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RESUMO

A monitorizacdo invasiva da pressdo intracraniana (PIC) consiste no implante temporario de
um microssensor no cérebro e serve como principal pardmetro para orientar a assisténcia ao
paciente neuroldgico sob cuidados intensivos. Desde a sistematizagdo para uso clinico iniciada
nos anos 60, os microssensores por cabo foram considerados a maneira mais eficiente de
documentar a PIC continuadamente. Nos Ultimos vinte anos, a monitorizagdo por telemetria
vem sendo estudada em modelos in vitro e in vivo, visando aperfeicoar o tamanho, alimentagao
e funcionalidade dos dispositivos para aplicacao clinica. Este trabalho teve como finalidade (i)
desenvolver um prototipo de monitor invasivo da PIC em fibra optica por telemetria, in vitro
(prova de bancada), comparando com o monitor padrao-ouro; (ii) e, a seguir, realizar a prova
de fungdo em animais (estudo pré-clinico) com comparativo com o monitor padrao-ouro por
fio. Para isso, foi desenvolvido um prototipo formado por dois componentes: (i) o hardware,
consistindo no microssensor em fibra oOptica (FO), implantdvel no parénquima cerebral,
integrado ao circuito, formado por uma placa-mae, chip e bateria para alimentagdo de energia
minima por tecnologia micro-eletro-mecanica (MEM), implantdvel abaixo do escalpo; e (ii) o
leitor via aplicativo em smartphone para a visualizagao dos dados recebidos por telemetria. As
informagdes do prototipo foram transmitidas por wireless field (via tecnologia IEEE 802.11)
para um aplicativo de smartphone, fornecendo valor e ondas da PIC em tempo real. Um
microssensor de fio considerado padrao-ouro, piezoelétrico, foi usado como referéncia para
comparativo tanto nos testes in vitro quanto in vivo. Na fase de experimentos in vitro, o
prototipo foi submetido a testes automatizados, experimentando diferentes lasers e fotodiodos
para validagao do método. A eletronica para condicionar o sinal emitido pelo microssensor foi
desenvolvida, sendo o mesmo captado, amplificado e tratado com um sistema microcontrolado.
Em seguida, realizaram-se testes automatizados mais precisos para simular pressoes iguais aos
que sao medidos com sensores convencionais da PIC por cabo. Na fase de testes in vivo,
utilizou-se um modelo suino para a documentacao totalizando duas horas de registro. O monitor
referéncia por fio e o prototipo foram implantados através de dois furos de trepanagdo,
anteriores a sutura coronaria do espécime, um em cada hemisfério. Durante a documentacao, a
cada 5 minutos era realizada a compressao das jugulares do animal para causar elevacao
transitoria da PIC. Em duas ocasides, os sensores foram invertidos de posi¢do, sendo trocados
os furos de trepanacdo. Apds a andlise estatistica dos resultados obtidos, sugeriu-se que
prototipo se comportou em concordancia ao sensor referéncia, sendo capaz de identificar as
variacoes da PIC simultaneamente de maneira fidedigna. Isso representa um passo em direcao
a realiza¢do de um dispositivo sem fio totalmente implantdvel para a monitorizagdo da PIC em
pacientes neurocriticos.

Palavras-chave: pressdo intracraniana, fibras Opticas, telemetria, monitoriza¢ao
neurofisiologica, transdutores, estudo clinico.



ABSTRACT

Invasive monitoring of intracranial pressure (ICP) consists in the temporary implantation of a
microtransducer in the brain and serves as the main parameter for the evaluation and
management of a neurological patient under intensive care. Since its systematization for clinical
utilization in the 1960s, wired microtransducers have been considered the most feasible method
to document ICP continuously. In the last twenty years, telemetry monitoring has been studied
in in vitro and in vivo models, aiming to improve size, power, and functionality of devices for
clinical application. This study was intended to (i) develop an invasive ICP monitor prototype
in optical fiber by telemetry, in vitro (bench test), comparing with the gold standard cabled
monitor; (i1) and then, perform the function test in animals (pre-clinical study) with comparison
with the gold standard cabled monitor. For this end, a prototype was developed, formed by two
components: (1) the hardware, consisting in a fiber optic (FO) microtransducer, implantable in
the brain parenchyma, integrated into the circuit, formed by a motherboard, chip and battery for
minimal power supply by micro-electro-mechanical (MEM) technology, implanted below the
scalp; and (i1) the reader via smartphone application to view the data received by telemetry. The
prototype information was transmitted wirelessly (via IEEE 802.11 technology) to a
smartphone application, providing real-time ICP value and waves. A wire transducer
considered gold standard, piezoelectric, was used as a reference for comparison in both in vitro
and in vivo tests. In the in vitro experiments phase, the prototype was submitted to automated
tests, experimenting different lasers and photodiodes to validate the method. The electronics to
condition the signal emitted by the microtransducer was developed, captured, amplified, and
treated in a microcontrolled system. After, more accurate automated tests were performed to
simulate pressures equal to those measured with conventional cabled ICP sensors. For the in
vivo test, a swine model was used for documentation, totaling two hours of recording. The
reference cabled monitor and the prototype were implanted through separate burr holes, anterior
to the coronal suture of the specimen, one in each hemisphere. During documentation, the
animal's jugular veins were compressed every 5 minutes to cause a transient increase in ICP.
On two occasions, the sensors were reverted, exchanging the burr holes. After the statistical
analysis of the results obtained, it was suggested that the prototype behaved in accordance with
the reference sensor, being able to identify ICP variations simultaneously and reliably. It
represents a step towards realizing a fully implantable wireless device for ICP monitoring in
neurocritical patients.

Keywords: intracranial pressure, optical fibers, telemetry, neurophysiological monitoring,
transducers, clinical study.
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1 INTRODUCAO

O cranio consiste em um estojo rigido cujo compartimento interno ¢ preenchido por trés
componentes: o cérebro (80%), o liquido cefalorraquidiano (LCR)(10%), o sangue venoso (6 a
7%) e o sangue arterial (3 a 4%). O volume desses componentes ¢ constante em condi¢des
normais. Um aumento inadvertido e sustentado da pressdo intracraniana (PIC) pode impedir o
fluxo sanguineo e causar isquemia cerebral .

A partir do final do século XVIII, Alexander Monro e George Kellie estabeleceram a
primeira discussdo sistemética sobre a PIC, criando a doutrina de Monro-Kellie***. No inicio
do século XX, Harvey Cushing aperfeicoou o modelo’. Tais conceitos continuam sendo
utilizados até os dias atuais.

A estabilidade da PIC depende diretamente do balanco entre a entrada e saida de fluidos.
A sua manuteng¢do ocorre pela relagdo entre o sangue arterial e o sangue venoso intracraniano
e pela relagdo entre producdo e drenagem de LCR. Quando um desses componentes sofre
aumento de volume ou quando surge um quarto componente (hemorragia subaracnoéidea,
hemorragia intracraniana, inchaco cerebral, tumores intracranianos, traumatismo
cranioencefalico) ocorrerd uma regulagdo para compensar o aumento de um reduzindo o
volume de outro. H4 um volume de reserva cerebral variando de 60 a 80 mililitros (ml) em
jovens e de 100 a 140 ml em idosos, sendo maior nos ultimos devido a atrofia cerebral
decorrente do envelhecimento. Quando esse mecanismo compensatorio € esgotado, a pressao
intracraniana se eleva, trazendo risco em potencial de complicagdes neurologicas graves>*>.

Diversas condi¢des fisiologicas alteram a PIC sem traduzir doengas: mudangas de
postura, funcao cardiorrespiratdria, tonus adrenérgico, atividade cerebral. Essas modificacoes,
em um individuo normal, se sustentarao por poucos instantes. Uma PIC elevada podera causar
repercussio clinica quando se sustentar por mais que 5 minutos .

Os limites fisiologicos da PIC variam entre 7 a 15 milimetros de mercurio (mmHg) ou
9 a 20 centimetros de agua (cmH20), em posicao supina nos adultos. Na populacdo pediatrica,
tais valores variam de acordo com a idade, sendo estimados entre 1 a 6 mmHg em bebés e 3 a
7mmHg em criangas. Em condi¢des em que se espere aumento da PIC, como traumatismos ou
infartos cerebrais, o limite superior aceitavel serd de at¢ 20 mmHg. Além desse valor, a
morbimortalidade aumenta consideravelmente, piorando o prognostico dos pacientes 7 5.

Existem mecanismos compensatorios intrinsecos para manter a PIC estdvel mesmo em
condigdes patoldgicas. Inicialmente, ocorre uma modificagao do retorno venoso. Ha também a

capacidade de uma saida limitada de LCR intracraniano para o canal espinhal °. Ambos os
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mecanismos respondem por um volume compensatorio estimado em até 30 ml. A complacéncia
cerebral interfere diretamente nesta reserva, conforme a curva pressao-volume para PIC. Esta
curva apresenta trés zonas: em um primeiro momento, o volume intracraniano basal possui boa
reserva compensatoria e alta complacéncia; a seguir, ocorre a deplecdo progressiva da reserva
compensatoria @ medida que o volume intracraniano aumenta, até a ocorréncia de isquemia
cerebral e herniagdo; por fim, com a PIC muito elevada, ocorrera o colapso da microvasculatura

cerebral e prejuizo da reatividade cerebrovascular 68910,

Ao longo destas fases, a
autorregulacdo para manter a pressdo de perfusdo cerebral modificard a resisténcia arteriolar
cerebral. A pressdo arterial do dioxido de carbono também interfere na autorregulagdo:
hipercapnia causa dilatacdo dos vasos cerebrais e leva a um incremento do fluxo sanguineo
cerebral com consequente hiperperfusdo; hipocapnia leva a vasoconstricdo com consequente

isquemia 1,12,13,
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1.1. Monitorizacao nao-invasiva da PIC

Os métodos de monitorizar a PIC podem ser ndo-invasivos ou invasivos. A
monitorizagdo ndo invasiva ¢ empregada no rastreamento de pacientes com elevagdo da PIC
em situagdes em que medidas invasivas estdo contraindicadas ou inviaveis (por exemplo,
pacientes com instabilidade hemodinamica grave, transtornos da crase sanguinea, dispositivo
para monitoriza¢io invasiva ndo disponivel) °. A monitorizagdo ndo invasiva também pode
ser estendida para casos ambulatoriais de suspeita de elevacdo cronica da PIC, antes de se
indicar medidas invasivas desnecessarias (hidrocefalias de pressdo normal, hipertensao
intracraniana idiopatica). Pupilometria, doppler transcraniano, mensurag¢do da bainha do nervo
optico, métodos de imagem com Tomografia computadorizada (TC) ou ressonancia magnética
(RM) e, mais recentemente, sensores mecanicos, sdo as formas mais utilizadas para avaliar a
complacéncia cerebral de maneira ndo invasiva. Dentre os ultimos, o dispositivo B4C
(Brain4care Corp., Sdo Carlos, Brasil) ¢ o que mais se aproxima em qualidade dos métodos
invasivos, detectando deformagdes lineares entre os ossos do cranio através de sensores

especiﬁcos 14,15,16,17,18’
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1.2.  Monitorizacao invasiva da PIC

A monitorizacdo invasiva da PIC tem papel fundamental no manejo clinico de pacientes
criticos, pois possibilita detectar precocemente o aumento do valor’®. Isso possibilita que uma
possivel intervencdo seja realizada em tempo habil para controle da PIC. A primeira medida
cirtirgica para reduzir a PIC foi através do uso de uma drenagem ventricular externa (DVE).
Em 1927, Adson e Lillie monitorizaram a PIC através da DVE'® ?°. Em 1951, Guillaume e
Janny introduziram a monitoriza¢do continua da PIC como um método factivel para a pratica
médica 2'. Lundberg, em 1960, descreveu uma série de casos e estabeleceu a sistematizagio
para o uso clinico 2%, Através desses estudos, foi possivel organizar a monitoriza¢do invasiva
da PIC em dois tipos. N os sistemas baseados em fluidos, um cateter ¢ posicionado dentro de
um dos ventriculos do cérebro para leitura da PIC e eventual retirada terapéutica do LCR 192,
Apesar de ser o método de escolha em situagdes em que ha hidrocefalia ou sangramento
intraventricular, hé risco de 5 a 7% de hemorragia durante a inser¢ao € um risco progressivo de
infec¢do pos-operatoria a cada dia com a permanéncia do cateter, notadamente apos o quinto
dia, comprometendo um monitoramento prolongado %2133,

