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Abstract

Introduction:  Autonomic dysfunction affecting internal homeostasis, namely
cardiovascular control is a frequent phenomenon after acute brain injury. The inclusion
of orthostatic training with the tilt table in the rehabilitation protocols of these patients,
may improve cerebral autoregulation and induce faster recovery of sensorimotor,
balance and autonomic systems.

Purpose: Preliminary pilot study to describe the systemic and cerebral physiological
adaptation of critically ill patients with acute brain injury submitted to orthostatism using
the tilt table.

Methods: Rehabilitation with orthostatism was applied to patients recovering from acute
brain injury admitted in a Neurocritical care unit. The orthostatic trial was achieved
according to the tilt table protocol: the body position was gradually elevated from 0° to
60°. For each slope degree 0°, 15°, 30°, 45° and 60°, the patient stayed in the same
position for 15 minutes. The trial was concluded by gradually lower the slope every 5 min
for 15° until the 0° position was reached. During the procedure we continuously recorded
arterial blood pressure, electrocardiogram, heart rate and cerebral oximetry with near-
infrared spectroscopy. We made offline analysis of cerebrovascular reactivity index using
cerebral oximetry, heart rate variability in frequency domain and baroreflex. Data
recording and processing was performed using ICM+ software ® developed at
Cambridge University.

Results: We studied 7 patients (mean age 58) with acute brain injury (3 Traumatic Brain
Injury, 3 Intracerebral Haemorrhage and 1 Acute Hydrocephalus). The median Glasgow
Coma Scale was 11(1), the mean Simplified Acute Physiology Score Il was 31+23, the
mean length of stay in Neurocritical care unit and hospital was 67+26 and 107+26,
respectively. In supine position, baroreflex sensitivity and heart rate variability total power
was decreased. Low-frequency and high-frequency components of heart rate variability
were decreased and low-frequency/high-frequency ratio was increased. Cerebral
autoregulation, expressed by cerebrovascular reactivity index, remained mostly under
0.3 during orthostatism. During tilt test only heart rate demonstrated an increase with
statistical significance from 15° to 45° and 60° (83 vs 94, p=0.037) and (83 vs 95,
p=0.037). No other statistical difference was identified during orthostatism.

Conclusion: The results of this pilot study in acute brain injury patients submitted to
orthostatism challenge demonstrate that it is feasible to apply the tilt table in an acute
care setting. The increase of low-frequency/high-frequency ratio and decrease of
baroreflex sensitivity suggest sympathetic predominance supporting autonomic nervous
system impairment. The clinical relevance of online monitoring of cerebral autoregulation
with cerebrovascular reactivity index during the tilt test warrants further evaluation.

Keywords: Acute Cerebral Lesion; Heart Rate Variability; Autonomic Nervous System;
Tilt Table



1. Introduction

1.1 Interconnection between acute brain injury (ABI) and dysautonomia

Autonomic dysfunction affecting internal homeostasis, namely cardiovascular control,
may occur after acute brain injury (ABI) of different etiologies (Leipzig et al., 1986;
Lacquaniti et al., 1993). The first study that explored the relationship between heart rate
pattern and severe brain damage was conducted by Valbona et al in 1965 (Leipzig et al.,
1986). Leipzig et al (1986) reported that decreased heart rate variability (HRV), from
beginning to end or at any time, is an accurate indicator of poor outcome. However, it
also stated that, in patients with acute brain injury, the variability is less accurate than
Glasgow Coma Scale (GCS) to predict outcome.

The relationship between brain and heart and the autonomic nervous system (ANS)
modulation of sinus rate has been studied through the analysis of the tachogram, which
is a mathematical series derived from RR intervals (Lacquaniti et al., 1993). Lacquaniti,
L. et al (1993) revealed that the absence of HRV in patients with severe brain injury led
to brain death or vegetative status. Similarly, Freitas, J. et al (1996) reported that HRV
is lower in comatose and brain death patients, being the parameters significantly lower
in the last group.

