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RESUMO

OLIVEIRA, ASB. Efeitos da Ventilagdo Mecéanica Controlada e da Ventilacdo por
Pressdo de Suporte sobre o Musculo Diafragma de Ratos. Dissertagdo (Mestrado em
Patologia) — Centro de Ciéncias da Salde — Universidade Federal de Pernambuco,
Recife, 2010.

A assisténcia ventilatéria mecéanica (AVM) controlada induz profundas alteragdes na
musculatura diafragmatica, causando a chamada disfuncdo diafragmatica induzida pela
ventilacdo mecénica (DDIV). Essas alteragfes parecem poder ser atenuadas quando
utilizados modos com participacdo da atividade diafragmatica, como o de Pressdo de
Suporte (PSV). O objetivo do trabalho foi avaliar os efeitos do modo ventilatério
controlado por pressdo controlada (PCV-C) e do modo PSV sobre a histologia e
morfometria do masculo diafragma de ratos. Ratos (n = 18) da linhagem Wistar foram
incluidos nesse estudo prospectivo. ApoOs injecdo intraperitoneal de anestésico e
sedativo, os ratos foram distribuidos no grupo controle (RE) e para receber AVM por 6
horas no modo PCV-C e no modo PSV. Apbs esse periodo, os animais foram
eutanasiados, o diafragma retirado e encaminhado para a analise histolégica e
morfométrica. Os resultados revelaram uma reducdo da area das fibras musculares de
15% no grupo PCV-C em comparagdo ao controle (p<0,001) e de 10% quando
comparado ao grupo PSV (p<0,05). Ja com relacdo ao diametro menor das fibras
musculares observou-se uma redugcdo de 9% do grupo PCV-C em comparacdo ao
controle (p<0,001) e de 6% em relacdo ao grupo PSV (p<0,05). Quando avaliada a area
dos mionucleos, notou-se uma reducdo de 16% desse parametro no grupo PCV-C,
comparado ao PSV (p<0,05). Ndo houve diferenca significativa no perimetro dos
mionucleos entre os grupos estudados (p>0,05). O grupo PCV-C apresentou atrofia
muscular em um periodo curto de ventilacdo mecénica. O modo PSV parece atenuar 0s
efeitos da DDIV, sendo uma alternativa eficiente no controle da atrofia muscular
decorrente do uso do suporte ventilatorio.

Palavras-chave: diafragma, ventilacdo mecanica, PSV, ratos, AVM.



ABSTRACT

OLIVEIRA, ASB. Effects of controlled mechanical ventilation and pressure support
ventilation on diaphragm muscle of rats. Dissertacdo (Mestrado em Patologia) — Centro
de Ciéncias da Saude — Universidade Federal de Pernambuco, Recife, 2010.

Controlled mechanical ventilation (CMV) induces many modifications in diaphragm
function and biology, called Ventilator-induced diaphragmatic dysfunction (VIDD).
These modifications may be attenuated by assisted modes of mechanical ventilation,
like Pressure Suport Ventilation (PSV). The aim of this study was analyse the effects of
Pressure controled ventilation mode (PCV-C) and PSV mode in diaphragm muscle of
rats. Wistar rats (n=18) were assigned to the control group or to receive 6 hours of PCV
mode and PSV mode. After this period, animals under deep anaesthesia, were
euthanasied, diaphragm was excised out, frozen in liquid nitrogen and stored at -80° C
freezer. Hematoxylin — Eosin stained sections were observed under light microscopy
and morphometrical parameters were analysed using a computer aided image analysis
system. Results shown a decrease in cross-sectional area of muscle fibers (15% - circa)
of PCV-C group compared with control (p<0.001) and 10% (circa) compared with PSV
group (p<0.05). Less diameter of muscle fibers was decreased in PCV-C group by 9%
(circa) compared with control (p<0.001) and by 6% approximately compared with PSV
group (p<0.05). When myonuclear area was analyzed, it was observed a decrease by
16% in PCV-C group compared with PSV (p<0.05). No significant difference between
groups were observed in myonuclear perimeter (p>0.05). Short-term controlled
mechanical ventilation seems to lead muscular atrophy in diaphragm fibers. PSV mode
may attenuate the effects of VIDD, and might be an important alternative in the control
of muscular atrophy due to the ventilator support.

Key-words: diaphragm, controlled mechanical ventilation, pressure support, rats.
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1 APRESENTACAO

A ventilacdo mecanica é utilizada para manter a ventilacdo alveolar adequada em
pacientes que sdo incapazes de fazé-la independentemente. A retirada de pacientes do
ventilador é denominada desmame. O desmame dificil é definido como um procedimento de
desmame que requer mais do que 48 horas para remover permanentemente os pacientes do
ventilador e ocorre em 25% dos pacientes que estdo em assisténcia ventilatoria (LEMAIRE,
1993). Clinicamente, isto é significante, visto que o desmame participa de 40% do tempo total
de ventilacdo mecanica.

O diafragma é o principal musculo inspiratério em mamiferos, e evidéncias indicam
que menos de 12 horas de ventilagdo mecanica resulta em um decréscimo na producdo de
forca diafragmatica (POWERS,2002), sendo este exacerbado com o aumento do tempo de
permanéncia no ventilador (LE BOURDELLES, 1994). A disfuncdo diafragmatica induzida
pela ventilacdo mecanica (DDIV) é importante porque a fraqueza muscular dos musculos
respiratorios é um fator determinante para aumentar a dificuldade no desmame.

A atrofia muscular por desuso é um mecanismo chave que contribui para a DDIV. A
reducdo da massa muscular diafragmatica e/ou a atrofia das fibras musculares apos a
ventilacdo mecanica controlada (VMC) tem sido observada na maioria dos estudos
experimentais em que esses parametros foram avaliados (ANZUETO et al, 1997; YANG et al,
2002; BERNARD et al, 2003; GAYAN-RAMIREZ et al, 2003)

Desta forma, a ventilagdo mecénica controlada induz modificagcdes profundas no
metabolismo protéico do tecido muscular, levando a atrofia muscular e a severa disfuncéo
diafragmatica induzida pela ventilagdo mecénica (LEVINE et al, 2008). Acredita -se que
essas modificagdes podem ser atenuadas com a participagdo do paciente na ventilacdo
mecanica (FUTIER, et al, 2008). Ao contrario da VMC, outras formas de ventilacdo
mecanica, como a ventilacdo mecanica assistida (VMA) e ventilacdo por Pressdo de Suporte
(PSV), sdo associadas a ativacdo neural parcial e a atividade mecénica do diafragma.
Fundamentado nessas informacdes, é licito argumentar que modos assistidos de ventilacéo
mecanica ndo devem produzir uma perda da funcao diafragmatica tdo grande como a ocorrida
na VMC.

Existem apenas dois trabalhos na literatura que avaliaram o efeito de modos assistidos
de ventilagdo mecénica sobre o0 musculo diafragma de ratos (FUTIER et al, 2008; SASSOON,

2004). Nestes, foram utilizados dois modos diferentes de AVM com a participacdo da
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mecanica diafragmatica e os parametros avaliados também foram desiguais. Desta forma, até
0 momento, ndo ha uma clara definicdo sobre os efeitos de modos assistidos sobre 0 muasculo
diafragma. Devido a essa caréncia de estudos na literatura e a importancia do desmame
precoce dos pacientes submetidos a AVM, o objetivo deste trabalho foi analisar a estrutura
histolégica e os pardmetros morfométricos das fibras musculares e dos mionucleos do
musculo diafragma de ratos, submetidos a AVM nos modos PCV-C e PSV. Hipotetiza-se que
a ventilacdo mecéanica controlada através do modo pressorico (PCV-C) causaria lesdo
diafragmatica em ratos, porém o modo ventilagdo por pressdo de suporte (PSV), que preserva
a atividade muscular diafragmatica durante o suporte ventilatorio, diminuiria os efeitos dessa
leséo.

Esta dissertacdo sera apresentada no formato de um artigo original, intitulado “Effects
Of Controlled Mechanical Ventilation And Pressure Support Ventilation In Rat Diaphragm
Muscle”, submetido a revista Respiratory Medicine, seguindo as normas da mesma (ANEXO

).
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2 REVISAO DA LITERATURA

A assisténcia ventilatoria mecanica (AVM) é um método de suporte ventilatdrio
utilizado em unidades de terapia intensiva (UTIs) para promover a ventilagdo e oxigenagéo,
sendo comumente usado na reversdo da insuficiéncia respiratoria aguda (IRpA) (SASSOON
et al, 2002). O principal objetivo de sua aplicabilidade consiste em minimizar o trabalho
respiratorio do paciente, substituindo temporariamente a bomba muscular respiratoria
(AZEREDO et al, 2003; SHANELY et al, 2003 e LORETTA et al, 2005). A Tabela 1
demonstra outras aplicabilidades da ventilagdo mecéanica.