Na auséncia de dilatacdo ventricular, a PIC pode ser monitorizada através de sistemas
baseados em microssensores, passiveis de serem colocados nos espagos epidural, subdural,
subaracndideo ou intraparenquimatoso. Tais microssensores podem ser piezoelétricos,
pneumaticos ou em fibra optica (FO) 2!. O posicionamento epidural e subdural entraram em

desuso visto distorgdes na leitura e limitagdes técnicas °

. A implantacdo de um sensor
intraparenquimatoso para monitorizagdo da PIC ¢ uma cirurgia simples, em que um
neurocirurgido realiza uma pequena incisdo no escalpo do paciente, seguida de um furo de
trepanagao 2cm anterior € 2cm lateral a direita da sutura corondria. Através do furo, € realizada
aincisdo da dura-mater, a coagulagdo do cortex cerebral, seguida da introdug¢@o do microssensor
ou transdutor até uma profundidade estimada em 20 a 30mm. O cabo do microssensor ¢
externalizado pelo escalpo do paciente a varios centimetros de distancia da incisdo e ¢
conectado diretamente aos aparelhos de monitorizagdo para documentar o valor e as curvas da
PIC ?>?*, Em um comparativo entre monitorizagdo intraventricular e intraparenquimatosa,
ambos sdo considerados as localizagdes mais adequadas e fidedignas para registro da PIC e nao

h4 evidéncias de um gradiente de pressio relevante entre os dois 2>°.
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1.3. Interpretacao da monitorizacio da PIC

A monitorizagdo da PIC se estabeleceu como uma ferramenta de uso rotineiro em
unidades de cuidados intensivos neurologicos a partir de 1995, apos a publica¢do do guia de
recomendacdes da The Brain Trauma Foundation, cuja pratica foi modificada em 2016 42728,
Essas diretrizes demonstraram que ¢ possivel prever complicagdes neuroldgicas baseadas no
comportamento dinamico da PIC em pacientes criticos, visto que valores elevados predizem
um pior progndstico e risco de morte 212328, A partir das evidéncias orientando a monitorizag¢io
da PIC em pacientes com TCE grave, as recomendagdes passaram a se estender para outros
pacientes neurologicos criticos 13:29:30:31.32.33,

O manejo clinico da monitorizagdo da PIC se baseia na interpretacdo do valor e na forma
das ondas visualizadas através do leitor ou dos monitores da unidade de terapia intensiva (UTI).
Lundberg, em seu trabalho original, descreveu trés componentes no padrao das ondas pulsateis
da PIC: as ondas relacionadas ao ciclo respiratorio (O2), de amplitude variando de 2 a 10
mmHg; as ondas de pressao geradas pelo pulso arterial (O1), variando de 1 a 4 mmHg; ¢ as
ondas vasogénicas lentas (ondas A, B e C de Lundberg) 223433,

As ondas A de Lundberg correspondem ao maior aumento na PIC, estimado entre 50 e
100 mmHg. Sao indicativas de isquemia cerebral grave e se sustentam entre 5 ¢ 10 minutos. As
ondas B de Lundberg ocorrem por um periodo de 1 a 2 minutos, possuem padrao ritmico e
traduzem uma elevacao da PIC entre 20 e 30 mmHg. Sao indicativas de sofrimento cerebral
decorrente do aumento gradual da PIC. As ondas C de Lundberg estio relacionadas as variagdes
da pressdo sanguinea trazida por barorreceptores e por mecanismos reflexos de
quimiorreceptores e nio possuem relevancia clinica !1-22:36:37.3839,

Cada pulso de pressao se divide em trés ondas menores, cujos formatos sao afetados
pelo aumento do valor da PIC. A P1 representa a pulsagdo arterial do plexo carotideo no LCR;
a P2, a complacéncia cerebral e a P3 a pressdo de transmissdo do fechamento da valva adrtica.
Em condigdes fisiologicas, essas trés ondas se mostram como uma ‘escadaria de trés degraus
em descida’. Em situa¢des em que a PIC esteja elevada e a complacéncia cerebral reduzida,
havera um pico da P2. A amplitude da onda vascular aumenta enquanto a onda respiratoria

diminui 3%,
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1.4.  Monitorizaciao da PIC por telemetria

A monitorizacdo invasiva da PIC por telemetria, ou seja, sem o uso de cabos, foi descrita
a primeira vez nos anos 1960 *°. Ao longo dos anos 1970 e 1980, transdutores sem fio
implantaveis para monitorizagdo epidural foram desenvolvidos desde as provas de fungado até
estudos em pacientes 142434445 A aplicacdo continuada da tecnologia para a medicina do
século XXI seguiu tentando reduzir a quantidade de fios externos na monitoriza¢do invasiva
dos sinais vitais do paciente sob cuidados intensivos, evitando complicadores como tragao,
infecgio, desconforto ou defeitos decorrentes da transmissdo “47.

Ao longo dos tltimos 20 anos, varios sensores foram estudados e desenvolvidos in vitro
e in vivo *34903152 Tajs prototipos variam em tamanho da antena, poder de radiagdo, conversio
analogica-digital e algoritmo para processamento de sinal e se subdividem em sistemas ativos
e passivos. Todos esses sistemas necessitam fornecer o valor numérico da PIC e curvas e ondas
amplificadas para interpretagdo correta. Os dispositivos possuem dimensdes idealmente
inferiores a 20mm, sendo o microssensor ou sensor posicionado no espago intracraniano € a
antena posicionada abaixo do escalpo, proximo ao orificio de trepanagao.

Os sistemas ativos contém circuitos de transmissdo complexos e fontes de alimentagdo
por bateria que contém o sensor de pressao, processamento de dados e modulos de comunicagao
sem fio. °*2; e os passivos sdo baseados em sensores simples, de baixo custo e sem necessidade
de fornecimento de energia **°°. Os sistemas ativos permitem a transmissdo de grandes pacotes
de dados com intervalos de tempo mais curtos, a uma distancia maior e com melhor relagdo
sinal-ruido do que dispositivos passivos >>.

Existem dois microssensores intraparenquimatosos por telemetria validados para uso
em humanos e disponiveis no mercado mundial, sendo o primeiro deles o Neurovent P-tel ®
(Raumedic, Helmbrechts, Alemanha) 4¢*%5 utilizado a primeira vez em 2009; e o segundo,
AURA™ [CP Monitoring Kit, aprovado pelo Food and drugs administration (FDA) em maio
de 2018 *°. Ambos possuem custo mais de dez vezes superior aos sistemas com cabos nos EUA,
chegando a valores acima de 20 mil dolares. Suas aplicagdes clinicas foram viabilizadas para
casos de hidrocefalia de pressdo normal ou hipertensao intracraniana idiopatica, onde o paciente
é capaz de exercer suas atividades de vida didria com minimo prejuizo funcional 4->36:37 A
portabilidade de ambos os sistemas permite a mensuracao intermitente da PIC, através de um

dispositivo a ser posicionado proximo ao couro cabeludo para a leitura. Ambos os sistemas sao

baseados em microssensores piezoelétricos.
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O primeiro estudo prospectivo com telemetria para monitorizagao da PIC em pacientes
criticos foi publicado em 2018 *’. Foram implantamos sensores Neurovent P-tel ®, em vez de
monitores convencionais com cabos em pacientes comatosos submetidos a craniectomia
descompressiva. Os leitores externos foram fixados na pele do escalpo para possibilitar o
registro continuo. A qualidade e estabilidade do sinal foram comparaveis ao padrao ouro e
suficientes para definir conduta clinica, apesar da baixa frequéncia de amostragem nao permitir
andlise da morfologia das ondas de pulso intracraniano. Previamente, diversos outros autores
haviam publicado a eficiéncia e seguranca da monitorizacao da PIC por telemetria em pacientes
com indicagdes distintas 4034335738,

Hemorragia intracraniana e infec¢des sdao as principais complicagdes relacionadas a
monitorizagio invasiva 233547 Sityacdes como coagulopatias ou processos inflamatorios do
paciente critico sdo fatores que favorecem tais complicagdes, sobretudo em casos que
demandam tempo prolongado sob cuidados intensivos. O risco de infec¢do descrito nos
sistemas por telemetria variou de 0 a 2,5% versus 0 a 1% nos sistemas por cabo, com a diferenca
de que os primeiros permanecem até 90 dias; e os wltimos, até 10 dias 47->%60:61:6263 O risco de
uma hemorragia sem repercussao clinica apds o implante de um monitor intraparenquimatoso
da PIC pode variar de 2 a 10%. Em sistemas por telemetria, essa taxa esta em torno de 6,2% 2.
Estima-se que os sensores implantaveis tenham uma mediana o tempo de sobrevida de 208 dias,
com um desvio médio da linha de base de 2,5 mmHg quando explanados %. Mal fung¢do do
sistema devido a rea¢des inflamatorias também sdo relatadas em torno de 11% 636463,

Os sistemas por telemetria vém sendo aperfeicoados através de Head Phantoms, de
estudos in vitro e estudos in vivo 33366676889 “Com os avangos tecnolégicos em antenas e
portabilidade da tltima década, os resultados se tornaram cada vez mais promissores, reduzindo
ruidos no sinal e a possibilitando integracdo com adesivos ou vestimentas para potenciais
monitoragdes ndo-invasivas '>’7273 Além de transdutores ativos e passivos de caracteristicas
diferentes, existem sistemas bioabsorviveis de silicone testados in vivo %97, Sistemas eletro-
opticos sem fio também vém sendo validados através de estudos para gravagdes
eletrofisiologicas multimodais simultaneas e estimulacao cerebral optogenética em roedores em
movimento livre ">™*75, Nio h4, até o presente momento, nenhum sistema por telemetria em

Wi-fi usando microssensor de FO para medir a PIC in vivo.
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1.5.  Fibra éptica na monitorizacao da PIC

Os primeiros estudos médicos com fibras dpticas (FO) foram introduzidos nos anos
1960 para procedimentos endoscopicos, intravasculares e cardiacos. Tal tecnologia apresenta
vantagens em relacdo aos sistemas piezoelétricos, usados convencionalmente em dispositivos
médicos. As propriedades destacadas que tornam a FO viavel sdo: biocompatibilidade e inércia;
baixo coeficiente de expansdo e condutividade térmica; auséncia de condutividade elétrica;
imunidade a interferéncia eletromagnética; capacidade de transmitir uma grande quantidade de
informacdo para longas distancias; dimensdes facilmente miniaturizdveis para uso
invasivo/cirtirgico; adesdo a tecidos vivos; e versatilidade geométrica 7°.

A aplicagdo clinica de sensores de FO ndo-invasivos permite registrar diversos sinais
vitais como pressao arterial, frequéncia e ritmo cardiaco e temperatura de maneira confortavel
e segura '’. A miniaturizagio de tais sensores ¢ a caracteristica mais interessante para a
medicina, pois possibilita procedimentos minimamente invasivos e permite a medicao direta in
situ de pardmetros essenciais, como temperatura e pressdo '°. Isso viabiliza uma mudanca
importante nos paradigmas de procedimentos bem estabelecidos.

