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APRESENTACAO
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pontos de insercdo e melhoria dessa desta area é de grande importancia, buscando
desenvolver novos métodos e ferramentas para melhoria continua de processos.

Estudar temas relacionados a engenharia € de grande importancia, pois desta
maneira pode-se aprimorar os conceitos e aplicar os mesmos de maneira mais eficaz.
O aumento no interesse se da principalmente pela escassez de matérias primas, a
necessidade de novos materiais que possuam melhores caracteristicas fisicas e quimicas
e a necessidade de reaproveitamento dos residuos em geral. Além disso a busca pela
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buscando uma reducgéo de custos e de tempo.

Neste livro sdo apresentados trabalho teéricos e praticos, relacionados a area de
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objetiva, a obra se mostra de grande relevancia para graduandos, alunos de p6s-graduagéo,
docentes e profissionais, apresentando tematicas e metodologias diversificadas, em
situacdes reais. Sendo hoje que utilizar dos conhecimentos cientificos de uma maneira
eficaz e eficiente € um dos desafios dos novos engenheiros.

Boa leitura
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ABSTRACT: The interaction of the vestibular
organs withthe cardiovascular systemis arelevant
research field with clinical applications that
contribute to the understanding of cardiovascular
modulation due to movement and posture. The
current noninvasive measurement of blood
pressure (BP) consists of an inflatable cuff that is
unsuitable to perform movement tasks. However,
Pulse-Transit Time (PTT), an indirect method that
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estimates BP from electrocardiographic (ECQG)
and photoplethysmographic (PPG) recordings,
may detect BP variations during dynamic
experiments. Galvanic vestibular stimulation
(GVS) is considered an equivalent to mechanical
stimulation with movement of the head. Research
with GVS has been done involving static and
dynamic tasks. Our study aims to determine if
PTT is suitable for GVS experiments to detect
BP modulation. PTT was obtained for 16 healthy
subjects during GVS while seated and standing.
PTT increased during the stimulation period
in both positions. However, the increase was
statistically significant only for subjects standing.
These findings follow previous GVS studies that
monitor BP invasively in animal models. As we
expected, an increase in PTT during GVS was
observed. Additionally, the increase was slightly
different for subjects seated and standing.
Overall, results indicate that PTT is an effective
method to estimate transient BP changes during
GVS.

KEYWORDS: Galvanic Vestibular Stimulation,
blood pressure, cardiovascular system, pulse
transit time.

11 INTRODUCTION

Home vital signs recording is a research
area that has driven the development of
non-invasive portable medical technologies
(MAJUMDER, 2017). Heart rate (HR), pulse,
oxygenation, respiratory rate, temperature, and
blood pressure measured by non-expert users
has been especially important during the current
COVID-19 pandemic (SUN, 2020). Particularly,
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blood pressure (BP) is measured with two main approaches: (1) using an inflatable cuff
or (2) combining methods that estimate cardiovascular resistance with changes in blood
volume from the photoplethysmography (PPG). With the inflatable cuff method, the medical
device calculates a discrete measurement for the systolic and diastolic pressure in mmHg
estimated as the cuff remains inflated. However, this method’s error could be as large
as 10% (MURRAY, 2001). The PPG measurement of BP studies cardiac events that can
be inferred from pulse recordings, related to beat-to-beat changes in peripheral blood
volume and vascular resistance. The dicrotic notch of the pulse signal marks the end of
the heart’s systole and the beginning of the diastole (Figure 1); hypertension is associated
with the disappearance of the dicrotic notch (VON WOWERN, 2015). To emphasize this
morphological feature of the pulse signal, various mathematical strategies have been
developed (HE, 2014; LI, 2018; SAWATARI, 2020).

Figure 1. Morphological features of the pulse signal. The incident wave is formed by the containment of

blood volume ejected in the ventricular contraction (systole) by the capillary walls. Dicrotic node, cardiac

valves close, separates systole from diastole. The containment of blood forms the reflected wave during
the diastole.

