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RESUMO

Introducao: A disfuncdo autondémica é uma condicdo frequente pos lesdo encefalica (LE) e
indica a capacidade de assegurar a autorregulacdo cerebral, que, quando presente, assegura
o fluxo sanguineo cerebral adequado as necessidades da pessoa. O treino de reabilitacdo
em plano inclinado relaciona-se com a recuperacdo sensorial, autonomica e de equilibrio.
Pretende-se avaliar a adaptagdo cerebrovascular na pessoa em situagao critica (PSC) pds LE
submetida ao treino de ortostatismo através de plano inclinado.

Metodologia: Estudo multicaso retrospetivo, realizado numa Unidade de Neurocriticos.
Amostra constituida por (n=7). Aplicou-se um programa de reabilitacdo utilizando o plano
inclinado, com elevacdo da cabeceira até 60° em dois momentos. As variaveis recolhidas
foram: Escala de Coma de Glasgow, pressdo arterial, frequéncia cardiaca (FC) e oximetria
cerebral (CO). Através de analise retrospetiva estudaram-se: variabilidade da frequéncia
cardiaca (VFC) e sensibilidade do barorreflexo (SB).

Resultados: Mediana ECG 11, SAPSI131+23 e estadia média de 67+26 dias. Em posicdo supina,
a VFC e a SB foram diminuidas. Identificaram-se diferencas estatisticamente significativas na
FC durante a elevagado da cabeceira até 60° na primeira sessao (p=0,03). Nao foi identificada
nenhuma diferenca estatistica nas varidveis calculadas (p>0,05).

Discussao: Comparativamente com o primeiro treino, verificou-se melhoria na regulagao
do equilibrio simpatico-vagal observado no segundo treino, através dos valores de CO mais
elevados.

Conclusdo: O treino de ortostatismo com recurso a plano inclinado demonstrou ser uma
opc¢ao segura na reabilitacdo da PSC pds LE, pois verificou-se melhoria na adaptacdo
cerebrovascular do primeiro para o segundo treino.

Descritores: Lesdes Encefalicas; Frequéncia Cardiaca; Sistema Nervoso Autonomo;
Enfermagem em Reabilitacdo; Posi¢ao Ortostatica.

ABSTRACT

Introduction: Autonomic dysfunction is a common condition after brain injury (BI) and
is related to the ability to ensure cerebral self-regulation, which, when present, ensures
cerebral blood flow adequate to the person’s needs. Rehabilitation training on an inclined
plane is related to sensory, autonomic and balance recovery. In this sense, we intend to
evaluate cerebrovascular adaptation in people in critical condition (PCS) after Bl undergoing
standing training using an inclined plane.

Methodology: Retrospective multi-case study, carried out in a Neurocritical Care Unit.
Sample consisting of (n=7). A rehabilitation program was applied using an inclined plane,
with elevation of the headrest up to 60° in two moments. The variables collected were:
Glasgow Coma Scale, blood pressure, heart rate (HR) and cerebral oximetry (CO). Through
retrospective analysis, the following were studied: heart rate variability (HRV) and baroreflex
sensitivity (BS).

Results: Median ECG 11, SAPSI1 31+23 and average stay of 67+26 days. In the supine position,
HRV and BS were decreased. Statistically significant differences were identified in HR during
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elevation of the headrest up to 60° in the first session (p=0.03). No statistical difference was
identified in the calculated variables (p>0.05).

Discussion: Compared to the first training, there was an improvement in the regulation of
sympathetic-vagal balance observed in the second training, through higher CO values.

Conclusion: Standing training using an inclined plane proved to be an effective and safe
option in the rehabilitation of PCS after BI, as there was an improvement in cerebrovascular
adaptation from the first to the second training.

Descriptores: Brain Injuries; Heart Rate; Autonomic Nervous System; Rehabilitation
Nursing; Standing Position.

RESUMEN

Introduccion: La disfunciéon autondémica es una condicién comun después de una lesion
cerebral (LE) y esta relacionada con la capacidad de asegurar la autorregulacion cerebral,
que, cuando estd presente, asegura un flujo sanguineo cerebral adecuado a las necesidades
de la persona. El entrenamiento de rehabilitacion en plano inclinado esta relacionado con la
recuperacion sensorial, autonomica y del equilibrio. En este sentido, pretendemos evaluar
la adaptacion cerebrovascular en personas en estado critico (PEC) tras LE sometidos a
entrenamiento de pie mediante un plano inclinado.