Woolf et al (1987) postulated that following head trauma there is an activation of the
sympathetic nervous system with an increase of circulating catecholamines.
Consequently, among other alterations cardiac arrhythmias and myocardial necrosis
may occur. The possible reason behind this fact is the autonomic imbalance or over-
reactivity of sympathetic outflow following ABI and such consequences may be
prevented by alpha- and beta-adrenergic blockade. Kolin, A. et al (1984) found similar
results in the autopsies of 58 patients with intracranial lesions. They reported increased
levels of plasma catecholamines and myocardial damage significantly higher in patients
with intracranial hypertension (62%) in comparison with controls (26%). There are other
circumstances affecting the brain, where HRV is also diminished, such as familial
amyloid neuropathy, which involves severe autonomic imbalance in advanced stages.
Not surprisingly, these patients present near zero HRV (Carvalho et al., 1991). This
premise sustains the hypothesis of a close relationship between ABI and dysautonomia.

In a normal heart, the sinus node dictates the basal heart rate which is modulated by the
parasympathetic and sympathetic nervous system which centres are mainly located in
the hypothalamus and brainstem. In normal circumstances the heart rate is maintained
between a certain range (60 to 100 beats per minute) increasing or decreasing
depending on the autonomic nervous system reaction to the day-to-day challenges
(Boron et al., 2012). This Heart Rate Variability (HRV), reflects beat-to-beat changes in
RR intervals (Camm et al., 1996) imposed by the ANS function. Heart rate changes as
a response to mental or physical stress and several diseases, such as ABI (Boron et al.,
2012) with high intracranial pressure (Kolin et al., 1984).

The HRV can be analysed through time domain methods or frequency domain methods.
Considering the frequency domain, HF component reflects mainly the efferent vagal
activity, whereas LF component is more controversial, reflecting mostly the sympathetic
activity but has also vagal influences (Camm et al., 1996). Therefore, LF/HF ratio is
considered to mirror of sympathetic-vagal balance (Camm et al., 1996). A detailed
description of these methods can be found in the guidelines “Standards of measurement,
physiological interpretation, and clinical use”. As the HRV is a time series generated by
the difference between the R-R intervals modulated by sympathetic and vagal tonus
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(Sztajzel, 2004) is expected a less variability (compared to the normal values of standard
measures of heart rate variability (Camm et al., 1996)) in the presence of ANS
dysfunction.

1.2 Autonomic Nervous System, Cerebral Autoregulation and Orthostatism

The ANS, through HRV and the baroreflex, is the main component of the adaptive
response to body position change (Appenzeller, 1990; Nasr et al., 2018). Upon assuming
orthostatic position there is a 500-1000 ml of blood movement from the upper body to
the lower segments (Robertson, 2008). This rapid redistribution of blood leads to a
relative hypovolemia, sensed by the baroreceptors (carotid sinus and aortic cross)
causing a sympathetic reflex, increasing heart rate, contractibility and peripheral
vasoconstriction (Levine et al., 2014). Consequently, the increased cardiac output leads
to obliteration of the ventricular chamber, activating the mechanic C fibers, triggering a
parasympathetic reflex, through the vagus nerve, resulting in vasodilatation and
decreased heart rate (Levine et al., 2014).

The baroreflex may be assessed in the time domain, by the baroreflex sensitivity (BRS)
which is given by the slope of RR interval versus systolic ABP regression line (Nasr et
al., 2018). High sympathetic system activity or ANS imbalance is correlated to baroreflex
impairment (Nasr et al., 2005) and altered baroreflex activity has been associated with
poor outcome in ABI (V. Papaioannou et al., 2005).

During orthostatic challenge, the hemodynamic adaption may affect cerebral blood flow
and therefore cerebral function, which is counterbalanced by cerebral autoregulation that
assures constant blood flow within a limited interval of variation of ABP, by changing
cerebrovascular reactivity (Tzeng et al., 2014). This vital physiological mechanism may
be continuously monitored at bedside with bilateral cerebral oximetry (CO) with the Near-
Infrared Spectroscopy (NIRS) technology and its correlation with ABP (Brady et al.,
2010). The moving correlation coefficient between CO and ABP, so called cerebral
oximetry index reactivity score (COx), may vary between -1 and +1 and the values below
0.3 are related to preserved brain autoregulation (Moerman et al., 2017).

1.3 Advantages of the tilt table test as a rehabilitation tool

Recent Intensive Care rehabilitation methods include the orthostatic position with a tilt
table, to stimulate vestibular, somatosensory and visual function, challenging the ANS
adaptive response (Turner-Stokes et al., 2005). In fact, during the upright position the
axial tonic activity links all parts of the body with improvement of autonomic control,
oxygenation, ventilation, alertness and prevention of contractures and pressure ulcers.
This rehabilitation tool minimizes the adverse effects of immobility and lying position,
improves recovery and decreases morbidity promoting better outcome (Gurfinkel et al.,
2006; Brodal, 2010; Roy et al., 2013; Vlutters et al., 2015).