It is evident that, if BP measurement is performed during a movement task, the
bracelet (cuff) method would not be feasible to use. However, PPG in combination with the
electrocardiographic (ECG) recording has shown to be effective and accurate to indirectly
estimate BP. Pulse transit time (PTT) is the delay between the R peak of the ECG, which
occurs during ventricular depolarization, and the maximum amplitude of the PPG signal.
Some authors use the delay between the R peak and the pulse signal derivative to stress
the high frequency transitions (YOON, 2009). Computational models that study the incident
and reflected waves of the pulse signal identified that, if the PTT increases, there is a
distension of the vascular wall, associated with a BP decrease. On the contrary, the vascular
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wall is more rigid if the PTT decreases, so systolic BP increases (SHIN, 2017). Several
research groups have worked with the PTT to achieve an acceptable approximation of BP
using mathematical adjustments representing mechanic vascular characteristic (HE, 2014;
LI, 2018; SAWATARI, 2020). For instance, the photoplethysmographic intensity ratio (PIR)
performs a systolic, diastolic, and mean BP approximation from the initial and final amplitude
of the pulse signal (SHARIFI, 2019). Figure 2 shows ECG signal and PPG first derivative.
The solid circles show the two points in time used to calculate the delay between ventricular
contraction and hemodynamic activity. Given the current characteristics of portable devices,
PTT is the most promising method to estimate beat-to-beat BP even during tasks that
involve movement.

Figure 2. The electrocardiograph and first derivative of pulse signals. PTT is calculated from the
difference in time of the points marked with a solid circle. ECG, solid line. PPG, dashed line.

Galvanic Vestibular Stimulation (GVS) activates the vestibular system non-invasively
without involving other sensory input (GENSBERGER, 2016). GVS is used to study the
influence of vestibular input during various static and dynamic tasks, such as quiet stance
in Romberg’s test (PLIEGO, 2019) and walking (HANNAN, 2021). Additionally, GVS has
been used to study the cardiovascular response to vestibular stimulation in animal models
and human beings. Animal models showed that HR and BP decrease during sinusoidal low-
frequency GVS (0.025-0.5 Hz). These studies acquired physiological signals invasively in
anesthetized animals (COHEN, 2011). In human subjects, a HR decrease, and HR variability
increase was observed with GVS, even after a postural shift from sitting to standing,
without a clear result on BP changes (PLIEGO, 2021). For these, it is necessary to use
a BP measurement method, sensitive to beat-to-beat cardiovascular changes, able to be
used in experiments that involve movement tasks in combination with electrical vestibular
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stimulation. Previous evidence suggest that PTT should increase (BP decreases) with GVS
and return to a baseline after stimulation. Given the importance of beat-to-beat resolution
on cardiovascular changes due to vestibular activation, PTT could be considered a reliable
alternative to BP measurement, not possible with the inflatable cuff method.

2| METHODS
A. Experimental procedure

Sixteen healthy human volunteers participated, age 20 + 2 years, 7 women
and 9 men, with no previous history of neurological, cardiovascular, or vestibular
disorders. Volunteers signed informed consent expressing their will to collaborate
according to good practices for human experimentation, the Helsinki Declaration
and to the Mexican normative NOM-012-SSA3-2012. The Research Ethics
Committee of the Autonomous University of the State of Mexico (UAEMex) approved
the protocol on November 25th, 2018. Experimental procedure was performed in the
Instrumentation Laboratory of the School of Medicine of the Autonomous University of the
State of Mexico. Two surface electrodes of 3 cm diameter were placed over the subjects’
skull, one over the right mastoid process and the other in the middle distance between the
mastoid and the nasion. The current intensity was fixed to the subject’s tolerance (1.5 £ 0.6
mA). ECG lead DIl was recorded with EL254 surface electrodes and the ECG100C BIOPAC
module with a low-pass filter of 150 Hz and x1000 amplification. PPG signal was recorded
with TSD124 transductor and OXY100C BIOPAC module. Both signals were digitalized with
MP150 BIOPAC at 200 Hz. Each experimental test consisted of 30 s without stimulation
(control), 30 s with GVS (GVS) and 60 s post-GVS (PS), total recording was of 120 s. To
provoke an intentional cardiovascular response in the subjects, they were recorded first
seated (120 s) and then standing (120 s). A reference BP measurement was obtained with
an automatic Omron® system, before and after the experiment, with each subject.

B. Signal processing

Detrend function was used on ECG and PPG signals. Recordings of 120 s were
divided in three segments: Control, GVS and PS. Fifteen seconds were extracted from each
segment to obtain PTT values. Normalization was performed from the maximum delay for
each recording. All signal processing was performed using MATLAB®.

