 9.5 0.032 

BPLF power, nu 0.5 ± 0.2 0.6 ± 0.2 0.5 ± 0.2 0.130 

BPLF power, % 17 ± 7.7 22 ± 14 24 ± 15 0.416 

BPLFHF ratio 1.4 ± 1.5 3.9 ± 6.1 1.6 ± 2.4 0.119 

BP: blood pressure; LF: low frequency; HF: high frequency.  
* p < 0.05 for differences to healthy control group. 
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The severity of the stenosis was not related to baroreflex, HRV or BPV parameters (Table 3). 

Table 3. Comparison of autonomic tests between 50-70% and ≥ 70 % stenosis within ICAD population. 

 
50 – 70% stenosis 
subjects (N = 13) 

≥ 70 % stenosis  
subjects (N = 9) 

P 

Baroreflex    

xBRS 8.9 ± 9.5 9.5 ± 5.5 0.123 

α-index 6.4 ± 5.9 5.9 ± 5.4 0.356 

Heart rate variability    

SDNN 42.6 ± 44.5 44.5 ± 31.1 0.234 

RR total power, ms2 2298 ± 4475 4475.3 ± 1055.7 0.203 

RRLF power, ms2 394 ± 833 833.2 ± 120.8 0.974 

RRHF power, ms2 1567 ± 3581 3580.9 ± 116.3 0.238 

RRLF power, nu 0.4 ± 0.2 0.2 ± 0.5 0.862 

RRHF power, nu 0.6 ± 0.2 0.2 ± 0.5 0.538 

RRLF power, % 21 ± 17 17 ± 17 0.357 

RRHF power, % 34 ± 25 25 ± 21 0.124 

RRLFHF ratio 1.1 ± 1.3 1.3 ± 1.2 0.987 

Systolic BP variability    

BPLF power, mm Hg2 4.5 ± 2.7 2.7 ± 3.4 0.832 

BPLF power, nu 0.5 ± 0.2 0.2 ± 0.5 0.380 

BPLF power, % 19 ± 9.3 9.3 ± 17 0.478 

BPLFHF ratio 1.6 ± 1.7 1.7 ± 1.5 0.456 

BP: blood pressure; LF: low frequency; HF: high frequency.  
* p < 0.05 for differences between the two groups. 

Within ICAD group, the significant relationships between HRV and BPV parameters and 
performance in global, non-dominant hemisphere and dominant hemisphere cognitive tests are 
presented in Table 4. A complete crossed analysis between autonomic parameters and cognitive 
performance is shown in Appendixes A, B and C.  
 In global cognitive tests, a better performance in MoCA was associated with a greater 
BPV at LF band (ms2, !=0.7 (95%CI 0.1-1.3)) and a better performance in MMSE significantly 
associates with a HRV greater at LF band (nu, !=6.5 (95%CI 2.8 – 10.3)) and lower at HF band 
(nu, !=-6.54 (95%CI -10.3 – -2.8)), which translates in a  greater LF to HF ratio (!=1.4 (95%CI 0.4 
– 0.24)). The performance in Word List Evocation test was also positively associated with BPV 
at LF band (mmHg2, !=0.36 (95%CI 0.1 – 0.6)). In terms of dominant hemisphere tests, we found 
a positive association between Stroop Test C performance and RRLF power (nu, !=24.8 (95%CI 
0.9 – 48.7)) and a negative one with RRHF power (nu, !=-24.8 (95%CI -48.7 – -0.9)). In addition to 
this, Stroop Test C also positively correlated with BPV at LF band (nu, !=23.9 (95%CI 2.7 – 45)) 
and a negatively correlated with BPV at HF band (nu, !=-23.9 (95%CI -45 – -2.7)). The 
Interference test performance was associated with higher HRV at LF power (ms2, !=0.03 (95%CI 
0.01 – 0.1)) and with higher BPV at HF power (mmHg2, !=0.7 (95%CI 0.1 – 1.3) and %, !=0.2 
(95%CI 0.01 – 0.4)). In terms of non-dominant hemisphere, a better performance on the WAIS 
Cubes test was associated with a relatively higher BPV at LF band (LF to HF ratio, !=0.6 (95%CI 
0.5 – 1.6)). There were no associations found between BRS and cognitive performance. 
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Table 4. Association of autonomic parameters with performance in cognitive tests. 