Metodologia: Estudio retrospectivo de multiples casos, realizado en una Unidad de Cuidados
Neurocriticos. Muestra compuesta por (n=7). Se aplic6 un programa de rehabilitacion
mediante plano inclinado, con elevacion del reposacabezas hasta 60° en dos momentos. Las
variables recogidas fueron: escala de coma de Glasgow, presion arterial, frecuencia cardiaca
(FC) y oximetria cerebral (OC). Mediante andlisis retrospectivo se estudio: la variabilidad de
la frecuencia cardiaca (VFC) y la sensibilidad barorrefleja (SB).

Resultados: Mediana de ECG 11, SAPS II 31+23 y estancia media de 67+26 dias. En posicion
supina, la VFC y la SB disminuyeron. Se identificaron diferencias estadisticamente
significativas en la FC durante la elevacion del reposacabezas hasta 60° en la primera sesion
(p=0,03). No se identifico diferencia estadistica en las variables calculadas (p>0,05).

Discusion: En comparacion con el primer entrenamiento, se observé una mejora en la
regulacion del equilibrio simpatico-vagal en el segundo entrenamiento, a través de valores
mas altos de CO.

Conclusion: El entrenamiento de pie utilizando un plano inclinado demostrdé ser una opcion
eficaz y segura en la rehabilitacion de la CEP después de LE, ya que hubo una mejora en la
adaptacion cerebrovascular del primer al segundo entrenamiento.

Descriptores: Lesiones Encefdlicas; Frecuencia cardiaca; Sistema Nervioso Autonomo;
Enfermeria en Rehabilitacion; Posicién de Pie.
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INTRODUCTION

Autonomic dysfunction that interferes with internal homeostasis, namely cardiovascular
control, can occur after brain injury (BI) of different etiologies®®. The first study to explore
the relationship between heart rate (HR) pattern and the occurrence of severe brain injury
dates back to 1965®. The authors found that the decrease in heart rate variability (HRV),
occurring at any time post-injury, is an accurate indicator of a poor prognosis®.

The relationship between brain and heart, as well as the modulation of sinus HR regulated by
the autonomic nervous system (ANS) has been studied for some time®??. Several neurological
changes can be associated with ANS dysfunction, which makes HR assessment a method that
can be applied to people with BI®.

In a healthy heart, the sinus node dictates the basal HR, which is modulated by the
parasympathetic and sympathetic nervous system and allows the HR to remain within a
certain range of values (60 to 100 bpm)®. After the occurrence of BI, there is activation of the
ANS with an increase in circulating catecholamines, which can result in cardiac arrhythmias,
and in turn, autonomic imbalance®. HR changes in response to mental or physical stress and
severe diseases such as BI®.

HRV reflects changes in the intervals between R-R waves in beats that are regulated by the
ANS®, The absence of HRV in patients after severe BI can result in brain death or a vegetative
state, with HRV being lower in people in coma”?®.

Adaptation to changing body position, namely the supine position, is mediated by the ANS
through HRV and the baroreflex®. When we acquire the orthostatic position, there is a
movement of around 500-1000ml of blood to the lower segments of the body“?. Adaptation
to the orthostatic position is identified by the carotid and aortic baroreceptors, which
will trigger the sympathetic reflex of increased HR, cardiac contractility and peripheral
vasoconstriction. The increase in cardiac output leads to obliteration of the ventricular
chamber, in turn stimulating the parasympathetic reflex, which results in vasodilation and a
decrease in HRA?, In cases where there is ANS dysfunction, a lower HRV is expected®?.

HRV analyzed through the HRdomain allows us toidentify the high-frequency component (HF)
that reflects vagal efferent activity (parasympathetic), while the low-frequency component
(LF) reflects sympathetic activity under vagal influence. The LF/HF ratio is considered the
mirror of the sympathetic-vagal balance?39,

Baroreflex sensitivity (BS) is calculated through the time domain of the baroreflex in the R-R
intervals versus systolic blood pressure®. High sympathetic activity or ANS dysfunction is
correlated with BS dysfunction®!?, and changes in baroreflex activity are associated with a
worse outcome in patients with BI®2,

Rehabilitation in Intensive Care Units (ICU) is associated with improved functional results,
allowing a reduction in hospitalization time with lower economic and social costs®*%, When
the standing test is performed, readaptation of the cerebral blood circulation becomes
necessary. In this movement, hemodynamic adaptation can affect cerebral blood flow
(CBF) and, consequently, its function. The phenomenon that ensures constant CBF within a
limited range of blood pressure variation and that responds to variations in cerebrovascular
resistance is called cerebral self-regulation (CSR)®%.
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Benefits identified in standing training include stimulation of vestibular, sensorimotor and
visual function, resulting from an adaptive response of the ANS@%. During the standing
position, axial tonic activity connects the entire body, which results in improved autonomic
control, oxygenation, ventilation, wakefulness, stretching of the muscles of the lower limbs
and reduction of spasticity and improvement of muscle strength®”!®. The inclined plane as
a rehabilitation tool is associated with improved arousal and consciousness®®, minimizes
the adverse effects of immobility, namely pressure ulcers, improves recovery and reduces
morbidity, promoting a better outcome for the person®’'®.

