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RESUMO

Moll JR, Moll AVS, Guttman A, Torres Filho IP, Ribeiro MCSA, Mathias
LAST — Usinas Concentradoras de Oxigénio: Evolucéo da Fracéao
Inspirada de Oxigénio e Repercussfes no Paciente Anestesiado em
Sistema com Absorvedor de CO,. Estudo Piloto.

JUSTIFICATIVA E OBJETIVOS: A Resolugdo 1.355/92 do Conse-
Iho Federal de Medicina aprovou os padrbes minimos para insta-
lagcdo e funcionamento das usinas concentradoras de oxigénio
(P.S.A.) e recomendou que os hospitais universitarios fizessem
andlise prospectiva, permitindo o aperfeicoamento do sistema, o
que motivou a realizagdo deste estudo piloto, cujo objetivo foi es-
tudar a viabilidade clinica do uso do oxigénio proveniente das
P.S.A., por meio da andlise da variagcdo da concentragdo de oxigé-
nio no fluxo de gas fresco e da fragdo inspirada de oxigénio.

METODO: Estudo observacional, 30 pacientes ASA I, submetidos
a cirurgias do abdome superior, utilizando-se sistema com absorvedor
de CO, e fluxo de gases frescos (FGF) de 0,93 500 mL.mirr*. Foram
avaliadas as variaveis peso, idade, tipo e tempo dos procedimentos
cirargicos; fragdo inspirada e expirada do CO, (FiCO,, P_.CO.,); fragdo
inspirada O, (FiO,) e concentragdo O, (O,ent) do FGF. As variaveis
P_.CO,, FiO,e O,ent foram medidas apos a intubagdo e a cada 10
minutos até o final da anestesia. Os resultados foram submetidos
a tratamento estatistico, considerando-se significativo p < 0,05.
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RESULTADOS: A FiCO, apresentou valor igual a zero em todos
0s pacientes e momentos estudados, mas ocorreu diminui¢do sig-
nificativa da P_,CO,no correr do tempo. As variaveis O,ent e FiO,
apresentaram tendéncias similares ao longo do tempo (p = 0,1283)
e a variavel O,ent apresentou médias superiores (p < 0,001); hou-
ve evolugdo das médias de O,ent e FiO, (p < 0,05).

CONCLUSOES: Este estudo verificou que o uso de oxigénio pro-
veniente de P.S.A., dentro das condicbes propostas para o experi-
mento, mostrou ser seguro e induziu aumento progressivo da
concentragdo de 0,93 ofertada no FGF e da FiO,.

Unitermos: EQUIPAMENTOS, Usina concentradora de oxigénio;
VENTILACAO: controlada mecanica, fluxo basal.

SUMMARY

Moll JR, Moll AVS, Guttman A, Torres Filho IP, Ribeiro MCSA, Mathias
LAST — Oxygen Concentrators: Evolution of Inspired Concentration
of Oxygen and Repercussions in an Anesthetized Patient with a CO,
Absorber System. Pilot Study.

BACKGROUND AND OBJECTIVES: Resolution 1355/92 of the Con-
selho Federal de Medicina approved minimal standards for the
installation and operation of oxygen concentrators (PSA) and recom-
mended University Hospitals to undertake a prospective analysis in
order to improve the system. It motivated this pilot study whose
objective was to determine the clinical viability of using PSA oxygen
by analyzing the variation in oxygen concentration in the fresh gas
flow (FGF) outlet and in the inspired concentration of oxygen.

METHODS: An observational study with 30 patients, ASA |, under-
going upper abdominal surgeries using a CO, absorber system and
fresh gas flow (FGF) 0,93 at 500 mL.min*. Weight, age, type and
duration of the surgery, inspired and expired fraction of CO, (FiCO,,
P_,CO,); inspired fraction of O, (FiO,); and O, concentration (O,ent)
in the FGF. The following parameters were measured after intubation
and every 10 minutes until the end of the procedure: P_CO,, FiO,,
and O,. Results underwent statistical analysis and p < 0.05 was
considered significant.