Aim: to describe the autonomic and cerebral physiological adaptation of critically ill
patients with acute brain injury submitted to orthostatism challenge, using the tilt table.

2. Materials and Methods

2.1 Individuals

We submitted patients recovering from severe acute brain injury, admitted to the
neurocritical care unit at Sdo Jodo University Hospital to the tilt test protocol of
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rehabilitation. Exclusion criteria were body weight greater than 130kg and/or height
greater than 210cm, unstable or unconsolidated fractures, rib fractures or thoracic
cutaneous lesions, contraindication for lower limb load and patients with deep venous
thrombosis, hemodynamic or neurological instability in the last 48 hours, with external
ventricular drainage or lumbar drainage or prior medical history of orthostatic intolerance.
Baseline neurological status was calculated using the Glasgow Coma Scale (GCS) score
on first session. The Simplified Acute Physiology Score Il (SAPS Il) was used to
determine the overall disease severity and mortality prediction on admission.

2.2 Data Acquisition and Processing

Patients were continuously monitored with ECG, heart rate (HR), invasive arterial blood
pressure (ABP) through the radial artery, pulse oximetry (SpO2) and bilateral
transcutaneous cerebral oximetry with near-infrared spectroscopy (NIRS). The systemic
variables were acquired using Philips Intellivue MP70 multiparameter monitor (Philips
medical systems, Eindhoven, the Netherlands). NIRS was monitored with INVOS 5100C
(Covidien, Mansfield, USA). All signals were recorded, sampled at a frequency of 250
Hz, using a laptop computer with ICM+® software, version 8.5 (Cambridge Enterprise,
Cambridge, UK, http://www.neurosurg.cam. ac.uk/icmplus). The same software was
later used for offline analysis of cerebral oximetry (CO) and calculation of
cerebrovascular reactivity index using cerebral oximetry (COx). CO was defined as the
average between the left and right NIRS values. COx was calculated as a moving
Pearson correlation coefficient between ABP and NIRS data with consecutive, paired,
10-second averaged values from a 5 minutes length window. Example of data monitoring
from one patient is shown in figure 1.

2.3 Heart Rate Variability

For HRV study, we used offline frequency domain analysis and calculated spectral power
of RR time series in the low frequency range (0.04-0.15Hz), the high frequency range
(0.15-0.4Hz), the total power (0.04-0.4Hz) and the LF/HF ratio. Tolerance to ectopics
was 20%.

2.4 Baroreflex Sensitivity

Baroreflex sensitivity (BRS) was assessed through a cross-correlation method that uses
systolic ABP and RR time series. The slope of the linear regression was calculated using
a moving 30-second window. Tolerance to ectopics was 20%. BRS is presented in
ms/mmHg.

2.5 Rehabilitation Protocol for Orthostatism

The protocol applied was based on the publications of Silvério et al. 2014 and Sibinelli
et al. 2012 and was approved by local Ethics Committee of the Faculty of Medicine,
University of Porto. The body position was gradually elevated from 0° to 60°. For each
slope, at 0°, 15°, 30°, 45° and 60° degrees, the patient stayed in the same position during
15 minutes (Fig. 1). The trial was concluded by gradually lower the slope every 5 min in
the reverse way until the 0° position was reached. In case of hemodynamic instability
during the rise phase, defined as HR and ABP changes beyond + 20% from baseline or
consciousness changes the test was aborted.


https://icmplus.neurosurg.cam.ac.uk/
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Time scale: < 59 minutes, 44 seconds > 27/04/2019 10:55:13 - 11:54:57

Figure 1. Patient in the tilt table during “up period” and screen of ICM+ software with offline analysis of data
monitoring of arterial blood pressure (ABP), heart rate (HR), baroreflex sensitivity (BRS), heart rate variability
with total power (HRV_TOT) and balance (HRV_LF/HF) and the linear correlation between balance and
cerebral oximetry index (COx), as a surrogate of autoregulation.

