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RESUMO

Fernandes CR, Souza Filho LM, Gomes JMA, Messias EL, Escalante
RD — Efeitos da Adigdo do Oxido Nitroso na Anestesia durante
Pneumoperiténio em Intervencéo Cirurgica Videolaparoscépica.

JUSTIFICATIVA E OBJETIVOS: A instalagcao do pneumoperiténio
durante intervengao cirdrgica videolaparoscdpica induz a ativagdo
de mecanismos neuroenddcrinos, alteragbes cardiovasculares e
hormonais. O objetivo deste estudo foi avaliar os efeitos da adi¢do
do oxido nitroso sobre a resposta simpatica cardiovascular e a
concentracdo expirada de sevoflurano (CEsevo) durante o
pneumoperiténio, objetivando manter adequagéo anestésica ava-
liada por meio de parametros hemodindmicos, do BIS e SEF95%
em colecistectomias videolaparoscopicas.

METODO: Foram incluidos no estudo 31 pacientes, estado fisico
ASA I e Il, com idade entre 19 e 76 anos. A indugdo anestésica foi
feita com sufentanil (0,3 ug.kg?), propofol (2,5 mg.kg') e cisatra-
cdrio (0,15 mg.kg'). Durante a manutengdo da anestesia, a CEsevo
foi ajustada para manter o BIS entre 40 e 60. ApGs a instalagdo do
pneumoperiténio, iniciou-se a administragdo de oxido nitroso em
concentragbes crescentes de 20%, 40% e 60%. Foram aferidos os
pardmetros BIS, SEF95%, presséo arterial sistdlica (PAS), pressdo
arterial diastdlica (PAD), presséo arterial média (PAM) e freqliéncia
cardiaca (FC), nos momentos M1 — 5 minutos apds pneumope-
riténio, M2 — quando a concentragdo expirada do N,O = 20%
(CEN,O = 20%); M3 — CEN,O = 40%; M4 — CEN,O = 60%.

RESULTADOS: N&o houve diferenca significativa entre PAS, PAD,
PAM e FC durante os momentos estudados. Houve diferenga sig-
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nificativa na CEsevo nos momentos estudados, com diminuigdo de
35% quando comparou-se M1 e M4.

CONCLUSOES: O éxido nitroso, quando administrado em associa-
¢do ao sevoflurano durante o pneumoperiténio em colecistectomia
videolaparoscdpica, propicia estabilidade hemodindmica e diminui-
¢8o do consumo de sevoflurano, com manutencéo de pardmetros
eletroencefalograficos compativeis com adequagao anestésica.

Unitermos: ANESTESICOS, Gasoso: xido nitroso, CIRURGIA: cole-
cistectomia videolaparoscdpica; MONITORIZACAO: indice bispectral.

SUMMARY

Fermandes CR, Souza Filho LM, Gomes JMA, Messias EL, Escalante
RD — Consequences of the Addition of Nitrous Oxide to Anesthesia
during Pneumoperitoneum in Videolaparoscopic Surgeries.

BACKGROUND AND OBJECTIVES: The use of pneumoperito-
neum during videolaparoscopic surgeries activates neuroendocrine
mechanisms, and causes cardiovascular and hormonal changes.
The aim of this study was to evaluate the effects of the addition of
nitrous oxide, to maintain adequate anesthetic levels, on the car-
diovascular sympathetic response and in the expired concentration
of sevoflurane (ECsevo) during pneumoperitoneum, by evaluating
hemodynamic parameters, BIS, and SEF95%, during videolaparos-
copic cholecystectomies.

METHODS: Thirty-one patients, physical status ASA | and I, ages
19 to 76 years, were included in the study. Anesthetic induction was
accomplished with sufentanyl 0.3 ug.kg'), propofol (2.5 mg.kg’'),
and cisatracurium (0.15 mg.kg'). During the maintenance phase of
anesthesia, the dose of ECsevo was adjusted to maintain BIS
between 40 and 60. The administration of increasing concentrations
of nitrous oxide, 20%, 40%, and 60%, was initiated after inducing
pneumoperitoneum. The bispectral index, SEF95%, systolic blood
pressure (SBP), diastolic blood pressure (DBP), mean arterial
pressure (MAP), and heart rate (HR) were evaluated at M1 — 5
minutes after the pneumoperitoneum; M2 — when the expired
concentration of N,O = 20% (ECN,O = 20%);, M3 — ECN,O = 40%;
M4 — ECN,O = 60%.

RESULTS: There were no significant differences among SBF, DBF,
MAP, and HR in the moments studied. There was a significant diffe-
rence in ECsevo in those same moments, with a 35% reduction
when M1 and M4 were compared.

