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Abstract: Heart failure (HF) is a prevalent disease but few is understood in its repercussion in 21 
cerebral hemodynamics mechanisms and cognitive decline. We monitored cerebral blood flow 22 
velocity (CBFV) with transcranial Doppler (TCD) in HF patients and healthy controls. Cerebral 23 
autoregulation (CA) was assessed by transfer function from the spontaneous oscillations of blood 24 
pressure to CBFV and vasoreactivity (VR) with inhalation of CO2 at 5% and hyperventilation. 25 
MoCA was measured and associated with each cerebrovascular regulatory component. No 26 
differences were detected in VR. HF patients showed a better CA response. (Middle cerebral artery 27 
(MCA): very low frequency (VLF) gain 0.47±0.15 vs 0.88±0.19 %/mmHg, p=0.001; low frequency (LF) 28 
gain 0.60±0.23 vs 1.28±0.05 %/mmHg, p=0.000; VLF phase 2.05±0.59 vs 1.12±0.12 radians, p=0.021; 29 
Posterior cerebral artery (PCA): VLF gain 0.47±0.25 vs 1.11±0.24 %/mmHg, p=0.000; LF gain 30 
0.66±0.32 vs 1.83±0.45 %/mmHg, p=0.000). None of the cerebrovascular parameters correlated 31 
significantly with MoCA score. Cerebrovascular hemodynamics could have a major role in the 32 
proper management of HF patients. 33 

Keywords: Heart Failure; Cerebral autoregulation; Vasoreactivity; Transcranial Doppler; MoCA;  34 
 35 

1. Introduction 36 

Heart failure (HF) is an epidemic disease [1] with a high morbidity and mortality rate [2]. HF 37 

leads to cerebrovascular injury [3] where patients may display cognitive, autonomic and 38 

neuropsychological disturbances [4]. This neurologic impairment is thought to have two main 39 

mechanisms: stroke and cerebral hypoperfusion [5]. Cerebral hypoperfusion and impairment of 40 

cerebral regulation have been implicated either in relevant cognitive deficits [4,6] and brain structural 41 

abnormalities [7]. Therefore, impairment of cerebrovascular regulatory mechanisms in HF is of great 42 
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importance to better understand the heart-brain dysfunction in this disease. Additionally, 43 

cerebrovascular markers can predict future cognitive impairment and help preventing it [8,9]. 44 

This study aims to evaluate the influence of HF in cerebral hemodynamic mechanisms and its 45 

repercussions in cognition. 46 

2. Materials and Methods 47 

2.1. Study Design 48 

All patients were recruited at the Centro Hospitalar Universitário de São João (CHUSJ), Porto 49 

from the HF outpatient clinic.  50 

Patients were considered appropriate to participate in the study if they fulfilled the inclusion 51 

criteria: 1) able to contribute throughout the entire duration of the study, 2) age >18y and ≤75y, 3) 52 

diagnosed with systolic heart failure, 4) followed in expert outpatient clinic. 53 

Exclusion criteria were: previous history of stroke, dementia or other central nervous system 54 

disease that led to cognitive sequels, inadequate temporal window for transcranial Doppler (TCD), 55 

intracranial stenosis >50% detected by TCD, stenosis >50% (NASCET method) of the common carotid, 56 

internal carotid and vertebral arteries detected by cervical echo-Doppler, atrial fibrillation, severe 57 

aortic stenosis (mean gradient ≥40mmHg), mechanic or biologic aortic valvular prosthesis, and other 58 

severe valvular disease capable of interfering significantly with cardiac output or associated with 59 

high risk of cerebral embolization. 60 

10 healthy controls without heart failure were matched with similar age and sex distribution. 61 

The study was approved by the local medical ethics committee and all subjects gave their written 62 

informed consent.  63 

2.2. Medical evaluation 64 

Medical history and physical examination were performed in all participants, including 65 

measurement of weight, height and blood pressure.  66 

All heart failure patients underwent a transthoracic echocardiogram within 3 months of cerebral 67 

hemodynamic evaluation. Left ventricular ejection fraction was evaluated according to guidelines 68 

[10], as well as cardiac chambers dimensions, transmitral flow and diastolic dysfunction. 69 

Neuropsychological evaluation of all participants was obtained with the Portuguese version of 70 

Montreal Cognitive Assessment (MoCA). It has been validated in the Portuguese population [11].  71 

2.3. Cerebral hemodynamic procedure 72 

Cerebral hemodynamic evaluation was performed with TCD at the Neurology Department in 73 

CHUSJ and FMUP. 74 

Two 2-MHz TCD probes were placed with a signal depth of 50mm on the right and 60mm of the 75 

left temporal window. With the intention of obtaining an optimal recording of the cerebral brain flow 76 

velocity (CBFV), TCD recorded in the M1 segment of the right middle cerebral artery (MCA) and the 77 