2.6 Data Analysis

The data are presented as mean values and standard deviations (mean + SD) or
medians (med) and interquartile range (IQR). Non-parametric Wilcoxon test was
performed to compare mean values of ABP, HR, left NIRS, right NIRS, CO, COx, HRV
total power, LF and HF components, LF/HF ratio and BRS across tilt table sessions.
Non-parametric Friedman test with post-hoc comparisons was used to compared mean
values of every variable at different slopes during orthostatism. All statistics were
performed using the SPSS version 21.0 for Windows. In all tests, values of p<0.05 were
considered statistically significant.

3. Results
3.1 Demographic Data

Seven critically ill patients recovering from ABI (3 TBI, 3 ICH, 1 Hydrocephalus) were
analysed. The mean age of the patients was 58124 years old and 6 (86%) were male.
Median GCS at first session was 11(1) and mean SAPS Il on admission was 31+23 with
predicted mortality of 24%. Mean length of stay in the NCCU and hospital was
respectively 67+26 and 107+26. Demographic data is summarized in table 1.



Table 1. Demographic characteristics of the patients

Case Sex Age Diagnosis SAPSII  P_SAPS Il NCCU stay Hospital stay GCS
1 F 62 ICH 37 19,6 67 113 11
2 M 22 TBI 33 14,0 40 67 10
3 M 73 TBI 66 78,5 29 53 12
4 M 83 HyCP 6 0,5 60 115 11
5 M 68 ICH 53 53,0 78 116 11
6 M 27 TBI 6 0,5 78 78 6
7 M 69 ICH 18 2,9 107 107 11
Mean 58 31 24 67 107

SD 24 23 30 26 26

Median 11
IQR 1

SAPS I, Simplified Acute Physiology Score Il; P_SAPS Il, mortality prediction; NCCU, Neurocritical Care Unit; GCS,
Glasgow Coma Scale; ICH, Intracerebral haemorrhage; TBI, Traumatic Brain Injury; HyCP, hydrocephalus; SD, Standard
Deviation; IQR, Interquartile Range

3.2 Monitoring Data

Mean and standard deviation for the physiologic variables ABP, HR and NIRS (left and
right) at the slopes 0°, 15°, 30°, 45°, 60° and at the end of protocol, for the first and
second sessions, are presented in table 2 and in figure 2 (in appendix).

Table 2. Monitoring Data recorded during upright phase of the orthostatic tilt test for the first and second
sessions at 0°, 15°, 30°, 45°, 60° and the end of the protocol.

Diagnhosis| 0°begin 15°up 30°up 45°up 60° up 0° end
ABP 105+20 104+19 104+19 9717 97+10 101+18
Session 1|HR 81+10 83110 90410 94+4 95+6 87+16
(n=7) NIRS L 57+30 52+28 63+15 62+14 54+11 68+12
NIRS R 61+33 59+32 60+25 51+28 47+17 69+21
ABP 109+10 10711 106%10 106114 11249 10748
Session 2 |HR 8548 86111 89+10 9044 92+1 8816
(n=4) NIRS_L 62+10 61+7 6119 61+10 63110 64+11
NIRS R 61+13 59+10 59+11 61+9 601 61+11

Mean and Standard Deviation of ABP (Arterial Blood Pressure), HR (Heart Rate), NIRS_L (left cerebral oximetry with
near-infrared spectroscopy) and IRS_R (Right cerebral oximetry with near-infrared spectroscopy).

Statistically significant differences between slopes during orthostatism were only
identified for HR in the first session with a consecutive increase between 15°, 45° and
60° (p=0.037).

The mean and standard deviation for the calculated variables CO, COx, HRV LF, HRV
HF, HRV LF/HF, HRV TOT, BRS at the slopes 0°, 15°, 30°, 45°, 60° and at the end of
protocol, for the first and second sessions, are presented in table 3 and in figure 3 (in
annex).



Table 3. Calculated variables during upright phase of the orthostatic tilt test for the first and second sessions
at 0°, 15°, 30°, 45°, 60° and the end of the protocol.