Tabela 1 - Aplicabilidades da ventilacdo mecanica

Reversdo da hipoxemia severa

Reversdo da acidose respiratoria aguda

Alivio do estresse respiratério

Prevencao de atelectasias

Reversdo da fadiga muscular respiratoria

Permitir a sedagéo e o bloqueio neuromuscular

Diminuir o consumo de oxigénio sistémico ou miocardico
Reducéo da pressdo intracraniana a partir da hiperventilacéo

(HOWMAN, 1999)

O antigo filésofo e médico grego Claudius Galen (129 — 210 D.C.) foi o primeiro a
descrever a ventilacdo artificial de um animal. Mais de 1000 anos depois, no século 16, esta
técnica foi aplicada na ressuscitacdo humana. Porém, a ventilagdo mecénica sO veio a ser a
principal intervencdo terapéutica na epidemia de poliomielite que ocorreu na Europa e
Estados Unidos entre 1940 e 1950. A partir deste marco histdrico, varios tipos de ventiladores
e modos ventilatérios foram desenvolvidos para o tratamento da insuficiéncia respiratoria
(Galen, 1954).

Deste modo, ha, atualmente, diversas formas de iniciar e manter o paciente em
ventilacdo mecénica. Didaticamente, um Unico ciclo respiratério, durante ventilagdo com
pressdo positiva, nas vias aereas, pode ser dividido em quatro fases (Figura 01).

I- Fase de disparo: € o inicio do ciclo ventilatério mecanico. Pode ser desencadeada pelo
ventilador ou pelo paciente. H& mecanismos de disparo por tempo, pressdo ou

fluxo.
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II- Fase de limite: € a fase que um determinado parametro pré-programado (presséo,
fluxo, por exemplo) é sustentado durante toda inspiracdo. Pode ou ndo haver
programacao de pausa inspiratéria.

I11-Fase de ciclagem: o ventilador devera interromper a fase inspiratéria (ap6s a pausa
inspiratoria, quando ela estiver sendo utilizada) e permitir o inicio da fase
expiratoria; € o que se chama de ciclagem, dispondo- se hoje de ciclagem por
critérios de pressdo, fluxo, volume e tempo

IV-Fase expiratéria: o ventilador deverd permitir o esvaziamento dos pulmdes,

normalmente, de forma passiva.

Fluxo = 0

Termpo

Figura 01 — Curva de fluxo x tempo. 1 — Fase limite; 2 — Fase ciclagem; 3 — Fase expiratdria; 4 — Fase disparo
(CHATBURN, 2003).

Portanto, de acordo com essas fases, foram desenvolvidos os modos basicos de suporte
ventilatorio, que podem ser espontaneos (CPAP), controlados (CMV, por volume ou pressao),
assistidos (AMV, por volume ou pressdo) ou combinados (assistido-controlado — ACMV,
mandatorio intermitente sincronizado ou ndo — SIMV, IMV). O inicio da ventilacdo invasiva
geralmente ocorre no modo controlado. Os modos assistidos implicam em maior trabalho
muscular e consumo de oxigénio que os modos controlados. A SIMV associa-se a maior
trabalho muscular respiratério do que a AMV e a CMV. A partir dos modos basicos de
suporte ventilatério, foram criados, concomitantemente, os modos de controle, que podem ser
por pressdo (PCV, PSV) ou volume (VCV) (DAVID, 2001).

A ventilagdo por pressdo controlada (PCV) € uma modalidade na qual o ventilador,
disparado pelo paciente (ciclos assistidos) ou pelo tempo (ciclos controlados), emite um fluxo
inspiratorio de padréo desacelerado, determinando rapido aumento na pressdo das vias aéreas
(Figura 02). A pressdo nas vias aéreas, previamente estabelecida, é mantida durante toda a
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inspiracdo (fase de limite), cuja duracdo também é predeterminada em fungdo da ciclagem
(passagem da inspiracdo para expiracdo) a tempo. Dessa forma, nos ciclos controlados, de
modo diferente da ventilacdo ciclada a volume, o volume corrente e o fluxo inspiratorio
variam em funcdo da pressdo estabelecida, do tempo inspiratorio e das caracteristicas de
resisténcia e complacéncia do sistema respiratorio. Nos casos em que o ciclo for assistido
havera influéncia, também, do esforco do paciente (BRANSON, 1992). Teoricamente, em
funcdo de um fluxo inicial alto para atingir rapidamente a pressdo determinada, seguida de
uma desaceleracdo do fluxo para manter a pressdo constante nas vias aéreas durante toda a
inspiracéo, a ventilagdo pressdo-controlada melhoraria as trocas gasosas, otimizando a relagéo
ventilacao- perfusdo (PINHEIRO,et al, 2002).
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Figura 02 — Efeitos das mudancas da mecanica respiratoria na pressao de vias aéreas durante a ventilagdo
mecanica controlada por pressdo controlada. A. Curvas antes de quaisquer mudangas. B. O aumento da
resisténcia causa um decréscimo no pico de fluxo expiratério, um menor volume corrente e uma constante de
tempo maior. Notar que a inspiracdo é ciclada a tempo antes que o fluxo caia a zero. C. Uma diminuicdo da
complacéncia causa nenhuma mudanga do pico de fluxo expiratério mas diminui o volume corrente e diminui a
constante de tempo (CHATBURN, 2003)..
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Quanto a ventilacdo por pressdo de suporte (PSV), trata-se de um modo assistido
muito utilizado nas UTIs. Nesta situacdo, o0 paciente precisa de um estimulo respiratorio
efetivo. Ao iniciar o ciclo ventilatério o ventilador fornece um fluxo gasoso necessario (curva
desacelerada) para alcancar e manter uma pressao predeterminada (Figura 3). O paciente
controla o ciclo respiratorio. O volume corrente depende da intensidade e do tempo que o
paciente faz o esforco pra deflagrar o ciclo ventilatorio e das condi¢bes mecéanicas do sistema
respiratorio. O ciclo respiratdrio termina quando o fluxo inspiratorio diminui cerca de 25%
em funcéo do fluxo inicial (DAVID, 2001).
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Figura 03 — Curvas de pressdo e volume durante a ventilacdo por pressdo de suporte (PSV). Notar que cada
ciclo ventilatério ¢ ativado pelo esforco do paciente. Os ciclos variam em volume corrente e tempo inspiratério
de acordo com a intensidade do esforgco (HOWMAN, 1999).

Apesar dos inumeros beneficios e avancos no cuidado de pacientes criticos, a
utilizacdo da AVM pode acarretar multiplas complicac@es, principalmente quando utilizada
por um longo periodo de tempo. A AVM prolongada caracteriza-se pela dependéncia do
ventilador num periodo maior que 48 horas (CHANG et al, 2005; FERRER et al, 2002;
ARMANDO et al, 2005; CHIANG et al, 2006).

Estas complicacdes inerentes a AVM prolongada sdo de origem multifatorial. A

imobilidade no leito, a desordem do quadro clinico, os procedimentos cirdrgicos, o déficit
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nutricional e a exposicdo a agentes farmacoldgicos podem afetar adversamente o estado
funcional e resultar em maior periodo de internacdo e intubacdo orotraqueal (MADOR et al,
2004; SIMONE et al, 2004; MADOR et al, 2005; MARTIN et al, 2005). Muitos desses
fatores também aumentam a probabilidade dos pacientes submetidos a AVM prolongada de
desenvolverem polineuropatia do paciente critico, com prejuizos significativos ao sistema
neuro-musculo-esquelético (JUNIOR; AMARAL, 2002; DOURADOQO; GODQY, 2004).

Alguns fatores podem prolongar a permanéncia do paciente na ventilagdo mecanica,
dentre eles, o ritmo de trabalho ininterrupto desenvolvido nas UTIs e o uso de dispositivos
desconhecidos, provocando medo e ansiedade. Causas de ansiedade e agitacdo psicomotora se
devem a relativa imobilidade que alguns sistemas sensiveis de monitorizacdo exigem, além
dos limites impostos pelas enfermidades graves complicando ainda mais o quadro clinico do
paciente (JUNIOR; AMARAL, 2002. BENSENOR; CICARELLI, 2003).

Logo, a sedacdo torna-se parte integral da rotina da UTI por reduzir o desconforto e a
ansiedade associados a este ambiente, promover amnésia de eventos desagradaveis, aumentar
a tolerancia ao suporte ventilatorio e facilitar os cuidados de rotina (BESENOR et al, 2004).
Alguns estudos demonstraram que, em diversas institui¢oes, 40% dos pacientes sob cuidados
intensivos receberam drogas sedativas, sendo a adaptacdo da ventilagdo mecénica a principal
indicacdo de sedacdo, contabilizando 57,73% de todas as circunstancias para as quais foram
administrados os sedativos (BENSENOR; CICARELLI, 2003). Dependendo do grau de
sedacdo inserido, o individuo pode apresentar diminuicdo ou auséncia do nivel de
consciéncia, ficando restrito ao leito (SLULLITEL et al, 1998).

O sistema musculo esquelético € geralmente o mais acometido pelo imobilismo, o que
resulta em perda de massa muscular e atrofia, em decorréncia da diminuicdo do ndmero de
proteinas na miofibrila por area de seccdo transversa que proporciona, conseqlientemente, a
perda das fibras musculares, acarretando significativa reducdo da for¢ca muscular num periodo
de quatro a seis semanas (POWERS et al, 2002; SASSOON et al, 2002; SHANELY et al,
2002; VOJVODIC, 2004). Com seis horas de imobilizacdo completa ja se observa diminuicéo
na sintese protéica assim como diminuicdo no ndmero de sarcomeros, atrofia das fibras
musculares tipo | e Il e redugdo do torque (VOJVODIC, 2004). Para cada semana de
imobilizacdo completa no leito um paciente pode perder de 10 a 20% de seu nivel inicial de
forca muscular (VOJVODIC, 2004). Assim, o tempo de imobilidade refletird a gravidade da
disfungdo contratil pelas mudancas nas propriedades intrinsecas das fibras musculares
(SASSOON et al, 2004).
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Com relacdo aos masculos respiratorios, a imobilidade em decorréncia do ventilador
mecanico pode assumir uma propor¢do maior do trabalho respiratério, se ndo total,
diminuindo o stress fisioldgico da ventilacdo espontanea, o que pode acarretar a auséncia

completa ou parcial da ativagdo neural e mecanica muscular (SASSOON et al, 2004).