RESULTS: The inspired fraction of carbon dioxide was equal to zero
in all patients and moments of the study, but there was a significant
reduction in P_,.CO, with time. The variables O ent and FiO, had si-
milar tendencies with time (p = 0.1283), but the variable O,ent pre-
sented higher means (p < 0.001); evolution of mean O,ent and FiO,
was observed (p < 0.05).

CONCLUSIONS: This study demonstrated that the use of PSA
oxygen, within the conditions proposed for the experiment, is safe
and induced a progressive increase in 0,93 in the FGF and of FiO,,

Key Words: EQUIPMENT, Oxygen concentrators; VENTILATION:
mechanical controlled, basal flow.

649



MOLL, MOLL, GUTTMAN E COL.

INTRODUCAO

O oxigénio medicinal poder ser fornecido no estado gaso-
so (em cilindros de alta presséo) ou no estado liquido (em
tanques criogénicos). Ele pode também ser produzido em
usinas concentradoras de oxigénio, conhecidas como P.S.A.
(Pressure Swing Adsortion), por processo com base na
adsorcao seletiva dos componentes do ar por peneiras
moleculares zeoliticas, que obtém o oxigénio pelo método
fisico chamado adsorgéo *2.

As dificuldades de transporte por condi¢des climaticas, ine-
xisténcia ou problemas com as estradas e a auséncia de
plantas de producao criogénica em alguns paises alavan-
caram a utilizacdo dos concentradores de oxigénio, que fo-
ram empregados em aeronaves de combate, hospitais da
Armada Real Briténica, na Guerra do Golfo, no conflito da
Bdsnia e em missGes humanitérias 2.

As usinas concentradoras, como fonte priméria de oxigénio,
conectadas a rede canalizada para o suprimento hospitalar
foram normatizadas, em 1992, pela National Standard of Ca-
nada (CAN/CSA-1991) ®® e pela International Organization
for Standardization (1SO) e, em 1996, pela Associacdo Bra-
sileira de Normas Técnicas, sendo o0 oxigénio produzido
nomeado oxigénio 93 (0,93) (NBR 13587-1996) *.
Estudos realizados utilizando o oxigénio de concentradores
para anestesia, em sistema de ventilagdo sem absorvedor
de CO, e que impedem, portanto, a reinalagéo dos gases
expirados, atestaram a seguranga do método %415, Os ques-
tionamentos foram, entéo, polarizados para a utilizagéo do
oxigénio produzido em PSA, em sistemas com absorvedor
de géas carbénico. Algumas publicag6es demonstraram que
em sistemas com absorvedor de CO, e fluxos de gas fres-
co (FGF) de 0,93 de 0,5 L.min* pode ocorrer acimulo de
argbnio no sistema 1620,

No Brasil, a Resolucao 1.355/92 do CFM aprovou os pa-
drdes minimos para instalacdo e funcionamento das usi-
nas concentradoras de oxigénio e recomendou, no seu
item 5, que os hospitais universitarios fizessem anélise
prospectiva, permitindo o aperfeicoamento do sistema 2.
Essa recomendacao extremamente especifica motivou a
realizacdo deste estudo-piloto, cujo objetivo principal foi es-
tudar a viabilidade clinica do uso do oxigénio proveniente
das PSA, por meio da andlise da variacdo da concentracao
de oxigénio no fluxo de gas fresco e da fragéo inspirada de
oxigénio.

METODO

Apoés aprovacdo pela Comisséo de Etica do Hospital Geral
de Bonsucesso e obteng¢do do consentimento esclarecido,
foram selecionados para realizagdo deste estudo observa-
cional 30 pacientes adultos, de ambos o0s sexos, estado
fisico ASA |, com idade entre 18 e 60 anos, a serem submeti-
dos a cirurgias abertas de abdome superior.
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Constituiram critérios de exclusdo: tabagismo, uso de medi-
camentos, presenca de doencas associadas e historia pre-
gressa de doenga cardiaca e/ou pulmonar.