CONCLUSIONS: When nitrous oxide is administered in associa-
tion with sevoflurane during pneumoperitoneum in videolaparos-
copic cholecystectomy, it provides for hemodynamic stability and
reduces the amount of sevoflurane needed while, at the same time,
maintaining electroencephalographic parameters compatible with
adequate anesthesia.

Key Words: ANESTHETICS, Gases: nitrous oxide, MONITORING:
bispectral index, SURGERY: videolaparoscopic cholecystectomy.
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INTRODUGCAO

Acolecistectomia videolaparoscoépica é considerada téc-
nica padrao ouro no tratamento da colelitiase sintoma-
tica. A técnica demanda a instalagdo de pneumoperiténio
por meio da insuflagdo de gas carboénico (CO,) sob pres-
s&o0, induzindo a ativagdo de mecanismos neuroendocrinos
e alteragdes cardiovasculares, com conseqiiente aumento
na pressao arterial e freqiiéncia cardiaca 2.

O oxido nitroso (N,O) ¢é utilizado como coadjuvante em anes-
tesia e produz importantes interacbes com agentes ina-
latdrios, permitindo reducdo da CAM e da necessidade de
anestésicos venosos %, além de apresentar importante
componente analgésico quando administrado em concen-
tracdo acima de 30% em humanos ©.

O indice bispectral (BIS) quantifica a relagéo entre as varias
bandas de freqiéncia do eletroencefalograma (EEG). Quan-
do utilizado no contexto com outras variaveis durante a
anestesia geral, proporcionou reducgéo da incidéncia de
despertar intra-operatério e redugcao da dose de hipnético
necessaria para manter o paciente inconsciente, tendo sido
validado como medida quantificavel do efeito hipnético de
agentes anestésicos "°. O SEF95%, Spectral Edge Frequen-
cy, reflete a frequiéncia do poder espectral predominante, ou
seja, naquele momento 95% das freqliéncias existentes
encontram-se abaixo daquele valor .

No presente estudo foram avaliados os efeitos da adi¢gdo do
6xido nitroso em concentragdes crescentes sobre a respos-
ta simpatica cardiovascular e a concentragéo expirada de
sevoflurano durante o pneumoperitonio, objetivando manter
a adequacao anestésica avaliada por meio de parametros
hemodinamicos, do BIS e SEF95% em colecistectomias
videolaparoscoépicas.

METODO

O projeto de pesquisa foi submetido e aprovado pelo Comité
de Etica em Pesquisa da Hospital Universitario Walter
Cantidio da Universidade Federal do Ceara. Participaram
todos os pacientes que preenchiam os critérios de inclusdo
e concordaram com a assinatura do termo de consentimen-
to esclarecido.

Foram incluidos no estudo 31 pacientes alocados de forma
prospectiva e consecutiva, estado fisico ASA | e Il, com ida-
de entre 19 e 76 anos, de ambos os sexos, sem histérico
de cardiopatia, pneumopatia ou hepatopatia.

Em todos os pacientes foi seguido o mesmo protocolo de
indugdo e manutengé@o de anestesia geral: avaliagdo pré-
anestésica (sem medicacao pré-anestésica), cateterizagéao
de veia periférica na sala cirdrgica, administragdo de solu-
¢ao de Ringer com lactato, monitorizagdo da presséao arte-
rial pelo método nao-invasivo, cardioscopio nas derivagoes
D, e V5 e oximetro de pulso.

Para avaliagdo do indice bispectral, SEF95% e taxa de su-
pressao, os eletrodos do BIS foram posicionados na regiao

frontal (BIS Sensor XP, Aspect Medical System, EUA). A leitu-
ra foi iniciada apds a realizacao de teste de impedancia,
quando ela se apresentava abaixo de 2 kQ.