The physiological mechanism of adaptation to the standing position can be continuously
monitored through cerebral oximetry (CO) using Near Infrared Spectroscopy (NIRS) and
analyzing its correlation with blood pressure (BP)19. The correlation coefficient between CO
and BP is called cerebral oximetry reactivity index (COXx).

By carrying out this study we intend to describe the cerebrovascular physiological adaptation
in the reacquisition of the orthostatic position in PSC after BI, subjected to inclined plane
training. In this way, we want to answer the research question: Does standing training, using
an inclined plane rehabilitation program, improve brain physiological adaptation to the
standing position in PSC after BI?

METHODOLOGY

Data collection for this study was carried out in the first half of 2019 in a Neurocritical Care
Unit (NCU) of a Hospital in the North Zone of Portugal, having been previously approved by
the ethics committee (opinion no. 313/17 of January 25, 2018). The inclusion criteria were
defined: age between 18 and 80 years old, traumatic or non-traumatic brain injury less than
three months ago, both genders, in the current episode of hospitalization, present a score on
the Glasgow Coma Scale (GCS) <8 or subject to sedoanalgesia, at the beginning of the inclined
plane protocol present an GCS >8, without clinical evidence of infection, with tolerance to the
rehabilitation program in force in the Intensive Medicine Service and with hemodynamic
stability greater than 24 hours. Exclusion criteria included: body weight greater than 130 kg
and/or height greater than 210 cm, unstable or non-union fractures, rib fractures or thoracic
skin injuries, contraindication for weight bearing on the lower limbs and the existence of
deep vein thrombosis, hemodynamic instability or neurological in the last 48 hours, with
external ventricular or lumbar drainage or previous history of orthostatic intolerance.
The remaining patients were accepted. Baseline neurological status was calculated using
the Glasgow Coma Scale (GCS) in the first session. As a complement, the Simplified Acute
Physiologic Score (SAPS II) scale was used to determine the severity of the disease and predict
hospital mortality.

A multi-case, descriptive, correlational and retrospective study of a quantitative nature was
carried out. The variables collected included GCS, HR, BP and CO analyzed using NIRS. An
offline retrospective analysis of COx, HRV and baroreflex was then carried out.

Systemic variables were acquired using a Philips Intellivue MP70® multiparameter monitor.
NIRS was monitored with INVOS 5100C®, Covidien. All data were recorded using a laptop
with ICM+® software, version 8.5. CO was defined as an average between the left and right
NIRS values. COx was calculated as a Pearson correlation coefficient between BP and NIRS.
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COx values can vary between -1 and +1 and values below 0.3 indicate preserved ARC(20). An
example of data monitoring is shown in figure 1.

To study HRV, HR domain analysis was used and an R-R spectral power time series was
calculated in the BF band (0.04-0.15Hz), AF (0.15-0.4Hz), total power (0.04-0.4Hz) and the LF/
HF ratio. In turn, to calculate Baroreflex Sensitivity (BS), a cross-correlation was carried out
between BP and the R-R time series. BS is presented in mms/mmHg. In both cases, tolerance
for ectopia was 20%.

The four researchers, two belonging to the medical team, and two belonging to the UCNC
rehabilitation nursing team, submitted the PCS to the incline of the plane from 0° to 60°,
with increments of 15° at intervals of 15 minutes, followed by descent to zero with the same
cadence, but at 5-minute intervals (Figure 1). In case of hemodynamic instability, defined by
changes + 20% of the baseline HR, BP and/or change in the state of consciousness, the test
would be aborted.

The values collected are presented as mean and standard deviation (mean + SD) or median
and interquartile range (med; IQT). The non-parametric Wilcoxon test was performed to
compare the mean values of LP, HR, left NIRS, right NIRS, CO, COx, HRV, LF and HF components,
LF/HF ratio, BS and BS index (BSi) throughout the 2 sessions.