Todos os pacientes receberam medicac¢édo pré-anestésica
e foram encaminhados ao centro cirargico, onde foi introdu-
zido cateter em veia periférica, iniciada hidratacdo e realizada
monitoracéo da frequéncia cardiaca (FC); tragcado eletrocar-
diografico (ECG); presséo arterial sistolica (PAS) e pressao
arterial diastdlica (PAD) pelo método ndo-invasivo; tempera-
tura (temp) e saturagdo periférica da hemoglobina (SpO,).
Era entdo realizada oxigenagdo, sob mascara, por trés mi-
nutos, em sistema com absorvedor de CO, e fluxo de O, 2,0
L.min? proveniente de P.S.A. (0,93), géas utilizado como fluxo
de gas fresco durante todo o experimento, a seguir inducéao
venosa com fentanil na dose de 2,0 pg.kg? e intubacédo
traqueal.

Os pacientes eram mantidos com ventilacdo controlada me-
canica em sistema com absorvedor de CO,, em ventilador
volumétrico, regulado para fornecer frequéncia respiratoria
de 10 incursdes por minuto, relagéo I/E 1:1,5 e volume cor-
rente de 10 mL.kg™.

A manutencdo da anestesia era realizada com halotano e
0,93, empregando-se fluxo de gases frescos (FGF) de 500
mL.min. Foi interposta, entre a valvula expiratoria 800S e a
conexdo da canula traqueal uma conexdao em T, com saida
lateral ligada ao monitor de gases anestésicos. Essa monta-
gem permitiu a monitorizagdo das fracdes inspirada e expira-
da do agente inalatério, do gas carbénico (FICO, e P_CO,)
e do oxigénio (FiO, e FeO,). As medidas da FiO, e FeO, fo-
ram realizadas pelo método paramagnético. Outra conexao
em T com saida lateral foi colocada na saida frontal de ga-
ses do aparelho de anestesia, ligada ao monitor, para ana-
lise paramagnética da concentracdo de oxigénio (O,ent).
Ap6s o término do procedimento cirargico e despertar da
anestesia, o paciente era extubado e encaminhado a sala
de recuperacdo pés-anestésica (SRPA).

As variaveis estudadas foram: 1) fragdo inspirada de oxigénio
e concentracdo de oxigénio do fluxo de gas fresco, medidas
nos seguintes momentos: logo apos a intubacgéo traqueal
(int) e a cada dez minutos até o final da anestesia; 2) peso,
altura, idade, tipo e tempo dos procedimentos cirdrgicos; 3)
SpO, medida nos seguintes momentos: admissdo do paci-
ente na sala cirlrgica; durante a oxigenacao inicial; inducao;
logo apds a intubacao traqueal e a cada dez minutos até o
final da anestesia; 4) P_CO, medida pouco depois da intu-
bacdo e a cada dez minutos até o final da anestesia.

Os resultados foram apresentados em tabelas descritivas,
contendo médias, desvios-padrdo, valores minimos e ma-
ximos. Para as variaveis SpO, e P_ CO, foi realizada a Ana-
lise de Variancia para medidas repetidas.

Para as variaveis: fragcdo inspirada de oxigénio e concentra-
¢do de oxigénio de entrada foi feita analise de variancia mul-
tivariada para amostras repetidas, realizando-se anélise das
medidas das variaveis O,ent e FiO, e andlise das medidas
ao longo do tempo.
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Foi considerada diferenga estatistica significativa quando
p < 0,05. Os testes utilizados fazem parte do pacote estatis-
tico Sigma Stat for Window, version 2.03, SPPS Inc.

RESULTADOS

Considerando-se os 30 pacientes, o tempo dos procedimen-
tos cirdrgicos variou de 40 a 180 minutos, com valor médio
e desvio-padrao de 99 + 34 minutos, verificando-se uma re-
ducdo do numero de pacientes que apresentaram duracao
dos procedimentos cirdrgicos superior a 50 minutos, che-
gando no momento 110 minutos a 50% do total. Foi consi-
derado 80% do numero de pacientes no momento inicial
como limite para andlise estatistica, sendo excluidos seis
pacientes do estudo. Com isso o tempo dos procedimen-
tos cirdrgicos ficou fixo em 80 minutos.