P2 segment of the left posterior cerebral artery (PCA). Furthermore, blood pressure (BP) was recorded 78 

non-invasively and continuously with Finapres and end-tidal carbon dioxide (EtCO2) was recorded 79 

with capnography. DII derivation of 3-lead electrocardiogram evaluated heart rate. Data were 80 

synchronized, digitalized and stored for further analysis. 81 
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2.3.1. Cerebral Autoregulation 82 

For the purpose of analysis of cerebral dynamic autoregulation, a 7-minute period of resting data 83 

was recorded. Transfer function analysis allowed the calculation of the gain and phase parameters 84 

between the mean BP spectrum and CBFV of MCA and PCA [12]. 85 

2.3.2. Vasoreactivity 86 

Subjects were exposed to a gas mix of 5% CO2 (hypercapnic state) for 2 minutes. After the 87 

removal of the inhalation mask, EtCO2 values returned to normal. Afterward, participants 88 

hyperventilated reaching an EtCO2 of 25mmHg (hypocapnic state) for 2 minutes. 89 

Meanwhile, CBFV variations in MCA and PCA were analyzed for each CO2 value and cerebral 90 

VR was measured as the slope of this association and expressed as CBFV variations per mmHg in 91 

EtCO2 variation. 92 

2.4. Statistics 93 

Shapiro-Wilk test was used to assess the normality of the variables. Mean and standard 94 

deviation of normal distributed parameters were determined, and heart failure and control groups 95 

were compared with Student’s T-test. Non-normal distributed criteria were studied using the Mann-96 

Whitney test and its median and interquartile range were calculated. Categorical baseline 97 

characteristics were compared with χ2 test. Statistical analyses were executed using SPSS Statistics, 98 

version 25 (IBM, Armonk, NY, USA). A P‐value of <0.05 (two‐sided) was considered statistically 99 

significant. 100 

3. Results 101 

We screened 20 heart failure patients to undertake the full procedure. 19 subjects were able to 102 

provide substantial information gathering all or most of the sought parameters while 1 patient was 103 

excluded due to carotid stenosis detection. 104 

Baseline characteristics comparison of HF patients and healthy controls are described in Table 105 

1. 10 controls, with similar age and sex distribution, showed higher heart rate (HR) (63.2±13.8 vs 106 

72.3±6.68 bpm, p=0.045). 107 

Table 1. Comparison of baseline characteristics of heart failure patients (HF; n = 19) and healthy 108 

controls (Controls; n = 10). 109 

Baseline Characteristic HF  Controls 

Age – years, mean (SD) 54.6 (10) 59.9 (14.3) 

Male – n (%) 16 (84.2) 6 (60) 

BMI – kg/m2 29.2 (6.53) 24.7 (2.51) 

Systolic BP – mmHg 129.3 (19.4) 117.7 (11) 

Diastolic BP – mmHg 74.9 (11) 72.3 (6.68) 

HR – bpm 63.2 (13.8) 72.3 (6.68) 

EtCO2 – mmHg 37 (4.52) 38 (1.82) 

Hypertension – n (%) 6 (31.6) - 

Diabetes Mellitus – n (%) 5 (26.3) - 

Dyslipidemia– n (%) 9 (47.4) - 

Obesity – n (%) 6 (31.6) - 

Chronic Kidney Disease – n (%) 3 (15.8) - 

Excessive alcohol intake* – n (%) 12 (63.2) - 

Tobacco – n (%) 5 (26.3) - 
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Antihypertensives drugs – n (%) 

ACEI/ARB 17 (89.5) - 

Beta-blockers 19 (100) - 

Diuretics 7 (37) - 

MRA 10 (52.6) - 

Sacubitril/Valsartan 1 (5.3) - 

Ivabradin 6 (31.6) - 

NYHA Class – n (%) 

I 12 (63.2) - 

II 4 (21.1) - 

III 2 (10.5) - 

U 1 (5.26) - 

NYHA Class – n (%) 

CMD Idiopathic 7 (36.8) - 

Alcoholic 7 (36.8) - 

Hypertensive 1 (5.26) - 

Ischemic  1 (5.26) - 

Tachycardiomyopathy 1 (5.26) - 

Myocarditis 1 (5.26) - 

Chemotherapy-induced 1 (5.26) - 

ACEI/ARB: angiotensin converting enzyme inhibitors/angiotensin II receptor blockers BMI: body mass index; 110 

BP: blood pressure; bpm: beats per minute; CMD: cardiomyopathy dilated; EtCO2: end-tidal carbon dioxide; 111 

HF: heart failure; HR: heart rate; IQR: interquartile range; MRA: mineralocorticoid receptor antagonist 112 