Friedman’s non-parametric test with post-hoc comparisons was performed to equate the
mean values of each variable at different amplitudes during training. All statistical data
were performed on the SPSS Platform, version 21.0 for Windows®. Values of p<0.05 were
considered statistically significant.



REVISTA PORTUGUESA DE ENFERMAGEM DE REABILITAGAO VOL. 6, N°2

RESULTS

Seven patients with BI (3 Traumatic Brain Injury, 3 Cerebral Hemorrhage, 1 Acute
Hydrocephalus) were analyzed in the period between January and June 2019. The average
age was 58+24 years and 6 (86%) were men. The median GCS in the first session was 11(1).
The mean SAPS II on admission was 31+23 with a predicted in-hospital mortality of 24%. The
average length of stay in the Unit and Hospital was 67+26 and 107+26, respectively.

Demographic data are presented in table 1.

Table 1- Demographic characteristics

. . Estadia | Hospital GCS
N Ger;der rgig:d Dlagrr‘loms SAPSII P_SI:/PS 1I UCNC Stay med !
- ? mzsd mzsd IQT
3CH
7 6M | 1F 58+24 3 TBI 31+23 24+30 67126 107+26 11 |1
1 AH

SAPS Il, Simplified Acute Physiologic Score; P_SAPS Il, mortality prediction; GCS: Glasgow Coma
Scale; HC: Cerebral Hemorrhage; TBI: Traumatic Brain Injury; AH: Acute Hydrocephalus; m#sd:
mean and standard deviation; med | IQT: median and interquartile range

The mean and standard deviation of the physiological variables: BP, HRV and NIRS (left and
right) in the range of 0°, 15°, 30°, 45°, 60° and at the end of the protocol, for the first and
second session, are shown in table 2 and figure 2.

Table 2 - Monitoring of data recorded during the elevation phase of the standing test
in the first and second session at 0°,15°, 30°, 45°, 60° and at the end of the protocol.

Variables 0’ start 15" rise 30’ rise 45’ rise 60’rise 0’end

BP 105+20 104+19 104+19 97+17 97+10 101+18

1st HR 81+10 83+10 90+10 94+4 95+6 87+16
Session

(n=7) NIRS E 57+30 52+28 63+15 62+14 54+11 68+12

NIRS D 61+33 59+32 60+25 51+28 47+17 69+21

BP 109+10 107+11 106+10 10614 112+9 107+8

2nd HR 85+8 86+11 89+10 90+4 92+1 88+6
Session

(n=4) NIRS_E 62+10 61+7 61+9 61+10 63+10 64+11

NIRS_ D 61+13 59+10 59+11 61+9 60+1 61+11

Mean and Standard Deviation of BP (Blood Pressure), HR (Heart Rate), NIRS_E (left cerebral
oximetry with near-infrared spectroscopy) and NIRS_D (right cerebral oximetry
with near-infrared spectroscopy).
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Figure 2 - Linear graph showing mean and standard deviation for BP,
HR, CO and COx at amplitudes of 0°, 15°, 30°, 45°, 60° and end of the protocol,
in relation to the first and second sessions.

VOL. 6, N°2

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

The mean and standard deviation for the calculated variables - CO, COx, VHR LF, VHR HF, VHR
LF/HF, VHR TOT (total power), BS and BSi in the amplitudes 0°, 15°, 30°, 45°, 60 ° and at the end
of the protocol, for the first and second session, are presented in table 3 and figure 3. It should
be noted that among the calculated variables, no statistical difference was found (p>0.05).

Table 3 - Variables calculated during the elevation phase of the standing test in the first and

second sessions at 0°, 15°, 30°, 45°, 60° and at the end of the protocol.

1St
Session
n=7)

co 55+30 56+26 59+16 56+17 50+8 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
VHR_LF 5174453 381+365 318+335 230214 259+262 493+364
VHR_HF 575690 428+530 328+500 293+446 305+403 6291716
VHR_LF/HF 4+6 4+5 4+4 5+6 4+4 4+4
VHR_TOT 3115+2576 | 2774+2464 | 2030+1679 | 217342261 | 1656+1410 | 3628+3482
BSi 0,42+0,10 0,44+0,09 0,46+0,10 0,42+0,11 0,43+0,09 0,43+0,11
BS 15412 14+10 9+6 6+5 8+6 14+16
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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
VHR_LF 283+288 276+260 2224217 293+280 1204138 230+238
2nd VHR_HF 3594572 289+423 228+393 2461406 616 224+412
Session
(n=4) VHR_LF/HF 4+6 5+8 5+6 9+7 16+7 5+6
VHR_TOT 2292+2431 | 1922+1850 | 1632+1663 | 1737+1245 | 932+1082 | 1773+1904
BSi 0,44+0,17 0,51+0,12 0,43+0,16 0,42+0,11 0,39+0,09 0,52+0,17
BS 1048 1046 6+4 13+14 9+5 9+6

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 (Ratio between the Low and High Frequency components of
Heart Rate Variability), HRV TOT (total power Heart Rate Variability), BSi (Baroreflex Sensitivity
index) and BS (Baroreflex Sensitivity).