 Global Dominant hemisphere 

Non-

dominant 

hemisphere 

 MoCA MMSE 
Word List 

Evocation 
Stroop Test C Interference T WAIS Cubes 

Heart rate variability  

RRLF  

power, ms2  
0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 

* 0.03 (0.01; 

0.1) 
0 (0; 0) 

RRLF  

power, nu 
5.6 (-4.8; 16) 

* 6.5 (2.8; 

10.3) 
-0.8 (-4.6; 2.8) 

* 24.8 (0.9; 

48.7) 

-11.2 (-38.5; 

16) 
6.6 (-1.1; 14.2) 

RRHF 

power, nu 
-5.6 (-16; 4.8) 

* -6.5 (-10.3;  

-2.8) 
0.8 (-2.8; 4.5) 

* -24.8 (-48.7;  

-0.9) 
11.2 (-16; 38.5) 

-6.6 (-14.2; 

1.1) 

RRLFHF ratio 0.8 (-1.9; 3.6) * 1.4 (0.4; 2.4) -0.4 (-1.2; 0.5) 4.7 (-1.3; 10.8) -1.8 (-9.7; 6) 1.5 (-0.4; 3.4) 

Systolic BP variability 

BPLF power, 

mm Hg2 
* 0.7 (0.1; 1.3) 0.2 (-0.2; 0.5) * 0.4 (0.1; 0.6) 0 (-1.1; 0.3) * 0.7 (0.1; 1.3) 0.5 (-0.1; 1.1) 

BPLF  

power, nu 
4.4 (-5.9; 14.8) 1.6 (-2.6; 5.8) 2.1 (-1; 5.3) * 23.9 (2.7; 45) 

-7.3 (-29.9; 

15.2) 
2.2 (-5.3; 9.7) 

BPHF 

power, nu 

-4.4 (-14.8; 

5.9) 
2.1 (-2.1; 6.3) -2.1 (-5.3; 1) 

* -23.9 (-45;  

-2.7) 

7.3 (-15.2; 

29.9) 
-2.2 (-9.7; 5.3) 

BPLF  

power, % 
0.2 (0; 0.48) 0 (-0.1; 0.1) 0 (-0.1; 0.1) -0.1 (-0.4; 0.1) 

* 0.2 (0.01; 

0.4) 
0.1 (-0.1; 0.3) 

BPLFHF ratio 0.8 (-0.4; 1) -0.3 (-0.9; 0.3) 0.4 (0; 0.8) 2.1 (-1.1; 5.3) 0.5 (-2.6; 3.7) * 0.6 (0.5; 1.6) 

BP: blood pressure; LF: low frequency; HF: high frequency. Values are !  
coefficients and 95% confidence intervals obtained by multivariate linear regression  

analysis adjusted to age and stenosis side. * p < 0.05 
 

The systolic BP at LF power (BPLF power, mmHg2) was an autonomic parameter that 
showed to be significantly lower in the ICAD group, when compared to control groups, and also 
correlated with a statistically significant higher performance in some tests, such as the MoCA test, 
Word List Evocation and Interference test. In Figure 1 it is possible to see more accurately how the 
BPLF influences the MoCA test performance. Patients with a greater score on MoCA test tend to 
have a higher activity of BPV at LF power (! = 4.53 (95% CI 1.21 - 7.98), p=0.014). 
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SBP: systolic blood pressure; LF: low frequency. P value to differences between groups, accordingly 
to linear regression model adjusted to age and stenosis side. * p < 0.05 

 

4. Discussion 

 This study found evidence of sympathetic dysfunction in ICAD patients when compared 
to healthy subjects and some degree of cognitive impairment in those with a greater autonomic 
dysfunction. Data obtained by both the HRV and the BPV show that the sympathetic system 
activity is decreased in the ICAD patients when compared to healthy subjects of patients with 
similar age. This decreased sympathetic system activity is associated with a generally lower 
cognitive performance in ICAD patients. 