Os primeiros estudos demonstrando a eficiéncia da FO para monitorizacdo da PIC
ocorreram adaptando um transdutor para pressdo intravascular 7%, O transdutor por cabo
Camino, desenvolvido pela Camino Laboratories ((Integra LifeSciences, Plainsboro, NJ, USA)
é utilizado nos EUA desde 1985 e consiste em um dos tnicos sistemas em FO disponiveis ¢5!.
Virios artigos analisaram a funcionalidade, seguranca e complicagdes de seu uso
intraparenquimatosa em pacientes criticos 36-82:83.84.85.86.87.88.89.9091 * A monitoriza¢io da PIC por
FO permite aquisi¢des de informagdes precisas, sao de facil implantacdo intraparenquimatosa,
podem ser desconectados sem necessitar recalibragao durante o transporte do paciente, € tém
menores taxas de complicacdes 3682869293 = A validagio da FO para monitorizacdo da PIC
também ja foi extensivamente estudada em modelos animais #7%%, Sua eficiéncia, em
comparativo com a monitorizacao por fluidos, tem qualidade semelhante, apresentando uma
tendéncia de distor¢do de até 2mmHg 2. As limitagdes deste sistema consistem na fragilidade
da fibra e na necessidade de seguir um trajeto em linha reta, sem dobras #8% A incidéncia de
defeitos em sensores de FO ocorre em 10 a 30% dos casos ' 8693,

Dentre os requisitos que um biossensor implantavel ideal deve possuir estao:
sensibilidade e especificidade (capacidade de operar na presenga de solugdes complexas como

fluidos, tecidos ou sangue), bioestabilidade e biocompatibilidade (reagdes imunoldgicas podem

comprometer o funcionamento do dispositivo), autossuficiéncia (fornecimento de energia e
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controle de dispositivos externos) e transmissao (o sinal transmitido para um dispositivo de
comunicacio externo deve estar adequado para o uso do paciente/médico) 7>>7%7 A partir
destes principios, torna-se vidvel desenvolver dispositivos em FO por telemetria, visando

aplicacdes médicas personalizadas como monitorizac¢do invasiva de um determinado sinal vital
98,99,100.101
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1.6. Objetivo da tese

Este trabalho objetivou desenvolver, através de uma pesquisa translacional entre
engenheiros e médicos, um sistema em FO para monitorizagdo invasiva continua da PIC por
Wi-fi com leitura via aplicativo de smartphone.

Para isso, esta tese foi dividida em dois capitulos. O primeiro trata do desenvolvimento
do protdtipo, incluindo testes de bancada, calibragdo e comparacdo in vitro com um
microssensor piezoelétrico com fio considerado padrao-ouro.

Por fim, o segundo aborda a prova de fun¢do em modelo suino (teste pré-clinico) do
protétipo, também comparando-o com o sistema de monitorizagdo com fio padrdo-ouro, para
validé-lo in vivo. A implementagdo do objeto de estudo ir4, em longo prazo e para além desta

tese, estender-se em um estudo clinico fase I.
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Abstract

Introduction. Acute elevation of intracranial pressure (ICP) in comatose patients demands
continuous invasive monitoring for proactive clinical management and/or surgical
interventions. The current standard for measuring ICP still relies in strain gauge wire-based
systems, with complications such as infection, decalibration, breakage and patient’s discomfort.
In the current article, a novel telemetric device for invasive ICP monitoring is detailed through
translational research. Material and Methods. An intraparenchymal implantable device based
on an optomechanical sensor (OMS) with a Wi-fi antenna, and a Smartphone readout has been
developed and tested. In-vitro and preliminary in-vivo evaluations are described, comparing the
prototype monitoring with a wire-based piezoelectric reference system. Jugular compression
causing transient ICP elevation was also performed during the in vivo study to show the
concordance between pressure variations. Results. Statistical analysis demonstrated a reliable
agreement between both systems. Correlation regarding ICP variations between smartphone
readout and reference system was feasible. Conclusion. A preliminary study to develop a fully

implantable device for continuous ICP monitoring via Wi-fi was demonstrated, aiming wireless
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connectivity and reliability. Further adaptations are already being developed prior a phase I

study.

Keywords: telemetry; intracranial pressure; fiber optic; wireless monitoring; invasive sensors;

connectivity.

Abbreviations: intracranial pressure (ICP), cerebrospinal fluid (CSF), optomechanical sensor
(OMS), analog-to-digital converter (ADC), polyethylene terephthalate glycol (PETGQG),

intraclass correlation (ICC).

Introduction

ICP elevation is a neurological condition that demands monitoring, especially in acute
infirmities such as severe traumatic brain injury, hydrocephalus, stroke, and malignant edema.
Comatose patients under intensive care will need continuous invasive ICP monitoring to predict

complications and clinical management [1-9].

Dedicated intraparenchymal micro transducers were introduced for clinical use in the 1980 as
a reliable and practical method with less complications than ICP measurement via ventricular
drainage systems [10-14]. Several studies validate the parenchymal monitoring as a feasible
alternative to ventricular catheters when there is no need for cerebrospinal fluid (CSF) drainage
[10,14-18]. In these cases, the tip of the transducer can be easily positioned through a burr hole

2 to 3 centimeters into brain parenchyma.

The first Telemetric ICP monitoring was described in 1967 [19]. Through the 70s and 80s,
several wireless epidural transducers were developed from in vitro studies to patient’s
application [20-23]. Since 2008, few telemetric ICP monitoring systems have been available
for clinical practice [24-29]. They are based in implantable piezoelectric strain gauge sensors
and are indicated in cases of chronic elevated ICP, where the patient can perform their daily
activities with minimal functional impairment. Although recent studies have shown its
feasibility in critically ill patients under intensive care, such an indication is impractical due to
the high cost and short-range telemetry [30]. Nowadays, different implantable prototypes have
been studied, varying in intracranial positioning, sensor type, battery supplying, antenna size,
radiation power, analog-to-digital conversion, and external monitor readout [31-40]. Although

the advantages of wireless ICP monitoring over traditional, wired ICP monitoring methods, it
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still limited to in vitro and in vivo studies and there is still no available device for continuous

use in neurocritical patients.

There are several technical challenges in the development of implantable pressure sensors. First,
the microtransducer needs to read pressure over a specific range according to its placement (i.e.,
intracranial, intravascular, endovascular, intraabdominal), distinguishing normal and abnormal
patterns with sufficient resolution for adequate clinical interpretation [41-43]. The calibration
should be based on atmospheric pressure as the ‘zero’ and maintain a feasible prolonged
performance [42,44]. Second, a power source is needed for active systems, through an onboard
battery or transmitted power signal [36,38,39,46]. It allows a long-range and long-term
monitoring, although with minimal dimensions for implantation and patient’s comfort.
Implantable sensors must have low in vivo toxicity and inflammatory response, proper hermetic
casing preventing circuitry failure or sensor drift. and long-term mechanical stability in the
body [37,47-49]. Magnetic resonance compatibility is another important requirement due to

medical applications.

The purpose of this translational research was to develop an invasive wireless ICP monitoring
system based in an OMS integrated with a readout via smartphone, from bench calibration until

preliminary in vivo experimentation.

Materials and Methods

Device design: The system was designed for continuous ICP monitoring while sending wireless
data. It has two features: the implantable prototype and the external readout through
smartphone. The device sends the data using Wi-Fi to a cloud server (Arduino Cloud IoT),

accessible from a smartphone or a computer through the Arduino application (figure 1).
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Device configuration and operation principles: To capture the ICP variation, the sensor uses

an optical method, based on light intensity reflected by the catheter. The catheter’s tip contains

a membrane with a reflective surface. The device emits light that travels through the catheter,

and its reflection is absorbed by a receptor that transforms light intensity into an electrical

current. Under pressure variation, the membrane suffers a minimal deformation, changing the

distance of the reflective surface. This distance is enough to vary the light intensity that is

reflected, and it is translated to the correspondent pressure value.

The development of the implantable prototype consists in (i) the OMS represented by the

catheter, and (ii) the signal conditioner part, which contains the microcontroller, amplifier

circuit, light emitter, and receptor (figure 2).
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The device configuration consists of the circuit board, containing all the necessary electronics
and the battery. The catheter is attached on the same side as the components, perpendicular to
the board. This entire set was packed by a hermetic case printed in 3D in polyethylene
terephthalate glycol (PETG), for physical protection of the electronics and battery during the in

vivo experimentation.

Signal conditioning: The emission and reception of light is done by a single component, a
miniature reflective sensor (QRE1113, ON Semiconductor, USA). It emits infrared light and
has a phototransistor output that varies according to light intensity. Figure 3 shows the curve
that represents the relation between the collector current and the distance from the reflector; It
demonstrates that the collector current peak is reached in a certain point in the middle of 0 and
1 mm. The current decreases in two ways: moving the reflector away from the sensor (right
side of current peak) or bringing the reflector closer to the sensor (left side of current peak). To
this study, the prototype was designed to operate in the left region of the collector current peak.
This distance varies less than 1 mm and represents the deformation suffered by the membrane

on the tip of the catheter, when an external pressure is applied.
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Figure 3: Normalized Collector Current vs. Distance between Device and Reflector.

As a sensor for ICP monitoring, specific pressure range values were considered, and an
amplifier circuit was necessary to this signal. The instrumentation amplifier configuration was
selected (Figure 4). This circuit is widely used to identify and amplify little voltage differences

without information loss. It is based in two amplifiers with buffer configuration (LM358-N,
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Texas Instruments Incorporated, USA) and a differential amplifier (MCP601, Microchip
Technology, USA) and was an ideal application for this prototype.

GND

Figure 4: Sensor + amplifier circuit schematic.

The variation of the collector current from the phototransistor changes the voltage VIN, which
is one of the two inputs to the instrumentation amplifier. The circuit amplifies the difference
between VIN and the reference voltage VCC. The closer to 0 the distance (more pressure
applied at the membrane), the lower the current generated in the collector, and smaller the
voltage VIN. Consequently, bigger is the difference and bigger is the output voltage VOUT.

Therefore, the output voltage is inversely proportional to the applied pressure.

The output voltage is read by the microcontroller (TTGO Micro-32, Lilygo, China), a Bluetooth
low energy (BLE) and Wi-Fi module based on the ESP32-PICO-D4 chip (Espressif Systems,
China). It is responsible for receiving the amplified sensor reading and translating to a pressure
value in millimeters of mercury (mmHg). Furthermore, it also transmits the data to a server

using Wi-Fi 802.11 b/g/n up to 150 Mbps, with a chip antenna at 2.4 GHz of frequency.

To this version of the prototype, a 3.7V 200 mAh LiPo battery was used for power supply, and
a LDO regulator (RT9193-33, Richtek Technology, Taiwan) was applied to reduce the voltage
to 3.3V.

Implantable prototype: The prototype’s catheter was fabricated in metal, nylon, and a 0.02 mm

thick PU (polyurethane) membrane (figure 5). The metal pieces were made of 304 stainless
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steels, responsible for mechanically supporting the membrane and fixing it to the printed circuit
board. The body of the catheter is 35 mm long tube and has an inner diameter of 2.7 mm and
an outer diameter of 3.5 mm. This tube is fixed on top of the sensor QRE1113 through a metal
support attached to the printed circuit board. At the other end of this tube the membrane was
fixed. It was positioned and stretched by an interface and protection metal piece. This part was
a 15 mm long tube, with one closed end and radial holes, with an inner diameter of 3.55 mm
and outer of 4.5 mm. The membrane is stretched between the body tube and the protection tube.
The radial holes allow the brain parenchyma to press the membrane, as the closed end protects
the membrane during implantation. The nylon piece is attached to the membrane and runs inside
the 35mm tube until it approaches the QRE1113 sensor, being in a certain distance d. Thus,
when under pressure, the membrane deforms and pushes the nylon piece closer to the sensor,
decreasing the distance. Otherwise, the membrane returns to its original position, moving away

from the sensor.

Figure 5: Design of ICP sensor prototype with 3D case.

Bench Calibration and testing: a test setup based on a water column was used to find the
pressure value equivalent to the voltage measured by the microcontroller. The prototype was
positioned at the base of the column, and several measurements were performed, varying the
pressure by filling, and emptying the column with water (figure 6). The value of the sensor
output voltage is converted by an ADC (analog-to-digital converter) input of the
microcontroller, and for each measurement in the water column the ADC value was recorded
(figure 7). The calibration was performed by varying pressures between 0 and 650 mmH-O,

equivalent to approximately 47.8 mmHg, getting 14 values to trace the sensor curve. With these
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data, the equation for the sensor curve was acquired. It was used within the microcontroller to
relate the measured ADC value with the pressure detected by the prototype. After updating the
microcontroller code with the acquired equation, the measurements are redone with the water

column, and the column value is compared with the value that the sensor measured.
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Figure 6: Bench test and calibration setup.
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Figure 7: Sensor calibration graph - Pressure (mmH20) versus ADC.