C. Statistical analysis

For statistical comparison of the three experimental periods (Control, GVS and
PS), we used the non-parametric Friedman test (data failed Shapiro-Wilk test). Post-hoc
comparison was performed with Tukey’s method. Significance was set to p < 0.05. For all
statistical test we used Sigma Plot 11.0®
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31 RESULTS

A median increase of the PTT (Seated NS: mean = 0.3804 ms, median = 0.3544
ms, SD = 0.1089 ms; GVS: mean = 0.3892 ms, median = 0.3565 ms, SD = 0.0810 ms; PS:
mean = 0.3961 ms, median = 0.3561 ms, SD = 0.1113 ms; Standing NS: mean = 0.3446
ms, median = 0.3471 ms, SD = 0.0244 ms; GVS: mean = 0.3441 ms, median = 0.3490 ms,
SD = 0.0381 ms; PS: mean = 0.3439 ms, median = 0.3475 ms, SD = 0.0331 ms) value
was observed in subjects seated and standing. Figure 3 show the temporal increment of
PTT during GVS compared to control and in post-GVS, for all 16 subjects. The statistical
analysis showed that the PTT increment is statistically significant only for subjects standing
(p = 0.022). Paired comparison of PTT increase showed statistical significance between
control and GVS periods (p < 0.05). The result is consistent with systolic BP values (mean
+ standard deviation) measured with the Omron® system before (Systolic: 114 + 4 mm Hg,
Diastolic: 68 + 8 mm Hg) and after (Systolic 111 + 8 mmHg, Diastolic: 71 + 7 mmHg) the
experiment.

Figure 3. PTT normalized values of 16 human subjects seated (left) and standing (right) on NS, GVS
and PS. Dotted line: mean value, solid line: median, Q1-25%, Q3-50%, whiskers 5% and 95 % of
sample.

4| DISCUSSION

The use of GVS to study cardiovascular modulation to vestibular input is a
developing research area with a wide number of clinical applications. Modulation of the
cardiovascular function must follow head and body movement to maintain an adequate
vital organs irrigation. Vasovagal syndrome, for instance, is not an uncommon condition
involving a late response of HR changes to posture (RAPHAN, 2021). We could not find
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a study the combines GVS with PTT to estimate BP and cardiovascular modulation.
Previous research that combines beat-to-beat BP measurement and vestibular stimulation
(movement) used a Finapres™ or Portapres™ system. These devices calculate BP from
information of the volume changes in the PPG signal and an inflatable small bracelet placed
in the index fingertip. The Portapres™ was used to evaluate cardiovascular performance
during a movement task in 13 astronauts, before and after staying six months in space,
and in 19 healthy subjects that remained supine with 6° tilt for 70 days in a tilting table test
(MULAVARA, 2018). The cost of a Portapres™ system is over 25,000 USD, so in addition to
technical difficulties for performing movement tasks, budget restrictions sum to developing
new alternative methods to estimate BP. Our research aimed to determine if PTT is
sensitive enough to detect transient cardiovascular changes provoked by GVS or a postural
maneuver. Effectively, PTT increased in most subjects (decreased in one) during GVS.
Our results represent the first experimental procedure, to our knowledge, that analyzes BP
modulation with PTT to GVS and a postural change. PTT increment was moderate in seated
subjects but more pronounced (statistically significant) on standing subjects. The different
response between seated and standing subjects suggest a more susceptible (prepared)
state of the cardiovascular system when standing (TANAKA, 1996). A more pronounced
significant decrease of HR and HRV was also observed on a previous study with subjects
standing compared to seated. The coupling of cardiovascular variables may also be studied
using PTT with offline processing.

Our results indicate that it is possible to evaluate transient changes that occur to the
vascular system with GVS and postural change with PTT. In the future, different strategies
should be implemented to convert PTT into BP measurement in mmHg, helpful to monitor
subject’s general status in the lab and at home.

51 CONCLUSIONS

Consistent with previous results obtained with animal models through invasive
methods, PTT during GVS increased in subjects seated and standing. Therefore, as the
experimental protocol will not be affected by technical difficulties from the physiological
signal acquisition, it is relevant to include PTT estimation on vital signs recordings using
GVS and postural changes.

REFERENCES

COHEN, B. et al. Sinusoidal galvanic vestibular stimulation (sGVS) induces a vasovagal response in the
rat, Exp Brain Res. 210(1):45-55, 2011. DOI: 10.1007/s00221-011-2604-4.