A populacgéo final foi constituida de 19 pacientes do sexo
feminino (79,2%) e cinco do sexo masculino (20,8%), com
idade de 47,4 + 10,3 anos, peso de 62,7 + 5,8 kg e altura
de 165,8 £ 9,4 cm (média = DP). Os procedimentos cirlr-
gicos realizados foram 22 colecistectomias e duas antrec-
tomias.

A Anélise de Variancia para amostras repetidas dos resul-
tados referentes a variavel SpO, nos diferentes momentos
mostrou ndo haver diferenga estatistica significativa (SpO
—-p=0,127).

A FiCO, apresentou valor igual a zero em todos os momen-
tos do estudo.

Os valores maximos, minimos e médios e respectivos des-
vios-padrao da fracdo expirada de gas carbdnico (%) dos pa-
cientes estudados constam da tabela I.

2

A Andlise de Variancia para amostras repetidas dos resul-

tados referentes a fragdo expirada de gas carbdnico nos di-

ferentes momentos mostrou diferenca estatistica (p = 0,002).

Os valores minimos, maximos, médios e respectivos des-

vios-padrdo da fragdo inspirada de oxigénio, da concentra-

¢do de oxigénio de entrada no FGF e as diferencas entre as
médias das variaveis concentracao de oxigénio de entrada

e fracdo inspirada de oxigénio no decorrer do experimento

constam da tabela II.

Foi realizada Analise de Variancia multivariada para amos-

tras repetidas, cujos resultados mostraram que:

e Na&o houve interacdo entre as variaveis e o tempo: as
duas variaveis apresentaram tendéncias similares ao
longo do tempo (p = 0,1189), e a variavel O.ent apresen-
tou médias superiores nesse periodo (p < 0,001);

e Houve evolugéo das médias de O,ent e FiO, (p < 0,05);

e Os contrastes realizados (efeitos linear e quadrético) evi-
denciaram que no periodo de estudo as médias de O,
ent e FiO, apresentaram efeito quadratico (efeito linear,
p < 0,001; efeito quadrético, p < 0,05).

As diferengas entre as médias das variaveis concentra¢éo

de oxigénio de entrada e fragdo inspirada de oxigénio no

decorrer do tempo e os respectivos intervalos de confianca
podem ser observadas na figura 1. Os intervalos de confian-
¢a das diferencas entre as médias das variaveis oxigénio de
entrada e frac&o inspirada de oxigénio aumentaram ao longo
do tempo devido a diminuicdo do nimero de observagbes

e com isso aumentou a imprecisdo em relagéo as diferen-

¢cas observadas.

N&o foram observados eventos adversos em qualquer pa-

ciente do estudo. Todos os pacientes despertaram na sala

de cirurgia e foram encaminhados para a SRPA extubados.

Tabela | — Valores Maximos, Minimos e Médios e Respectivos Desvios-Padrdo da Fracdo Expirada de Gas Carbodnico (%) dos

Pacientes Estudados

N° pac. Momento (min) Média + desvio-padréo Valor minimo Valor maximo
30 intubacdo 27,2+ 3.2 23 36
30 10 26,5+ 3,0 23 33
30 20 26,6 £ 3,3 21 33
30 30 26,2+ 33 21 34
30 40 255+28 19 33
29 50 245+ 22 19 27
28 60 244 +25 17 27
26 70 244 + 3,0 17 27
24 80 243 + 3,2 17 26

N° pac. = nimero de pacientes.
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Tabela Il — Valores Minimos, Maximos, Médios e Respectivos Desvios-Padrdo da Fracao Inspirada de Oxigénio (%),
Concentragédo de Oxigénio de Entrada (%) e das Diferencas entre as Médias das Varidveis Concentragdo de Oxigénio
de Entrada e Fracao Inspirada de Oxigénio dos Pacientes Estudados