In vivo testing: the in vivo study was approved by Ethics Commission in The Use of Animals
of the Universidade Positivo, in agreement with the norms of the National Council for the
Control of Animal Experimentation (Approval number CEUA 600). One adult female swine
model (35kg) was used in the animal surgical facility of the Universidade Positivo, Curitiba,

Brazil for 42 minutes of ICP registration. Anesthesia and animal monitorization were performed
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according to the protocols of the institution. The swine head was draped in lateral position to
avoid jugular compression. A Y-shaped midline incision was made in the scalp exposing the
cranial sutures. Two frontal blur holes of 6 mm were made over the right and left coronal suture,
10 mm from the sagitta and the dura mater was incised. Reference sensor (Codman
Microsensor® ICP Transducer) was inserted 10 mm deep in the cerebral parenchymal and
connected to external reader (Codman ICP Express® Monitor). Prototype’s FO catheter was
inserted 10 mm deep through the contralateral burr hole and was programmed for sampling
between 3 to 4 seconds (figure 8). The circuitry piece of the prototype was placed over the burr
hole and the skull. The collected data were sent to a server via Wi-Fi and ICP value and curve
were followed in real-time through a cell phone application. At the end of the tests, the platform
used for data acquisition provided a spreadsheet containing all the values received. Both
systems started ICP reading simultaneously (figure 9). For every 5 minutes of monitoring, 1

minute of jugular compression of the swine was performed to induce ICP elevation.

Figure 8: Reference (RS) and prototype (PS) sensors implanted through burr holes. External circuitry

of the prototype and reference’s cable is visible.
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Figure 9: Simultaneous ICP registration via external readout (reference) and smartphone application

(prototype).

Statistical analysis: to assess the agreement between the prototype and the reference sensor in
each phase of the study, Spearman correlation analysis, Bland-Altman plot and intraclass
correlation (ICC) were performed. Spearman's correlation analyzes were used since the data
were not normally distributed, according to the Shapiro-Wilk test. For the intraclass analysis,
the two-way mixed-effect model was chosen with the option of agreement ratio. Statistical
analyzes and graphics were developed in the R program (RStudio, 2020). A significance level
of 5% (o= 0.05) was considered.

Results

Bench calibration and testing: Figure 10 shows the comparation of the collected values from
the prototype after calibration (orange line P1) with the real pressure value from the water
column (blue line). The result was satisfactory, based in the similarity between prototype and

reference (water column) values.
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Figure 10 - In vitro comparison post calibration between prototype (orange line P1) and water column

reference (blue line).

In vivo testing: the detailed in vivo study was previously reported by the authors [57]. Figure
12 shows the variation of ICP values recorded by the reference and prototype sensors over the
42 minutes of the experiment. Figure 13 shows the statistical findings. Spearman's correlation
analyses demonstrated a positive and strong association between prototype results and reference
value in phase 1 (r = 0.829, p < 0.001). The Bland-Altman plot showed that prototype
measurements presented values lower than the reference value. The ICC analysis showed great

agreement between both sensors, with a value of 0,887 and a confidence interval of 0,859;0,910
(p<0.0001).
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Figure 12: Statistical analysis of in vivo testing. On the left, Spearman's correlation analyses; on the

right, Bland-Altman plot.
Discussion

There is an urgent need for cost-effective connectivity and data integration solution for invasive
medical devices. In the absence of a wired communication, the data transmission between a
fully implantable sensor and an external readout demands an adequate telemetry system,
respecting electromagnetic and safety considerations regarding parameters such as pressure

resolution, frequency bandwidth and antenna reach [45,46,49-52].
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OMS have several interesting characteristics to be applied in implantable devices, especially
miniaturization, insensitivity do electromagnetic disturbance and biocompatibility [53].
Nowadays, more sensitive, highly specific, and feasible implantable OMS have been
increasingly integrated into the medical field, enabling improvements both in diagnosis and
invasive procedures [54]. Albeit various articles described the application for OMS in the ICP

measurement in vitro and in vivo, none of them use telemetry [31-36,38-40,49,51,55-57].

The development of the novel wireless ICP monitoring system described in this article

considered de following trends:

(1) miniaturization, as devices are becoming smaller and more compact, which are less
invasive and more comfortable for patients. In this study, the prototype’s OMS catheter was
3,5mm larger than reference’s. This caused a trend towards higher ICP values measured by the
reference sensor. Despite this variance, there was a concordance in the ICP variation in the
statistical analysis. This trend was also noticed in previous comparative studies between ICP
monitoring systems demonstrated, preserving ICP waveforms, albeit differences in mean values

[44,58,59].

Reducing the dimensions of the entire prototype is something feasible and desired for the future
stage, where a catheter diameter of up to 2.5mm and a circuit of up to 20x20x10mm rounded

design, similar to a small Ommaya reservoir, are expected.

(i1) reliable accuracy for ICP readings and ease-to-use, helping medical team easily make
better-informed treatment decisions. Nowadays. feasibility of telemetric invasive monitoring
still is not widely implemented in clinical practice. Short-range wireless technologies are
susceptible to electromagnetic interference and the hospital environment, especially intensive

care units, can be considered harsh places due to the high density for artifacts [60,61].

FDA considers an ICP monitor as a moderate to high-risk Class Il medical device, as it is an
implant that, after a few days, will be eventually removed from the patient [62]. Interesting
features such as post implantation recalibration via smartphone and the addition of other sense
elements (temperature, cerebral blood flow, cerebral microdialysis etc.) should be expected in
the next prototype, as well as a biocompatible and long-term functioning power supply with

adjustable functions.
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(ii1) increased patient mobility, with critical patients no longer tethered to bedside equipment,
allowing them to be freely transported. Signal disconnection, breakage, accidental unplugging
or displacement remains a constant risk for critical patients under continuous monitoring with

cable-based systems during days or weeks.

(iv) a competitive cost compared to cable-based ICP sensors, setting a disruptive benchmark
for invasive monitoring standards. With nowadays connectivity and portability, a dedicated
external readout for ICP monitoring is something obsolete, impractical and expensive, as it is

feasible to have smartphone or laptop applications for continuous surveillance.

(v) wireless connectivity and data integration solutions, allowing real-time access to device
data, enabling medical team to monitor patients remotely and respond quickly to any changes
in device performance. There are legal specifications for implantable medical devices regarding
security, communication, biocompatibility and power [37,46,49]. International
Electrotechnical Commission (IEC) and Comité International Spécial des Perturbations
Radioélectriques (CISPR) set the technical standards for these requirements, updating protocols
and firmware continuously [63]. Wi-fi works in the frequency of 2.4GHz, allowing large data
rate and range, meshing capacity and a user-friendly communication between implantable
sensor and a smartphone [64]. This data integration should stay in agreement with statutory

laws on data protection and privacy [57].

Conclusions

This study demonstrated a translational research of a novel Wi-fi FO system for invasive ICP
monitoring and its comparison with a reference cable-based sensor from bench testing to an in
vivo preliminary evaluation. Wireless connectivity was reliable, feasible, and ease-to-use
through a smartphone. As a proof of concept, further experimentations with prototype’s

improvement are already underway prior a phase I study.
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Background: Continuous invasive monitoring of intracranial pressure (ICP) is essential in
neurocritical care for surveillance and management of raised ICP. Fluid-based systems and
strain gauge microsensors remain the current standard. In the last decades, several studies with
wireless monitoring were developed aiming to reduce invasiveness and complications.
Objective: To describe a novel Wi-fi fiber-optic (FO) device for continuous ICP monitoring
via smartphone in a swine model. Methods: two ICP sensors (wireless prototype and wire-
based reference) were implanted in the cerebral parenchyma of a swine model for a total of 120
minutes of continuous monitoring. Every 5 minutes, jugular veins compression was performed
to evaluate ICP changes. The experimentation was divided in three phases for comparison and
analysis. Results: Phase 1 showed agreement in ICP changes for both sensors during jugular
compression and releasing, with a positive and strong Spearman’s correlation (r = 0.829, p <
0.001). Phase 2 started after inversion of the sensors in the burr holes; there was a positive and
moderately weak Spearman’s correlation (r = 0.262, p < 0.001). For phase 3, the sensors were
returned to the first burr holes; the prototype behaved similarly to the reference sensor,
presenting a positive and moderately strong Spearman’s correlation (r = 0.669, p < 0.001).
Conclusion: A Wi-fi ICP monitoring system was demonstrated in a comprehensive and
feasible way. It was possible to observe, via smartphone, an adequate correlation regarding ICP

variations. Further adaptations are already being developed.
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Keywords: fiber optic; intracranial pressure; intraparenchymal; swine model; telemetry;
wireless monitoring.

Abbreviations: CSF, cerebrospinal fluid; ICP, intracranial pressure; FO, fiber-optic; TBI,
traumatic brain injury; EVD, external ventricular drainage; PETG, polyethylene terephthalate

glycol; ICC, intraclass correlation.
INTRODUCTION

Acute increased ICP stands as a critical condition that demands invasive ICP monitoring for
management of neurological complications. The indications for ICP monitoring extend to
various etiologies, including severe traumatic brain injury (TBI), subarachnoid hemorrhage,
and hydrocephalus'*®. Non-invasive monitoring modalities, such as transcranial doppler and
neuro imaging, offer indirect measurement of ICP and can be used to screen low-risk patients
for elevated ICP°. Invasive methods for ICP monitoring comprise fluid-based systems through

external ventricular drainage (EVD) and micro transducers’!?

. Despite higher risk of
hemorrhage and/or surgical infection'*, EVD monitoring is considered to be standard in care,
as it allows therapeutic cerebrospinal fluid (CSF) drainage to reduce ICP'>"'7. Intraparenchymal
micro transducers are also highly accurate for monitoring, with lower risks of complications, in
addition to not being influenced by the patient's position or drainage obstruction®!!*!8. Those

devices can be based on piezoelectric, pneumatic or FO sensors, positioned 2 to 3 centimeters

into the cerebral cortex'®.

Telemetric ICP monitoring was first described in 1957'?. Throughout the last 20 years, several
models have been developed in vitro and in vivo, varying in antenna size, radiation power, and
signal processing algorithm®*-3*. Nowadays, the possibility of telemetry operation has become
a vibrant feature to be applied in invasive medical systems that, before that, required several

physical wires to interface with external devices.

There are few intraparenchymal wireless sensors available on the world market. Although
feasible for neurocritical patients, those systems are expensive and demand a steep learning
curve for their usage***°. There is a decreasing risk of infection even for long-term monitoring

with those devices®#3741,

FO were introduced in the 1960s for invasive medical sensors due to various characteristics
such as easy miniaturization and magnetic resonance compatibility>>***3, The first studies

demonstrating its efficiency for ICP monitoring originated in the 1980s from an adaptation of
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the CAMINO transducer for intravascular pressure***

. Several articles have analysed its
feasibility for intraparenchymal use***’. FO sensors have potential advantages over current
technologies such as accurate information acquisitions, possibility of disconnection without

47,50-52

recalibration during patient transport and low complication rates , indicating the best

choice to be used for wireless devices. Its limitations consist of FO fragility and the need to

follow a straight path, without kinks*74%-2,

Since Lundberg’s systematization for ICP monitoring®® and Hulme's criteria for an ideal

system>*

, several devices emerged and evolved simultaneously. However, the neurocritical
patient is still fully cared with cable-based systems without enough hardware or readout
proportional improvements. To date, there is no implantable intraparenchymal FO sensor via

Wi-fi demonstrated in vivo.
METHODS

Device design and validation: All hardware was developed for the present study and was
validated in vitro by the engineering team (The device was designed exclusively for off-label
usage). The system has two features: (1) the implantable prototype, containing the FO sensor
and the circuitry; and (2) the external readout via smartphone (Figure 1). As a sensor for ICP
monitoring, specific pressure range values between -10 and S0mmHg were considered, and an
amplifier circuit was added to that signal. The circuitry contained the necessary electronics
(chipset, motherboard, and active rechargeable lithium-ion polymer battery). The implantable
prototype sends the data through Wi-fi to a cloud server (Arduino Cloud IoT), accessible from
a smartphone or a computer through the Arduino application. The FO sensor, designed for
intraparenchymal implantation, had a 35mm long tube with a diameter of 3.5mm. The circuitry
piece, projected for subcutaneous placement, was 34x34x15mm in size, designed for the in vivo
preliminary experimentation. The calibration was performed by varying pressures between 0
and 650 mmHO. Prior to the in vivo experimentation, the prototype was sealed in a hermetic

package 3D printed in polyethylene terephthalate glycol (PETG).