 

4.1. Autonomic Dysfunction in ICAD patients  
 The parameters used in this study to assess autonomic dysfunction (HRV, SBP and 
baroreflex) are becoming increasingly popular indexes for the assessment of autonomic nervous 
system [10]. 
 Systolic BP variability is a marker of peripheral autonomic nervous system (ANS) 
activity. In frequency domain, the LF oscillations of BPV are reported to be mediated by 
sympathetic activity, while the HF component has not been totally understood, but it is thought 
to be a mechanical consequence of respiration. [14] An example of this, is after severe hemorrhage 
in rats, LF fluctuations of BPV do not occur if "-adrenergic activity is blocked by prazosin but 
they are present despite inhibition of angiotensin II or vasopressin activities. [15] In addition to 
this, the LF peak disappears and the LF band decreases after chronic lesion of the sympathetic 
nervous system fibers by guanethidine and LF oscillations of BP increase after atropine, which 
reflects the lack of direct influence of the parasympathetic system on these oscillations. [16] In 
this study, ICAD patients tended to lower values of BPV at LF band when compared to the control 
groups, which suggests a decreased sympathetic activity in this group. 
  

Figure 1. Box and whisker plots representing the median and interquartile ranges 
of total score of MoCA test between low and high systolic blood pressure 

variability (BPV) subgroups, accordingly to BPLF mm Hg2. 
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 HRV is also considered an index for assessment of ANS dysfunction [14], and is a 
powerful marker of bad prognosis (mortality and arrhythmic complications) when it is 
depressed. [17] The time domain of HRV (SDNN) is associated with parasympathetic ANS 
function, while the frequency domain is associated with both parasympathetic (HF band) and 
sympathetic (LF band) ANS function. [18] This is supported by the fact that, in physiological 
conditions, the sympathetic excitation that leads to tachycardia is accompanied by a reduction in 
the total power and in the SD of HRV and during vagal activity the reverse is true. [19] Also, the 
power of the LF component is percentually increased during maneuvers exciting sympathetic 
activity while HF is decreased. [9] LF component of heart rate variability is increased by tilt, 
mental stress, or moderate physical exercise. In all these conditions, which are characterised by a 
shift of the sympatho-vagal balance towards sympathetic predominance, the increase in the LF 
component of HRV is accompanied by a decrease in the HF component. [19] In this study, ICAD 
patients showed lower values of HRV at LF band, which is again consistent with decreased 
sympathetic activity.  
 There is a significantly decreased sympathetic activity in ICAD patients when compared 
to healthy subjects, and this decrease is not present in the hypertensive control group. This 
finding suggests that ANS dysfunction is related to ICAD. One possible explanation for this is 
that the ICAD group tend to have a great incidence of metabolic syndrome [1, 20], and metabolic 
syndrome has been proved to be associated with ANS dysfunction, being a condition that causes 
often ANS hyperactivity in small peripheral nerve fibers. [21] In fact, it has been proved that 
autonomic influences are important regulatory mechanisms of the metabolic homeostasis, 
contributing to the control of blood pressure, glucose and insulin levels. [22] The existence of 
dysfunction in this system develops and worsens metabolic syndrome, which can also drive to 
an aggravation in autonomic impairment. 
 Another explanation could be that the lower sympathetic activity in ICAD patients might 
be caused by an impairment in cerebral blood flow and damage in the brain ANS regulatory areas 
[23] due to the narrowing of the arteries in ICAD. In fact, heart failure is accompanied by loss of 
tissue and other indications of neural injury in specific brain sites that include areas with 
significant autonomic modulation roles. This has been proved to be associated with reduced 
perfusion of brain tissue, and poorer perfusion may trigger or enhance brain tissue injury, 
especially to autonomic areas, contributing to further deterioration [23]. The same can happen in 
ICAD, since the narrowing of the intracranial arteries reduce the blood flow to brain tissue. 
Further studies could elucidate this issue. We do not have knowledge of other studies that 
correlate ICAD with autonomic dysfunction that can confirm or deny this hypothesis. 