GENSBERGER, K.D. et al. Galvanic Vestibular Stimulation: Cellular Substrates and Response Patterns
of Neurons in the Vestibulo-Ocular Network, J Neurosci. 36(35):9097-110, 2016. DOI: 10.1523/
JNEUROSCI.4239-15.2016.

As engenharias agregando conhecimento em setores emergentes de pesquisa e Caitulo 8
desenvolvimento 2 P



HANNAN K.B. et al. Vestibular attenuation to random-waveform galvanic vestibular stimulation during
standing and treadmill walking, Sci Rep. 11(1):8127, 2021. DOI:10.1038/s41598-021-87485-4

HE, X. et al. Secondary peak detection of PPG signal for continuous cuffless arterial blood pressure
measurement, IEEE Transactions on Instrumentation and Measurement, vol. 63, no 6, p. 1431-1439,
2014. DOI: 10.1109/TIM.2014.2299524

LI, J. Q. et al. Design of a Continuous Blood Pressure Measurement System Based on Pulse Wave and
ECG Signals. IEEE journal of translational engineering in health and medicine vol. 6 1900114, 2018.
DOI:10.1109/JTEHM.2017.2788885

MAJUMDER, S. et al. Wearable Sensors for Remote Health Monitoring, Sensors (Basel), 17(1):130,
2017. DOI:10.3390/s17010130

MULAVARA A. P. et al. Physiological and Functional Alterations after Spaceflight and Bed Rest, Med Sci
Sports Exerc. 50(9):1961-1980, 2018. DOI: 10.1249/MSS.0000000000001615.

MURRAY, A. In praise of mercury sphygmomanometers. Appropriate sphygmomanometer should be
selected, BMJ, 322(7296):1248-1249, 2001. PMID: 11388187

PLIEGO A. et al. Center of pressure periodic displacement with alternate current unilateral vestibular
stimulation, Latin American Conference on Biomedical Engineering pp. 970-974, 2019. DOI:
10.1007/978-3-030-30648-9_126

PLIEGO, A. et al. A transient decrease in heart rate with unilateral and bilateral galvanic vestibular
stimulation in healthy humans. Eur. J. Neurosci 54:4670-4681, 2021. DOI: https://doi.org/10.1111/
ejn.15338

RAPHAN, T. et al. Predicting Vasovagal Responses: A Model-Based and Machine Learning Approach.
Front Neurol. 10; 12:631409, 2021. DOI: 10.3389/fneur.2021.631409.

SAWATARI, Y. et al. Blood pressure estimation system using human body communication-based
electrocardiograph and photoplethysmography. HEALTHC TECHNOL LETT. 7(4):98-102, 2020.
DOI:10.1049/htl.2019.0105

SHARIFI, 1. et al. A novel dynamical approach in continuous cuffless blood pressure estimation based
on ECG and PPG signals,” Artif. Intell. Med. 97: 143-151, 2019. DOI: https://doi.org/10.1016/j.
artmed.2018.12.005

SHIN H. “Feasibility study for the non-invasive blood pressure estimation based on PPG morphology:
normotensive subject study,” BioMed Eng OnLine 16, 10, 2017. DOI: https://doi.org/10.1186/s12938-
016-0302-y

SUN, S. et al. Using Smartphones and Wearable Devices to Monitor Behavioral Changes During
COVID-19, J Med Internet Res, 22(9):19992, 2020. DOI:10.2196/19992

TANAKA, H. Cardiac output and blood pressure during active and passive standing, Clin Physiol.
16(2):157-70, 1996. DOI: 10.1111/j.1475-097x.1996.tb00565.x.

VON WOWERN, E. et al. Digital Photoplethysmography for Assessment of Arterial Stiffness: Repeatability
and Comparison with Applanation Tonometry, PLoS One, 20;10(8): e0135659, 2015. DOI: 10.1371/
journal.pone.0135659.

YOON, Y. et al. Non-constrained blood pressure monitoring using ECG and PPG for personal healthcare,
J. Med. Sys. 33.4: 261-266, 2009. DOI: https://doi.org/10.1007/s10916-008-9186-0.