Varios estudos postulam que esta disfuncdo muscular induzida pelo ventilador nédo
ocorre devido a anestesia, a infeccdo ou aos distdrbios do potencial hidrogenionico (pH), e
sim devido a mudangas intrinsecas dentro das fibras musculares como a atrofia por desuso
decorrente da ventilagdo mecanica controlada (VMC) (POWERS et al, 2002). Shanely et al
(2002), relataram que todas as fibras musculares esqueléticas do sistema locomotor sofriam
atrofia, devido ao desuso consequente ao uso da ventilacdo mecénica. Esta atrofia instalar-se-
ia rapidamente em maior extensdo no diafragma durante a VMC quando comparada aquela
observada nos musculos periféricos, apesar desses também apresentarem-se inativos
(VASSILAKOPOULOQS; PETROF, 2004). Jonghe et al (2007), estudando a fraqueza
respiratoria e de membros em 116 pacientes sob cuidados criticos em desmame, observaram
alteracdes neuromusculares varidveis no musculo respiratorio correlacionando-as com a

fraqueza muscular periférica.

Teoricamente este déficit de forca pode estar ligado a um ou diversos mecanismos
diferentes. A reducdo da sintese protéica, acarretando diminuicdo na concentracdo de
proteinas da miofibrila, anormalidades em proteinas contrateis ou citoesqueléticas, com
prejuizo no acoplamento das fases de excitagdo-contracdo, podem individualmente ou
coletivamente contribuirem nessa situacdo (KU et al, 1995. POWERS et al, 2002.
NILSESTUEN; HARGETT, 2005). Estudos revelaram que estes eventos podem estar
relacionados a elevacdo de proteases e aumento do estresse oxidativo associados a AVM
(POWERS et al, 2002. SHANELY et al, 2002. ZERGEROGLU, 2003). Segundo Shanely et
al (2002), os mecanismos responsaveis pela atrofia por oxidacdo de proteinas continuam
desconhecidos e sdo considerados alvos de experiéncias que descrevem a protedlise como

principal responsavel, devido a elevada atividade de proteases.

O aumento da atividade proteolitica foi estudado utilizando-se diafragmas de ratos
apos 18 horas de VMC. Os trés sistemas proteoliticos mais ativados com a VMC sdo a
protease lisossomal, a calpaina e o proteossomo. A calpaina ndo degrada inteiramente, mas
danifica parcialmente proteinas, que as substituem deixando-as vulneraveis para a atividade
proteossdmica. O 26S proteossomo degrada proteinas em um processo mediado pela
ubiquitina, responsavel pela atrofia muscular em diversos estados. O complexo 20S
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proteossomo é especializado na degradacao de proteinas oxidativas, por reagir com o oxigénio
sem necessidade de conjugacdo com a ubiquitina ou hidrdlise da adenosina trifosfato (ATP).
Estudos em ratos descrevem que a VMC aumenta em 500% a atividade da 20S proteossomo.
(VASSILAKOPOULOS; PETROF, 2004)

O estresse oxidativo no diafragma revela-se pela oxidacdo aumentada de proteinas e
lipidios, produtos da peroxidacdo. O inicio das modificacbes oxidativas se da rapidamente,
ocorrendo dentro de seis horas da instituicdo da VMC. O estresse oxidativo aumentado foi
observado também apds o desuso de grupos musculares dos membros, onde o processo de
imobilizacdo ocorre por um periodo mais longo (VASSILAKOPOULOS; PETROF, 2004). E
fato que um ndmero considerdvel de proteinas criticas envolvidas no acoplamento da
excitacdo-contracdo e na geracdo da forca muscular, estdo predispostas a modificacdes
estruturais devido ao efeito oxidativo (VASSILAKOPOULOS; PETROF, 2004).

Outro fator que pode contribuir para diminuigdo da forca muscular induzida pela
ventilacdo mecénica prolongada pode estar relacionada as anormalidades intrinsecas na
estrutura e funcdo das proteinas contrateis e citoesqueléticas (KU, 1995; POWERS et al,
2002). Embora alguns estudos preliminares demonstrem que as contracfes do diafragma néo
ocorrem durante a VMC, ndo se pode eliminar a possibilidade de um esforco inspiratorio
ocasional, principalmente nos casos de assincronia paciente-ventilador. Este tipo de contracdo
pode resultar em lesdo muscular e, conseqtientemente, reducdo da forca muscular (POWERS
et al, 2002. NILSESTUEN; HARGETT, 2005).

Um mecanismo potencial importante que deve ser destacado é o déficit de forca
muscular decorrente de alteracfes no acoplamento dentro do complexo excitagcdo-contracao.
Por exemplo, uma reducdo na liberacdo de calcio do reticulo sarcoplasmatico e na
sensibilidade da miofibrila ao calcio estdo associados a reducdo da forga muscular (POWERS
et al, 2002).

Além da perda das proteinas miofibrilares, expansdo da matriz extracelular, e
alteracdes metabdlicas enzimaticas (DIFFEE, 1991; POWERS, 2005; TSIKA, 1987), o
desuso prolongado dos musculos esqueléticos resultam em perda seletiva de mionucleos
(ALLEN et al, 1997; DUPONT-VERSTEEGDEN, 2006; HIKIDA et al, 1997; PRIMEAU,
2002; SANDRI, 2002). A perda mionuclear pode ser considerada uma via alternativa usada
pela fibra muscular para manter constante a taxa de volume miofibrilar citoplasmatico por
mionucleo (isto €, o dominio mionuclear) (SANDRI, 2002). A significancia biolégica do

dominio mionuclear é baseada na teoria que um Unico nucleo pode sustentar a expressao
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génica necessaria para uma determinada area do citoplasma. Essa nocdo é apoiada pelas
observacdes que novos nucleos sao incorporados nas fibras musculares esqueléticas durante o
crescimento e que esses nucleos sdo perdidos durante o processo atrofico (ALLEN et al, 1997;
HIKIDA et al, 1997; SANDRI, 2002). Embora seja conhecido que a ventilagdo mecanica
controlada diminui a sintese de proteinas, induz a prote6lise e provoca atrofia de todos os
tipos de fibras musculares (SHANELY, 2002; SHANELY, 2004; ZERGEROGLU, 2003),
ainda é desconhecido se o dominio mionuclear das fibras musculares diafragmaticas €
alterado durante a atrofia associada & ventilagdo mecénica, e se 0 modo PSV pode atenuar 0s
efeitos deletérios causados por modos controlados, como o PCV.

A atrofia dos musculos respiratorios e significativa disfuncdo contratil com reducao da
forca e da resisténcia dos musculos respiratérios prejudicam substancialmente o processo de
desmame desses pacientes submetidos a AVM controlada por periodo prolongado (POWERS
et al, 2002. CHIANG et al, 2006. ZERGEROGLU, 2003).
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3 METODOS

3.1 Animais e desenho do estudo

A amostra foi formada por 18 ratos machos albinos da linhagem Wistar, com idade de
120 dias, pesando entre 300 — 350g, provenientes da colénia do Departamento de Nutri¢do da
Universidade Federal de Pernambuco. Os procedimentos experimentais com 0s animais
estiveram de acordo com os “Principios Eticos na Experimentacdo Animal” adotados pelo
Colégio Brasileiro de Experimentagdo Animal (COBEA), obedecendo as normas de manuseio
e cuidado com os animais (protocolo n® 23076.012736/2008-16), e os protocolos aprovados
pelo Comité de Etica em Experimentacdo Animal da Universidade Federal de Pernambuco
(Anexo II).

Para favorecer uma expressdo comportamental mais condizente com o ciclo natural de
vigilia do rato, um animal notivago, os animais foram mantidos em um biotério com ciclo
claro-escuro invertido, num ciclo de luz (21:00 as 9:00 h) e escuriddo (09:00 as 21:00h)

constante e temperatura de 22 + 2°C, por um periodo de 1 semana antes dos experimentos.

Para adaptacdo ao ciclo invertido de luz, fémeas matrizes e machos reprodutores
foram transferidos para este biotério com antecedéncia de duas semanas em relacdo ao
acasalamento, para permitir uma adaptacéo do ciclo cronobiol6gico e evitar a interferéncia de
fatores estressantes sobre o ciclo estral das ratas. O acasalamento foi realizado com ratos de
idade entre 90 e 120 dias na proporcdo de um macho para duas fémeas. O diagnostico da
prenhez foi feito através da afericdo do peso corporal a cada trés dias. ~ Confirmado 0
estado de prenhez, as ratas foram separadas dos machos e alojadas individualmente em
gaiolas-maternidades.