Figure 3 - Linear graph demonstrating mean and standard deviation for the Low and High
Frequency components of Heart Rate Variability (HRV_BF, HRV_AF), ratio (BF/AF), total power
(TOT), Baroreflex Sensitivity index (iSB) and Baroreflex Sensitivity (SB) at amplitudes of 0°, 15°,

30°, 45°, 60° and the end of the protocol, in the first and second sessions.
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DISCUSSION

This study analyzed the cerebrovascular response that occurs to adapt to the orthostatic
position through an inclined plane, in PCS after BI.

The data demonstrate a decrease in the LF and HF components and an increase in
the LF/HF ratio, as well as an increase in HRV, which suggests the predominance of the
sympathetic nervous system in PCS after BI. The HF component is considered as a mirror
of the parasympathetic tone and the LF/HF ratio as the balance between ANS components.
The results obtained are consistent with studies that demonstrate a decrease in LF and
HF components in cases of severe BI®. Studies carried out in critically ill patients with
traumatic BI, cerebral hemorrhage and subarachnoid hemorrhage show an increase in HRV,
HF component and a decrease in the LF/HF ratio, suggesting an increase in vagal activity®.
In turn, studies carried out in people with acute cerebral ischemia demonstrate a decrease
in HRV, LF and HF and an increase in the LF/HF ratio??2,

The decrease in BS and BSi supports sympathetic predominance in the post-BI person. The
decrease in BS and ANS dysfunction was found in studies carried out in people with acute BI?®®.

During the period of reacquisition of the orthostatic position, an increase in HR was observed
with statistical significance between 15° and 45° as well as at the 60° level. The observed
tachycardia is a factor that may indicate sympathetic predominance in PCS with BI?V. The
same pattern was not, however, observed in BP.

Cerebral oximetry was found to be decreased despite being normal, and the values analyzed
increased during standing, suggesting a favorable cerebral adaptation to the standing
position. In fact, CSR, expressed by COx, remained mostly below 0.3 during standing, which
is reflected in preserved CSR, despite periodic moments of deregulation occurring, moments
possibly related to a delay in the dynamics of self-regulation®?. As previously discussed, HRV
and BS were decreased before standing and maintained a relatively stable linear progression.

Through offline data analysis, it was observed that the CSR remained mostly preserved with
COx values below 0.3 throughout the test.

In the developed protocol, safety measures were applied in an attempt to prevent
hemodynamic instability during standing. The measures adopted included the suspension
of the test in the event of HR and BP variability >20% of baseline or changes in the state of
consciousness. There is, however, no safety protocol regarding ARC, other than that carried
out during the clinical assessment of the neurological status.

Since ARC is a vital process, it would be appropriate, in future training, to introduce online
processing of COx to allow continuous monitoring of self-regulation.

After analyzing the data, it was possible to understand the function of the inclined plane as a
rehabilitation tool in the training of autonomic and cardiovascular control of PCS after BI. The
results obtained did not demonstrate statistically significant differences between the sessions
carried out, a condition that could be associated with the reduced number of participants
and sessions achieved. It is understood, however, that in PCS submitted to two sessions, there
was a greater sympathetic-vagal balance between sessions, a situation that may suggest an
improvement in autonomic control with continued training. However, as no statistically
significant differences were found in the data analysis, no other conclusions can be formulated.

10
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The small study sample should be considered one of the main limitations. It is, however, a
pilot study on systemic and cerebral physiological adaptation during standing training on an
inclined plane and whose results may allow future investigations in larger cohort studies,
with a systematic application of the inclined plane training protocol.

It is worth noting that antihypertensive medication may have been used to treat PSC during
training, however, a strength of this study was the fact that the patients analyzed were not
sedated or ventilated, a factor that has been proven affect HRV per se®. The analysis of the
personal and medical history of the study participants was not analyzed, which may also
contribute to changes in the response to the training carried out.

Another limitation noted is the lack of monitoring of CSR during the procedure and its
comparison with a validated standard method such as continuous bilateral monitoring
of cerebral blood velocity with Transcranial Doppler, which could also be the scope of
future study.