  

4.2. Autonomic Dysfunction effect in Cognitive Performance 
 Some bilateral performance tests (MoCA, MMSE and Word List Evocation) show a better 
performance with higher levels of sympathetic activity (evidenced by higher values of BPLF and 
RRLFnu) and lower levels of parasympathetic activity (RRHFnu). Some dominant hemisphere 
cognitive tests were associated with sympathetic function, particularly the StroopTest C and the 
T Interference test. In fact, a greater sympathetic activity seems to be associated with a better 
performance on these tests. The increased LF to HF (ratio) in BPV was also linked to better 
performance in non-dominant hemisphere cognitive tests.  
 Few studies relate autonomic dysfunction with cognitive impairment. Interestingly, 
orthostatic hypotension (a sign of autonomic dysfunction) is more prevalent in patients with mild 
CI. [8] It has been hypothesized that since orthostatic hypotension increases vulnerability to 
cerebral hypoperfusion when in orthostatic position, it leads to brain damage that contributes to 
progressive cognitive decline. [8] CI in turn can contribute to dysautonomia through disruption 
in central autonomic control and create a vicious cycle, and there is a preferential dysfunction of 
the sympathetic system in these patients. [8] The decrease in HRV or BPV at LF band could be 
caused by mild sympathetic dysfunction which agrees with previous results. 



10 of 14 
Brain Sci. 2020, 10, x FOR PEER REVIEW 

 On another perspective, autonomic dysfunction and poor cognitive performance might 
be a co-occurring phenomenon of a central nervous system malfunction and not have a causal 
relation. It is studied that ANS main structures are located in the brainstem (mediates vasomotor 
activity and specific reflexes), diencephalon (hypothalamus) and limbic system (supports a 
number of higher level functions, including memory, emotion processing, behavior and 
motivation). These brain structures are known to be also implicated in cognitive functions. [5] If 
there is a lesion or malfunction in any of these structures, it will affect both the CI and the 
autonomic function. This study also supports this evidence, since bilateral cognitive performance 
seems to be slightly affected when there is sympathetic autonomic dysfunction. [5] 

 

4.3. Limitations 
 Small number of subjects and cross section nature of the study prevents us from drawing 
conclusions about a causal relation between BPV and HRV and cognitive impairment. Besides, 
some studies claim that provocative tests are necessary for the autonomic dysfunction to be 
detected, since it doesn’t exist in baseline conditions. [8] This might be particularly true for the 
study of sympathetic nervous system function. Nevertheless, this study suggests that it might be 
worthwhile studying autonomic dysfunction with other methods in ICAD patients. 

5. Conclusions 

The presence of mild, predominantly sympathetic, autonomic dysfunction in patients 
with ICAD can impair their cardiovascular pressor responses to everyday activity and contribute 
to induce damage in a chronically ill-perfused brain. In this sense, there might be benefits with 
the use of drugs with autonomic effects in these cases. This novel finding opens roads for further 
understanding of the link between intracranial atherosclerotic disease and cognitive dysfunction 
and new perspectives on how to optimize medication on this particular group of patients. 
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Appendix A - Bilateral cognitive performance  

BP: blood pressure; LF: low frequency; HF: high frequency. Values are ! coefficients and 95% confidence 
intervals obtained by multivariate linear regression analysis adjusted to age and stenosis side. * p < 0.05 

  

 MoCA DRS2 Learning 
evolution MMSE FAB Word List 

Evocation 
Word List 

Total 
Evocation 

Total Retention 

Baroreflex 

xBRS -0.38  
(-0.91; 0.15) 

-0.54  
(-1.17; 0.1) 

0.02  
(-0.11; 0.15) 

-0.12  
(-1.78; 1.54) 

-0.17  
(-0.37; 0.03) 

0 (0;0) 0 (-0.33; 0.3) 
0 (-0.14; 

0.16) 
-0.43  

(-2.42; 1.56) 

!-index 0.27 (-0.53; 
1.09) 

-0.42  
(-1.53; 0.69) 

-0.03  
(-0.24; 0.19) 

-0.17  
(-0.38; 0.03) 

-0.22  
(-0.56; 0.12) 

0 (-0.17; 
0.17) 

-0.08 (-0.60; 
0.44) 

0.04 (-0.21; 
0.29) 

-0.14  
(-3.46; 3.18) 

Heart Rate Variability 

SDNN -0.02  
(-0.18; 0.13) 

-0.07  
(-0.21; 0.07) 

0 (-0.03; 
0.03) 