Para constituir os grupos experimentais, foram utilizados 18 animais com idade de 120
dias, agrupados de forma aleatoria, em quantidades iguais (n=6), nos seguintes grupos: 1)
Respiracdo espontanea (RE), 2) AVM controlada (PCV-C) e 3) AVM com Pressdo de Suporte
(PSV), de acordo com a Figura 04.
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RATOS
Wistar
RE,n=6 AVM
Pressao Controlada Pressao de Suporte
(PCV-C),n=6 (PSV),n=6

Figura 04 — Organograma representando a distribuicdo do nimero de animais, com idade de 120 dias, da
linhagem Wistar, em Respiracdo espontanea (RE), Pressdo Controlada (PCV-C) e Pressdo de Suporte (PSV),
formando os grupos experimentais, com 6 animais em cada grupo.

3.2 Preparo dos animais

Os ratos foram sedados com diazepam (5 mg, i.p.) e anestesiados com tiopental sddico
(20 mg/Kkg, i.p.). Depois de anestesiados, os animais foram colocados em uma pequena mesa
sob foco cirdrgico, em decubito dorsal, sendo seus membros fixados com esparadrapo. Os
membros superiores foram mantidos estendidos a 90 graus em relagcdo ao corpo e 0s membros
inferiores abduzidos em diagonal. Apds o posicionamento cirargico, foi realizada uma
pequena incisdo longitudinal mediana de aproximadamente 2 cm de extensao na face ventral
do pescoco dos animais seguida de divulsdo dos tecidos até a exposi¢cdo completa do terco
inicial da traquéia. A seguir, pela traqueostomia, uma céanula de polietileno com 1,0 mm
didmetro interno (DI) e 3 cm de comprimento foi introduzida na traquéia, sendo esta fixada na

porc¢édo proximal da traquéia por meio de fios de algodédo (Figuras 05 e 06).
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Figura 06 — Rato em decubito dorsal, membros fixados com esparadrapo, apds administracdo da droga
anestésica e sedativa. Nota-se pequena incisdo na por¢do proximal da traquéia, para introducéo da cénula de
traqueostomia, que encontra-se na méo do pesquisador.
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3.3 Grupos experimentais

Grupo respiracdo espontanea (RE). Este grupo foi composto de ratos que se

submeteram ao procedimento cirdrgico e permaneceram respirando espontaneamente por um

periodo de 6 horas, sendo logo ap6s eutanasiados.

Grupo assisténcia ventilatoria mecanica controlada (PCV-C): Este grupo foi composto

de ratos ventilados mecanicamente no modo de ventilacdo por pressdo controlada num
periodo de 6 horas através do ventilador Inter 5 Plus Ventilator (INTERMED, KESA,
Pernambuco, BRASIL) com disparo a tempo, pressdo limitada, utilizando circuitos neonatais,
com umidificagdo do ar inspirado. A pressdo inspiratoria foi ajustada de forma a liberar um
volume corrente (VC) de 8 — 10 mL/Kg. A frequéncia respiratoria foi ajustada alta o
suficiente para suprimir a atividade elétrica diafragmatica, o que foi atingido numa faixa de 80
— 90 incurs0es respiratorias/min. A pressdo positiva expiratoria final (positive end expiratory
pressure — PEEP) foi colocada em 5cmH,0, e a fracdo inspirada de oxigénio (FiO,) foi
ajustada de forma a manter a PaO, > 60 Torr. Os animais foram sacrificados apds as seis
horas de AVM controlada.

Grupo AVM com pressdo de suporte (PSV): Este grupo recebeu seis horas de AVM
no modo PSV através do ventilador Inter 5 Plus Ventilator (INTERMED, KESA,

Pernambuco, BRASIL) com disparo a pressdo, pressdo limitada, utilizando circuitos

neonatais, com umidificacdo do ar inspirado. A pressédo de suporte foi ajustada de forma a
liberar um volume corrente (VC) de 8-10 mL/Kg, a pressao positiva expiratoria final (positive
end expiratory pressure — PEEP) foi colocada em 5cmH20 e a fracdo inspirada de oxigénio
(FiO2) foi ajustada de forma a manter a PaO2 > 60 Torr. Os animais foram eutanasiados apos
6 horas de AVM no modo PSV.

3.4 Monitorizagdo Animal e Cuidados durante a Ventilagdo Mecanica

Durante a AVM, foi administrada sedacdo com diazepam (5mg/Kg i.p) de acordo com
a movimentac&o periférica do animal. A dose do diazepam foi administrada de forma a néo

suprimir o centro respiratorio. Isto era avaliado pela avaliagdo da freqiiéncia respiratoria (FR),
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com o rato desconectado a AVM, apo6s a administracdo do medicamento. Caso a FR se
mantivesse em valores esperados para o animal (70-90 ipm), a dose encontrava-se correta. No
grupo de AVM controlada, a supressdo da atividade diafragmatica foi realizada pelo ajuste
dos parédmetros ventilatérios. Primariamente a FR era pré-ajustada em 80ipm. Caso o rato
apresentasse sinais de atividade diafragmatica, monitorizados através das curvas de pressdo de
vias aéreas e fluxo no display do ventilador, aumentava-se a pressdo de pico, de forma a
aumentar o volume corrente e, assim, deprimir o centro respiratorio. Somado a isto, a pressdo
de vias aéreas, o VC, e os sinais de fluxo foram monitorizados através do display do
ventilador. Cuidados continuos com os animais eram realizados, como esvaziamento vesical,
lubrificacdo dos olhos e movimentos passivos dos membros. Para prevencédo de atelectasia, 0s
pulmdes foram insuflados com uma pressao inspiratéria (PCV-C) ou de suporte (PSV) para
produzir uma volume de 15mL/kg por cinco incursdes respiratorias consecutivas a cada 15
minutos em todos o0s animais, exceto, 0s que estavam em RE. Os estiramentos passivos ndo
foram causa determinante de adaptacdo morfoldgica da inativacdo diafragmatica, segundo
trabalho anterior (ZAHN, 1995).

3.5 Analise Histolégica e Morfométrica

Apds seis horas de via aérea artificial, sendo respiracdo espontanea para 0 grupo
controle (RE) e AVM para os demais grupos, todos os animais foram sacrificados atraves de
uma hemorragia macica por sec¢do da aorta abdominal e da veia cava inferior. Em seguida,
foi realizada bidpsia muscular aberta da regido médio-costal desde a margem costal até o
tenddo central do musculo diafragma direito. Ndo houve infiltracdo anestésica do musculo a

ser retirado (Figura Q7).
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Figura 07 — Apo6s 6 horas nos grupos estudados, o rato era eutanasiado e realizado uma seccéo transversa do
animal, para retirada do diafragma costal direito (seta preta).

O fragmento muscular retirado foi imediatamente disposto sobre placa de cortica,
sendo posicionado de tal forma, que o seu maior diametro (sentido das fibras musculares) foi
mantido perpendicular a cortica para obtencdo de cortes transversais. Ap0s este procedimento,
o fragmento foi por inteiro coberto com talco (Equate, Wal-Mart Brasil Ltda, Sdo Paulo,
Brasil), o qual funciona como isolante térmico e, logo em seguida, imerso em nitrogénio
liquido (-180° C) por 20 a 25 segundos, sendo entdo retirado e armazenado num freezer a —

80° C, em recipiente numerado, para posteriormente ser seccionado em criostato a — 23° C.

Os cortes obtidos foram de = 10 um de espessura, utilizando-se um criostato de
bancada (Leica, modelo CM 1100, Leica Microsystems Nussloch GmbH, Alemanha) do setor
de Anatomia Patolégica do Hospital das Clinicas da Universidade Federal de Pernambuco.
Esses foram iniciados, padronizando-se o lado em que o musculo foi cortado pela navalha,
desprezando-se assim, 0s trés primeiros cortes para eliminar qualquer interferéncia que tenha
ocorrido pelo corte da navalha. Os cortes sequenciais foram corados com Hematoxilina —
Eosina (HE), de acordo com o protocolo do laboratério de Anatomia Patologica do Hospital
das Clinicas da Universidade Federal de Pernambuco, e aderidos as laminas de forma
sucessiva, até completar um total de quatro fragmentos por preparacdo, sendo 0S mesmos
dispostos, lado a lado, em laminas com tarjas foscas. Para um controle maior, adotou-se que 0

primeiro corte fosse colocado como referencial, proximo & parte fosca.

Essas preparacfes foram avaliadas quanto ao estudo morfométrico, para uma maior

compreensdo dos tipos de fibras musculares comprometidas. A analise morfométrica das
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fibras musculares foi realizada por intermédio de um sistema de captacdo de imagens semi-
automatico composto dos seguintes instrumentos: um microscopio ZEISS (modelo
AXIOLAB, USA) acoplado a uma camera digital (Sony, Japao), conectada a um computador
Pentium 11l 2.0; com placa de captura de imagens (ATI) e software (IMAGE - LAB 2000),
pertencente ao setor de Histologia e Anélise de Imagens do Laboratério de Analises Clinicas
do Departamento de Farméacia — C.C.S./UFPE.

Foram analisadas trés preparacdes (coradas com HE) de cada rato estudado, sendo que
cada preparacdo apresentava quatro fragmentos e de cada fragmento foram analisados 5
campos e contadas 3 fibras por campo, totalizando 60 fibras por preparacdo. Visto que foram
trés preparacOes por cada animal, totalizou-se a analise de 180 fibras musculares em cada rato

e de 1080 fibras nos seis ratos de cada grupo.