Apds 5 minutos de oxigenacao a 100% sob mascara, foi rea-
lizada inducéo anestésica com a administracdo de 0,3
pg.kg' de sufentanil, 2,5 mg.kg™ de propofol e 0,15 mg.kg™
de cisatracurio. Apds intubacéo traqueal, a freqiiéncia res-
piratoria foi ajustada para manter a P_.CO, entre 30 e 35
mmHg, com volume corrente de 8 mL.kg"' e PEEP 5 cmHO,,.
A anestesia inalatdria foi administrada em sistema circular,
com absorvedor de CO, e fluxo inicial de O, de 1 L.min™'. Du-
rante a manutencdo da anestesia, as concentragcbes expira-
das de sevoflurano (CEsevo) foram ajustadas para manter
o BIS entre 40 e 60. As concentragdes inspiradas e expiradas
de O,, CO, e agentes anestésicos inalatérios foram monito-
radas continuamente por meio de analisador de gases. O
pneumoperitdnio foi instalado e mantido sob presséo intra-
abdominal de 12 mmHg. Decorridos 5 minutos de pneumope-
ritbnio, iniciou-se a adigdo de 6xido nitroso em concentragdes
crescentes de 20%, 40% e 60%, obedecendo-se o intervalo
de 10 minutos para que houvesse estabilizacado entre con-
centrag&o inspirada e expirada de N,O. Ao final deste inter-
valo, com as concentragdes de 6xido nitroso estabilizadas,
foram aferidos os seguintes parametros: BIS, SEF95%, in-
dice de supressao, pressao arterial sistolica (PAS), pressao
arterial diastdlica (PAD), pressao arterial média (PAM) e fre-
qgléncia cardiaca (FC). Todos esses parametros foram afe-
ridos em trés medidas consecutivas com intervalo de trés
minutos entre cada medida, e a média dessas trés avalia-
¢des representou as varidveis nos seguintes momentos:
M1 — 5 minutos apés a instalagdo do pneumoperiténio, M2
— quando concentragéo expirada do N,O -20% (CEN,O -20%);
M3 - quando CEN,O -40%; M4 — quando CEN,O -60%. Esta
ultima concentragédo foi mantida até a desinsuflacdo do
pneumoperitdnio.

Os parametros avaliados durante o pneumoperitonio (BIS,
SEF95%, indice de supressao, PAS, PAD, PAM, FC e
CEsevo) foram expressos como média e desvio-padrao
nos momentos M1 a M4. A andlise estatistica foi feita atra-
vés do teste de Andlise de Variancia para medidas repeti-
das (ANOVA) seguido pela aplicagdo de pos-teste de Tukey
para avaliagdo entre quais medidas existiu diferenca esta-
tistica. Foram considerados significativos os valores de p
< 0,05.

RESULTADOS

Foram analisados os dados de 31 pacientes, sendo 22 mu-
Iheres (71%), com idade média de 42,9 anos (42,9 + 15) e
peso médio de 61 kg (61 + 12,2).

O tempo médio entre a indugcéo anestésica e a instalagéao
do pneumoperitdnio foi de 36,6 minutos (36,6 + 11,2).

A analise dos dados referentes a evolugéo da pressao ar-
terial sistolica (PAS), pressao arterial diastdlica (PAD), pres-
sao arterial média (PAM) e freqiiéncia cardiaca (FC) mostrou
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que nao houve diferenga estatistica desses parametros du-
rante o estudo pelo teste de ANOVA (Tabela I).

Em relagdo a variavel CEsevo (Tabela Il e Figura 1), a Anali-
se de Variancia para medidas repetidas (ANOVA) mostrou
diferenca estatistica. Aplicando o teste de Tukey foi observa-
da diferenca estatistica entre M1 e os demais momentos
estudados, indicando importante diminuigdo no consumo de
sevoflurano quando se associa 60% de 6xido nitroso du-
rante o pneumoperitdnio em intervencgéo cirdrgica videola-
paroscopica.

Tabela | — Evolugao da Pressao Arterial Sistdlica, Diastolica,
Média e Frequéncia Cardiaca (Média + DP)

Variaveis M1 M2 M3 M4

PAS (mmHg) 120+20 123+17 123+17 118+13
PAD (mmHg) 77 12 75 + 11 73+ 11 71+8
PAM (mmHg) 95 + 14 94 + 11 92+13 9010
FC (bpm) 60+9 607 61+8 61+7

PAS — pressao arterial sistélica; PAD — presséao arterial diastdlica;
PAM — pressao arterial média; FC — freqiiéncia cardiaca

Tabela Il — Evolugdo da Concentragdo Expirada de
Sevoflurano (Média + DP)
M1 M2 M3 M4
CEsevo (%) 20+0,6 1,604 1,5+£05 13+x04
4— w
3 x

Concentragéo Expirada de Sevoflurano

M1 M2 M3 M4

Figura 1 — Concentragdo Expirada de Sevoflurano

M1: 5 minutos apds a instalagdo do pneumoperiténio;

M2: quando concentrag&o expirada do N,O -20% (CEN,O -20%);
M3: quando CEN,O -40%;

M4: quando CEN,O -60%.
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DISCUSSAO

O presente estudo demonstrou que a administragcdo de con-
centragdes crescentes de O0xido nitroso resulta em diminui-
¢ao significativa da necessidade de sevoflurano durante o
pneumoperitdnio em colecistectomia videolaparoscoépica,
promovendo estabilidade hemodinamica e adequacgéao da
profundidade da anestesia.