CONCLUSION

The results of this study carried out on patients with BI undergoing standing training
demonstrated that it is possible to apply the inclined plane safely in the ICU context. The
increase in the LF/HF ratio, HRV and decrease in SB suggests sympathetic predominance
after BI, which supports the hypothesis of ANS dysfunction with a predominance of the
sympathetic system, when injuries of this type occur.

Standing training carried out by a nurse specializing in Rehabilitation Nursing is a relevant
tool in training to reacquire the standing position in PCS after BI, as it was verified through
the analysis carried out at the end of the study, an improvement in autonomic control and
cardiovascular response to verticalization.

It is understood that, despite some variations identified in the adaptation to the standing
position during standing training using the inclined plane, there is maintenance and/or
improvement in the person’s condition after implementing this training, with regard to the
response seen in the OC of the PCS analyzed.

We then verified that there was an improvement in cerebrovascular adaptation in the
reacquisition of the orthostatic position after applying the rehabilitation program, through
inclined plane training in PCS after BI, which answers the identified research question.

Monitoring CSR with CO during standing training seems appropriate, however, it requires
further investigation.

Theapplication ofthe post-BIPCSrehabilitation protocolusinganinclined plane demonstrated
to be a safe tool in improving cerebrovascular physiological adaptation to the orthostatic
position, as improvements were seen in CO during the training carried out, which can, in
itself only, relate to the improvement of the CSR of the PCS in this condition.

L



ENFERMAGEM DE REABILITAGAO

BIBLIOGRAPHIC REFERENCES

1.

10.

11.

12.

13.

14.

15.

Leipzig T], Lowensohn RI. Heart rate variability in neurosurgical patients. Neurosurgery. 1986 set;19(3):356-62.

Schultz MD, Alstrup M, Olsen MH, Berg RMG, Mehlsen ], Mgller K, Gunge Riberholt C. Autonomic response to
early head-up tilt in patients with severe traumatic brain injury: Analysis from a randomized feasibility trial.
Physiol Rep [Internet]. 2023 April 20 [Cited 2023 june]; 11(8) Available from: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC10116542/ DOI: 10.14814/phy2.15666

Shaffer F, Ginsberg JP. An Overview of Heart Rate Variability Metrics and Norms. Front Public Health [Internet]
2017 Sep 28 [Cited 2022 may]; 5(258). Available from: https://www.ncbhi.nlm.nih.gov/pmc/articles/PMC5624990/
DOI: 10.3389/fpubh.2017.00258

Taralov ZZ, Terziyski KV, Kostianev SS. Heart Rate Variability as a Method for Assessment of the Autonomic
Nervous System and the Adaptations to Different Physiological and Pathological Conditions. Folia Medica
[Internet]. 2016 Apr 1 [cited 2021 May];57(3-4):173-80. Available from: http://archive.sciendo.com/FOLMED/
folmed.2016.57.issue-3-4/folmed-2015-0036/folmed-2015-0036.pdf

Boron WE, Boulpaep EL. Medical Physiology. 2 ed. Elsevier; 2012. 1351 p.

Takahashi C, Hinson HE, Baguley IJ. Autonomic dysfunction syndromes after acute brain injury. Handbook of
Clinical Neurology [Internet]. 2015 Jan 1 [cited 2020 Sep];539-51. Available from: https://ohsu.pure.elsevier.com/
en/publications/autonomic-dysfunction-syndromes-after-acute-brain-injury-2

Kox M, Vrouwenvelder MQ, Pompe JC, van der Hoeven ]G, Pickkers P, Hoedemaekers CW. The effects of brain
injury on heart rate variability and the innate immune response in critically ill patients. ] Neurotrauma
[Internet]. 2012;29(5):747-55. Available from: http://dx.doi.org/10.1089/neu.2011.2035

Sykora M, Czosnyka M, Liu X, Donnelly J, Nasr N, Diedler J, et al. Autonomic impairment in severe traumatic
brain injury: A multimodal neuromonitoring study. Crit Care Med [Internet]. 2016;44(6):1173-81. Available
from: http://dx.doi.org/10.1097/ccm.0000000000001624

Nasr N, Gaio R, Czosnyka M, Budohoski K, Liu X, Donnelly J, et al. Baroreflex impairment after subarachnoid
hemorrhage is associated with unfavorable outcome. Stroke [Internet]. 2018;49(7):1632-8. Available from:
http://dx.doi.org/10.1161/STROKEAHA.118.020729