NYHA: New York Heart Association; SD: standard deviation; U: unknown. *excess alcohol intake was 113 

considered: for men ≥4 drinks per day, for women ≥3 drinks per day.  114 

Cerebral hemodynamic values are compared between HF patients and controls in Table 2. There 115 

was no difference between the two groups concerning vasoreactivity. However, several parameters 116 

(5/11) related to cerebral autoregulation presented statistically significant differences (MCA: VLF 117 

gain 0.47±0.15 vs 0.88±0.19 %/mmHg, p 0.001; LF gain 0.60±0.23 vs 1.28±0.05 %/mmHg, p<0.001; VLF 118 

phase 2.05±0.59 vs 1.12±0.12 radians, p=0.021; PCA: VLF gain 0.47±0.25 vs 1.11±0.24 %/mmHg, 119 

p<0.001; LF gain 0.66±0.32 vs 1.83±0.45 %/mmHg, p<0.001). 120 

Table 1. Comparison of cerebrovascular regulatory parameters between heart failure patients (HF; n = 19) and 121 

healthy controls (Controls; n = 10).  122 

 HF Controls 

MCA mean FV – cm/s 51.6 (13.5) 57.2 (22.1) 

PCA mean FV– cm/s 35.9 (6.25) 35.1 (26.8) 

Cerebral Autoregulation 
 MCA PCA 

 HF Controls HF Controls 

VLF Gain – %/mmHg 0.47 (0.15) 0.88 (0.19) 0.47 (0.25) 1.11 (0.24) 

LF Gain – %/mmHg 0.60 (0.23) 1.28 (0.05) 0.66 (0.32) 1.83 (0.45) 

VLF Phase – radians 2.05 (0.59) 1.12 (0.12) 1.90 (0.59) 1.33 (0.39) 

LF Phase – radians 1.02 (0.49) 0.61 (0.17) 1.11 (0.50) 0.66 (0.14) 

Vasoreactivity 

 MCA PCA 

 HF Controls HF Controls 
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CO2 Inhalation – %/mmHg 4.65 (3.70) 3.80 (1.40) 3.85 (3.68) 4.10 (3.84) 

Hyperventilation – %/mmHg 2.55 (2.05) 3.23 (0.88) 2.14 (3.04) 3.51 (1.42) 

Global VR – %/mmHg 1.83 (1.35) 1.69 (0.65) 1.11 (0.48) 1.07 (0.47) 

cm/s: centimetre per second; FV: flow velocity; HF: heart failure; Hz: Hertz; LF: low frequency (0.07–0.2 Hz); 123 

MCA: middle cerebral artery; mmHg: millimetres of mercury; PCA: posterior cerebral artery; VLF: Very-low 124 

frequency (0.03–0.07 Hz); 125 

As depicted in Table 3, none of a total of 16 parameters of cerebral hemodynamic has shown a 126 

significant correlation with the MoCA score. 127 

Table 3. Correlation of cerebrovascular regulatory parameters and MOCA in heart failure patients. 128 

 R (p-value) 

MCA mean FV -0.514 (0.087) 

PCA mean FV 0.049 (0.880) 

Cerebral Autoregulation 
 MCA PCA 

VLF Gain -0.046 (0.888) 0.381 (0.222) 

LF Gain 0.353 (0.260) 0.400 (0.198) 

VLF Phase -0.330 (0.425) 0.021 (0.951) 

LF Phase -0.100 (0.758) -0.365 (0.243) 

Vasoreactivity 

 MCA PCA 

CO2 Inhalation -0.278 (0.357) -0.307 (0.308) 

Hyperventilation -0.363 (0.223) -0.119 (0.698) 

Global VR -0.270 (0.373) -0.301 (0.317) 

FV: flow velocity; HF: heart failure; Hz: Hertz; LF: low frequency (0.07–0.2 Hz); MCA: middle cerebral artery; 129 

mmHg: millimetres of mercury; PCA: posterior cerebral artery; VLF: Very-low frequency (0.03–0.07 Hz); 130 

4. Discussion 131 

Our study compares 19 HF patients with controls and reveals that CA mechanisms appear to be 132 

more efficient. 133 

The more efficient CA mechanisms in these patients might signify an adaptive response of these 134 

patients to low blood pressure either caused by HF itself or its associated antihypertensive 135 

medication.  Of particular interesting, since is the fact that phase was significantly different at the 136 

VLF range. A possible explanation to our results might derive from the fact that chronic brain 137 

hypoperfusion in HF patients could induce some direct or remote preconditioning effects at cerebral 138 

level rendering it more resistant to ischemia [13]. Hypoxia-inducible factor-1 (HIF-1) is increased in 139 