N° pac. Momento (min) FiO, (%) O, ent (%) Diferenca O, ent

Média + DP Valores min-méax Média + DP Valores min-méax e FiO,
30 intubagédo 77,7+87 63,0 — 92,0 90,0+ 5,3 87,0 — 95,0 12,3
30 10 80,4 +72 67,0 -91,0 89,5+538 88,0 — 96,0 9,1
30 20 82,1+58 73,0 - 92,0 90,1+ 4,2 87,0 - 95,0 8,0
30 30 83,8+ 47 75,0 - 93,0 91,6 + 3,8 90,0 - 97,0 7.8
30 40 84,7+ 4,6 69,0 — 93,0 91,4+ 3,6 89,0 — 98,0 6,7
29 50 84,0+6,1 74,0 - 93,0 919+41 88,0 — 96,0 7,9
28 60 85,9 + 47 76,0 — 94,0 91,9+43 89,0 - 97,0 6,0
26 70 86,4 + 4,3 77,0 -94,0 92,4+ 3,0 90,0 — 96,0 6,0
24 80 86,9 + 4,3 77,0 - 95,0 92,6 + 3,4 89,0 - 97,0 5,8
Valores min-méax = valores minimos e maximos; N° pac. = nimero de pacientes.

—p— Diferenca

20

O, entrada - FiO,

Momento (min)

= =[J= = Li diferenca
- =4~ - Ls diferenca

Figura 1 — Evolugéo das Diferencas entre as Médias das Variaveis Concentragéo de Oxigénio de Entrada (%) e Fracdo Inspirada de O, (%) e
Respectivos Intervalos de Confianga em Relacdo ao Momento (min). Li = limite inferior do intervalo de confianca das diferencas entre a
FiO, e a concentracéo de O, de entrada; Ls = limite superior do intervalo de confianca das diferencas entre a FiO, e a concentragéo de

O, de entrada.

DISCUSSAO

As duvidas quanto a utilizacdo do oxigénio produzido em
P.S.A. em sistemas com absorvedor de CO, e a Resolugéo
1.355/92 do CFM 2, que recomendava aos hospitais univer-
sitarios a realizagdo de estudos prospectivos, levaram pro-
fissionais de unidades hospitalares a iniciarem pesquisas
sobre o produto final produzido e as conseqiiéncias da uti-
lizagdo em anestesia 2 e também motivaram este estudo.
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QOutro item que levou a realizacao deste estudo foi a quase
auséncia de publica¢des sobre o tema na literatura nacional
€ muito pouco na internacional, fato que se mantém até hoje.
Além disso, na literatura internacional, os raros estudos foram
na maioria realizados com modelos laboratoriais e aqueles
com pacientes sob anestesia, prospectivos, tiveram nume-
ro muito pequeno, cinco pacientes cada um dos estudos.

Neste estudo, todas as medidas da variavel fragdo inspirada
de gas carbbnico foram iguais a zero, o que confirma que
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ndo houve reinalagdo de CO, comprovando a efetividade do
sistema empregado. Amaral e col. 2* afirmam que registros
acima de zero na presséo parcial de CO, na mistura inspi-
rada indicam a inalagdo do gas carbbnico e que é frequien-
te tal fato ser decorrente da reinalagéo por esgotamento do
sistema de absorgéo de CO, (cal sodada) ou valvulas unidi-
recionais defeituosas.

Embora tenha havido reducgédo significativa da fragdo expirada
de gas carbdnico ao longo do periodo analisado, ndo hou-
ve implicacdo clinica e, mesmo com o regime de ventilagao
proposto, todos os pacientes despertaram e foram extuba-
dos na sala cirdrgica.

As Analises das Variaveis fracdo inspirada de oxigénio e oxi-
génio de entrada demonstraram evolu¢cdo das médias de
O,ent e FiO, ao longo do tempo com tendéncias similares,
e a variavel O,ent apresentou medias superiores. No inicio
do estudo, provavelmente devido a poluicdo do sistema pelo
ar atmosférico, os valores das fragfes inspiradas de oxigé-
nio encontradas foram inferiores aos do final do experimento
(100 minutos). Parker ¥ eliminou essa contaminacao, inici-
ando as medidas apés um periodo de 20 minutos, quando
a frag8@o de oxigénio na amostra do gés estava estabilizada
e sO entdo o FGF era reduzido para 500 mL.min™.