-0.03  
(-0.05; 0) 

-0.03  
(-0.07; 0.02) 

0 (-0.02; 
0.02) 

0 (-0.07; 
0.07) 

0 (-0.03; 
0.03) 

-0.11  
(-0.55; 0.32) 

RR total  
power, ms2  

0 (0;0) 0 (0;0) 0 (0;0) 0 (0;0) 0 (0; 0) 0 (0;0) 0 (0;0) 0 (0;0) 
0 

(-0.01; 0) 

RRLF  
power, ms2  

0.01 (-0.01; 
0.05) 

0 (-0.01; 0) 0 (0;0) 0 (0;0) 0 (0;0) 0 (0;0) 0 (0;0) 0 (0;0) 
-0.01  

(-0.03; 0.02) 

RRHF  
power, ms2  

0 (0;0) 0 (0;0) 0 (0;0) 0 (0;0) 0 (0;0) 0 (0; 0) 0 (0;0) 0(0;0) 0 (0;0) 

RRLF  
power, nu 

5.59 (-4.81; 
15.99) 

3.11 (-21.26; 
27,48) 

-1.75  
(-6.46; 2.96) 

6.54 (2.76; 
10,31) 

1.36 (-6.19; 
8.92) 

-0.81  
(-4.46; 2.84) 

-4.38 (-15.6; 
6.84) 

-0.27  
(-5.72; 5.19) 

27.65  
(-43.58; 98.89) 

RRHF  
power, nu 

-5.59  
(-15.99; 

4.81) 

-3.11  
(-27.48; 
21.26) 

1.75 (-2.96; 
6.46) 

 

-6.54  
(-10.31; 
 -2.76) 

-1.36  
(-8.92; 6.19) 

0.81  
(-2.84; 4.46) 

4.38 (-6,.4; 
15.6) 

0.27 (-5,19; 
5,72) 

-27,65  
(-98.89; 43,58) 

RRLFHF ratio 0.82 (-1.94; 
3.58) 

0.25 (-5.74; 
6.24) 

-0.48  
(-1.63; 0.67) 

1.39 (0.38; 
2.39) 

0.02 (-1.86; 
1.9) 

-0.37  
(-1.25; 0,51) 

-1.75 (-4.44; 
0.93) 

-0.07  
(-1.41; 1,27) 

7.71 (-9.69; 
25.11) 

Systolic BP variability 

BP total  
power,  
mm Hg2 

0.01 (-0.13; 
0.16) 

0.09 (-0.25; 
0.42) 

-0.03  
(-0.09; 0.04) 

-0.03 (-0.10; 
0.03) 

0.05 (-0.06; 
0.15) 

0.05 (0.004; 
0.10) 

0.13 (-0.01; 
0.28) 

-0.04  
(-0,12; 0.03) 

-0.82  
(-1.76; 0.12) 

BPLF power, 
mm Hg2 

0.72 (0.09; 
1.35) 

0.28 (-1.63; 
2.19) 

-0.33 (-0.67; 
0.02) 

0.17 (-0.19; 
0.54) 

0.32 (-0.26; 
0.89) 

0.36 (0.12; 
0.6) 

0.6 (-0.25; 
1.46) 

-0.07 (-0.50; 
0.36) 

-0.78  
(-6.44; 4.88) 

BPHF power, 
mm Hg2 

0.09 (-0.43; 
0.61) 

0.31 (-0.33; 
0.95) 

0.09 (-0.03; 
0.21) 

-0.05 (-0.18; 
0.08) 

-0.01 (-0.22; 
0.19) 

-0.03 (-0.13; 
0,07) 

0.09 (-0.21; 
0.39) 

0.06 (-0.08; 
0.20) 

-0.09  
(-2.02; 1.85) 

BPLF  
power, nu 

4.44 (-5.95; 
14.84) 

-7.5 (-29.12; 
14.11) 

-2.11 (-6.29; 
2.06) 

1.57 (-2.65; 
5.79) 

2.00 (-4.82; 
8.82) 

2.12 (-1.03; 
5,27) 

2.27 (-7,89; 
12,42) 

-0.26 (-5.15; 
4.63) 

4.83 (-59.91; 
69.57) 