Os parametros analisados foram os seguintes: area (A) e diametro menor (d) das fibras
musculares do diafragma direito. Além desses, a area e o perimetro dos nucleos das fibras
musculares foram obtidos pela analise microscopica no aumento de 1000X, com a utilizacao

de 6leo de imersao.

3.6 Analise Estatistica

As variaveis quantitativas foram expressas em médias e desvios-padrdo. Todos 0s
testes foram aplicados com 95% de confianca. O teste de normalidade Kolmogorov-Smirnov
foi aplicado para as variaveis quantitativas. Quando comparados os modos ventilatorios PCV-
C e PSV com o RE foi utilizado o teste ANOVA (quando distribuicdo normal) e o teste de
Kruskal-Wallis (quando distribuicdo ndo normal). Quando o nivel de significancia pré-
estabelecido de 5% foi atingido no teste ANOVA, foi utilizado o pos-hoc de Tukey. Na
andlise entre dois grupos (PCV-C x RE; PCV-C x PSV; PSV x RE), quando distribui¢do néo
normal, foi utilizado o teste de Mann-Whitney.
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EFFECTS OF CONTROLLED MECHANICAL VENTILATION AND PRESSURE
SUPPORT VENTILATION IN RAT DIAPHRAGM MUSCLE.

ABSTRACT

Controlled mechanical ventilation (CMV) induces many modifications in diaphragm function
and biology, called Ventilator-induced diaphragmatic dysfunction (VIDD). These
modifications may be attenuated by using assisted modes of mechanical ventilation, like
Pressure Support Ventilation (PSV). The objective of this study was to analyze the effects of
Pressure Controlled Ventilation mode (PCV-C) and PSV mode in diaphragm muscle of rats.
Wistar rats (n=18) were randomly assigned to the control group or to receive 6 hours of PCV
and PSV. After this period, animals were sacrificed and their diaphragms were excised, frozen
in liquid nitrogen and stored in a -80° C freezer for further histomorphometric analysis.
Results showed a 15% decrease in cross-sectional area of muscle fibers on the PCV-C group
when compared to the control group (p<0.001) and by 10% when compared to the PSV group
(p<0.05). Minor diameter was decreased in PCV-C group by 9% when compared with the
control group (p<0.001) and by 6% when compared to the PSV group (p<0.05). When
myonuclear area was analyzed, a 16% decrease was observed in the PCV-C group when
compared to the PSV group (p<0.05). No significant difference between the groups was
observed in myonuclear perimeter (p>0.05). Short-term controlled mechanical ventilation
seems to lead to muscular atrophy in diaphragm fibers. The PSV mode may attenuate the
effects of VIDD, and might be an important alternative to the control of muscular atrophy due

to ventilatory support.

Key-words: diaphragm, controlled mechanical ventilation, pressure support, rats.
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INTRODUCTION

Ventilator-induced diaphragmatic dysfunction (VIDD) is characterized by a reduction
in diaphragm force generation capacity due to controlled mechanical ventilation (CMV) and
was recently shown to occur in humans®, being well-recognized in animal models as well, like
rats®3, rabbits®, piglets®, and baboons®. In rats, VIDD develops rapidly, as early as 12 h after
the institution of CMV".

This dysfunction has been implicated in weaning failure®®. Although weaning failure
may be due to numerous factors, VIDD probably plays an important role.

Currently, underlying mechanisms responsible for such phenomenon have not been
fully elucidated. Studies demonstrated the following alterations in the diaphragm after
controlled mechanical ventilation: reduced muscle mass*'®**; diminished type I, lla, and l1x/b
fiber dimensions®'2*3: myofibrillar damage®; enhanced proteolysis'?; increased protein
oxidation and lipid peroxidation'*; reduced expression of the insulin-like growth factor (IGF-
1)*: decreased sarcoplasmic/endoplasmic reticulum Ca ATPase (SERCA-1a) expression;
increased expression of muscle atrophy factor (MAF-box)*: and a decrease in myonuclear
content!’. All of these factors seem to contribute to the development of VIDD, but the precise
contribution of each factor and their apparition kinetics has yet to be defined.

Muscle atrophy and myonuclear loss are important factors in the development of
VIDD. The decreased volume of the cytoplasm (atrophy) was observed in the presence of
decreased number of myonuclei, although the myonuclear domain (the concept that each
myonucleus controls the gene products in a finite volume of a muscle fiber'’) remained
constant. This decrease in myonuclear content was mediated by caspase-3-dependent
increased apoptosis, which was evident as early as 6 hours after the onset of CMV’. Both the
apoptosis and the atrophy were attenuated by the inhibition of caspase-3'.

Although CMV can be too harmful to diaphragm muscle fibers, few studies have been

developed aiming VIDD prevention®*®

. Maybe diaphragmatic dysfunction could be
decreased by spontaneous breathing. Pressure support ventilation has already proved to be
efficient in patients with chronic obstructive pulmonary disease and acute respiratory failure?*
22 \We hypothesized that CMV would reduce morphometric parameters of muscle fibers and
myonuclei, and PSV, which preserves respiratory muscle activity, would induce less

diaphragmatic atrophy.
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METHODS

Animals and experimental design

This study was performed in accordance with the recommendations of Brazilian
College of Animal Experimentation and Animal Care Comitee of Federal University of
Pernambuco (Protocol number 23076.012736/2008-16).

Eighteen Wistar rats (approximadately 320g) were individually housed and fed rat
chow and water ad libitum and were maintained on a 12-hour light/dark cycle for one week
before initiation of these experiments. Animals were assigned to 6 hours of spontaneous
breathing (SB) or mechanical ventilation on the PCV-C or the PSV mode with 21% 02
(Figure 1). All surgical procedures were performed using aseptic techniques. After reaching a
surgical plane of anesthesia (sodium thiopental, 20 mg/kg of body weight, intraperitoneal) and
sedation (diazepam, 5mg/kg body weight, intraperitoneal), animals were weighed and
tracheostomized. Body temperature was monitored (rectal thermometer) and maintained at
37°C +1°C with a recirculating heating blanket. Continuing care during the experimental
period included expressing the bladder, eyes lubrification and passive movements of the
limbs. Airway pressure, tidal volume and flow signals were monitored by the ventilator
display. To prevent atelectasis, lungs in the PCV-C and PSV groups were inflated in a tidal
volume of 15mL/kg for five consecutive breathings for 15 min during the 6 hours of

experiment.
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Rats
n=18
SPONTANEUS MECHANICAL
BREATHING (SB) VENTILATION
n==6

PRESSURE SUPPORT
(PSV)
n=6

CONTROLLED (PCV-C)
n==6

Figure 1 — Schematic illustration of the experimental design used. All groups were assigned for 6 hours of SB or
MV on PCV-C or PSV modes.

Protocol for Controlled Mechanical Ventilation group (PCV-C)

After surgical procedures, animals were mechanically ventilated using a pressure-
driven ventilator (Inter 5 Plus Ventilator, Intermed, KESA, Pernambuco, Brazil) in PCV
(Pressure-Controlled Ventilation) mode for 6 hours. The tidal volume was 10mL/kg body
weight and the respiratory rate was 80 breaths per minute, with a fraction of inspired oxygen
(FiO2) of 21%, and positive end-expiratory pressure of 5 cmH,O. These ventilator conditions
resulted in complete diaphragmatic inactivity and prevented noxious effects of hypercapnia on
the muscular contractile properties*®*?. At the end of 6 hours, each animal was weighed, and
the right costal diaphragm was rapidly removed, dissected and frozen in liquid nitrogen at -
180° C. Samples were stored at -80° C in a freezer until histological and morphometric

analysis.
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Protocol for Pressure Support Ventilation group (PSV)

After surgical procedures, animals were mechanically ventilated using a pressure-
driven ventilator (Inter 5 Plus Ventilator, Intermed, KESA, Pernambuco, Brazil) in PSV mode
for 6 hours. The level of pressure support applied, determined during preliminary studies,
allowed a minute volume of approximately 245 mL/minute (respiratory rate of approximately
70 breaths per minute and FiO2 = 21%). The range of pressure support level used was 5 —
8cmH,0. The ventilator had a flow trigger. The expiratory trigger was 25% of peak
inspiratory flow, and the maximum inspiratory time was set at 1 second. The ventilator had a
backup ventilation, but it was not used during the experiments. If the animal was not
triggering, no pressure was released. Continuing care during the experiment was also applied
as above. At the end of 6 hours, each animal was weighed, and the right costal diaphragm was
rapidly removed, dissected and frozen in liquid nitrogen at -180° C. Samples were stored at -

80° C for further histological and morphometric analysis.

Protocol for Spontaneous Breathing group (SB)

Control animals (SB) were free of mechanical ventilation intervention. These animals
were submitted to the drugs mentioned above, tracheostomized, and were maintained with
continuing care as the other groups until the end of the experimental period (6 hours). Then,
their diaphragms were rapidly removed, dissected and frozen in liquid nitrogen at -180° C.
Samples were stored at -80° C.

Histological and histomorphometric analysis

After six hours of mechanical ventilation in the PCV-C and the PSV group, and
spontaneous breathing in the SB group, all animals were sacrificed with large hemorrhage by

abdominal aortic and inferior vena cava section. Right costal diaphragm was removed,
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dissected and weighed. Samples were fixed to a cork holder with their fibers oriented
perpendicularly to the surface, rapidly frozen in liquid nitrogen and stored at -80° C. Serial
cross-sections parallel to the cork were done (10um) with cryostat (Leica, modelo CM 1100,
Leica Microsystems Nussloch GmbH, Germany) at -23° C and stained with hematoxylin and
eosin. Qualitative examination of these slides was performed by an expert who was not aware
of the experimental design of the study. Quantitative examination was realized by
computadorized semiautomatic system and Image-lab 2000 software. The parameters
evaluated were area and minor diameter of the muscle fibers and area and perimeter of the

myonuclei.