Trés estudos experimentais "' demonstraram que a utili-
zagdo do oxigénio proveniente de P.S.A., em sistemas com
absorvedor de CO,, poderia levar a um aumento na fracéo
de argbnio no sistema. No entanto, esses autores, ainda
nessas publica¢des, incluiram dois estudos de cinco paci-
entes em que foi utilizado 0,93 em sistema com fluxo de
gases frescos de 0,5 L.min, concluindo que o uso do O,93
era seguro, desde que ndo fosse adicionado 6xido nitroso.
Rathgeber e col. % estudaram a eficiéncia e possiveis des-
vantagens do uso do oxigénio proveniente de P.S.A., em
modelo experimental de pulméo, utilizando fluxo de gases
frescos de 0,5 a 1,0 L.min™ e concluiram que o uso do O,93
ndo levou a problemas adicionais, sugerindo que o 0,93
seria uma alternativa viavel em anestesia.

Friesen e col. ® realizaram levantamento em 52 hospitais do
Canada, que utilizavam oxigénio proveniente de P.S.A. em
unidades de terapia intensiva, salas de emergéncia e em
salas cirargicas. Observaram que na maioria dos locais era
empregado fluxo de gases frescos de 2,0 L.min. Ndo hou-
ve nenhum relato de evento adverso.

O presente estudo mostrou que o uso de oxigénio proveniente
de P.S.A., dentro das condi¢cbes propostas, induziu ao au-
mento progressivo da concentragdo de 0,93 ofertada no
FGF e da FiO,, com diferenca estatistica significativa entre
ambas, que talvez possa ser imputada ao acumulo de
argonio. Todavia, ndo foram observados eventos adversos
durante o periodo do estudo de 80 minutos.

Essas conclusdes reforcam os estudos de Friesen e col. 5,
que considera importante a monitorizagdo da concentracio
do oxigénio no terminal de utilizac@o e de Parker ¥ que afir-
ma que: “Como é possivel monitorar a concentracdo do oxi-
génio no sistema de ventilagdo durante anestesia com baixo
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fluxo ou em sistemas fechados independentemente da sua
fonte de suprimento, o uso de oxigénio provido por concen-
tradores de oxigénio ndo pode em absoluto, impedir o uso
de técnicas anestésicas com baixo fluxo.”

Assim, esse estudo piloto, confirmando os resultados de
Parker 17%°, permitiu concluir que o uso de oxigénio provido por
usinas concentradoras de oxigénio se mostrou seguro, em
sistema de ventilagdo durante anestesia com fluxo de 500
mL.min?, nas condi¢bes estudadas, mantendo-se o princi-
pio de monitorizagdo continua da concentracdo do oxigénio.

Oxygen Concentrators: Evolution of
Inspired Concentration of Oxygen and
Repercussions in an Anesthetized Patient
with CO, Absorber System. Pilot Study

Jorge R. Moll, TSA, M.D.; Ana V. S. Moll, TSA, M.D.; Armin
Guttman, TSA, M.D.; lvo P. Torres Filho, M.D., Ph.D.; Manoel C.
S. Almeida Ribeiro, Ligia Andrade da Silva Telles Mathias,
TSA, M.D.

INTRODUCTION

Medicinal oxygen can be furnished as a gas (in high pres-
sure cylinders) or a liquid (in cryogenic reservoirs). It can also
be produced in oxygen concentrators, known as PSA (Pres-
sure Swing Adsorption), by a process based on selective
adsorption of air components through zeolitic molecular
sieves, which obtain oxygen by a physical method known as
adsorption 2,

Difficulties in transportation due to climate conditions, lack of
or problems with the roads, and absence of plants of cryogen
in some countries, stimulated the use of oxygen concen-
trators, used in aircrafts, hospitals of the British Royal Navy
during the Gulf War, during the war in Bosnia, and in huma-
nitarian missions 312,

The use of oxygen concentrators, as a primary source of oxy-
gen, connected to the supply network of hospitals, was stan-
dardized in 1992 by the National Standard of Canada (CAN/
CSA-1991) 8 and by the International Organization for Stan-
dardization (1SO), and, in 1996, by the Associagéo Brasileira
de Normas Técnicas, and the oxygen produced was called
oxygen 93 (0,93) ™.