02 begin 152 up 302 up 452 up 602 up 02 end
co 55430 56426 59+16 56+17 5048 69+14
COx 0,1%0,2 0%0,2 0,1%0,2 0,2+0,2 0,2+0,2 0,2+0,3
_ HRV_LF 5174453 | 381365 | 318+335 | 230#214 | 2594262 | 493+364
Se(snsz";)”l HRV_HF 5754690 | 428+530 | 328#500 | 293446 | 305+403 | 6294716
HRV_LF/HF 446 445 4+4 5+6 4+4 4+4
HRV_TOT | 311542576 | 27742464 | 2030£1679 | 217342261 | 16561410 | 3628+3482
BRS 0,42+0,10 | 0,44%0,09 | 0,46%0,10 | 0,42+0,11 | 0,43%0,09 | 0,43%0,11
CcO 62+11 60+8 60+10 61+10 62+4 62+10
COx 00,2 0,3%0,2 0,4+0,2 0,2+0,2 0,1+0,2 0,3+0,3
. HRV_LF 2834288 | 2761260 | 222+217 | 293+280 | 120+138 | 230238
Se(snsz'jg‘z HRV_HF 359+572 | 289+423 | 228+393 | 246+406 616 2244412
HRV_LF/HF 4+6 548 516 947 1647 546
HRV_TOT | 229242431 | 1922+1850 | 1632+1663 | 1737+1245 | 93241082 | 1773+1904
BRS 0,44+0,17 | 0,510,12 | 0,43+0,16 | 0,42+0,11 | 0,39+0,09 | 0,52%0,17

Mean and Standard Deviation of CO (Cerebral Oximetry), Cox (Cerebral Oximetry index), HRV LF (Low Frequency
component of Heart Rate Variability), HRV HF (High Frequency component of Heart Rate Variability), HRV LF/HF (Low
Frequency and High Frequency components of Heart Rate Variability ratio), HRV TOT (Total power of Heart Rate
Variability) and BRS (Baroreflex Sensitivity).

Among the calculated variables, no statistical differences were identified (p>0.05).

4. Discussion

This pilot study assessed the systemic and cerebral physiological adaptation of critically
ill patients with acute brain injury submitted to orthostatism using the tilt table. To our
best knowledge, this is the first study to evaluate the effect of orthostatism on systemic
and cerebral variables in patients with acute cerebral injury during intensive care staying.
We found evidence of decreased LF and HF powers and increased LF/HF ratio,
suggesting sympathetic predominance in critically ill patients with cerebral damage.
Considering the interpretation of HF as a mirror of parasympathetic tonus, LH of
sympathetic tonus and LF/HF as the balance between them, our results were consistent
with previous studies. Goldstein et al (1993) reported that lower LF and HF were
associated with severe brain injury and brain death. Szabo et al (2018) studied patients
with acute intracerebral haemorrhage and found decreased total power of LF and HF.
Another acute ischemic cerebral infarction series found decreased values of HF and LF
and increased LF/HF ratio (Tokgozoglu et al., 1999; Kuriyama et al., 2010; Hilz et al.,
2011). However, some previous observations on critically ill patients with TBI, ICH and
SAH showed increased HF powers and decreased LF/HF ratio in these patients,
suggesting increased vagal activity (Kox et al., 2012; Sykora et al., 2016).

Supporting the sympathetic predominance, we found low BRS values. Reduced BRS
has also been observed in other pathologies like myocardial infarction (La Rovere et al.,
1998), heart failure (Pinna et al., 2005) and acute brain injury (Vasilios Papaioannou et
al., 2008; Sykora et al., 2008), suggesting autonomic nervous system impairment.

In this study, during orthostatism, it was observed an increase of HR, with statistical
significance, from 15° to 45° and 60°. This onset of tachycardia is another factor
suggesting sympathetic predominance in these patients with acute cerebral lesions (Hilz



et al., 2011). The same pattern was not observed in ABP. In terms of cerebral oximetry,
it was seen low, although normal, initial values that mainly increase during orthostatism,
suggesting favourable cerebral adaption to head-up position. Indeed, cerebral
autoregulation, expressed by COx, remained mostly under 0.3 during orthostatism,
reflecting integral autoregulation. Even though, it was observed periodic autoregulation
impairment, eventually related to a certain delayed dynamics of autoregulation (Lazaridis
et al.,, 2013). As discussed previously, HRV and BRS were decreased before
orthostatism, maintaining a relatively unchanged linear progression.

In our protocol we establish some security measures to prevent hemodynamic instability
during orthostatism. So, in case of HR variability and ABP>20% from baseline or
consciousness changes the test would be aborted. However, there is no security protocol
concerning cerebral autoregulation, apart from clinical evaluation of neurological status.
As previously discussed, we demonstrated with offline analysis, that cerebral
autoregulation was mostly preserved with COx values under 0.3 throughout most of the
length of protocol. Since cerebral autoregulation is a vital process it would be more
appropriate in the next patients to introduce the online processing of COx to allow
continuously monitoring of autoregulation.