O primeiro aspecto a ser analisado é a utilizagao do indice
bispectral como medida de adequacado da anestesia. O BIS
expressa medida quantificavel do efeito hipndtico de agen-
tes anestésicos *'°. Apesar da ampla utilizagdo do BIS que
o coloca como padrdo em termos de monitorizagédo do EEG
em anestesia, alguns estudos recentes demonstraram limi-
tagcbes, decorrentes sobretudo de uma variedade de fatores
que acarretam falsos valores do BIS, incluindo profundida-
de da anestesia, hipoperfusdo encefalica "' e artefato no si-
nal do EEG '2'3. As causas comuns de valores alterados do
BIS séo artefatos elétricos 2, atividade eletromiografica '* ou
bloqueio neuromuscular profundo com hipnose inadequa-
da. Embora quase todos os valores equivocados do BIS se-
jam altos, uma condicdo que poderia causar subita
diminuicdo deste indice tem sido referido como “despertar
paradoxal” 4. Essa resposta pode ser provocada por forte
estimulo nociceptivo na presenca de inadequada anestesia/
analgesia, como no caso de irrigagdo da cavidade abdomi-
nal em plano anestésico inapropriado '°. No estudo em
questdo os paradmetros do BIS indicaram adequacao
anestésica, observada por meio de valores mantidos entre
40 e 60.

No presente estudo, a PAM e a FC mantiveram-se dentro da
faixa normal, sugerindo plano anestésico adequado expres-
so indiretamente por meio de parametros clinicos hemodina-
micos. Embora o pneumoperiténio seja importante estimulo
nociceptivo, ndo foi observada alteragéo nos valores relacio-
nados com a monitorizagédo eletroencefalografica, sobretu-
do o SEF95%, inferindo que o 6xido nitroso € um potente
analgésico, capaz de manter estabilidade hemodinamica e
adequado plano de anestesia quando associado ao
sevoflurano. Este potente componente analgésico do dxido
nitroso ja foi observado por meio de parametros derivados
do eletroencefalograma quando da sua administracdo em
humanos 617,

Por ser o 6xido nitroso um antagonista do receptor NMDA 8,
uma hipotese é que possa exibir propriedades anti-hipe-
ralgésicas mimetizando a cetamina, que podem contribuir
para seus efeitos antinociceptivos. Estudos clinicos %2 tém
demonstrado que grandes doses de opidides empregadas
durante o procedimento cirurgico podem, de forma parado-
xal, facilitar a ativacdo de sistemas pronociceptivos NMDA-
dependentes, levando a exagerada dor pds-operatéria.
Embora a dor pds-operatéria nao tenha sido objeto de ava-
liacdo no presente estudo, uma pequena dose de opidide
(0,3 pg.kg' de sufentanil) foi usada apenas na indugao
anestésica. Assim, os efeitos antinociceptivos do 6xido
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nitroso associados ao sevoflurano durante forte estimulo
(pneumoperitdénio) puderam ser evidenciados. Conside-
rando as propriedades de antagonismo do receptor NMDA,
0 Oxido nitroso tem um importante papel na prevencao de
tolerancia aguda aos efeitos analgésicos de agonistas
opidides 21,

A interagd@o entre o 6xido nitroso e os potentes anestésicos
inalatérios é bem conhecida, Katoh e lkeda encontraram que
a adi¢éo de 63,5% de N,O permite redugéo da CAM de sevo-
flurano em 61% 22, Jakobsson e col. demonstraram diminui-
¢ao no consumo de sevoflurano em torno de 60% quando
foi adicionado N,O a 63% associado a oxigénio *, permitin-
do importante redugéo nos custos anestésicos, além de
aumentar a velocidade da emergéncia da anestesia. No pre-
sente estudo houve significativa redugcédo da concentragao
expirada necessaria de sevoflurano em todos os momen-
tos em que o N,O foi administrado, inferindo-se que, mes-
mo adicionado em pequena concentragéo (20%) na mistura
de gases, houve influéncia positiva e significativa sob o as-
pecto estatistico na diminuicdo do consumo de sevoflurano.
Quando se associou 60% de 6xido nitroso, houve redugéo
na concentragao necessaria de sevoflurano em 35%. Quan-
do comparado com outros estudos, houve menor redugéao
no consumo do agente halogenado, resultado que pode ser
atribuido a maior necessidade de sevoflurano para plano
adequado de anestesia no momento de potente estimulo
cirdrgico, o pneumoperiténio, ja que nado foi usada dose adi-
cional de opioide.

Concluiu-se que a associagao de 6xido nitroso nas con-
dicdes do estudo revelou-se positiva pela reducao do con-
sumo de sevoflurano e da necessidade de analgésicos
opidides no intra-operatorio, evitando os picos hipertensivos
comuns durante a insuflagdo do pneumoperitbnio que po-
dem ser deletérios, sobretudo nos pacientes mais suscep-
tiveis.