HF patients even with preserved LVEF and correlates with the increased troponin I levels at the 140 

admission of decompensated HF [14]. HIF-1-activation pathway reacts to ischemia by increasing 141 

serum neurotrophins, vascular endothelial growth factor and erythropoietin concentrations, which 142 

are potent neuroprotective agents and involved in cerebrovascular processes, such as collateral 143 

vascularization and microvascular angiogenesis [15,16].  144 
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Hypoxia stabilizes its active subunit, HIF-1α, through oxygen-sensing mechanism [17]. The 145 

protective role of HIF-1 activation in brain vascular disease has been confirmed in animal models of 146 

acute ischemic stroke and subarachnoid hemorrhage, using iron chelation agents such as 147 

deferoxamine [18]. The way that deferoxamine works is complex but, besides inducing HIF-1 DNA 148 

binding and transcription of erythropoietin in vivo and in vitro [18], it also stabilizes HIF-1α, 149 

preventing its continuous and rapid proteossomic degradation [19]. Interestingly, recent work in 150 

humans, elegantly demonstrated that activation of the HIF-1 regulated pathway with deferoxamine 151 

also improved cerebrovascular vasoreactivity and dynamic CA exactly at the VLF range [15].  152 

This study suggests that a more efficient cerebrovascular regulation maybe one of the 153 

mechanisms by which HIF-1 activation contributes to ischemia tolerance. One possible explanation 154 

relies on the expression of other HIF-1-regulated genes like nitric oxide synthase. Nitric oxide, a 155 

potent vascular modulator, plays an important role in cerebrovascular function by enhancing CBFV 156 

reactivity [20]. For example, in humans, dynamic CA efficiency is reduced by nitric oxide synthase 157 

inhibition via l-NMMA (NG-methyl-L-arginine) [20].  158 

Therefore, a higher dynamic CA response of HF patients can be an expression of the hypoxic-159 

ischemic preconditioning caused by the HF itself. It should be noticed, however, that this could not 160 

be explained by low peripheral BP levels since they were similar in both groups. Finally, we cannot 161 

rule out the influence of chronic antihypertensive medication on dynamic CA status of HF patients, 162 

particularly, the use of beta-blockers. These drugs can possibly affect dynamic CA through 163 

autonomic modulation and decreased sympathetic activity can if fact alter cerebrovascular regulation 164 

[21,22].  165 

Our CA data does not agree with a study done previously as it states a reduced dynamic CA in 166 

ischemic HF patients [23]. However, such contrast in outcome can be the result of differences in the 167 

protocol. Unlike Caldas et al., our study excludes severe cases of either intracranial or extracranial 168 

stenosis. Therefore, data collected could be influenced as cranial artery stenosis significantly impairs 169 

CA [24-27]. Furthermore, the study previously mentioned included only ischemic heart failure 170 

patients, while this pilot study does not have such inclusion criteria and solely includes one case of 171 

such etiology. Such difference could have major implications as an underlying ischemic environment 172 

is frankly associated with white matter lesions [28] which leads to CA impairment [29].  173 

However, antihypertensive therapy could have had a major role in these findings. Although it 174 

is reported that CA is affected in HF patients, it is as well stated that antihypertensives improve CA 175 

[30]. Evidence regarding beta-blockers and calcium channels blockers role in CA is well documented 176 

[31-33]. However, studies related to renin-angiotensin-aldosterone system inhibitors provide better 177 

results, with some authors stating that cerebral hemodynamic in HF patients are restored after 178 

captopril treatment [34].  179 

No differences were found in VR parameters in HF patients and healthy controls. This outcome 180 

is discordant with a similar study in which the authors conclude that VR is impaired in HF patients 181 

[35]. The study previously mentioned only included cases classified as class II, III and IV according 182 

to New York Heart Association. Therefore, it is expected that our conclusions were divergent as our 183 

study did not have such inclusion criteria and the majority of HF patients were NYHA class I. Our 184 
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results show that HF should not have an intrinsic disturbance in vasomotor function to a metabolic 185 

stimulus at least in initial course of the disease.   186 

MoCA analysis allows us to understand which mechanism modification could be the foundation 187 

of cognitive impairment. Based on our results, we may assume that CA and VR are not major factors 188 

affecting the cognitive decline in HF. However, this must be clarified by further longitudinal studies  189 

This pilot study has some limitations. A noticeable limitation of this study is its small sample 190 

size. Nevertheless, our analysis rather focuses on multiple cerebrovascular regulatory components 191 

which allowed a detailed study of such a complex phenomenon in its several dimensions. Moreover, 192 