Studies with oxygen concentrators in anesthesia using a ven-
tilation system without CO, absorber that do not allow rebrea-
thing of exhaled gases, demonstrated it is safe to use 51415,
This was followed by doubts on whether it was safe to be
used in systems with CO, absorbers. Some publications
demonstrated that, in systems with CO, absorbers and fresh
gas flow (FGF) of 0,93 at 0.5 L.min, argon can accumulate
in the system 1620,

In Brazil, Resolution 1355/92 of the Conselho Federal de
Medicina (CFM) approved minimal standards for installation
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and functioning of oxygen concentrators and, on item 5,
recommended University Hospitals to undertake pros-
pective analysis in order to improve the system ?.. This
extremely specific recommendation motivated this pilot
study, which objective was to study the viability of the clinical
use of PSA oxygen by analyzing the variation in oxygen
concentration in the fresh gas flow outlet and inspired
fraction of oxygen.

METHODS

After approval by the Ethics Commission of the Hospital Ge-
ral de Bonsucesso and signing of the informed consent, 30
adult patients of both genders, physical status ASA |, between
18 and 60 years of age, scheduled for open upper abdomi-
nal surgeries, were enrolled in this observational study.
Exclusion criteria included: smoking, use of medications,
presence of associated diseases, and history of heart and/
or lung disease.

All patients received pre-anesthetic medication and were
taken to the operating room, where a catheter was introdu-
ced into a peripheral vein, hydration was instituted as well as
monitoring of the heart rate (HR); electrocardiogram (ECG);
non-invasive systolic pressure (SBP) and diastolic pressure
(DBP); temperature (temp); and peripheral saturation of oxy-
gen (SpO,).

Oxygenation started with a face-mask for three minutes with
a CO, absorber system and PSA O, (0,93) at 2.0 L.min™ as
fresh gas flow throughout the experiment. This was followed
by anesthetic induction with 2.0 pg.kg* of fentanyl and en-
dotracheal intubation.

Patients were maintained on controlled mechanical ventila-
tion with a CO, absorber system and a volumetric ventilator
set for 10 breaths per minute, I/E ratio of 1:1.5, and tidal vo-
lume of 10 mL.kg™.

Maintenance of anesthesia was accomplished with halotha-
ne and 0,93 using fresh gas flow (FGF) of 500 mL.min*. A
T-connector was placed between the 800S expiratory valve
and the connection with the tracheal tube, with the lateral
opening connected to the anesthesia monitor. This set up
allowed monitoring of the inspired and expired fractions of
the inhalational agent, carbon dioxide (FiCO, and P_,CO,),
and oxygen (FiO, and FeO,). FiO, and FeO, were measured
by the paramagnetic method. Another T-connector with a la-
teral outlet was placed at the frontal gas exit of the anes-
thesia device, and connected to the monitor for paramagnetic
analysis of oxygen concentration (O,ent).

After the end of the surgery and after they awaken from
anesthesia, patients were extubated and transferred to the
post anesthesia care unit (PACU).

The parameters investigated included: 1) inspired fraction of
oxygen and oxygen concentration in the fresh gas flow outlet
determined immediately after tracheal intubation (int) and
every ten minutes until the end of anesthesia; 2) weight,
height, age, type and duration of the surgery; 3) SpO, on the
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arrival of the patient to the operating room, during initial oxy-
genation, at induction, immediately after tracheal intubation,
and every ten minutes until the end of anesthesia; 4) P_,CO,
determined immediately after intubation, and every ten mi-
nutes until the end of anesthesia.

Results are presented in descriptive tables containing means,
standard deviation, and minimal and maximal values. Ana-
lysis of Variance for repeated measures was used for SpO,
and P_.CO,,.

Analysis of multivariate variance for repeated measures was
used for the inspired fraction of oxygen and oxygen concen-
tration in the FGF, and analysis of measurements along
time.

A difference was considered statistically significant when
p < 0.05. The tests used are part of the statistical package
Sigma Stat for Windows, version 2.03, SPPS Inc.