Consequences of the Addition of Nitrous
Oxide to Anesthesia during Pneumoperi-
toneum in Videolaparoscopic Surgeries

Claudia Regina Fernandes, TSA, M.D.; Lenilson Marinho
Souza Filho, M.D.; Josenilia Maria Alves Gomes, TSA, M.D.;
Erik Leite Messias, M.D.; Rodrigo Dornfeld Escalante, M.D.

INTRODUCTION

Videolaparoscopic cholecystectomy is considered the golden
standard in the treatment of symptomatic cholelithiasis. This
technique requires a pneumoperitoneum that is achieved by
insufflating carbon dioxide (CO,) under pressure, which
activates neuroendocrine mechanisms and causes cardio-

vascular changes, leading to an increase in blood pressure
and heart rate 2.

Nitrous oxide (N,O) is used as an adjuvant during anesthesia,
and has important interactions with inhalational anesthetics,
reducing MAC and the need for intravenous anesthetics 5,
and also possesses and important analgesic component
when administered in concentrations above 30% in human
beings ©.

The bispectral index (BIS) quantifies the relationship among
the several frequency bands of the electroencephalogram
(EEG). When used in general anesthesia in the context of
other variables it reduces the incidence of intra-operative
awakening and the dose of the hypnotic agent used to main-
tain the patient unconscious, having been validated as a quan-
tifiable measure of the hypnotic effect of anesthetics ™°. The
spectral edge frequency, SEF95%, reflects the frequency of
the predominant spectral power, i.e., at that moment 95% of
the existing frequencies are below that value ™.

In this study we evaluated the effects of adding increasing
concentrations of nitrous oxide on the sympathetic cardiovas-
cular response and on the expired concentration of sevo-
flurane during the penoumorepitoneum in order to maintain
adequate anesthetic level, by measuring hemodynamic
parameters, BIS, and SEF95% during videolaparoscopic
cholecystectomies.

METHODS

The study protocol was submitted to and approved by the
Research Ethics Committee of the Hospital Universitario
Walter Cantidio da Universidade Federal do Ceara. Every pa-
tient that fulfilled the inclusion criteria and agreed to and
signed an informed consent participated in this study.
Thirty-one patients, ASA | and Il, ages between 19 and 76
years, of both genders, without a history of cardiopathy, lung
disease, or liver disease were chosen prospectively and
consecutively.

The same protocol for induction and maintenance of gene-
ral anesthesia was used for every patient: pre-anesthetic
evaluation (without pre-anesthetic medication), venous
cannulation performed in the operating room, administration
of Ringer’s lactate, non-invasive blood pressure monitoring,
cardioscope in the D, and V, derivations, and pulse oxymeter.
To evaluate the bispectral index, SEF95%, and suppression
rate, the BIS electrodes were placed on the frontal region
(BIS Sensor XP, Aspect Medical System, USA). The recording
was initiated after performing the impedance test, when it
was below 2 kQ.

Anesthetic induction with 0.3 pug.kg" of sufentanyl, 2.5 mg.kg’
of propofol, and 0.15 mg.kg™ of cisatracurium was initiated
after the patient had been breathing 100% oxygen via face
mask for 5 minutes. After tracheal intubation, the respiratory
rate was adjusted to maintain a P_.CO, between 30 and 35
mmHg with a tidal volume of 8 mL.kg" and a PEEP of 5
c¢cmH,O. Inhalational anesthesia was administered in a cir-
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cular system that absorbs CO, and with an initial O, flow of
1 L.min". During the maintenance phase of the anesthesia,
the expired concentrations of sevoluorane (ECsevo) were
adjusted to maintain BIS between 40 and 60. The inspired
and expired concentrations of O,, CO,, and inhalational anes-
thetics were monitored continuously through a gas analyzer.
Pneumoperitoneum was induced and maintained under an
intraabdominal pressure of 12 mmHg. Increasing
concentrations of nitrous oxide, 20%, 40%, and 60%, were
added 5 minutes after the beginning of the penumope-
ritoneum, respecting a 10-minute interval to allow for the
stabilization between the inspired and expired concentrations
of N,O. At the end of this interval, with stable concentrations
of nitrous oxide, the following parameters were measured:
BIS, SEF95%, suppression index, systolic blood pressure
(SBP), diastolic blood pressure (DBP), mean arterial
pressure (MAP), and heart rate (HR). Those parameters were
measured three times with a 3-minute interval between each
measurement, and the mean of the three evaluations
represented the variables in the following moments: M1 — 5
minutes after pneumoperitoneum was induced; M2 — when
the expired concentration of N,O -20% (ECN,O -20%); M3 —
when ECN,O -40%; M4 — when ECN,O -60%. This last
concentration was maintained until desinsufflation of the
pneumoperitoneum.