Levine PA. Papel da Estimulacdo Artificial na Administragdo da Sincope - Terapia [Internet]. USA: St. Jude
Medical; 2000 [updated 2022; cited 2022 may]. Available from: http://doczz.com.br/doc/267084/papel-da-
estimula%C3%A7%C3%A30-artificial-na-administra%C3%A7%C3%A30-da-s%C3%ADncope

Nasr N, Pavy-Le Traon A, Larrue V. Baroreflex sensitivity is impaired in bilateral carotid atherosclerosis. Stroke
[Internet]. 2005;36(9):1891-5. Available from: http://dx.doi.org/10.1161/01.STR.0000177890.30065.ch

Papaioannou V, Giannakou M, Maglaveras N, Sofianos E, Giala M. Heart rate and blood pressure variability and
baroreflex sensitivity in patients with acute brain injury. J Crit Care [Internet]. 2005;20(4):394. Available from:
http://dx.doi.org/10.1016/j.jcrc.2005.09.048

Frazzitta G, Zivil, Valsecchi R, Bonini S, Maffia S, Molatore K, et al. Effectiveness of a Very Early Stepping Verticalization
Protocol in Severe Acquired Brain Injured Patients: A Randomized Pilot Study in ICU. PLoS ONE [Internet]. 2016 jul
[cited 2022 may];11(7):e0158030. Available from: https://www.ncbhi.nlm.nih.gov/pmc/articles/PMC4957764/

Tavares AC, Vega ], Guimaraes GV, Moran de Brito CM. A Five-day Orthostatic Training Program Improves
Cardiovascular Response in Intensive Care Patients. Int ] Phys Med Rehabil [Internet]. 2017 [cited 2022
mayl;05(05). Available from: https://www.omicsonline.org/open-access/a-fiveday-orthostatic-training-program-
improves-cardiovascularresponse-in-intensive-care-patients-2329-9096-1000429.php?aid=93206

Tzeng YC, Ainslie PN. Blood pressure regulation IX: cerebral autoregulation under blood pressure challenges.
Eur J Appl Physiol [Internet]. 2014 mar [cited 2022 may];114(3):545-59. Available from: http://link.springer.
com/10.1007/s00421-013-2667-y

12


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10116542/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10116542/
https://doi.org/10.14814%2Fphy2.15666
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5624990/DOI
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5624990/DOI
http://archive.sciendo.com/FOLMED/folmed.2016.57.issue-3-4/folmed-2015-0036/folmed-2015-0036.pdf
http://archive.sciendo.com/FOLMED/folmed.2016.57.issue-3-4/folmed-2015-0036/folmed-2015-0036.pdf
https://ohsu.pure.elsevier.com/en/publications/autonomic-dysfunction-syndromes-after-acute-brain-injury-2
https://ohsu.pure.elsevier.com/en/publications/autonomic-dysfunction-syndromes-after-acute-brain-injury-2
http://dx.doi.org/10.1089/neu.2011.2035
http://dx.doi.org/10.1097/ccm.0000000000001624
http://dx.doi.org/10.1161/STROKEAHA.118.020729
http://doczz.com.br/doc/267084/papel-da-estimula%C3%A7%C3%A3o-artificial-na-administra%C3%A7%C3%A3o-da-s%C3%ADncope
http://doczz.com.br/doc/267084/papel-da-estimula%C3%A7%C3%A3o-artificial-na-administra%C3%A7%C3%A3o-da-s%C3%ADncope
http://dx.doi.org/10.1161/01.STR.0000177890.30065.cb
http://dx.doi.org/10.1016/j.jcrc.2005.09.048
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4957764/
https://www.omicsonline.org/open-access/a-fiveday-orthostatic-training-program-improves-cardiovascularresponse-in-intensive-care-patients-2329-9096-1000429.php?aid=93206
https://www.omicsonline.org/open-access/a-fiveday-orthostatic-training-program-improves-cardiovascularresponse-in-intensive-care-patients-2329-9096-1000429.php?aid=93206
http://link.springer.com/10.1007/s00421-013-2667-y
http://link.springer.com/10.1007/s00421-013-2667-y

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

ENFERMAGEM DE REABILITAGAO

Turner-Stokes L, Nair A, Sedki I, Disler PB, Wade DT. Multi-disciplinary rehabilitation for acquired brain injury
in adults of working age. Cochrane Database of Syst Rev. [Internet]. 2015 dez [cited 2022 may];22(12):CD004170.
Available from: https://pubmed.ncbi.nlm.nih.gov/26694853/

Brodal Per. The central nervous system: structure and function. 4 ed. USA: Oxford University Press; 2010. 591 p.