HF is a multifaceted disease with a large spectrum in terms of severity and comorbidities. Therefore, 193 

each HF has a specific burden in the cerebrovascular mechanism regulation which complicates its 194 

analysis and generalization. However, due to the lack of restrictions in the selection of HF patients, 195 

it has a more successful application in clinical practice. 196 

5. Conclusions 197 

Mechanisms of cerebrovascular control are preserved, like CA and VR. Future research is 198 

warranted to understand how HF development could lead to the dysfunction at the neurovascular 199 

unit which could have an impact on the prevention of cognitive impairment. 200 
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Normas de Publicação – Brain Sciences 

Manuscript Submission Overview 

Types of Publications 

Brain Sciences has no restrictions on the length of manuscripts, provided that the text is concise and 
comprehensive. Full experimental details must be provided so that the results can be reproduced. Brain 
Sciences requires that authors publish all experimental controls and make full datasets available where 
possible (see the guidelines on Supplementary Materials and references to unpublished data). 

Manuscripts submitted to Brain Sciences should neither been published before nor be under consideration for 
publication in another journal. The main article types are as follows: 

• Articles: Original research manuscripts. The journal considers all original research manuscripts 
provided that the work reports scientifically sound experiments and provides a substantial amount of 
new information. Authors should not unnecessarily divide their work into several related manuscripts, 
although Short Communications of preliminary, but significant, results will be considered. Quality and 
impact of the study will be considered during peer review. 

• Reviews: These provide concise and precise updates on the latest progress made in a given area of 
research. Systematic reviews should follow the PRISMA guidelines. 

• Case reports: Case reports present detailed information on the symptoms, signs, diagnosis, treatment 
(including all types of interventions), and outcomes of an individual patient. Case reports usually 
describe new or uncommon conditions that serve to enhance medical care or highlight diagnostic 
approaches. 

Submission Process 

Manuscripts for Brain Sciences should be submitted online at susy.mdpi.com. The submitting author, who is 
generally the corresponding author, is responsible for the manuscript during the submission and peer-review 
process. The submitting author must ensure that all eligible co-authors have been included in the author list 
(read the criteria to qualify for authorship) and that they have all read and approved the submitted version of 
the manuscript. To submit your manuscript, register and log in to the submission website. Once you have 
registered, click here to go to the submission form for Brain Sciences. All co-authors can see the 
manuscript details in the submission system, if they register and log in using the e-mail address provided 
during manuscript submission. 

Accepted File Formats 

Authors must use the Microsoft Word template or LaTeX template to prepare their manuscript. Using the 
template file will substantially shorten the time to complete copy-editing and publication of accepted 
manuscripts. The total amount of data for all files must not exceed 120 MB. If this is a problem, please contact 
the editorial office brainsci@mdpi.com. Accepted file formats are: 

• Microsoft Word: Manuscripts prepared in Microsoft Word must be converted into a single file before 
submission. When preparing manuscripts in Microsoft Word, the Brain Sciences Microsoft Word 
template file must be used. Please insert your graphics (schemes, figures, etc.) in the main text after 
the paragraph of its first citation. 

• LaTeX: Manuscripts prepared in LaTeX must be collated into one ZIP folder (include all source files 
and images, so that the Editorial Office can recompile the submitted PDF). When preparing 
manuscripts in LaTeX, please use the Brain Sciences LaTeX template files. You can now also use 
the online application writeLaTeX to submit articles directly to Brain Sciences. The MDPI LaTeX 
template file should be selected from the writeLaTeX template gallery. 

• Supplementary files: May be any format, but it is recommended that you use common, non-
proprietary formats where possible (see below for further details). 
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Cover Letter 

A cover letter must be included with each manuscript submission. It should be concise and explain why the 
content of the paper is significant, placing the findings in the context of existing work and why it fits the scope 
of the journal. Confirm that neither the manuscript nor any parts of its content are currently under consideration 
or published in another journal. Any prior submissions of the manuscript to MDPI journals must be 
acknowledged. The names of proposed and excluded reviewers should be provided in the submission system, 
not in the cover letter. 

Note for Authors Funded by the National Institutes of Health (NIH) 

This journal automatically deposits papers to PubMed Central after publication of an issue. Authors do not 
need to separately submit their papers through the NIH Manuscript Submission System 
(NIHMS, http://nihms.nih.gov/). 
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Manuscript Preparation 

General Considerations 

• Research manuscripts should comprise: 

o Front matter: Title, Author list, Affiliations, Abstract, Keywords 

o Research manuscript sections: Introduction, Materials and Methods, Results, Discussion, 
Conclusions (optional). 

o Back matter: Supplementary Materials, Acknowledgments, Author Contributions, Conflicts of 
Interest, References. 

• Review manuscripts should comprise the front matter, literature review sections and the back 
matter. The template file can also be used to prepare the front and back matter of your review 
manuscript. It is not necessary to follow the remaining structure. Structured reviews and meta-
analyses should use the same structure as research articles and ensure they conform to 
the PRISMA guidelines. 