In vivo experimentation: The study was approved by the Ethics Commission in The Use of
Animals, in agreement with the norms of the National Council for the Control of Animal

Experimentation (Approval number CEUA 600).
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Four adult (two male, two female) swine (Sus scrofa domesticus) weighing between 25 and 40
kg were available for the study at the animal surgical facility. The animals underwent general
anesthesia using isoflurane 3% and were mechanically ventilated. Vital signs were recorded

throughout the experimentation.
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Figure 1. Macro system of the system: implantable prototype (FO catheter + circuitry) and telemetry

via smartphone readout.

The swine head was draped in lateral position, avoiding jugular compression or neck rotation.
A Y-shaped midline incision was made in the scalp to expose the coronal and sagittal sutures
(Figure 2A). Two 6 mm frontal blur holes were made with a skull bolt over the right and left
coronal suture, 1cm from the sagitta (Figure 2B). The dura mater in both burr holes was incised
with a lancet scalpel. The Codman Microsensor® ICP Transducer was used as reference sensor
and was inserted 10 mm deep in the cortex and connected to its dedicated external reader
(Codman ICP Express® Monitor). The prototype’s FO catheter was inserted 10 mm deep in the
cortex in contralateral burr hole and was programmed for sampling between 3 to 4 seconds
(Figure 2C). The circuitry piece of the prototype was placed over the burr hole and the skull.
The collected data were sent to a server via Wi-Fi and ICP value and curve were followed in
real-time through the smartphone application. At the end of the tests, the platform used for data

acquisition provided a spreadsheet containing all the values received from the device.

Data acquisition: Both systems started ICP monitoring simultaneously (Figure 2D). For every
5 minutes of monitoring, a compression of the jugular veins in the swine's neck was performed
for 1 minute, to increase the ICP (Figure 2E). After 20-60 minutes of monitoring, reference and
prototype sensors were reverted in the burr holes. There was a total of 120 minutes of recording,
divided in 3 phases of registry. At the end of the experiment, specimens were euthanized with

thiopental intoxication and potassium chloride injection and sent to incineration.
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Figure 2. Swine experimentation. A, Y-shaped incision exposing coronal and sagittal (1/3 anterior)
sutures in the swine model. B, Two burr holes for reference and prototype sensors placement. C, Swine
head after sensors placement, showing reference sensor’s external wire (RS) and prototype sensor (PS).
D, Data monitoring for the ICP: Reference monitor (right) and prototype monitor via smartphone

application (left). E, Jugular compression to reduce cerebral venous return causing ICP elevation.

Statistical analysis: Three analyses were developed to evaluate the agreement between
prototype and reference device, for each of the 3 phases: 1) Spearman; ii) Bland-Altman plot;
and iii) analysis of intraclass correlation (ICC). Statistical analyses and graphics were

developed in the R program (RStudio, 2020), considering a significance level of 5% (a.= 0.05).
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RESULTS

The first 80 minutes were used for prototype sensor and smartphone reader calibration and
validation alone. The 120-minute validation registration was performed in a single swine and
were divided in three phases of 20-60 minutes, respectively: 1, 2 and 3, according to burr hole
inversion. ICP variations are shown in Figure 3, for comparison between both sensors. Two
measurements, P1 and P2, were obtained to compare and evidence the sensor's hysteresis loop.
During the experiment, the equations of both behaviors were registered, and the sensor

calculated two values of pressure in mmHg.
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Figure 3. Trace of mean ICP values. Reference sensor (gray), and values of the prototype sensor (P1 —
blue and P2 — orange). The Y axis (vertical) corresponds to the value of ICP (mmHg), measured by the
sensors. The X axis (horizontal) corresponds to time. Green frames mark the jugular
compression/release minutes as examples shown in detail in Figure 4. A, Phase 1; B, Phase 2; C, Phase

3.
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Phase 1 (42 minutes): Reference sensor was inserted first. During prototype insertion, it was
observed that the ICP in the reference sensor increased from 13 to 35mmHg due to contralateral
pressure. There was a progressive reduction of that value, stabilizing in 21-22 mmHg.
Throughout the phase, ICP values measured by the reference sensor were higher (offset) in
comparison to the prototype sensor. During jugular veins compressions, a proportional increase
of ICP for both sensors were observed, as well as when the swine’s neck was released,
observing an ICP decrease (Figure 4A). Despite differences in the mean ICP, there were

similarities between the waveforms of both sensors.

Phase 2 (60 minutes): In the second phase, sensor positions were reverted. The prototype sensor
was inserted prior to the reference sensor. A behavior different from the first phase was
observed. During jugular veins compressions, the prototype sensor showed little variation,
stabilizing at 15 to 16 mmHg, while the reference sensor varied between 7 and 11 mmHg

(Figure 4B). There was also less agreement between ICP waveforms.

Phase 3 (24 minutes): positions of sensors returned to phase 1’s initial configuration. The
reference sensor was inserted prior to the prototype sensor. As in phase 1, there was an elevation
in the reference ICP (15 to 25mmHg) during prototype insertion, with further reduction after 3
minutes. The prototype sensor behaved similarly to the reference sensor, presenting only an
“offset” value, which was also present in phase 1 (Figure 4C). The waveforms of both sensors

were similar.
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(vertical) corresponds to the value of ICP (mmHg), measured by the sensors. The X axis (horizontal)
corresponds to time. A, Phase 1, minute 6 to 8; B, Phase 2, minute 34 to 36; C, Phase 3, minute 17 to

19.



56

Spearman's correlation (Figure 5) analyses showed a positive and strong association between
prototype results and reference value in phase 1 (r = 0.829, p <0.001), positive and moderately
weak in phase 2 (r=0.262, p < 0.001), and positive and moderately strong in phase 3 (r = 0.669,
p <0.001).

Phase #1

Phase #2

+ m——

10 12
Reference B

Phase #3

N
Reference C

Figure 5. Correlation between reference sensor values and prototype sensor, associated with Spearman's
correlation coefficient. The Y axis (vertical) corresponds to the prototype’s value of ICP (mmHg). The
X axis (horizontal) corresponds to the reference’s value of ICP (mmHg). A, Phase 1; B, Phase 2; C,
Phase 3.



57

The Bland-Altman plot showed quantitative variations between the instruments used, however,
presenting a relatively constant pattern. Prototype measurements in phase 1 (Figure 6A) always
presented values lower than the reference value. In phase 2 (Figure 6B), prototype values were
overall greater than reference ones. In phase 3, prototype values tended to be closer or smaller

than reference ones (Figure 6C).
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Figure 6. Bland-Altman plot of testing between prototype and reference sensor. X-axis is the mean of
the two measurements, and the Y-axis is the difference between the two measurements. Each point
represents a measurement; the black line represents the mean of the differences between the mediated

and the dotted red lines represent a 95% confidence interval. A, Phase 1; B, Phase 2; C, Phase 3.



58

In the ICC analysis, the data show great agreement between the methods used in phase 1,

moderate in phase 3, while in phase 2 there was very low agreement (Table 1).

Table 1 — Values of ICC, confidence intervals, and p values in 3 phases of comparison between
prototype and reference sensor.

Phase ICC 1C95% p

1 0,887 0,859 ; 0,910 <0,0001
2 0,076 -0,027; 0,178 0,074
3 0,662 0,558 ; 0,746 <0,0001
DISCUSSION

The ideal ICP monitoring should be simple to implant, reliable, versatile, provide as much
information as necessary regarding ICP variations, and able to stand functioning with stability.
It should also be miniaturized and hermetically packed to avoid risks or patient discomfort>.
An ICP monitor is considered by the FDA a Class Il medical device (moderate to high risk), as
it is used for short-term monitoring of ICP trends>>. Much as those systems evolve, there is still
a current need to make them increasingly portable, simple, and easier to handle in the hospital

environment, especially in intensive care units>®>’.

Implantable sensor: FO has several advantages over electro-mechanical sensors, such as:
biocompatibility, low thermal conductivity, immunity to electromagnetic interference (EMI),
compatibility with magnetic resonance applications, suitability for remote monitoring, easy
miniaturization, and geometric versatility’>*%-%5  Previous studies validated FO for

27,60,61

intraparenchymal ICP monitoring in vivo and several articles analysed safety, baseline

drift and complications in neurocritical patients with reliable results in comparison to the

available piezoelectric and pneumatic sensors!7-46-30:62-66,

The FO described in this article followed the principles of an optomechanical and diaphragm-
based sensor for intraparenchymal monitoring. As a preliminary study, the FO catheter was
constructed with a 3,5mm tip for more robustness and diaphragm integrity, in comparison with

the Imm reference sensor. That difference in diameter between prototype and reference sensors
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had an impact on pressure values recorded simultaneously in different cerebral hemispheres. In
phase 1, when the prototype was inserted, the reference showed an immediate elevation of
22mmHg, as described in the results. Despite the variance, there was a concordance in the ICP
variation in the statistical analysis. Previous articles comparing simultaneously
intraparenchymal recordings from Codman and Camino sensors demonstrated differences in
mean ICP due to baseline differences, despite similar waveforms®*7-%¢ In the current study,
similar behavior was observed in the waveforms of the compared systems, especially in phases
1 and 3, validated by Spearman’s correlation. As the experimentation only included burr holes
to the right and left hemispheres of the supratentorial compartment, the cerebral falx possibly
had minimal interference in the ICP discrepancy between sensors. A valuable feature in the
prototype is the possibility of recalibration via Smartphone post implantation, as it enables the
pressure FO sensor to be re-calibrated in situ, removing the drift. It remains a critical point due
to the baseline drift found in cable-based ICP monitors, especially after 7 days of continuous

2,44,45

registration and needs further long-term monitoring.

Power management: The power supply choice has great relevance due to the biocompatibility
and long-term functioning of a fully implantable device. Technical specifications such as the
sensor’s power consumption rate, size, and safety should be considered carefully>”**-’!. For the
prototype, a short-term rechargeable lithium-ion rechargeable battery was used, given the need

to keep it for 5 to 6 hours of continuous monitoring at maximum consumption.

Wireless communication: Implantable sensors demand specific design considerations regarding
communication and power to stay in concordance with benchmarks of medical applications®’-
316971 Nowadays, telemetry has become feasible as the best available technology to be
incorporated in invasive medical systems which previously required several physical cables to
interface with external devices. The most common sources for wireless requirements are the
International Electrotechnical Commission (IEC) and Comité International Spécial des
Perturbations Radioélectriqgues (CISPR)’?. These regulations set technical standards for

controlling electromagnetic interference in electrical and electronic systems to ensure

implantable sensors' safety and performance within the body and interacting with readouts.

Among current communication protocols available for implantable sensors, Wi-fi and
Bluetooth present the most interesting characteristics: Wi-Fi sensors can easily be connected to
the internet or other devices within the Wi-Fi network and Bluetooth allows connection with

external devices such as smartphones, tablets, or laptops. Increasing popularity of wireless
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medical devices allow both technologies to evolve with power-saving applications and work in

short or long-range telemetry’!7374,

For this study, Bluetooth and Wi-fi were chosen for a matter of safety and security. Both
systems work in the safe frequency of 2.4GHz with large data rate and range, are capable of
meshing and allow two-way communications between the implantable sensor and the
smartphone’!. With a Wi-Fi network available, the described prototype was able to monitor the
ICP continuously regardless of distance, enabling great functionality and ease of use, as it
allowed configuration changes such as on/off, intermittent data logging, alarm settings and
power consumption via smartphone application. Firmware updates post implantation are also
allowed, further improving long-term reliability and security of the whole system. Moreover,
there was no evidence of interference in the antenna signal, considering the environment of an

operation room for specialized training filled with electronic medical equipment.

Limitations of the study and future trends: There are several concerns regarding following in
vivo studies, as for the next prototype to be as close as possible to a suitable model for a future
phase 1 study. First, the miniaturization of (1) the FO catheter, to a maximum diameter of
2.5mm — equal to the outer diameter of a ventricular catheter - and (2) the circuitry, to a
maximum size of 20x20x10mm, considering a rounded design to be fitted into a burr hole,
protecting the package, and avoiding subcutaneous elevation. Second, the short time of
monitoring, as it was intended as a preliminary experiment to evaluate the catheter and the
antenna. Finally, resource limitations, since as it was a self-funded study involving a thesis to
obtain a PhD's degree. Other attention points in further studies regard the choice of biomaterials
for the device, such as synthetic polymers, and for baseline pressure errors after implantation.
Challenges in improving Wi-Fi telemetry are mainly related to security, durability, and signal
quality. As protocols and firmware are continually updated, any smartphone should be able to
communicate with implanted devices in agreement with statutory laws on data protection and
privacy such as the General Personal Data Protection Regulation (GPDR, European Union),

Health Insurance Portability and Accountability Act (HIPAA, United States).