The parameters evaluated during the penumoperitoneum
(BIS, SEF95%, suppression index, SBP, DBP, MAP, HR, and
ECsevo) were expressed as mean and standard deviation
in moments M1-M4. Statistical analysis was done with the
Analysis of Variance for repeated measurements (ANOVA)
followed by application of Tukey post-test to determine
which measurements showed statistically significant
differences. Values of p < 0.05 were considered statistically
significant.

RESULTS

The data of the 31 patients, of which 22 were women (71%),
with a mean age of 42.9 years (42.9 = 15), and mean weight
of 61 kg (61 £ 12.2) were analyzed.

The mean length of time between anesthetic induction and
the pneumoperitoneum was of 36.6 minutes (36.6 = 11.2).
Analysis of the data regarding the evolution of the systolic
blood pressure (SBP), diastolic blood pressure (DBP), mean
arterial pressure (MAP), and heart rate (HR), using the
ANOVA, showed there were no statistically significant diffe-
rences during the study (Table 1).

Regarding the ECsevo (Table Il and Figure 1), the Analysis
of Variance for repeated measurements (ANOVA) showed a
significant difference. Tukey test showed statistically sig-
nificant differences between M1 and the other moments in
the study, indicating a significant reduction in the amount of
sevoflurane used when 60% nitrous oxide is added during
the penumoperitoneum in videolaparoscopic surgeries.
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Table | — Evolution of Systolic Blood Pressure, Diastolic Blood
Pressure, Mean Arterial Pressure, and Heart Rate

(Mean = SD)
Variables M1 M2 M3 M4
SBP (mmHg) 120 + 20 123 + 17 123+17 118+ 13
DBP (mmHg) 77 £ 12 75+ 11 73+ 11 71 18
MAP (mmHg) 95+ 14 94+ 11 92+13 90+10
HR (bpm) 60+9 60 +7 61+8 61+7

SBP — systolic blood pressure; DBP — diastolic blood pressure;
MAP — mean arterial pressure; HR — heart rate

Table Il — Evolution of the Expired Concentration of
Sevoflurane (Mean + SD)
M1 M2 M3 M4
ECsevo (%) 20+0.6 1.6+0.4 1505 13+04
4— w
3“ ®

i
-

Expired Concentration of Sevoflurane
1

Figure 1 — Expired Concentration of Sevoflurane

M1: 5 minutes after inducing pneumoperitoneum;

M2: when the expired concentration of N,O -20% (ECN,O -20%)
M3: when ECN,O -40%;

M4: when ECN,O -60%.

DISCUSSION

This study demonstrated that the administration of increasing
concentrations of nitrous oxide reduces significantly the need
for sevoflurane during the penumoperitoneum in videola-
paroscopic cholecystectomy, while promoting hemodynamic
stabilization and an adequate level of anesthesia.

The use of the bispectral index as a measurement of the
adequacy of the anesthesia is the first aspect that should be
analyzed. The bispectral index is a quantifiable measurement
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of the hypnotic effect of anesthetic agents %'°. Despite the
wide use of BIS, which makes it the standard regarding mo-
nitoring EEG during anesthesia, some studies demonstrated
limitations, mostly as a consequence of several factors that
led to false BIS values, including the depth of anesthesia,
hypoperfusion of the brain ", and artifact in the EEG '2'3. The
most common causes of altered BIS values are electric
artifacts '2, electromyographic activity '®, or deep neuromus-
cular blockade with inadequate hypnosis. Although almost
every equivocal BIS value is elevated, one condition that could
cause a sudden decrease of this index is known as “para-
doxal awakening” . This response may be elicited by a
strong nociceptive stimulus in the presence of inadequate
anesthesia/analgesia, such as during irrigation of the abdo-
minal cavity under an inadequate anesthetic level 5. In this
study, BIS parameters indicated proper anesthetic levels by
remaining between 40 and 60.

Mean arterial pressure and HR remained within the normal
range, suggesting an adequate anesthetic plane, which was
expressed indirectly through hemodynamic parameters.
Although pneumoperitoneum is an important nociceptive
stimulus, there were no changes in the values related to the
electroencephalographic monitorization, especially SEF95%,
indicating that nitrous oxide is a potent analgesic, capable of
maintaining hemodynamic stability and an adequate
anesthetic plane when associated with sevoflurane. This
potent analgesic component of nitrous oxide had already
been observed through electroencephalographic parameters
when administered to human beings 617,

Since nitrous oxide is an antagonist of NMDA receptors 8, it
is possible that it may have anti-hyperalgesic properties,
simulating ketamine, that might contribute to its antinoci-
ceptive effects. Clinical studies '®2° have demonstrated that
large doses of opioids during surgeries may, paradoxically,
facilitate the activation of pronociceptive systems NMDA-
dependent, increasing postoperative pain. Although postope-
rative pain was not evaluated in this study, a small dose of
an opioid (0.3 pg.kg'of sufentanil) was used only during the
anesthetic induction. Thus, the antinociceptive effects of
nitrous oxide associated with sevoflurane during a strong
stimulus (pneumoperitoneum) were observed. Considering
the antagonistic properties of the NMDA receptor, nitrous oxi-
de represents an important role in the prevention of acute
tolerance to the analgesic effects of opioid agonists 2'.