As engenharias agregando conhecimento em setores emergentes de pesquisa e Caitulo 8
desenvolvimento 2 P


https://doi.org/10.1111/ejn.15338
https://doi.org/10.1111/ejn.15338
https://doi.org/10.1016/j.artmed.2018.12.005
https://doi.org/10.1016/j.artmed.2018.12.005

iNDICE REMISSIVO

A

Acbes humanas ritmicas 85, 87, 98
Aeroporto 100, 103, 104, 106, 107, 108, 110

Agua 15, 27, 28, 29, 30, 31, 32, 33, 103, 115, 122, 124, 169, 170, 171, 172, 174, 180, 181,
184, 194, 195, 197, 198, 199, 202, 203, 204, 205, 208, 209, 210, 216, 218, 219, 220, 221,
222, 223, 224, 225, 229, 230, 231, 252, 253, 254, 255, 256, 258, 259, 260, 261, 262, 263,
264, 265, 266, 267, 268, 269, 270, 271, 274, 275, 276, 277, 279

Analise de conforto humano 85, 97
Analise de vibracdo 62, 63, 64, 65, 66, 98
Areas contaminadas 112, 114, 115, 116, 117, 120, 122, 123, 124, 170, 181

B

Background geoquimico 169, 170, 171, 172, 173, 176, 178, 180, 181, 182
Banho termostatico 258, 259, 262, 269, 274

C

Cobertura de pilha de estéril 251

Comunicagéo sem fio 1

Concessbes 100, 108, 109, 110, 135

Consumo de agua 27, 28, 29, 30, 32, 220

Controle de nivel 27, 28, 29, 30, 31

Controle Fuzzy-PID 35

Cultura 27, 61, 138, 139, 140, 141, 142, 143, 144, 146, 148, 149, 150, 151, 168, 232
Curva de koch 1

D

Desativagao de atividades 112
Desativacdo De Atividades 112, 113, 119
Descarte emergencial 197, 198
Desemulsificagdo 258, 259, 266
Desestabilizagcdo da emulsdo 269, 273
Desfluoretacdo 219

Drenagem acida de mina 184, 252

As engenhanas agregando conhecimento em setores emergentes de pesquisa e firehes Ramieshe m
desenvolvimento 2



E

Emulsédo O/A 258, 259, 269
Energias renovaveis 14, 15, 16, 17, 20, 232

F

Fermentagdo alcoodlica 35, 36, 39, 41, 44, 48

Ferro fundido cinzento 62, 64

Fluorose 219, 220

|

loT 2,27, 28, 29, 33

L

Lixiviacdo de metais 183, 185, 186, 187, 193, 194, 195, 252
M

Mancal 62, 63, 64, 65, 66, 67, 68, 69, 70

Maturidade 138, 139, 142, 143, 144, 146, 147, 148, 149, 150
Medicao de grandes rios 204

Método do molinete 204, 205, 215

Microrredes 14, 15, 21, 23, 24

Mineracéo de ouro 197, 251

N

Normas 13, 24, 79, 97, 98, 102, 105, 112, 113, 115, 116, 117, 119, 122, 134, 139, 141, 142,
181, 195, 203, 281

Normatizagdo 14, 15, 17, 18, 20, 24

(0]

Organizagédo 15, 28, 128, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,
151, 220

P

Parcerias publico-privadas 100, 102, 103, 104, 109, 110

Pisos mistos de edificacbes 85

Q

Qualidade da energia 14, 19, 20
Quebra da emulsao 258, 259, 261, 264, 265, 269, 273, 274

As engenharias agregando conhecimento em setores emergentes de pesquisa e

h indice Remissivo
desenvolvimento 2




R

Recirculador 62, 63, 69, 70
Residencial 27, 29, 31

S

Seguranga 18, 20, 21, 39, 43, 50, 106, 118, 120, 133, 138, 139, 140, 141, 142, 143, 144,
145, 146, 148, 149, 150, 151

Separacao O/A 269

Setor aeroportuario 100, 101, 109

Sistema multivariavel 35

Sistemas supervisérios 35, 36

Sustentabilidade 17, 20, 102, 116, 123, 219

T
Tensoativos 258, 259, 260, 261, 262, 264, 265, 266, 268, 269, 270, 271, 272, 274, 275,
276, 277, 278, 279

\'

Vazdo 27, 31, 172, 198, 204, 205, 208, 209, 212, 213, 214, 215, 216

As engenharias agregando conhecimento em setores emergentes de pesquisa e

h indice Remissivo
desenvolvimento 2