Crucial factors for the ideal development of the presented system consist in accessibility, short-
term monitoring, and final cost. Accessibility implies a form of monitoring where medical staff
can follow — both remotely and within the intensive care unit — ICP oscillations through a
smartphone. Functionalities such as energy consumption reduction, calibration, or verification

of other sense parameters such as temperature should also be viable. Likewise, a practical and
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easy-to-use interface is required. Neurocritical patients often demand short-term ICP
monitoring for periods ranging from 7 to 14 days in the hospital environment. This allows
circuitry with smaller dimensions and capacities, biologically safer and less costly, since, after
a few days, it will be explanted. Also, for the next stage of this research, a new chipset with
power saving features and a longer service life battery will be used, permitting the monitoring
to extend over several weeks. Currently, there is a lot of available batteries, validated for
medical use for long-term monitoring, with custom shape, power, rechargeable and size.
Finally, final costs must be competitive with the gold standard cable monitors available, making

this technology affordable and independent of dedicated external readers.
CONCLUSION

The present article presented the in vivo proof of concept of a novel Wi-fi FO system for
invasive continuous ICP monitoring. A real time external readout via smartphone was feasible
and reliable. The prototype measured pressures over the desired ICP range and represents a step
towards realizing a fully implantable wireless device for ICP monitoring in neurocritical
patients. Future work will evolve miniaturization, safety for short-term usage, battery longevity,

data cryptography and manufacturing improvements.
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4 CONCLUSAO

A presente tese desenvolveu através de uma pesquisa translacional um sistema em FO
para monitorizacdo invasiva continua da PIC por Wi-fi com leitura via aplicativo de celular,
desde a prova de conceito até o estudo preliminar em um modelo suino.

Uma leitura por smartphone foi possivel através da telemetria do protdtipo implantavel,
sendo capaz de ler e identificar as variacdes da PIC simultaneamente, em concordancia ao

dispositivo de referéncia.
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5 PERSPECTIVAS FUTURAS

Este estudo esta gerando uma patente. A proxima etapa consiste no aperfeigoamento do
sistema (miniaturiza¢do e maior capacidade de bateria para monitorizagcdo prolongada) para

uma nova etapa in vivo, até viabilizar um estudo fase 1 em humanos.
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APENDICE

APENDICE A — Perguntas e respostas aos revisores da Neurosurgery para o Artigo

Original 2.

Reviewer #1: The authors have done a nice job of demonstrating a proof of concept of
being able to use wi-fi and Blue tooth technology to collect ICP data in a wireless fashion.
They demonstrate good correlation in the porcine model with the implanted ICP monitors
compared to the standard. Here are some questions/comments that may help to clarify
the paper.

1. The figures are hard to read even in the downloaded tif versions. This pertains
particularly to figures 3 and 4.

Answer: Done! All figures reworked in 600dpi and better resolution.

2. Can you clarify the battery source and how long it lasts?

Answer: For this prototype, it was used a lithium-ion rechargeable battery, 3.7V 210mAh, with
30x20x5 mm in size. For those preliminary experimentations, the system was not designed to
be energy efficient, considering that it needed to work 5-6 hours. It can be easily changed for a
lot of available medical battery solutions for long-term monitoring, with different shape, power,
rechargeable, size etc (i.e, https://www.grepow.com/, https://www.allrunbattery.com). We
updated the manuscript (lines 80-81 and 208-209).

3. You mention that the implant is MRI compatible. Is the battery source and box that
you show also MRI compatible?

Answer: Only the battery source used in the prototype was not compatible with MRI, since, for
this preliminary study, it was not necessary to switch to a more advanced model. Even so, we
used a battery that could be recharged, in case it was discharged by electromagnetic
interference. Package, chipset/motherboard and FO catheter were MRI compatible.

4. Do you have long term studies about biocompatibility of the sensors?

Answer: The hermetic package of the prototype was printed in polyethylene terephthalate
glycol (PETG), a compatible and safe material for human implants, according to requirement
standards (ISO 13485:2016, VDI 3405, ISO 5832). The internal components, fully isolated
from contact with living tissue, are made of lithium and follow the same principles as fully
implantable electronic systems such as pacemakers. The next stage of this research also includes
the analysis of the explant (post- prolonged monitoring) of the prototype.

5. The box that you show in the picture of the experiment, how difficult is it to make it
small enough so that it is subcutaneous in humans or that not the intent?
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Answer: With today's available components, miniaturization is feasible and simple. The FO
catheter is easily miniaturizable - at first, we had used a FISO FOP-M200 -catheter
(www.fiso.com), with a diameter of less than 1 mm. We chose to abandon it because it is very
fragile and requires a lot of adaptation for reading. Also, circuitry package can have the
dimension and form (about 2cm diameter/2cm length) to fit into a burr hole. In the lines 241-
244 we described what is feasible, considering cost-benefit, for a final implantable device.

6. Is there any data for other modalities of measurement- brain O2, cerebral blood flow,
cerebral microdialysis- and whether they can be done in a wireless fashion?

Answer: Yes; references 42 and 43 show the application of FO for monitoring other sensitive
elements besides pressure (temperature, PH, position, traction, etc.). Multiparametric
monitoring via telemetry is feasible and requires only proper calibration/validation. For our
next prototype, we're including ICP and temperature.

Reviewer #2: The authors present a "proof of concept" study in a swine model, comparing
a standard miniature strain gauge sensor intraparenchymal ICP monitor to a novel
fiberoptic system with wireless (Wi-fi) interface.

The authors divided the observations into 3 phases. In the first, reading from the Wi-Fi
prototype were compared directly with those from the reference monitor, for 42 minutes.
Every 5 minutes, jugular compression was applied for 1 minute. The reference was placed
first; with placement of the prototype, an increase in ICP to 35SmmHg maximum was
observed. Reference ICP values were uniformly higher than prototype and responded
proportionately to jugular compression. A strong and positive Spearman correlation was
demonstrated (r=0.829).

In the second phase, lasting 60 minutes, the monitor sites were reversed. The prototype
was inserted first. With jugular compression, the prototype pressure remained relatively
constant while that of the reference varied between 7 and 11mmHg. There was less
agreement between waveforms. A positive and moderately weak correlation was
demonstrated (r=0.262).

In the final phase, lasting 24 minutes, the monitors were returned to their initial locations.
The reference was again placed first, again with a corresponding increase in ICP with
prototype placement and proportionate rise in ICP with jugular compression. A positive
and moderately strong correlation was demonstrated (r=0.669), though lower than in
phase 1.

The authors point out that their prototype was designed with a 3.5mm tip while the
reference monitor has a smaller, Imm tip. They believe that this difference impacts the
measured pressure in the different hemispheres.

The authors conclude that their observations support "proof of concept'" and provide
suggestions for further development of the project. This submission raises several
questions:
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1. General - what is the real benefit of a wireless system for ICP measurement? Patients
with indwelling ICP monitors typically are not ambulatory. The need for a fully implanted
device is unclear. The ability to monitor remotely, via smartphone or iPad-type device is
attractive, however.

Answer: The goal of developing such a system is to replace the conventional PIC sensors (with
external cable) with a fully implantable device with great portability via mobile app. We believe
that the few systems available (Aura, Neuro P-vent) are ambulatory solutions, very costly and
relatively obsolete - in times of wi-fi, it is fully feasible to have information about an invasive
PIC through a smartphone (with a user-friendly app) and with the same cost as a cable-based
system. As we are considering a final device that will be explanted after days/few weeks, the
expected risks of infection or other local complications tend to be lower compared to wired
sensors or long-term implantable sensors.

2. General - would it be appropriate to mention other "wireless'" (and in some cases,
completely noninvasive) modalities for ICP monitoring, such as MRI-based techniques,
pupillometry, or ultrasound-based methods in the introduction?

Answer: We chose to not include the description of noninvasive monitoring modalities for (1)
does not make the introduction too long; and (2) focus on the description of invasive systems,
considered the gold standard. The most reliable noninvasive method today is the B4C
(https://brain4.care/)- although its high cost and unfeasibility in patients with craniectomy. We
updated the manuscript with a citation of noninvasive modalities (lines36-38).

3. Are there other commercially available fiberoptic monitor systems?

Answer: Just the cable-based CAMINO transducer. Reference 32 presented a review of FO
pressure sensors for general biomedical applications.

4. What is a "signal conditioner?" (line 75). The description in Methods should be made
more accessible to the reader who is perhaps not at ease with the language of circuits and
electronic systems.

Answer: Signal conditioner is an electronic circuit that take the analog signal from a sensor and
prepare it for the next stage of processing. For example, many sensors’ applications work with
very small voltage levels, and to have an accurately measure, this analog signal must be
amplified before processed. We changed in the manuscript (lines 76-77) and in figure 1 to a
more concise description.

5. Why type of monitor is the reference? The casual reader may not know how the
Codman system works.

Answer: The reference monitor was the Codman ICP Express® Monitor — a dedicated external
readout. We changed line 103 to clarify this information.
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6. What was the purpose of reversing (not really "inverting'') the positions of the monitors
in phase 2?

Answer: We intended (1) to document the behavior of the prototype sensor in both hemispheres
without additional burr holes; and (2) check changes in intraparenchymal ICP at the same
location as the reference sensor. We updated the manuscript changing ‘inverting’ to ‘reverting’.

7. Why did the simple act of changing positions result in a different response to jugular
pressure?

Answer: We believe that this was due to the difference in diameter between the two sensors.
This was very evident in phase 2 - the reference sensor obtained lower values possibly because
it was in a larger space caused by the prototype in phase 1. The agreement between the two
systems occurred again in phase 3.

8. What accounts for the difference in absolute ICP recorded between the prototype and
reference? The authors correctly point out that the trends varied proportionately but do
not provide an actual explanation. At the end of the day, the provider at the bedside relies
on an absolute number that needs to accurately convey the pressure state of the system.

Answer: As well as the differences during jugular compression/release, we believe that it
occurred due to the difference between the diameter of the catheters. At the end of the in vivo
tests, reference and prototype remained calibrated (zero drift). Although reference-prototype
absolute ICP values differences, we were able to validate the telemetry via smartphone app and
demonstrate the agreement between the sensors in statistical analysis. We think our further
study with prolonged monitoring comparing catheters with the same diameter could clarify
these issues.

9. What is "choice post implantation calibration?"(line 196-198) The explanation of its
importance is unclear.

Answer: The ‘zero drift’ of the sensor can be recalibrated if it loses its parameters after
implantation via smartphone app. We rewrote lines 199-201 to make it concise and clear.

10. For a patient with raised ICP, continuous monitoring for an extended period -
measured in days rather than hours - is optimal. The authors here reference to a "few
hours" as the '"maximum consumption" for the battery (line 204-206). Would the
technology permit longer term continuous monitoring?

Answer: Certainly. The choice of battery and the system consumption were developed
considering that preliminary in vivo tests would be only a few hours long. It means that the
components were not selected choosing by its consumption, and the routine programmed into
the microcontroller was not optimized to save energy consumption. Therefore, in future
implementations, a specialized microcontroller will be used to consume less energy, as well as
an operating logic will be developed to be more energy efficient. There a lot of available
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medical battery solutions for long-term monitoring, with different shape, power, rechargeable,
size etc, such as https://www.grepow.com/, https://www.allrunbattery.com/. We added lines
263-266  describing about our implementations for the next prototype.

Reviewer #3: This is a very preliminary technical/experimental report, although because
of pioneering development should be evaluated on this stage. Paper describes a concept
and feasibility experimental assessment of implantable wi-fi connectivity sensor.
Experimental protocol involves jugular compression to rise ICP- more gradual rise like
CSF infusion or extradural balloon inflation would be more appropriate for accurate
comparison between reference and wi-fi based system.

Answer: We opted for a jugular compression/release because it seems a ‘more physiological’,
simpler and reversible approach.