Statistical Analysis

Quantitative variables were expressed in mean + standard deviation. Kolmogorov-
Smirnov test was applied to verify normality. Differences between the PCV-C, PSV and SB
groups were tested by one-way analysis of variance (if normal), with post hoc application
(Tukey) of the least significant difference test. If not normal, Mann-Whitney test was used.

Statistical significance was defined a priori as a P value of less than 0.05.

RESULTS

General Findings

No significant difference between initial body weight and final body weight in the
studied groups was observed (Table 1), indicating adequate hydration and nutrition during
experimental period. The doses of anesthetics and sedatives were similar between groups.

Only one death occurred in this study, in the PCV-C group.
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Table 1: Body weight of PCV — C, PSV and SB groups

PCV PSV SB
Initial body weight, g 312.33+£10.5 336.83+8.4 335.33+9.1
Final body weight, g 310.11+11.8 335.45 + 6.5 33433+ 7.7

Values expressed in mean + standard deviation
Definition of abbreviations: PCV — C = Pressure controlled ventilation (controlled mechanical ventilation); PSV = Pressure
Support Ventilation; SB = Spontaneous Breathing

Histological Analysis

Qualitative examination of the diaphragm sections stained with hematoxylin and eosin
did not reveal any abnormalities in diaphragm histology (Figure 2 and 3). Some muscle fibers

did not show myonuclei. It happened because of section plane used.

100X.
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Figure 3 — Photomicrography of right diaphragm muscle of a rat in PSV mode. We observe multinucleated cells with
peripheral localization (black arrows). The endomysium connective tissue is observed among muscle fibers (open circle). HE
staining. 400X.

Area and minor diameter of muscle fibers

We found a significant decrease (p<0.001) of muscle fibers area in the PCV-C group
(407.70 um? + 198.59 um?) when compared with the SB group (480.75 pum? + 246.54 um?)
and the PSV group (453.43um? + 215.97 um?), with p=0.003 (Figure 4).

When we analyzed minor diameter of muscle fibers, we found similar results: the
PCV-C group (18.70um = 5.13um) had a significant reduction (p<0.001) in minor diameter
when compared to the SB group (20.43um + 5.49um), and to the PSV group (19.89um =+
5.32um), with p=0.002 (Figure 5).
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Figure 4 — Effects of controlled mechanical ventilation (PCV-C) and Pressure Support Ventilation (PSV) on rat diaphragm
muscle fibers area. We observe muscle atrophy in the PCV-C group when compared to the control group (SB) and to the PSV
group. Values are represented as mean + standard deviation. a (p<0,001) indicates difference between the PCV-C and the SB
groups; b (p<0,05) indicates difference between the PCV-C and the PSV groups (Mann-Whitney test).
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Figure 5 - Effects of controlled mechanical ventilation (PCV-C) and Pressure Support Ventilation (PSV) in rat diaphragm
muscle fibers minor diameter. We observe muscle atrophy in the PCV-C group when compared to the control group (SB) and
to the PSV group. Values are represented as mean + standard deviation. a (p<0,001) indicates difference between PCV-C and
SB groups; b (p<0,05) indicates difference between PCV-C and PSV groups (Mann-Whitney test).
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Area and perimeter of myonucleus

The PCV-C group (2.30um? + 0.80um?) showed a reduction in myonuclei area when
compared with the SB group (2.44um? + 1.05um?), but the difference was not significant
(p=0,618). The PSV group revealed an increase in myonuclei area (2.73um?® + 0.989um?)
when compared to the control group (SB), but this difference was not significant (p=0.056).
Significant reduction (p=0.002) was observed in myonuclei area of the PCV-C group when
compared with the PSV group (Figure 6).

When myonuclei perimeter was analyzed, significant differences between the groups
were not observed: PCV-C (7.31um % 1.47um), PSV (7.49um + 1.46pum) and RE (7.31um %
1.68um), with p value of 0.065 (Figure 7).
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Figure 6 - Effects of controlled mechanical ventilation (PCV-C) and Pressure Support Ventilation (PSV) in myonuclei area of
rat diaphragm muscle fibers. We observe muscle atrophy in PCV-C group compared to PSV group. Values are represented as
mean = standard deviation. a (p<0.05) (ANOVA, followed by Tukey test)
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Figure 7 - Effects of controlled mechanical ventilation (PCV-C) and Pressure Support Ventilation (PSV) in myonuclei
perimeter of rat diaphragm muscle fibers. No differences were observed between groups (p>0.05). Values are represented as
mean = standard deviation. (ANOVA, followed by Tukey test).
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DISCUSSION

The major finding of this study, which is the second to compare the PSV mode with
the CMV mode, is that, unlike the CMV, the PSV mode seems to attenuate diaphragmatic
muscle disuse atrophy due to ventilatory support. This ventilator-induced diaphragmatic
dysfunction (VIDD), analyzed in many studies, may be due to: muscle disuse atrophy,
reduced protein synthesis, increased proteolytic activity, oxidative stress, intrinsic
abnormalities (ultrastructural level) of muscle fibers, problems with the excitation-contraction

coupling and myonuclear loss>”®1216:2%24,

Analysis of experimental design

Animal model was chosen to investigate the effects of mechanical ventilation (MV)
because of the invasive nature of obtaining diaphragmatic biopsy in humans. Our
considerations to choosing animal models involve pragmatic factors (animal size and cost)
and the extrapolation of animal models to humans. In relation to pragmatic factors, rat is a
relatively cheap model to study the effects of MV, and does not impose any technical
difficulties during tracheostomy. Regarding the applicability in humans, rat is an excellent
model to investigate diaphragm muscle, because both human and rat diaphragms are similar
in anatomy, muscle fiber types and function®%.

To investigate the effects of MV on diaphragm, controlled mechanical ventilation
(CMV) was chosen for two reasons. First, this mode has the advantage of producing rapid
muscle atrophy?. Second, although many patients receive assisted MV, i.e., with
diaphragmatic participation, CMV has clinical relevance because this mode is used in adult
patients on many circumstances (for ex: drugs overdose, spinal cord injuries, surgeries, etc). It
is also well-recognized in some pediatric situations®’. Pressure support ventilation (PSV) was
chosen because literature has only one study investigating the attenuation of protein catabolic
effects by using this ventilation mode®. This study analyzes diaphragmatic muscle atrophy
and the PSV mode seems to preserve diaphragmatic muscle activity when compared with the
CMV mode.
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In this investigation, all groups received similar doses of anesthetics and sedatives
during the experimental period. Animals did not receive anesthetic doses in a continuous form
or neuromuscular blockers, like in other studies®'®. Barbiturates and neuromuscular blockers
have deleterious effects in skeletal muscle function®®. When applied on an intermittent
manner, nevertheless, they do not contribute to VIDD?,

During the experimental period of the PCV-C group, diaphragmatic electromyography
was not used in our investigation, as seen in other studies about VIDD*. The objective of
passive ventilation maybe could not be achieved, and it is possible that animal-ventilator
asynchrony could have caused eccentric contractions, resulting in muscle lesion. The animals
in our study, however, were monitored by flow and airway pressure waves. Alteration in
airway pressure and flow waves suggest inspiratory efforts during MV, and have been show
to coincide with electromyographic analysis®®. Uniform airway pressure and flow waves
analyzed by the ventilator display, together with the consistence of the respiratory frequency
set by the investigator, indicate that passive ventilation was in fact achieved. Occasionally,
moments of diaphragmatic activity were observed, but were suppressed by adjusts in peak
pressure, to increase tidal volume and consequently depress the respiratory center.

In the present study sodium bicarbonate was not administered to prevent metabolic
acidosis. Metabolic acidosis can potentially influence diaphragmatic contractility®".
However, a study demonstrated no decrease in diaphragm strength when pH>6,8%. In this
study, before each animal sacrifice, their arterial blood gas was analyzed, and all animals
showed Ph >7,1.

Muscle Atrophy

During MV, the diaphragm is intermittently and repetitively shortened by cyclical lung
inflation®®. Therefore, changes in the respiratory rate and tidal volume applied during
mechanical ventilation will necessarily alter the speed and extent of diaphragmatic shortening.
The use of PEEP, on the other hand, will lead to baseline diaphragm shortening at functional
residual capacity. It has long been known that the adverse effects of disuse on limb muscle
structure are exacerbated by muscle shortening®. In addition, maintaining skeletal muscles
36,37

(including the diaphragm) in a shortened position causes a loss of sarcomeres in series

Interestingly, two studies that employed PEEP found that CMV for 48 hours or more resulted
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in significantly decreased diaphragm muscle optimal length, a finding that strongly suggests
the occurrence of such sarcomere loss***. We applied a PEEP of 5cmH20 in our study
because, in pilot study, rats experimented ventilator asynchrony and suffered acute lung
edema when values below that were used. Differences in myosin isoform expression patterns
and the degree of atrophy observed among certain studies (in our study as well) may also be at
least partly related to the levels of diaphragmatic shortening imposed by the specific ventilator
settings applied in these investigations, especially by PEEP.