BPHF  
power, nu 

-4.44  
(-14.84; 

5.95) 

7.5 (-14.11; 
29.12) 

2.11 (-2.06; 
6.29) 

-1.57 (-5.79; 
2.65) 

-2.00 (-8.82; 
4.82) 

-2.12 (-5.27; 
1.03) 

-2.27 (-12.42; 
7.89) 

0.26 (-4.63; 
5.15) 

-4.83 (-69.57; 
59.91) 

BPLF  
power, % 

0.2 (-0.07; 
0.48) 

-0.29 (-0.82; 
0.24) 

-0.03 (-0.14; 
0.07) 

0.05 (-0.05; 
0.15) 

-0.04 (-0.21; 
0.12) 

0.01 (-0.07; 
0.09) 

-0.08 (-0.33; 
0.17) 

0.04 (-0.08; 
0.16) 

0.87 (-0.69; 
2.44) 

BPHF  
power, % 

0.01 (-0.16; 
0.18) 

0.08 (-0.15; 
0.31) 

0.04 (-0.01; 
0.08) 

-0.01 (-0.06; 
0.03) 

-0.01 (-0.08; 
0.06) 

-0.03 (-0.06; 
0.01) 

-0.01 (-0.12; 
0.1) 

0.03 (-0.02; 
0.08) 

0.15 (-0.53; 
0.83) 

BPLFHF ratio  0.77 (-0.4; 
1.04) 

0.76 (-2.41; 
3.93) 

-0.26 (-0.87; 
0.35) 

0.3 (-0.32; 
0.91) 

0.69 (-0.27; 
1.65) 

0.41 (-0.03; 
0.85) 

0.88 (-0.55; 
2.31) 

0.25 (-0,46; 
0.95) 

3.59 (-5.71; 
12.88) 
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Appendix B - Dominant hemisphere cognitive performance  

 
Stroop 

Test W 

Stroop 

Test C 

Stroop 

Test PC 

Inter- 

ference T 

Work 

memory 

Processing 

velocity 
Trail A Trail B 

Fluency 

MRPE 

Fluency 

animal PE 

Baroreflex 

xBRS 
-0.45 (-1.43; 

0.53) 

-0.14 (-1.43; 

1.16) 

-0.08 (-1.3; 

1.14) 

1.03 (-0.06; 

2.11) 

-0.53 (-1.41; 

0.35) 

-0.69 (-2.02; 

0.63) 

0.03  

(-0.10; 

0.16) 

0.05 (-0.11; 

0.20) 

-0.02 (-0.18; 

0.13) 

-0.01 (-0.2; 

0.18) 

!-index 
-0.9 (-2.31; 

0.51) 

-0.29 (-2.13; 

1.56) 

0.74 (-1.02; 

2.5) 

1.48 (-0.13; 

3.09) 

-0.48 (-1.98; 

1.03) 

-0.4 (-2.33; 

1.53) 

0 (-0.19; 

0.19) 

0.09 (-0.14; 

0.31) 

-0.1 (-0.35; 

0.16) 

-0.01 (-0.33; 

0.32) 

Heart Rate Variability 

SDNN 
-0.12 (-0.31; 

0.08) 

-0.03 (-0.29; 

0.23) 

0.01 (-0.24; 

0.26) 

0.23 (0.01; 

0.45) 

-0.09 (-0.29; 

0.1) 

-0.11 (-0.38; 

0.15) 

0 (-0.03; 

0.03) 

-0.01 (-0.05; 

0.04) 

0 (-0.04; 

0.03) 

0 (-0.04; 

0.05) 

RR total 

power, ms2  
0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 

RRLF  
power, ms2  

-0,14 (-0,04; 

0,01) 

0 (-0,03; 

0,03) 

0 (-0,02; 

0,04) 

0.03 (0.01; 

0.06) 

0 (-0.01; 

0.01) 

-0.01 (-0.05; 

0.02) 
0 (0; 0) 0 (0; 0,01) 0 (0; 0) 0 (0; 0) 

RRHF  

power, ms2  
0 (0; 0) 

0 (-0.03; 

0.03) 
0 (0; 0) 0 (0; 0.01) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 0 (0; 0) 

RRLF  

power, nu 

12.08  

(-10.23; 