Another goal of our study is to assess the tilt table as a rehabilitation tool in order to
understand its role in autonomic cardiovascular control. Our results showed no statistical
differences between both sessions, probably because of the reduced number of
participants and sessions in this study. Nevertheless, in patients with second session we
documented higher sympathetic-vagal balance, which may suggest autonomic control
improvement. However, because no statistical difference was found, no further
conclusions can be made.

4.1 Study limitations

The small sample size of this study must be considered the major limitation. Still, it is a
prospective pilot study about the systemic and cerebral physiological adaptation during
orthostatism, which results may allow future research in larger cohorts with systematic
tilt table application. A strength of this study was that our patients were not sedated or
ventilated, which has been proved to affect HRV per se (Kasaoka et al., 2010). However,
other medication including beta blockers and anti-hypertensives were used in the
treatment of our patients. Therefore, there is the possibility of our measurements be
skewed by this medical therapy.

Another important limitation is the lack of monitoring of cerebral autoregulation during
the procedure and its comparison with a more standard validated method such as the
bilateral continuous monitoring of cerebral blood velocity with transcranial Doppler.

5. Conclusions

The results of this pilot study in acute brain injury patients submitted to orthostatism
challenge demonstrate that it is feasible to apply the tilt table in an acute care setting.
The increase of HRV LF/HF and decrease of BRS suggest sympathetic predominance
supporting autonomic nervous system impairment. The autoregulation monitoring with
cerebral oximetry during the tilt test seems to be appropriate, although warrants further
investigation.
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Figure 2. Line chart showing mean and standard deviation for Arterial Blood Pressure (ABP),
Heart Rate (HR), Cerebral Oximetry (CO) and Cerebral Oximetry index (COx) at the slopes 0°,
15°, 30°, 45°, 60° and at the end of protocol, for the first and second sessions.
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offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via http://ees.elsevier.com/autneu/.

Referees

Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.
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Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
one independent expert reviewer to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Experimental

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.
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Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

The abstract should summarize the results obtained and the major conclusions in such a way that a
reader not familiar with the particular area of work can understand the implications of the work. It
should not exceed one twentieth of the length of the manuscript.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of theirimages
and in accordance with all technical requirements.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.
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Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

¢ Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

¢ Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics’.
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TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citations in the text should be given in parentheses at the appropriate place by author(s) name(s)
followed by the year in chronological order according to the Harvard system (Paintal, 1973; Birdsall
et al., 1980). With more than two authors, name only the first followed by "et al." (Birdsall et al.,
1980). When two or more papers by the same author(s) appear in one year, distinguish them by a,
b, etc. after the date.

The Reference List

The reference list should be submitted in double spacing. It should be arranged in alphabetical order
of the first author's name. If the first author's name appears more than once, the order is as follows:
(1) single author: chronological sequence; (2) author and co-author: alphabetically according to co-
author; (3) author and more than one co-author: chronological sequence (as in the text these will be
referred to as "et al."). Reference must be complete including, in this order: author's name, initials,
year of publication, title of article, title of the journal, volume, first and last page number of the article
cited. Title abbreviations should conform to those adopted by List of Serial Title Word Abbreviations
(available from International Serial data System, 20 Rue Bachaumont, 75002 Paris, France, ISBN
2-904938-02-8).

Examples: Paintal, A.S., 1973. Vagal sensory receptors and their reflex effects. Physiol. Rev. 53,
159-227. Birdsall, N.J.M., Hulme, B.C., Hamner, R., Stockton, J.R., 1980. Subclasses of muscarinic
receptors. In: Yamamura, H.I., Olsen, R.W., Usdin, E. (Eds.), Psychopharmacology and Biochemistry
of Transmitters and Receptors. Elsevier, Amsterdam, pp. 97-100. Leiblich, I., 1982. Genetics of the
Brain. Elsevier, Amsterdam, 492 pp.
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Unpublished experiments may be mentioned only in the text. They must not be included in the list of
References. Papers which have been accepted for publication but which have not appeared may be
quoted in the reference list as "in press". Personal communications may be used only when written
authorization from the investigator is submitted with the manuscript. They must not be included in
the list of references. All references listed should be referred to in the text and vice versa.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/autonomic-neuroscience-basic-and-clinical

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.
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Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59. https://doi.org/10.1016/j.5¢.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S,,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwjo98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.
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Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 600 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.
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