The interaction between nitrous oxide and potent inhalational
anesthetics is well known. Katoh and |keda observed that
the addition of 63.5% of N,O allows for a 61% reduction in
the MAC of sevoflurane 22; Jakobson et al. demonstrated a
60% reduction in the amount of sevoflurane used when 63%
N,O was added to the oxygen *, leading to a marked reduction
in the costs with anesthetics besides increasing the speedy
of awakening from anesthesia. In this study we observed a
significant reduction in the expired concentration of sevoflu-
rane needed in every moment N,O was administered, indi-
cating that even in small concentrations (20%) it has a

positive and statistically significant influence in the reduction
of the amount of sevoflurane used. When 60% of nitrous oxide
was added, there was a 35% reduction in the concentration
of sevoflurane necessary. Compared to other studies, there
was a smaller reduction in the amount of the halogenated
agent needed, which can be attributed to the greater need of
sevoflurane to maintain adequate anesthetic plane at the
moment of a potent surgical stimulus, pneumoperitoneum,
since no additional doses of opioid were used.

We concluded that the association of nitrous oxide in the
conditions of the present study was beneficial, since it redu-
ced the amount of sevoflurane used and the need of opioids
in the intraoperative period, and avoided the hypertensive
episodes commonly seen during the pneumoperitoneum,
which can be deleterious, especially in the most susceptible
patients.

REFERENCIAS — REFERENCES

01. O’Leary E, Hubbard K, Tormey W et al - Laparoscopic chole-
cystectomy: hemodynamic and neuroendocrine responses after
pneumoperitoneum and changes in position. Br J Anaesth,
1996;77:640-644.

02. Mikami O, Fujise K, Matsumoto S et al - High intra-abdominal
pressure increases plasma catecholamine concentrations during
pneumoperitoneum for laparoscopic procedures. Arch Surg,
1998;133:39-43.

03. Myre K, Rostrup M, Buanes T et al - Plasma catecholamines and
haemodinamic changes during pneumoperitoneum. Acta
Anaesthesiol Scand, 1998;42:343-347.

04. Jakobsson I, Heidvall M, Davidson S - The sevoflurane-sparing
effect of nitrous oxide: a clinical study. Acta Anaesthesiol Scand,
1999;43:411-414.

05. Heath KJ, Sadler P, Winn JH et al - Nitrous oxide reduces the
cost of intravenous anaesthesia. Eur J Anaesthesiol, 1996;
13:369-372.

06. Lorenz IH, Kolbitsch C, Hinteregger M et al - Remifentanil and
nitrous oxide reduce changes in cerebral blood flow velocity in
the middle cerebral artery caused by pain. Br J Anaesth,
2003;90:296-299.

07. Johansen JW, Sebel PS - Development and clinical application
of electroencephalographic bispectrum monitoring. Anesthesio-
logy, 2000;93:1336-1344.

08. Vianna PT - Monitor de profundidade de hipnose. A eletroencefa-
lografia bispectral. Rev Bras Anestesiol, 2001;51:418-425.

09. Freye E - Cerebral monitoring in the operating room and the
intensive care unit: an introductory for the clinician and a guide
for the novice wanting to open a window to the brain. J Clin Monit
Comput, 2005;19:169-178.

10. Heier T, Steen PA - Assessment of anaesthesia depth. Acta
Anaesthesiol Scand, 1996;40:1087-1100.

11. Morimoto Y, Monden Y, Ohtake K et al - The detection of cere-
bral hypoperfusion with bispectral index monitoring during gene-
ral anesthesia. Anesth Analg, 2005;100:158-161.

12. Hemmerling TM, Fortier JD - Falsely increased bispectral index
values in a series of patients undergoing cardiac surgery using
forced-air-warming therapy of the head. Anesth Analg,
2002;95:322-323.

13. Bruhn J, Bouillon TW, Shafer SL et al - Electromyographic activity
falsely elevates the bispectral index. Anesthesiology, 2000;
92:1485-1487.