34.39) 

24.8 (0.87; 

48.74) 

6.04  

(-21.88; 

33.96) 

-11.24  

(-38.5; 

16.02) 

23.48  

(-7.84; 

54.80) 

15.03  

(-11.73; 41.79) 

0.2 (-2.57; 

2.96) 

1.33 (-1.41; 

4.07) 

-5.76  

(-10.88;  

-0.64) 

-4.45  

(-11.16; 2.27) 

RRHF  

power, nu 

-12.08  

(-34.39; 

10.23) 

-24.8  

(-48.74;  

-0.87) 

-6.04  

(-33.96; 

21.88) 

11.24  

(-16.02; 

38.5) 

-23.48  

(-54.8; 7.84) 

-15.03  

(-41.79; 11.73) 

-0.2 (-2.96; 

2.57) 

-1.33 (-4.07; 

1.41) 

5.76 (0.64; 

10.88) 

4.45 (-2.27; 

11.16) 

RRLFHF ratio 
1.36 (-5.18; 

7.9) 

4.72 (-1.33; 

10.76) 

-0.02 (-7.98; 

7.95) 

-1.81 (-9.66; 

6.04) 

3.10 (-4.88; 

11.08) 

1.09 (-5.66; 

7.83) 

0.14  

(-0.53; 

0.81) 

0.47 (-0.11; 

1.06) 

-1.73 (-2.89; 

-0.57) 

-1.55 (-3.12; 

0.02) 

Systolic BP variability 

BP total 

power,  
mm Hg2 

-0.14 (-0.45; 

0.16) 

-0.11 (-0.51; 

0.29) 

0.20 (-0.17; 

0.57) 

0.10 (-0.27; 

0.48) 

-0.32 (-0.76; 

0.11) 

-0.19 (-0.57; 

0.19) 

0.02  

(-0.01; 

0.06) 

0 (-0.03; 

0,05) 

0.05 (-0.03; 

0.12) 

0.05 (-0.05; 

0.14) 

BPLF power, 

mm Hg2 
1.71 (-0.12; 

3.54) 

2.62 (0.43; 

4.81) 

1.73 (-0.56; 

4.02) 

0.70 (-1.72; 

3.13) 

0.60 (-1.97; 

3.18) 

0.35 (-2.02; 

2.71) 

0.12  

(-0.09; 

0.34) 

0.02 (-0.23; 

0.28) 

0.04 (-0.41; 

0.48) 

-0.04 (-0.62; 

0.54) 

BPHF power, 

mm Hg2 
-0.36 (-0.90; 

0.17) 

-0.38 (-1.08; 

0.31) 

0.18 (-0.50; 

0.86) 

0.72 (0.15; 

1.28) 

-0.33 (-1.2; 

0.55) 

-0.39 (-1.11; 

0.33) 

0 (-0.07; 

0.07) 

-0.03 (-0.14; 

0.08) 

0.09 (-0.05; 

0.24) 

0.07 (-0.11; 

0.26) 

BPLF  

power, nu 

14.57  

(-2.84; 

31.99) 

23.86 (2.69; 

45.04) 

5.11  

(-17.79; 

28.01) 

-7.34  

(-29.9; 

15.23) 

6.35  

(-23.08; 

35.79) 

12.49  

(-12.4; 37.38) 

0 (-2.55; 

2.55) 

0.71 (-1.73; 

3.15) 

-0.49 (-5.55; 

4.57) 

-2.66 (-8.84; 

3.52) 

BPHF  

power, nu 

-14.57  

(-31,99; 

2.84) 

-23.86  

(-45.04;  

-2,69) 

-5.12  

(-28.01; 

17.79) 

7.34  

(-15.23; 

29.9) 

-6.35  

(-35.79; 

23.08) 

-12.49  

(-37.38; 12.4) 

0 (-2.55; 

2.55) 

-0.71 (-3.15; 

1.73) 

0.49 (-4.57; 

5.55) 

2.66 (-3.52; 

8,84) 

BPLF  

power, % 
0.75 (0.3; 

1.2) 

0.96 (0.45; 

1.46) 

-0.02 (-0.75; 

0.7) 

-0.02 (-0.74; 