• Case reports should include a succinct introduction about the general medical condition or relevant 
symptoms that will be discussed in the case report; the case presentation including all of the relevant 
de-identified demographic and descriptive information about the patient(s), and a description of the 
symptoms, diagnosis, treatment, and outcome; a discussion providing context and any necessary 
explanation of specific treatment decisions; a conclusion briefly outlining the take-home message and 
the lessons learned. 

• Graphical abstract: Authors are encouraged to provide a graphical abstract as a self-explanatory 
image to appear alongside with the text abstract in the Table of Contents. Figures should be a high 
quality image in any common image format. Note that images displayed online will be up to 11 by 9 
cm on screen and the figure should be clear at this size. 

• Abbreviations should be defined in parentheses the first time they appear in the abstract, main text, 
and in figure or table captions and used consistently thereafter. 

• SI Units (International System of Units) should be used. Imperial, US customary and other units 
should be converted to SI units whenever possible 

• Accession numbers of RNA, DNA and protein sequences used in the manuscript should be 
provided in the Materials and Methods section. Also see the section on Deposition of Sequences 
and of Expression Data. 

• Equations: If you are using Word, please use either the Microsoft Equation Editor or the MathType 
add-on. Equations should be editable by the editorial office and not appear in a picture format. 
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• Research Data and supplementary materials: Note that publication of your manuscript implies that 
you must make all materials, data, and protocols associated with the publication available to readers. 
Disclose at the submission stage any restrictions on the availability of materials or information. Read 
the information about Supplementary Materials and Data Deposit for additional guidelines. 

• Preregistration: Where authors have preregistered studies or analysis plans, links to the 
preregistration must be provided in the manuscript. 

• Guidelines and standards: MDPI follows standards and guidelines for certain types of research. 
See https://www.mdpi.com/editorial_process for further information. 
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Front Matter 

These sections should appear in all manuscript types 

• Title: The title of your manuscript should be concise, specific and relevant. It should identify if the 
study reports (human or animal) trial data, or is a systematic review, meta-analysis or replication 
study. When gene or protein names are included, the abbreviated name rather than full name should 
be used. 

• Author List and Affiliations: Authors' full first and last names must be provided. The initials of any 
middle names can be added. The PubMed/MEDLINE standard format is used for affiliations: complete 
address information including city, zip code, state/province, and country. At least one author should 
be designated as corresponding author, and his or her email address and other details should be 
included at the end of the affiliation section. Please read the criteria to qualify for authorship. 

• Abstract: The abstract should be a total of about 200 words maximum. The abstract should be a 
single paragraph and should follow the style of structured abstracts, but without headings: 1) 
Background: Place the question addressed in a broad context and highlight the purpose of the study; 
2) Methods: Describe briefly the main methods or treatments applied. Include any relevant 
preregistration numbers, and species and strains of any animals used. 3) Results: Summarize the 
article's main findings; and 4) Conclusion: Indicate the main conclusions or interpretations. The 
abstract should be an objective representation of the article: it must not contain results which are not 
presented and substantiated in the main text and should not exaggerate the main conclusions. 

• Keywords: Three to ten pertinent keywords need to be added after the abstract. We recommend that 
the keywords are specific to the article, yet reasonably common within the subject discipline. 

Research Manuscript Sections 

• Introduction: The introduction should briefly place the study in a broad context and highlight why it is 
important. It should define the purpose of the work and its significance, including specific hypotheses 
being tested. The current state of the research field should be reviewed carefully and key publications 
cited. Please highlight controversial and diverging hypotheses when necessary. Finally, briefly 
mention the main aim of the workand highlight the main conclusions. Keep the introduction 
comprehensible to scientists working outside the topic of the paper. 

• Materials and Methods: They should be described with sufficient detail to allow others to replicate 
and build on published results. New methods and protocols should be described in detail while well-
established methods can be briefly described and appropriately cited. Give the name and version of 
any software used and make clear whether computer code used is available. Include any pre-
registration codes. 

• Results: Provide a concise and precise description of the experimental results, their interpretation as 
well as the experimental conclusions that can be drawn. 

• Discussion: Authors should discuss the results and how they can be interpreted in perspective of 
previous studies and of the working hypotheses. The findings and their implications should be 
discussed in the broadest context possible and limitations of the work highlighted. Future research 
directions may also be mentioned. This section may be combined with Results. 
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• Conclusions: This section is not mandatory, but can be added to the manuscript if the discussion is 
unusually long or complex. 