Controlled mechanical ventilation induces diaphragm muscle atrophy*®***?*3. VIDD
develops rapidly, as early as 12 h after the institution of CMV*", and is more pronounced in
the diaphragm, which atrophies earlier than the peripheral skeletal muscles that are also
inactive during CMV****12. CMV, in our study, resulted in diaphragm muscle atrophy in only
6 hours of MV, which is a period shorter than seen on other studies.

Although reductions in force-generating capacity found after CMV can not be
attributed only to muscle atrophy, diaphragmatic loss alters maximum force generation in
vivo. In addition, the susceptibility of diaphragmatic fatigue in vivo is inversely proportional
to maximum force®®, indicating that diaphragmatic atrophy will increase the risk of
diaphragmatic fatigue once spontaneous breathing is assumed again (for instance, with two
mechanical ventilation weaning trials*®). Reduction in diaphragm muscle mass and/or atrophy
of muscle fibers after CMV were observed in our study. In general, disuse atrophy can be a
result of decreased protein synthesis*, increased proteolysis**, or both. Only in 6 hours of
CMV, rats underwent an in vivo reduction in the protein synthesis rate of all muscle proteins
by 30% and in the myosin heavy chain protein rate by 65%, both persisting during 18 hours of
CMV*. In addition, 24 hours of CMV suppressed the levels of IGF-1 (insulin-growth factor)
mRNA, which stimulates protein synthesis®. CMV, therefore, decreases protein synthesis in
diaphragm muscle.

An increase in proteolysis in animals diaphragm submitted to 18 hours of CMV has
already been studied*”. All mammalian cells proteases systems (lysossomal proteases,

V1244 \which

calpains, caspases and proteasome system®®) are activated after the onset of CM
is one more cause of the muscle fibers atrophy in PCV-C group observed in our study.

The decrease in area and minor diameter of muscle fibers observed in this study in the
PCV-C group were not accompanied by reduction in area and perimeter of myonuclei when
compared with the control group (SB). Skeletal muscle cells are multinucleated and,
theoretically, a single myonucleus can supply the necessary gene expression for a determined

area of cytoplasm, a relationship called myonuclear domain'’. Literature demonstrates a
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decreased volume of the cytoplasm (atrophy), which is accompanied by a decreased number
of myonuclei, not analyzed in our study, but resulting in constant myonuclear domain’. That
decrease in myonuclear content is mediated by an increase in caspase-3-dependent apoptosis,
which was evident after only 6 hours of CMV’. Both apoptosis and atrophy were attenuated
with caspase-3 inhibition. It is yet uncertain if assisted modes of mechanical ventilation, like
the PSV mode, used in our study, could attenuate these deleterious effects of ventilatory
support (muscle fiber atrophy and decreased myonuclei number).

Our study demonstrated that the PSV mode attenuated muscle fiber atrophy of
diaphragm in rats. Moreover, in contrast with the PCV-C group, the PSV mode did not show
a decrease in area and perimeter of myonuclei when compared to control (SB). Interestingly,
the PSV group demonstrated an increase in area and perimeter of myonuclei when compared
to the SB group, although this difference was not significant. Also, significant difference was
observed in myonuclear area in the PCV-C group when compared with the PSV group. These
differences in muscle fiber atrophy can be due to differences in the type of muscle lesion
caused by the CMV and the PSV modes. In fact, like peripheral skeletal muscle models,
during PSV, diaphragm undergoes a type of exercise in which there is an increase in

45-47

respiratory activity (in comparison to the CMV)™™". This exercise could protect diaphragm

from modifications related to muscular inactivity caused by CMV. During CMV, there is a
complete absence of neural activation and diaphragm mechanical activity>*, and a passive

shortening of this muscle during lungs inflation®***°. This trauma has been implicated in the

origin of VIDD***, particularly during sarcomere injury®®*’

generating capacity of diaphragm®**.

and during decreased force-

In summary, we demonstrated that PSV, in a few hours (six), seems to be capable of
attenuating the deleterious effects observed when controlled mechanical ventilation is used,
related to muscle fiber atrophy. We collected left diaphragm for further biochemical studies to
correlate with the findings of this study and maybe suggest, with better scientific support, that
the PSV mode can be an alternative way of limiting muscle atrophy and diaphragmatic

dysfunction.
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5 CONSIDERACOES FINAIS

A assisténcia ventilatéria mecanica controlada leva a atrofia das fibras musculares
diafragmaticas de ratos submetidos a AVM e o modo ventilatério Pressdo de Suporte (PSV)
parece atenuar o processo de atrofia das fibras musculares diafragmaticas de ratos submetidos
ao suporte ventilatério. Esses achados ocorreram em um periodo curto de ventilacdo
mecanica, apenas 6 horas.  Coletamos o hemidiafragma esquerdo para estudos bioguimicos,
para que futuramente, possamos correlacionar os novos achados com os que encontramos
neste estudo, a fim de sugerir que a ventilacdo por Pressdo de Suporte seria um meio
alternativo para limitar a atrofia muscular diafragmatica devido ao uso da ventilacdo

mecanica.
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ANEXOS

ANEXO I - Normas da revista Respiratory Medicine

Respiratory Medicine is an internationally-renowned, clinically-oriented journal, combining
cutting-edge original research with state-of-the-art reviews dealing with all aspects of
respiratory diseases and therapeutic interventions, but with a clear clinical relevance. The
journal is an established forum for the publication of phased clinical trial work at the forefront
of interventive research. As well as full-length original research papers, the journal publishes
reviews, correspondence, and short reports. The Journal also publishes regular supplements
on areas of special interest.

Online Submission of Manuscripts
http://ees.elsevier.com/yrmed

Submission and peer review of all papers is now conducted entirely online, increasing
efficiency for editors, authors, and reviewers, and enhancing publication speed. Authors are
guided stepwise through the entire process, and are kept abreast of the progress of their paper
at each stage.

The system creates PDF version of the submitted manuscript for peer review, revision and
proofing. All correspondence, including the Editor's decision and request for revisions, is
conducted by e-mail.

Authors requesting further information on online submission are strongly encouraged to view
the system, including a tutorial, at http://ees.elsevier.com/yrmed

Authors are asked to bear in mind the guideline peer review and publication times available at
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Peer Review

Submissions are allocated to a handling editor, typically an Associate Editor. Should the
paper be considered suitable for peer review, appropriate reviewers will be recruited. Authors
are required to provide the name and full contact details of 2 potential reviewers, though
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to reject the paper despite favourable reviews depending on the priorities of the journal.
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Cover letter
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interventions, and process-of-care changes). Health outcomes include any biomedical or
health-related measures obtained in patients or participants, including pharmacokinetic
measures and adverse events. Purely observational studies (those in which the assignment of
the medical intervention is not at the discretion of the investigator) will not require
registration. Further information can be found at http://www.icmje.org

Disclosure of Clinical Trial Results

When submitting a Clinical Trial paper to the journal via the online submission system please
select Clinical Trial Paper as an article type.

In line with the position of the International Committee of Medical Journal Editors , the
journal will not consider results posted in the same clinical trials registry in which primary
registration resides to be prior publication if the results posted are presented in the form of a
brief structured (less than 500 words) abstract or table. However, divulging results in other
circumstances (eg, investors' meetings) is discouraged and may jeopardise consideration of
the manuscript. Authors should fully disclose all posting in registries of results of the same or
closely related work.

Supplementary material

Respiratory Medicine accepts electronic supplementary material to support and enhance your
scientific research. Supplementary files offer the author additional possibilities to publish
supporting applications, movies, animation sequences, high-resolution images, background
datasets, sound clips and more. Supplementary files supplied will be published online
alongside the electronic version of your article including ScienceDirect:
http://www.sciencedirect.com. In order to ensure that your submitted material is directly
usable, please ensure that data is provided in one of our recommended file formats. Authors
should submit the material in electronic format together with the article and supply a concise
and descriptive caption for each file. For more detailed instructions please visit our artwork
instruction pages at http://www.elsevier.com/artworkinstructions.

Ethics

Work on human beings that is submitted to Respiratory Medicine should comply with the
principles laid down in the Declaration of Helsinki; Recommendations guiding physicians in
biomedical research involving human subjects. Adopted by the 18th World Medical
Assembly, Helsinki, Finland, June 1964, amended by the 29th World Medical Assembly,
Tokyo, Japan, October 1975, the 35th World Medical Assembly, Venice, Italy, October 1983,
and the 41st World Medical Assembly, Hong Kong, September 1989. The manuscript should
contain a statement that the work has been approved by the appropriate ethical committees
related to the institution(s) in which it was performed and that subjects gave informed consent
to the work. Studies involving experiments with animals must state that their care was in
accordance with institution guidelines. Patients' and volunteers' names, initials, and hospital
numbers should not be used.

Copyright

Accepted papers become the copyright of the Journal and are accepted on the understanding
that they have not been published, are not being considered for publication elsewhere and are
subject to editorial revision. If papers closely related to the submitted manuscript have been
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published or submitted for publication elsewhere, the author must state this in their cover
letter Upon acceptance of an article, authors will be asked to sign a "Journal Publishing
Agreement” (for more information on this and copyright see
http://www.elsevier.com/authors). Acceptance of the agreement will ensure the widest
possible dissemination of information. An e-mail (or letter) will be sent to the corresponding
author confirming receipt of the manuscript together with a 'Journal Publishing Agreement’
form.