0.72) 

0.47 (-0.24; 

1.17) 

0.36 (-0.34; 

1.06) 

-0.02  

(-0.09; 

0.06) 

-0.01 (-0.08; 

0.06) 

-0.04 (-0.17; 

0.08) 

-0.1 (-0.25; 

0.05) 

BPHF  

power, % 
-0.1 (-0.29; 

0.09) 

-0.14 (-0.38; 

0.1) 

0.04 (-0.19; 

0.28) 

0.21 (0.01; 

0.42) 

-0.04 (-0.35; 

0.27) 

-0.08 (-0.34; 

0.18) 

0 (-0.03; 

0.02) 

-0.01 (-0.04; 

0.02) 

0.03 (-0.03; 

0.08) 

0.02 (-0.04; 

0.09) 

BPLFHF ratio  
1,64 (-0.83; 

4.11) 

2.10 (-1.08; 

5.28) 

2.22 (-0.71; 

5.16) 

0.54 (-2.60; 

3.67) 

1.09 (-3.19; 

5.37) 

2.08 (-1.39; 

5.54) 

-0.13  

(-0.48; 

0.23) 

0.07 (-0.25; 

0.4) 

0.21 (-0.52; 

0.94) 

0.06 (-0.85; 

0.97) 

BP: blood pressure; LF: low frequency; HF: high frequency. Values are ! coefficients and 95% confidence 
intervals obtained by multivariate linear regression analysis adjusted to age and stenosis side. * p < 0.05 
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Appendix C - Non dominant hemisphere cognitive performance  

 WAIS Cubes Matrix Incomplete figures 

Baroreflex    

xBRS -0.37 (-0.74; 0) -0.24 (-0.55; 0.07) -0.31 (-0.67; 0.05) 

!-index -0.12 (-0.69; 0.46) -0.26 (-0.71; 0.2) -0.17 (-0.72; 0.37) 

Heart Rate Variability    

SDNN -0.03 (-0.11; 0.04) -0.03 (-0.1; 0.03) -0.04 (-0.11; 0.04) 

RR total power, ms2  0 (0; 0) 0 (0; 0) 0 (0; 0) 

RRLF power, ms2  0 (0; 0) 0 (0; 0) 0 (0; 0) 

RRHF power, ms2  0 (0; 0) 0 (0; 0) 0 (0; 0) 

RRLF power, nu 6.56 (-1.12; 14.23) 1.72 (-4.9; 8.35) 1.05 (-6.78; 8.88) 

RRHF power, nu -6.56 (-14.23; 1.12) -1.72 (-8.35; 4.9) -1.05 (-8.88; 6.78) 

RRLFHF ratio 1.53 (-0.36; 3.45) -0.04 (-1.67; 1.59) -0.25 (-2.17; 1.67) 

Systolic BP variability    

BP total power, mm Hg2 -0.02 (-0.13; 0.1) -0.01 (-0.1; 0.08) -0.07 (-0.19; 0.04) 

BPLF power, mm Hg2 0.49 (-0.13; 1.11) 0.10 (-0.43; 0.64) -0.12 (-0.75; 0.51) 

BPHF power, mm Hg2 -0.05 (-0.27; 0.17) -0.02 (-0.2; 0.16) -0.04 (-0.25; 0.16) 

BPLF power, nu 2.24 (-5.27; 9.75) 0.76 (-5.37; 6.89) 0.25 (-7.15; 7.65) 

BPHF power, nu -2.24 (-9.75; 5.27) -0.76 (-6.89; 5.37) -0.25 (-7.65; 7.15) 

BPLF power, % 0.12 (-0.09; 0.32) 0.02 (-0.15; 0.19) 0.03 (-0.18; 0.25) 

BPHF power, % -0.01 (-0.09; 0.06) 0 (-0.07; 0.06) 0 (-0.07; 0.08) 

BPLFHF ratio  0.58 (0.46; 1.62) 0.48 (-0.36; 1.32) 0.48 (-0.55; 1.51) 

 
BP: blood pressure; LF: low frequency; HF: high frequency. Values are !  

coefficients and 95% confidence intervals obtained by multivariate linear regression  
analysis adjusted to age and stenosis side. * p < 0.05 
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