• Patents: This section is not mandatory, but may be added if there are patents resulting from the work 
reported in this manuscript. 
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Back Matter 

• Supplementary Materials: Describe any supplementary material published online alongside the 
manuscript (figure, tables, video, spreadsheets, etc.). Please indicate the name and title of each 
element as follows Figure S1: title, Table S1: title, etc. 

• Acknowledgments: All sources of funding of the study should be disclosed. Clearly indicate grants 
that you have received in support of your research work and if you received funds to cover publication 
costs. Note that some funders will not refund article processing charges (APC) if the funder and grant 
number are not clearly and correctly identified in the paper. Funding information can be entered 
separately into the submission system by the authors during submission of their manuscript. Such 
funding information, if available, will be deposited to FundRef if the manuscript is finally published. 

• Author Contributions: Each author is expected to have made substantial contributions to the 
conception or design of the work; or the acquisition, analysis, or interpretation of data; or the creation 
of new software used in the work; or have drafted the work or substantively revised it; AND has 
approved the submitted version (and version substantially edited by journal staff that involves the 
author’s contribution to the study); AND agrees to be personally accountable for the author’s own 
contributions and for ensuring that questions related to the accuracy or integrity of any part of the 
work, even ones in which the author was not personally involved, are appropriately investigated, 
resolved, and documented in the literature. 
For research articles with several authors, a short paragraph specifying their individual contributions 
must be provided. The following statements should be used "Conceptualization, X.X. and Y.Y.; 
Methodology, X.X.; Software, X.X.; Validation, X.X., Y.Y. and Z.Z.; Formal Analysis, X.X.; 
Investigation, X.X.; Resources, X.X.; Data Curation, X.X.; Writing – Original Draft Preparation, X.X.; 
Writing – Review & Editing, X.X.; Visualization, X.X.; Supervision, X.X.; Project Administration, X.X.; 
Funding Acquisition, Y.Y.”, please turn to the CRediT taxonomy for the term explanation. For more 
background on CRediT, see here. "Authorship must include and be limited to those who have 
contributed substantially to the work. Please read the section concerning the criteria to qualify 
for authorship carefully". 

• Conflicts of Interest: Authors must identify and declare any personal circumstances or interest that 
may be perceived as inappropriately influencing the representation or interpretation of reported 
research results. If there is no conflict of interest, please state "The authors declare no conflict of 
interest." Any role of the funding sponsors in the choice of research project; design of the study; in the 
collection, analyses or interpretation of data; in the writing of the manuscript; or in the decision to 
publish the results must be declared in this section. Brain Sciences does not publish studies funded 
by the tobacco industry. Any projects funded by pharmaceutical or food industries must pay special 
attention to the full declaration of funder involvement. If there is no role, please state “The sponsors 
had no role in the design, execution, interpretation, or writing of the study”. 

• References: References must be numbered in order of appearance in the text (including table 
captions and figure legends) and listed individually at the end of the manuscript. We recommend 
preparing the references with a bibliography software package, such 
as EndNote, ReferenceManager or Zotero to avoid typing mistakes and duplicated references. We 
encourage citations to data, computer code and other citable research material. If available online, 
you may use reference style 9. below. 

• Citations and References in Supplementary files are permitted provided that they also appear in the 
main text and in the reference list. 

In the text, reference numbers should be placed in square brackets [ ], and placed before the punctuation; for 
example [1], [1–3] or [1,3]. For embedded citations in the text with pagination, use both parentheses and 
brackets to indicate the reference number and page numbers; for example [5] (p. 10). or [6] (pp. 101–105). 
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The reference list should include the full title, as recommended by the ACS style guide. Style files 
for Endnote and Zotero are available. 

References should be described as follows, depending on the type of work: 

•  Journal Articles: 

1. Author 1, A.B.; Author 2, C.D. Title of the article. Abbreviated Journal 

Name Year, Volume, page range. 

•  Books and Book Chapters: 

2. Author 1, A.; Author 2, B. Book Title, 3rd ed.; Publisher: Publisher Location, Country, 

Year; pp. 154–196. 

3. Author 1, A.; Author 2, B. Title of the chapter. In Book Title, 2nd ed.; Editor 1, A., 

Editor 2, B., Eds.; Publisher: Publisher Location, Country, Year; Volume 3, pp. 154–196. 

•  Unpublished work, submitted work, personal communication: 

4. Author 1, A.B.; Author 2, C. Title of Unpublished Work. status (unpublished; 

manuscript in preparation). 

5. Author 1, A.B.; Author 2, C. Title of Unpublished Work. Abbreviated Journal 

Name stage of publication (under review; accepted; in press). 

6. Author 1, A.B. (University, City, State, Country); Author 2, C. (Institute, City, State, 

Country). Personal communication, Year. 