If excerpts from other copyrighted works are included, the author(s) must obtain written
permission from the copyright owners and credit the source(s) in the article. Elsevier has
preprinted forms for use by authors in these cases: please consult
http://www.elsevier.com/permissions. Or email healthpermissions@elsevier.com.

Manuscript submission checklist

Authors should ensure they have uploaded the following as separate items in order for the
editorial office to process their submission. Failure to provide any of the mandatory items
below will result in the manuscript being returned to the author.

o Cover letter (mandatory)

e Abstract (including clinical trial registration number where appropriate) (mandatory)

o Conflict of Interest Statement (mandatory) Manuscript including ethics statement as
appropriate (mandatory)

e Artwork (optional)

o Supplementary files eg. datasets, video files (optional)

o Permissions letters (As necessary, see below)

e Consolidated Standards of Reporting Trials (CONSORT) flow chart as appropriate

Reviews

The journal welcomes submission of state-of-the-art reviews on important topics with a
clinical relevance. Potential review authors are encouraged to contact the Deputy Editor Dr N.
Hanania hanania@bcm.tmc.edu in advance with their review proposals.

Case Reports (Respiratory Medicine CME)

All case reports will henceforth no longer be considered for publication in Respiratory
Medicine, but instead for the sister publication Respiratory Medicine CME. Please note that
this is a separate publication to the regular journal. Case reports may be submitted for
consideration for Respiratory Medicine CME via the same online submission site as the
regular journal, as described below. Authors are urged to visit Respiratory Medicine CME
for specific information and acceptance criteria used.

Preparing your manuscript
Authors are asked to bear in mind the following additional points before entering the
submission process.

Format and Structure

Most text formats can be accommaodated, but Microsoft Word is preferable. In general,
articles should conform to the conventional structure of Summary, Introduction, Methods,
Results, Discussion and References.
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Title

Your title page, should give the title in capital letters (not exceeding 100 letters), a running
title (not exceeding 50 letters) and the authors' names (as they are to appear), affiliations and
complete addresses, including postal (zip) codes. The author and address to whom
correspondence should be sent must be clearly indicated. Please supply telephone, fax and e-
mail numbers for the corresponding author.

Abstract
An abstract of your manuscript summarizing the content, at a maximum of 250 words, should
be provided as a separate submission item.

Reference Format

Manuscripts should use the 'Embellished VVancouver' style for references, as follows:

Text: Indicate references by superscript numbers in the text. The actual authors can be
referred to, but the reference number(s) must always be given.

List: Number the references in the list in the order in which they appear in the text.

Examples:

Reference to a journal publication:

1. Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci
Commun 2000; 163:5179.

Reference to a book:

2. Strunk Jr W, White EB. The elements of style. 3rd ed. New York: Macmillan; 1979.
Reference to a chapter in an edited book:

3. Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS,
Smith RZ, editors. Introduction to the electronic age. New York: E- Publishing Inc; 1999, p.
2817304. Note shortened form for last page number. e.g., 51?9, and that for more than 6
authors the first 6 should be listed followed by “et al.? For further details you are referred to
?Uniform Requirements for Manuscripts submitted to Biomedical Journals? (J Am Med Assoc
1997,277:927734), see also http://www.nlm.nih.gov/tsd/serials/terms_cond.html

Figures

Figures of good quality should be submitted online as a separate file. For detailed instructions
on the preparation of electronic artwork, consult:http://www.elsevier.com/authors. Permission
to reproduce illustrations should always be obtained before submission and details included
with the captions.

Tables
Tables should be submitted online as a separate file, bear a short descriptive title, and be
numbered in Arabic numbers. Tables should be cited in the text.

Keywords
A list of three to six keywords should be supplied: full instructions are provided when
submitting the article online.

Units and Abbreviations

These should be given in Sl units with the traditional equivalent in parentheses where
appropriate. Conventions for abbreviations should be those detailed in Units, Symbols, and
Abbreviations, available from the Royal Society of Medicine.

Language Editing
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Papers will only be accepted when they are written in an acceptable standard of English.
Authors who require information about language editing and copyediting services pre- and
post-submission please visit
http://www.elsevier.com/wps/find/authorshome.authors/languagepolishing or contact
authorsupport@elsevier.com for more information. Please note Elsevier neither endorses nor
takes responsibility for any products, goods or services offered by outside vendors through
our services or in any advertising. For more information please refer to our Terms and
Conditions http://www.elsevier.com/wps/find/termsconditions.cws_home/termsconditions

Brief Communications

These should be submitted as detailed above but should not exceed 1000 words, and may
normally contain only one illustration or table. Brief communications containing new
information may be selected for rapid peer review and publication at the discretion of the
editor and editorial board.

Permissions Information

If illustrations are borrowed from published sources, written permission must be obtained
from both publisher and author, and a credit line giving the source added to the legend. If text
material totalling 250 to 300 words, or any tables, are borrowed verbatim from published
sources, written permission is required from both publisher and author. With shorter
quotations, it is sufficient to add a bibliographic credit. Permission letters for reproduced text
or illustration must accompany the manuscript. If you have been unable to obtain permission,
please point this out.

Fast-track Publication

The journal aims for prompt publication of all accepted papers. Submissions containing new
and particularly important data may be fast-tracked for peer review and publication; this is a
limited facility and is strictly at the discretion of the Chief Editor.

Proofs

One set of page proofs in PDF format will be sent by e-mail to the corresponding author
which they are requested to correct and return within 48 hours. Only minor corrections are
acceptable at this stage. If we do not have an e-mail address then paper proofs will be sent by
post. Elsevier now sends PDF proofs which can be annotated; for this you will need to
download Adobe Reader version 7 available free from Adobe. Instructions on how to annotate
PDF files will accompany the proofs. The exact system requirements are given at the Adobe
site. If you do not wish to use the PDF annotations function, you may list the corrections
(including replies to the Query Form) and return to Elsevier in an e-mail. Please list your
corrections quoting line number. If, for any reason, this is not possible, then mark the
corrections and any other comments (including replies to the Query Form) on a printout of
your proof and return by fax, or scan the pages and e-mail, or by post. Please use this proof
only for checking the typesetting, editing, completeness and correctness the text, tables and
figures.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail
or, alternatively, 25 free paper offprints. The PDF file is a watermarked version of the
published article and includes a cover sheet with the journal cover image and a disclaimer
outlining the terms and conditions of use. Additional paper offprints can be ordered by the
authors. An order form with prices will be sent to the corresponding author.
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Accepted Articles

For the facility to track accepted articles and set email alerts to inform you of when an
article's status has changed Visit:http://authors.elsevier.com/TrackPaper.html There are also
detailed artwork guidelines, copyright information, frequently asked questions and more.
Contact details for questions arising after acceptance of an article, especially those related to
proofs, are provided after registration of an article for publication.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors who publish in
Elsevier journals to comply with potential manuscript archiving requirements as specified as
conditions of their grant awards. To learn more about existing agreements and policies please
visit http://www.elsevier.com/fundingbodies.

Editorial office
To contact the Respiratory Medicine editorial office, please email
respiratorymedicine@elsevier.com. We aim to respond to all queries rapidly.




Efeitos da Ventilagdo Mecénica Controlada e da Ventilagéo por... Oliveira, ASB | 74

ANEXO |1 - Parecer do Comité de Etica em Experimentacdo Animal da UFPE

Universidade Federal de Pernambuco
Centro de Ciéncias Biologicas

Av. Prof. Nelson Chaves, s/n
50670-420 / Recife - PE - Brasil
fones: (55 81) 2126 B840 | 2126 B351
fax: (55 81) 2126 8350
wWwW.ccbh.ufpe.br

Recife, 21 de outubro de 2008

Oficio n® 71/08

Da Comisséo de Etica em Experimentagdo Animal (CEEA) da UFPE
Para: Prof®. Paloma Lys de Medeiros

Departamento de Histologia € Embriologia — CCB

Universidade Federal de Pernambuco

Processo n® 23076. 012736 / 2008 - 16

Os membros da Comissao de Etica em Experimentagio Animal do Centro de Ciéncias
Biolégicas da Universidade Federal de Pernambuco (CEEA-UFPE) avaliaram seu projeto de
pesquisa intitulado “Efeitos da assisténcia ventilatéria mecanica sobre o miusculo
diafragma de ratos”.

Concluimos que os procedimentos descritos para a utilizagédo experimental dos animais
encontram-se de acordo com as normas sugeridas pelo Colégio Brasileiro para
Experimentagdo Animal e com as normas internacionais estabelecidas pelo National Institute of
Health Guide for Care and Use of Laboratory Animals as quais sdo adotadas como critérios de
avaliagéo e julgamento pela CEEA-UFPE.

Encontra-se de acordo com as normas vigentes no Brasil, especialmente a Lei 9.605 —
art. 32 e Decreto 3.179-art 17, de 21/09/1999, que trata da questao do uso de animais para fins
cientificos.

Diante do exposto, emitimos parecer favoravel aos protocolos experimentais

realizados.
Atenciosamente, , g { .
W garts J o | Ut
-
Observagao: Protap'::ll;-mm
Origem dos animais: Biotério do Departamento de s

Nutricdo; Animais: Ratos; Wistar; Sexo: machos: Idade: 90
dias; NUmero de animais previsto no protocolo: 18 animais.

CCB: Integrar para desenvolver