Figures should be improved, description of axes, legends shold be reviwed with care

Answer: Done. All figures reworked in 600dpi and better resolution.

Range -10 to + 50 mm Hg is too narrow.

Answer: this range can be easily extended to +100mmHg. We'll adopt this improvement in a
further prototype.

Please provide battery life as it is at present.

Answer: Battery life for in-vivo tests was about 5 to 6 hours. We updated the manuscript (lines
208-209) with this information. Also, added lines 263-266 describing about our
implementations (chipset and battery) for the next prototype.

Why sampling rate is set that slow- this does not allow assessment of ICP pulse waveform

Answer: It can be done changing the sampling rate to milliseconds — it is feasible via the
smartphone app readout. The curves shown in figure 3 show trends in absolute ICP values of
both systems (reference and prototype) recorded every 3-4 seconds. For a characterization in
Lundberg wave types, a prolonged study will be necessary.
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ANEXOS

ANEXO A - Instrucoes aos autores — Biosensors & Bioelectronics
Aims and Scope
Biosensors & Bioelectronics has an open access companion journal, Biosensors &

Bioelectronics: X.

Biosensors & Bioelectronics is the principal international journal devoted to research, design,
development and application of biosensors and bioelectronics. It is an interdisciplinary journal
serving professionals with an interest in the exploitation of biological materials and designs in
novel diagnostic and electronic devices including sensors, DNA chips, electronic noses, lab-

on-a-chip and pu-TAS.

Biosensors are defined as analytical devices incorporating a biological material (e.g. tissue,
microorganisms, organelles, cell receptors, enzymes, antibodies, nucleic acids, natural products
etc.), a biologically derived material (e.g. recombinant antibodies, engineered proteins,
aptamers etc) or a biomimic (e.g. synthetic receptors, biomimetic catalysts, combinatorial
ligands, imprinted polymers etc) intimately associated with or integrated within a
physicochemical transducer or transducing microsystem, which may be optical,
electrochemical, thermometric, piezoelectric, magnetic or micromechanical (Turner et al.,
1987; Turner, 1989). Biosensors usually yield a digital electronic signal which is proportional
to the concentration of a specific analyte or group of analytes. While the signal may in principle
be continuous, devices can be configured to yield single measurements to meet specific market
requirements. Examples of Biosensors include immunosensors, enzyme-based biosensors,
organism- and whole cell-based biosensors. They have been applied to a wide variety of
analytical problems including uses in medicine, biomedical research, drug discovery, the
environment, food, process industries, security and defence. The design and study of molecular
and supramolecular structures with molecular biorecognition and biomimetic properties for use
in analytical devices is also included within the scope of the journal. Here the focus is on the
complementary intersection between molecular recognition, nanotechnology, molecular
imprinting and supramolecular chemistry to improve the analytical performance and robustness

of devices.
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The emerging field of Bioelectronics seeks to exploit biology in conjunction with electronics
in a wider context encompassing, for example, biological fuel cells, bionics and biomaterials
for information processing, information storage, electronic components and actuators. A key

aspect is the interface between biological materials and micro- and nano-electronics.

While endeavouring to maintain coherence in the scope of the journal, the editors will accept
reviews and papers of obvious relevance to the community, which describe important new
concepts, underpin understanding of the field or provide important insights into the practical

application, manufacture and commercialisation of biosensors and bioelectronics.

Types of papers
Full papers should describe original research work not previously published, and should be
complete descriptions of full investigations comprising around 5000 words and with up to 6

figures and/or tables.

Short Communications should be concise but complete descriptions of original limited

investigations comprising around 3000 words with up to 3 figures and/or tables.

Review Articles should present a thorough and comprehensive overview of the chosen subject
and be extensively referenced and comprise around 8000-10000 words. Authors are expected
to go beyond a simple compilation of references and analyse trends, shortcomings and
accomplishments in their chosen field, charting possible future directions of the research.
[llustrations and summary tables are encouraged. Flexibility of presentation is permitted, but
authors are urged to arrange the subject matter clearly under the general headings of Abstract,
Keywords, Introduction, Main text (The heading and the sub-headings of the main text are left
to author's discretion), Summary and Conclusions, Future Perspectives, Acknowledgements,
References. When writing reviews authors should take proper account of all the literature
especially recent papers published over the past five years. Exceptions to these criteria may be
permitted if you discuss your requirements in advance with an Editor.

If you wish to submit a review to the journal and have not been invited by one of the Editors,
please first submit a short proposal using the standard review proposal template directly to the
journal editorial system selecting Review Article as Article Type. Only once you have received

approval and invitation from an Editor that your proposal has been accepted should you submit
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your paper to the journal. All reviews should be submitted via Editorial Manager and will be

subject to the normal peer review process.

Proposal

Please download the proposal template for the Review Article Review- ProposalTemplate

Submission checklist
You can use this list to carry out a final check of your submission before you send it to the

journal for review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:
One author has been designated as the corresponding author with contact details:
* E-mail address

* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

* All figures (include relevant captions)

* All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided
* Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

» All references mentioned in the Reference List are cited in the text, and vice versa
 Permission has been obtained for use of copyrighted material from other sources (including
the Internet)

* A competing interests statement is provided, even if the authors have no competing interests
to declare

* Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal requirements
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Article structure

Essential title page information

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

Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. 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.

Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that the telephone number (with
country and area code) is provided in addition to the e-mail address and the complete postal
address.

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.

Abstract

The abstract is the part of your paper which will be read by the largest number of scientists so
it plays a crucial role. The abstract is a condensation of the information (facts) in the paper and
should be brief (150 - 250 words), specific and self-contained including the methods of the
research and the principal results. The abstract should not include trivial experimental details,
references, figures or equations.

The abstract may include the following:

1. The context for the work.

2. The purpose or objectives of the work (what was the research question or problem and why
it is important).

3. Theoretical or experimental methods used.

4. Results (qualitative and quantitative).

5. Conclusions and their limitations (what was the meaning of the results).

6. Safety information concerning dangerous compounds or procedures if relevant.



89

If the paper reports a new instrument or method then the abstract should include a description
of its advantages and disadvantages compared to other established techniques. The abstract

should not include trivial experimental details, references, figures or equations.

Highlights

Highlights are optional yet highly encouraged for this journal, as they 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).

Keywords

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.

Divide your article into clearly defined sections. Each subsection is given a brief heading. Each
heading should appear on its own separate line. Subsections should be used as much as possible

when cross-referencing text: refer to the subsection by heading as opposed to simply "the text".

1.Introduction
This section should state the objectives of the work and provide an adequate background. It
should also describe briefly the work presented in the paper. Avoid a detailed literature survey

or a summary of the results.

2. Material and methods
It should provide sufficient detail to allow the work to be reproduced. Methods already

published should be indicated by a reference: only relevant modifications should be described.

3.Results
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Results should be clear and concise.

4.Discussion

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

in the light of previously published findings.

5.Conclusions
It should be kept short and must be fully supported by the results reported. The Conclusions

section should include the major conclusions, the limitations of the work and the future work.

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references.
List here those individuals who provided help during the research (e.g., providing language

help, writing assistance or proof reading the article, etc.).

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, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1,

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,
yyyyl; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United

States Institutes of Peace [grant number aaaal].

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.
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If no funding has been provided for the research, it is recommended to include the following
sentence:
This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Nomenclature and Units
Follow internationally accepted rules and conventions: use the international system of units
(SI). If other quantities are mentioned, give their equivalent in SI. You are urged to consult

IUPAC: http://www.iupac.org for further information.

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 can build footnotes into the text, and this feature may be used. Otherwise,
please indicate the position of footnotes in the text and list the footnotes themselves separately

at the end of the article. Do not include footnotes in the Reference list.

Artwork

Electronic artwork

General points

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

* Save text in illustrations as 'graphics' or enclose the font.

* Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.
* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.
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* Produce images near to the desired size of the printed version.
* Submit each figure as a separate file.
* The figures/schemes/tables should be inserted directly where the authors want them in the

text.

A detailed guide on electronic artwork is available on our website:
https://www.elsevier.com/artworkinstructions

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 finalised, 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: Vector drawings. Embed the font or save the text as 'graphics'.

TIFF: Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

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

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply 'as is'.

Please do not:

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

* Supply files that are too low in resolution;

 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
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article. Please indicate your preference for color: in print or online only. Further information on

the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure.
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. The preferred positions for all figures should be indicated in the text.

Tables
Please note that a full paper should contain no more than 6 single figures/ tables/schemes. A

short communication should contain no more than 3 single figures/ tables/schemes.

Tables should be typed in double spacing on separate pages and provided with a suitable
heading. Tables should be clearly referred to in the text using Arabic numerals. Considerable
thought should be given to layout so that the significance of the results can be easily grasped.
Each table should have a title which makes the general meaning understandable without
reference to the text. Vertical lines should not be used to separate columns. Column headings
should be sufficiently explanatory, and presented in a way consistent with the column width.
Columns of figures multiplied by the same power of ten should not be presented as such. The
power of ten should be indicated in the column heading, e.g.:

104[NaCl]/mol 1-1

4.2

3.5

0.26

rather than

[NaCl]/mol 1-1

4.2 x 10-4

3.5x10-4

2.6 x10-5

In order to demonstrate the repeatability/reproducibility of the method, Authors are asked to

include relative standard deviations (RSD) or the coefficient of variations (CV) in tables.
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References

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.

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. This identifier will not appear in your
published article.

Examples:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese
oak wilt disease and surrounding forest compositions. Mendeley Data, vl.

http://dx.doi.org/10.17632/xwj98nb39r.1.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication, the formal
publication should be used as the reference. If there are preprints that are central to your work
or that cover crucial developments in the topic, but are not yet formally published, these may

be referenced. Preprints should be clearly marked as such, for example by including the word
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preprint, or the name of the preprint server, as part of the reference. The preprint DOI should

also be provided.

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.

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 should be listed first
alphabetically, then chronologically.

Examples: "as demonstrated (Allan, 1996a, 1996b, 1999; Allan and Jones, 1995). Kramer et al.
(2000) 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.J., Lupton, R.A., 2000. J. Sci. Commun. 163, 51-59.
Reference to a book:

Strunk Jr., W., White, E.B., 1979. The Elements of Style, third ed. Macmillan, New York.

Reference to a chapter in an edited book:
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Mettam, G.R., Adams, L.B., 1999. 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.

Journal abbreviations source

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

Video

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.

Data visualization
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

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.
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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.

Research data

This journal requires 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. When sharing
data in one of these ways, you are expected 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.
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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. Before submitting your article, you
can deposit the relevant datasets to Mendeley Data. Please include the DOI of the deposited
dataset(s) in your main manuscript file. 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.

Research Elements
This journal enables you to publish research objects related to your original research — such as

data, methods, protocols, software and hardware — as an additional paper in Research Elements.

Research Elements is a suite of peer-reviewed, open access journals which make your research
objects findable, accessible and reusable. Articles place research objects into context by
providing detailed descriptions of objects and their application, and linking to the associated
original research articles. Research Elements articles can be prepared by you, or by one of your

collaborators.

During submission, you will be alerted to the opportunity to prepare and submit a Research

Elements article.

More information can be found on the Research Elements page.

Data statement
To foster transparency, we require you to state the availability of your data in your submission
if your data is unavailable to access or unsuitable to post. This may also be a requirement of

your funding body or institution. You will have the opportunity to provide a data statement
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during the submission process. The statement will appear with your published article on

ScienceDirect. For more information, visit the Data Statement page.
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ANEXO B - Instrucées aos autores — Neurosurgery

PLEASE READ: The NEUROSURGERY Publications Instructions for Authors, containing
full policies and procedures for authors, can be found here. Authors should review this section

thoroughly before deciding which Journal is most appropriate for their submission.

Below please find the aim and scope of as well as submission requirements for Neurosurgery
specifically. Article types are described. Links to manuscript templates describing technical
requirements can be accessed by clicking the Article Type name. Additionally a formatting
chart listing the requirements for all Article Types (including required article structure, word

limits, and additional requirements) can be found here.

Aim and Scope of Neurosurgery

Neurosurgery is the official publication of the Congress of Neurological Surgeons.
Neurosurgery provides a medium for the prompt publication of scientific articles dealing with
clinical or experimental Neurosurgery, reviews, and other information of interest to

neurosurgeons.