•  Conference Proceedings: 

7. Author 1, A.B.; Author 2, C.D.; Author 3, E.F. Title of Presentation. In Title of the 

Collected Work (if available), Proceedings of the Name of the Conference, Location of 

Conference, Country, Date of Conference; Editor 1, Editor 2, Eds. (if available); Publisher: 

City, Country, Year (if available); Abstract Number (optional), Pagination (optional). 

•  Thesis: 

8. Author 1, A.B. Title of Thesis. Level of Thesis, Degree-Granting University, Location of 

University, Date of Completion. 

•  Websites: 

9. Title of Site. Available online: URL (accessed on Day Month Year). 

Unlike published works, websites may change over time or disappear, so we encourage you 

create an archive of the cited website using a service such as WebCite. Archived websites 

should be cited using the link provided as follows: 

10. Title of Site. URL (archived on Day Month Year). 
See the Reference List and Citations Guide for more detailed information. 
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Preparing Figures, Schemes and Tables 

• File for Figures and Schemes must be provided during submission in a single zip archive and at a 
sufficiently high resolution (minimum 1000 pixels width/height, or a resolution of 300 dpi or higher). 
Common formats are accepted, however, TIFF, JPEG, EPS and PDF are preferred. 

• Brain Sciences can publish multimedia files in articles or as supplementary materials. Please contact 
the editorial office for further information. 

• All Figures, Schemes and Tables should be inserted into the main text close to their first citation and 
must be numbered following their number of appearance (Figure 1, Scheme I, Figure 2, Scheme II, 
Table 1, etc.). 

• All Figures, Schemes and Tables should have a short explanatory title and caption. 
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• All table columns should have an explanatory heading. To facilitate the copy-editing of larger tables, 
smaller fonts may be used, but no less than 8 pt. in size. Authors should use the Table option of 
Microsoft Word to create tables. 

• Authors are encouraged to prepare figures and schemes in color (RGB at 8-bit per channel). There is 
no additional cost for publishing full color graphics. 
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Supplementary Materials, Data Deposit and Software Source 
Code 

Data Availability 

In order to maintain the integrity, transparency and reproducibility of research records, authors must make their 
experimental and research data openly available either by depositing into data repositories or by publishing the 
data and files as supplementary information in this journal. 

Computer Code and Software 

For work where novel computer code was developed, authors should release the code either by depositing in a 
recognized, public repository or uploading as supplementary information to the publication. The name and 
version of all software used should be clearly indicated. 

Supplementary Material 

Additional data and files can be uploaded as "Supplementary Files" during the manuscript submission process. 
The supplementary files will also be available to the referees as part of the peer-review process. Any file format 
is acceptable, however we recommend that common, non-proprietary formats are used where possible. 

Unpublished Data 

Restrictions on data availability should be noted during submission and in the manuscript. "Data not shown" 
should be avoided: authors are encouraged to publish all observations related to the submitted manuscript as 
Supplementary Material. "Unpublished data" intended for publication in a manuscript that is either planned, "in 
preparation" or "submitted" but not yet accepted, should be cited in the text and a reference should be added in 
the References section. "Personal Communication" should also be cited in the text and reference added in the 
References section. (see also the MDPI reference list and citations style guide). 

Remote Hosting and Large Data Sets 

Data may be deposited with specialized service providers or institutional/subject repositories, preferably those 
that use the DataCite mechanism. Large data sets and files greater than 60 MB must be deposited in this way. 
For a list of other repositories specialized in scientific and experimental data, please consult databib.org or 
re3data.org. The data repository name, link to the data set (URL) and accession number, doi or handle number 
of the data set must be provided in the paper. The journal Data also accepts submissions of data set papers. 

Deposition of Sequences and of Expression Data 

New sequence information must be deposited to the appropriate database prior to submission of the 
manuscript. Accession numbers provided by the database should be included in the submitted manuscript. 
Manuscripts will not be published until the accession number is provided. 

• New nucleic acid sequences must be deposited in one of the following databases: GenBank, EMBL, 
or DDBJ. Sequences should be submitted to only one database. 

• New high throughput sequencing (HTS) datasets (RNA-seq, ChIP-Seq, degradome analysis, …) must 
be deposited either in the GEO database or in the NCBI’s Sequence Read Archive. 

• New microarray data must be deposited either in the GEO or the ArrayExpress databases.The 
"Minimal Information About a Microarray Experiment" (MIAME) guidelines published by the Microarray 
Gene Expression Data Society must be followed. 
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• New protein sequences obtained by protein sequencing must be submitted to UniProt (submission 
tool SPIN). 

All sequence names and the accession numbers provided by the databases should be provided in the 
Materials and Methods section of the article. 

References in Supplementary Files 

Citations and References in Supplementary files are permitted provided that they also appear in the reference 
list of the main text. 

 