Vlutters M, Boonstra TA, Schouten AC, van der Kooij H. Direct measurement of the intrinsic ankle stiffness during
standing. ] Biomech [Internet] 2015 mai 1 [cited 2022 may];48(7):1258-63. Available from: https://pubmed.ncbi.
nlm.nih.gov/25843262/

Brady K, Joshi B, Zweifel C, Smielewski P, Czosnyka M, Easley RB, et al. Real Time Continuous Monitoring of
Cerebral Blood Flow Autoregulation using Near-Infrared Spectroscopy in Patients Undergoing Cardiopulmonary
Bypass. Stroke [Internet]. 2010 set [cited 2022 may];41(9):1951-6. Available from: https://pubmed.ncbi.nlm.nih.
gov/20651274/

Moerman A, De Hert S, Mathur AM. Open Peer Review Recent advances in cerebral oximetry. Assessment of
cerebral autoregulation with near-infrared spectroscopy: myth or reality? F1000Res [Internet]. 2017; ago [cited
2022 may];31(6):1615. Available from: https://pubmed.ncbhi.nlm.nih.gov/29026526/

Hilz M], Moeller S, Akhundova A, Marthol H, Pauli E, De Fina P, et al. High NIHSS values predict impairment of
cardiovascular autonomic control. Stroke. 2011 jun;42(6):1528-33.

Kuriyama N, Mizuno T, Niwa F, Watanabe Y, Nakagawa M. Autonomic nervous dysfunction during acute
cerebral infarction. Neurol Res [Internet]. 2013 dez 2 [cited 2022 june];32(8):821-7. Available from: https://www.
tandfonline.com/doi/abs/10.1179/016164109X12464612122696

Sykora M, Diedler J, Rupp A, Turcani P, Rocco A, Steiner T. Impaired baroreflex sensitivity predicts outcome of
acute intracerebral hemorrhage. Crit Care Med [Internet]. 2008 nov [cited 2022 june];36(11):3074-9. Available
from: https://journals.lww.com/ccmjournal/Abstract/2008/11000/Impaired_baroreflex_sensitivity_predicts_
outcome.19.aspx

Lazaridis C, Smielewski P, Steiner LA, Brady KM, Hutchinson P, Pickard JD, et al. Optimal cerebral perfusion
pressure: Are we ready for it? Neurol Res. 2013 mar 12;35(2):138-48.

Kasaoka S, Nakahara T, Kawamura Y, Tsuruta R, Maekawa T. Real-time monitoring of heart rate variability in
critically ill patients. J Crit Care. 2010 jun;25(2):313-6.

ETHICAL DISCLOSURES

Contribution of the author(s):

ConceptualizaTION: DA, JAP, JMC, CD;

Methodology: DA, JAP, JMC, CD;

Validation: DA, JAP, JMC, CD;

Formal analysis: DA, JAP, JMC, CD;

Investigation: DA, JAP, JMC, CD;

Data processing: DA, JAP, JMC, CD;

Original draft preparation: DA, JAP, JMC, CD;

Writing and editing: DA, JAP, JMC, CD;

Review: DA, JAP, JMC, CD.

All authors read and agreed to the published version of the manuscript.

13


https://pubmed.ncbi.nlm.nih.gov/26694853/
https://pubmed.ncbi.nlm.nih.gov/25843262/
https://pubmed.ncbi.nlm.nih.gov/25843262/
https://pubmed.ncbi.nlm.nih.gov/20651274/
https://pubmed.ncbi.nlm.nih.gov/20651274/
https://pubmed.ncbi.nlm.nih.gov/29026526/
https://www.tandfonline.com/doi/abs/10.1179/016164109X12464612122696
https://www.tandfonline.com/doi/abs/10.1179/016164109X12464612122696
https://journals.lww.com/ccmjournal/Abstract/2008/11000/Impaired_baroreflex_sensitivity_predicts_outcome.19.aspx
https://journals.lww.com/ccmjournal/Abstract/2008/11000/Impaired_baroreflex_sensitivity_predicts_outcome.19.aspx

ENFERMAGEM DE REABILITAGAO

Financing:
This work did not receive any financial contribution or grant.
Ethics Committee:

Study authorized by the Ethics Committee of Centro Hospitalar Universitario de Sdo Jodo (opinion no. 313/17 of
January 25, 2018).

Declaration of informed consent:

Written informed consent to publish this work was obtained from participants.
Interest conflicts:

The authors declare no conflict of interest.

Provenance and peer review:

Not commissioned; externally peer reviewed.

14