Revista Brasileira de Anestesiologia
Vol. 57, Ne 1, Janeiro-Fevereiro, 2007



CONSEQUENCES OF THE ADDITION OF NITROUS OXIDE TO ANESTHESIA DURING
PNEUMOPERITONEUM IN VIDEOLAPAROSCOPIC SURGERIES

14. Bloom MJ - Electroencephalography and Monitoring of Anesthetic
Depth, em: Lake CL, Hines RL, Blitt CD - Clinical Monitoring. Phi-
ladelphia: WB Saunders, 2001;92-102.

15. Morimoto Y, Matsumoto A, Koizumi Y et al - Changes in the
bispectral index during intraabdominal irrigation in patients
anesthetized with nitrous oxide and sevoflurane. Anesth Analg,
2005;100:1370-1374.

16. Cavalcante SL, Nunes RR - Avaliagdo dos parametros derivados
do eletroencefalograma durante administragdo de diferentes con-
centragbes de Oxido nitroso. Rev Bras Anestesiol, 2003;53:1-8.

17. Costa VV, Saraiva RA - Agédo do éxido nitroso no sistema ner-
voso central. Estudo eletrofisiolégico como agente unico e como
agente coadjuvante. Rev Bras Anestesiol, 2002;52:255-271.

18. Jevtovic-Todorovic V, Todorovic SM, Mennerick S et al - Nitrous
oxide (laughing gas) is an NMDA antagonist, neuroprotectant and
neurotoxin. Nat Med, 1998;4:460-463.

19. Guignard B, Bossard AE, Coste C - Acute opioid tolerance:
intraoperative remifentanil increases postoperative pain and
morphine requirement. Anesthesiology, 2000;93:409-417.

20. Chia YY, Liu K, Wang JJ et al - Intraoperative high dose fentanyl
induces postoperative fentanyl tolerance. Can J Anaesth,
1999;46:872-877.

21. Richebe P, Rivat C, Creton C et al - Nitrous oxide revisited:
evidence for potent antihyperalgesic properties. Anesthesiology,
2005;103:845-854.

22. Katoh T, lkeda T - The minimal alveolar concentration (MAC) of
sevoflurane in humans. Anesthesiology, 1987;66:501-503.

Revista Brasileira de Anestesiologia
Vol. 57, N¢ 1, Janeiro-Fevereiro, 2007

RESUMEN
Fernandes CR, Souza Filho LM, Gomes JMA, Messias EL, Escalante
RD — Efectos de la Adicién del Oxido Nitroso en la Anestesia du-
rante Pneumoperitoneo en Intervenciéon Quirdrgica Videolapa-
roscopica.

JUSTIFICATIVA Y OBJETIVOS: La instalacion del pneumoperi-
toneo durante la intervencion quirtrgica videolaparoscdpica activa
mecanismos neuroenddcrinos, alteraciones cardiovasculares y
hormonales. El objetivo de este estudio fue el de evaluar los efectos
de la adicion del dxido nitroso sobre la respuesta simpatica car-
diovascular y la concentracion expirada de sevoflurano (CEsevo)
durante el pneumoperitoneo, para mantener la adecuacion anes-
tésica evaluada a través de pardmetros hemodindamicos, del BIS y
SEF95% en colecistectomias videolaparoscopicas.

METODO: Se incluyeron en el estudio 31 pacientes, estado fisico
ASA ly II, con edad entre 19 y 76 afios. La induccion anestésica se
realizé con sufentanil (0,3 ug.kg'), propofol (2,5 mg.kg') y cisa-
tracurio (0,15 mg.kg'). Durante la anestesia, la CEsevo se ajusto
para mantener el BIS entre 40 y 60. Posteriormente a la instalacion
del pneumoperitoneo, se inicid la administracion de dxido nitroso
en concentraciones aumentadas de 20%, 40% y 60%. Se compro-
baron los pardmetros BIS, SEF95%, presion arterial sistdlica (FAS),
presion arterial diastdlica (PAD), presion arterial promedio (PAM)
y frecuencia cardiaca (FC), en los momentos M1 — 5 minutos
después pneumoperitoneo, M2 — cuando la concentracion expira-
da del N,O = 20% (CEN,O = 20%); M3 — CEN,O = 40%; M4 —
CEN,O = 60%.

RESULTADOS: No hubo diferencia significativa entre PAS, PAD,
PAM y FC durante los momentos estudiados. Hubo diferencia sig-
nificativa en la CEsevo en los momentos estudiados, con una
reduccion de un 35% cuando se la compard a M1y M4.

CONCLUSIONES: E| 6xido nitroso, cuando se administra en aso-
ciacion con el sevoflurano durante el pneumoperitoneo en cole-
cistectomia videolaparoscdpica, propicia estabilidad hemodindamica
y la reduccion del consumo de sevoflurano, manteniendo los
pardmetros electroencefalogrdficos compatibles con la adecuacion
anestésica.