Submission Preparation: Neurosurgery Article Types

NOTE: All submissions undergo a “Technical Check* to confirm their adherence to Journal
standards. If your submission is not formatted correctly, it will be returned for corrections,
delaying peer review. Please format your submission correctly to ensure timely processing.
Additional submission preparation information is available in the NEUROSURGERY

Publications Instructions for Authors.

Articles Published In Print
Articles that will publish in print will first publish online on the Latest Articles page of the
Neurosurgery site until such time as they are placed in an issue. Articles will publish online as

soon as possible unless otherwise held for specific issue placement or embargo.

FULL-LENGTH ARTICLE TYPES
These article types cover a range of topics from Neurosurgery. The information and data

presented in these studies should be based on original research.
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Research—Human—Clinical Studies

Research—Animal

Research—Laboratory

These articles represent a substantial body of laboratory or clinical work often involving human
subjects. The objective should be well defined, the methodology should be well described the
evidence presented should be original and the discussion should be based on the data. Ethical
standards must be met for both human and cadaveric subjects, with the approval of institutional
research board (IRB) and appropriate consents. These articles should follow standard study
designs and protocols as outlined by the Research Reporting Guidelines. For observational
epidemiological studies and diagnostic accuracy, see Research Reporting Guidelines for further

requirements.

Research—Human—Clinical Trials

In Clinical Trials articles, individuals are randomly allocated to receive or not receive a
preventive, therapeutic, or diagnostic intervention and then followed up to determine the effect
of the intervention. Each manuscript should clearly state an objective or hypothesis, the design
and methods (including the study setting and dates, patients or participants with inclusion and
exclusion criteria, or data sources, and how these were selected for the study) the essential
features of any intervention(s) the main outcome measures the main results of the study a
Discussion section placing the results in context with the published literature and addressing
study limitations and the conclusions. Trial registration information (name, number, and URL)
must be included with the submission (these should be blinded at submission for peer review).
See Clinical Trial Registration, for further information regarding the Journal's requirements for
registering clinical trials. For randomized controlled trials, see Research Reporting Guidelines

for information regarding CONSORT.

Research—Human—Study Protocols

Study Protocols describe proposed or ongoing research and provide a detailed account of the
hypothesis, rationale, and methodology of the planned study. The journal will consider study
protocols of proposed or ongoing trials provided they have not completed patient recruitment
at the time of submission. Study protocols will usually be accepted without further peer review
if the study has received institutional IRB and ethics approval as well as peer-review and grant
funding from a major extramural funding body. We are unable to consider study protocols

without ethics or IRB approval or major extramural funding at the time of submission.
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Examples of major funding agencies include NIH (US), MRC (UK), DFG (Germany), and
CNRS (France). All clinical trials must be registered at an appropriate online public registry,

and registration information should be included with the submission.

Investigators must consent in principle to submit all or a substantial portion of the primary
manuscript to Neurosurgery at the conclusion of the study, which the Journal will send for peer-
review. The Journal will provisionally commit to rapidly publish the main clinical findings of
the study absent major deviations from protocol, poor reporting or over interpretation of data,
loss of originality, or undue delay after the planned submission date. The Journal will continue
to accept for consideration submissions whose protocols have not been previously submitted to
Neurosurgery. For protocols of randomized controlled trials, see Research Reporting

Guidelines for information regarding SPIRIT.

Review

Review articles are balanced accounts of all aspects of a particular subject including the pros
and cons of any contentious or uncertain aspect. The Journal publishes 2 types of reviews:
Qualitative Reviews are based on previous literature, are often narrative, and provide current
guidance on the latest Neurosurgery practices.

Quantitative Reviews involve data analysis and predictions, can include control groups, and
present discussions on certain Neurosurgery techniques, tools/equipment, and implementation.
For systematic reviews and meta-analyses, see Research Reporting Guidelines for information

regarding PRISMA and MOOSE.

Editorial
Editorials are invited essays written and submitted by a member of the Editorial Board that

represent the Journal's position on a particular topic.

Guest Editorial
Guest Editorials are invited essays written and submitted by a member of the Neurosurgery

community to express their views on an issue timely to the Neurosurgery community.

In Memoriam
In Memoriam articles honor a member of the neurosurgical community who has recently passed

away. In Memoriam submissions should open with an announcement of the deceased's passing
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including date of birth and death, cause of death (if known), and a brief list of immediate
survivors. The body of the submission should provide a succinct overview of the deceased's life
highlighting professional accomplishments related to the neurosurgical field. Location and date
information should be included with the listed accomplishments. Authors are encouraged to
include photos from the deceased's life but should note these may require third-party consent

to publish.

Cover Essay
Cover Essays are invited submissions based on the Journal cover art. The goal of the essay is

to illuminate the cover image.

Editor-in-Chief Registrar

The Registrar is an article type reserved specifically for communications from the Editor-in-
Chief to the Journal readership. The Editor-in-Chief may use this as a venue to provide updates
on the Journal and its features or to communicate his or her views on a subject timely to the

Neurosurgery community.

Articles Published Online-Only

Articles that will publish online-only will publish on the Latest Articles page of the
Neurosurgery site until such time as they are placed in an issue. Articles will publish online as
soon as possible unless otherwise held for specific issue placement or embargo. Once placed in
an issue, online-only articles will appear as part of that issue online and will be listed in the

Table of Contents.

FULL-LENGTH ARTICLE TYPES
These article types cover a range of topics from Neurosurgery. The information and data

presented in these studies should be based on original research.

Case Report

Case Reports must present an unusual clinical development or a new insight into a well-
recognized clinical scenario and provide evidence of how the case contributes to understanding
of the condition/treatment. Case Reports that do not satisfy these requirements will not be

considered. See Research Reporting Guidelines for information regarding CARE.
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Please be aware that Neurosurgery accepts a very small percentage of submitted Case Reports
and publishes a limited number in each issue. Consequently, review time and time to publication

are extended.

Legacy—Institutions and People

Special Article

Legacy submissions should be focused on notable people, institutions, or organizations. Special
Article submissions may address an important topic in Neurosurgery or related disciplines,

ethics, health policy, and the law

Please note: Submissions under these article types may be considered for publication in the
Journal's correspondence section as a commentary. Authors will be informed of this at the time

the initial review is conducted.

CORRESPONDENCE ARTICLE TYPES

The purpose of these articles is to provide a medium for contributors to provide fair and
constructive feedback for articles published in Neurosurgery. These correspondences can also
address topics and subjects unrelated to published articles but which are relevant and cover a

range of neurosurgical topics.

Letter to the Editor
Letters to the Editor discuss a recent Neurosurgery article or a topic of neurosurgical interest

not necessarily related to a published article.

Response to Letter to the Editor
Responses to Letters to the Editor are invited from corresponding authors by the Editorial Office

upon receipt of a Letter to the Editor regarding their article in Neurosurgery.

Commentary

Commentaries are invited at the discretion of the Editor-in-Chief and can be a brief
communication on a subject pertinent to the field. The option to submit a commentary will also
be extended to reviewers once a submission has been accepted for publication. The goal of a

commentary in this case is to enrich the reader's understanding of the article by highlighting a
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particular aspect of the given article or to offer an alternative perspective on the contents

reported.

Book and Media Reviews
Book and Media Reviews are invited by the Editor-in-Chief. Reviews may cover relevant books

(print or online) and new media (apps, platforms, etc).

Digital Archiving

Wolters Kluwer provides for long-term digital preservation through two primary partnerships,
Portico and CLOCKSS. Portico is a leading digital preservation service worldwide. The content
is preserved as an archival version and is not publically accessible via Portico, but is provided
when required under specific conditions, such as discontinuation of the collection or
catastrophic failure of the website. CLOCKSS will enable any library to maintain their own
archive of content from Wolters Kluwer and other publishers, with minimal technical effort and

using cheaply available hardware.

Advertising

Neurosurgery welcomes paid print and digital advertising from relevant institutions,
organizations, and corporations. Advertisements are managed by the publisher Wolters Kluwer.
Please click here to learn more about WK's Advertising and Corporate Services.Neurosurgery's
specific media kit can be found here. Advertisement design and copy are subject to the approval

of the NEUROSURGERY Publications Editor-in-Chief and Director of Publications.

Contact Us

All queries may be directed to the NEUROSURGERY Publications Editorial Office:

Email: neurosurgerypubs(@cns.org

Phone: 847.240.2500

Mail: NEUROSURGERY Publications Editorial Office, 10 N. Martingale Road, Suite 190,
Schaumburg, Illinois 60173
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ANEXO C - Parecer consubstanciado de projeto de pesquisa analisado pela comissao de

ética em pesquisa no uso de animais (CEUA - UP).

Universidade
& vSsnvo

PARECER CONSUBSTANCIADO DE PROJETO DE PESQUISA ANALISADO PELO
COMISSAO DE ETICA EM PESQUISA NO USO DE ANIMAIS (CEUA - UP)

IDENTIFICAGAO

DESENVOLVIMENTO DE MONITOR INVASIVO WIRELESS DA PRESSAQO
INTRACRANIANA

RESPONSAVEL

ERASMO BARROS DA SILVA JUNIOR

PROFESSOR ORIENTADOR

MARCELO DE PAULA LOUREIRO

INSTITUICAO DO PESQUISADOR

UP — UNIVERSIDADE POSITIVO

OBJETIVO
Desenvolver um sistema para monitorizagéo invasiva e continua da pressé&o

intracraniana via bluetooth, com portabilidade por celular e de custo viavel, aplicavel em

seres humanos.

SINTESE DO PROJETO
A elevacdo da presséo intracraniana decorrente de formacgdes expansivas e do

edema cerebral, se ndo controlada, pode levar a isquemia por redug&o do fluxo
sanguineo encefdlico, hérnias cerebrais, compressdo e tor¢éo vascular, gerando mais
les&o ao tecido cerebral e agregando risco de morte ou de sequelas neurologicas graves.
A monitorizac&o da presséo intracraniana pode detectar precocemente alteragdes que




necessitem de intervengcdo medica em tempo adequado para controlar os niveis

pressoricos.

O desenvolvimento de microtransdutor para monitoriza¢&o continua por via bluetooth
€ algo inédito e de aplicagdo em unidades de terapia intensiva em pacientes em coma
por doengas neurologicas. Existem varios prototipos de sensores na literatura, validados
in vitro e in vivo; e apenas dois sistemas liberados para uso em humanos a partir de
2012.

COMENTARIOS DO COLEGIADO

As solicitagtes foram corrigidas e justificado para a utiliza¢do de animais.

QOutrossim, o projeto apresenta o ponto humanitario devidamente descrito, o que
demonstra a preocupagdo com o bem-estar do animal, dentro das limitagOes existentes

para a execugdo da aula pratica.

Por tudo isso, o Comité de Etica do Uso de Animais recomenda a aprovagao do

projeto

PARECER FINAL

Recomenda a APROVAGAO.

Thais Andrade Costa Casagrande
Coordenadora — CEUA-UP

e
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Curitiba — PR, 01 de fevereiro de 2021

CERTIFICADO

Certificamos que o projeto 600 “DESENVOLVIMENTO DE MONITOR
INVASIVO WIRELESS DA PRESSAO INTRACRANIANA”, sob a
responsabilidade de ERASMO BARROS DA SILVA JUNIOR, que envolve a
utilizagéo de animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto
humanos), para fins de pesquisa cientifica (ou ensino) - encontra-se de acordo
com os preceitos da Lei n° 11.794, de 8 de outubro de 2008, do Decreto n°
6.899, de 15 de julho de 2009, e com as normas editadas pelo Conselho
Nacional de Controle de Experimenta¢cdo Animal (CONCEA), e foi APROVADO
pela COMISSAO DE ETICA NO USO DE ANIMAIS (CEUA) DA Universidade
Positivo, em reunido de 29/01/2021

Finalidade:( ) Ensino ( X ) Pesquisa Cientifica ( ) Pdés-Graduagéo

e Espécie/linhagem/raca: Sus scrofa - Suinos

e N°de animais: 15

e Origem: Chacara Boa Vista - INCRA: 7050390517648
Claudinei de Jesus dos Santos, Palmeira PR

N

Thais Andrade Costa Casagrande
Coordenadora - CEUA
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