RESULTS

The duration of the surgeries varied from 40 to 180 minutes,

with a mean of 99 + 34 minutes with decreasing number of

patients whose surgeries lasted more than 50 minutes, with

50% of the surgeries lasting 110 minutes or less. Eighty per

cent of the total was considered to be the number of patients

necessary for statistical purposes; therefore, six patients
were excluded from the study. After that, the mean duration
of the surgeries was 80 minutes.

The final population was composed of 19 females (79.2%)

and five males (20.8%), ages 47.4 + 10.3 years, weighing

62.7 = 5.8 kg, and height of 165.8 + 9.4 cm (mean + SD). The

surgeries performed included 22 cholecystectomies and two

antrectomies.

Analysis of Variance for repeated measures of SpO, at the

different moments did not show statistically significant diffe-

rences (SpO, — p = 0.127).

FiCO, was equal to zero at every moment of the study.

Table | shows the maximal, minimal, and mean values, along

with standard deviations, of the expired fraction of carbon

dioxide (%).

Analysis of Variance for repeated measures of the expired

fraction of carbon dioxide at the different moments showed

a statistically significant difference (p = 0.002).

Table Il show the minimum, maximum, means, and standard

deviation of the inspired fraction of oxygen, oxygen concen-

tration in the FGF, and the differences between the mean
values of oxygen concentration in the FGF and inspired frac-
tion of oxygen during the study.

Multivariate Analysis of Variance for repeated measures

showed:

e A lack of interaction among the variables studied and
time: both variables demonstrated similar tendencies
with time (p = 0.1189), but O,ent had higher means (p <
0.001);

e Evolution of the mean levels of O,ent and FiO, (p < 0.05),
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Table | — Maximum, Minimum, and Mean Values and Standard Deviation of the Expired Fraction of Carbon Dioxide (%)

Ne Patients Time (min) Mean + Standard Deviation Minimum Maximum
30 intubation 272+ 3.2 23 36
30 10 26.5+ 3.0 23 33
30 20 26.6 + 3.3 21 33
30 30 26.2+ 33 21 34
30 40 255+28 19 33
29 50 24522 19 27
28 60 24425 17 27
26 70 244+ 3.0 17 27
24 80 243+3.2 17 26
Table Il — Minimum, Maximum, and Mean Values and Standard Deviation of the Inspired Fraction of Oxygen (%). Oxygen

Concentration in the FGF (%), and the Differences Between the Mean Values of Oxygen Concentration in the FGF and
Inspired Fraction of Oxygen

Ne Patients ~ Time (min) FiO, (%) O, ent (%) Difference O,ent
Mean = SD Min — Max Mean = SD Min — Max and FiO,
30 intubation 77.7+87 63.0 — 92.0 90.0+ 5.3 87.0 - 95.0 12.3
30 10 804+ 7.2 67.0-91.0 89.5+ 5.8 88.0 — 96.0 9.1
30 20 82.1+58 73.0 -92.0 90.1+ 4.2 87.0 - 95.0 8.0
30 30 838+ 4.7 75.0 - 93.0 91.6 + 3.8 90.0 - 97.0 7.8
30 40 84.7+ 4.6 69.0 — 93.0 914+ 3.6 89.0 — 98.0 6.7
29 50 84.0+6.1 74.0 - 93.0 919+ 4.1 88.0 — 96.0 7.9
28 60 85.9 + 4.7 76.0 —94.0 919+ 43 89.0 - 97.0 6.0
26 70 86.4 + 4.3 77.0-94.0 924+ 3.0 90.0 - 96.0 6.0
24 80 86.9 + 4.3 77.0 - 95.0 926 + 3.4 89.0 - 97.0 5.8

Min-Max = minimum and maximum values.

+ Difference
= == = LI difference
- =8 - = Ul difference

20

O, entry - FiO,

Time (min)

Figure 1 — Evolution of the Differences Between Mean Oxygen Concentration in the FGF (%) and Mean Inspired Fraction of Oxygen (%) Along
with their Confidence Intervals. LI = lower limit of the confidence interval of the differences between FiO2 and entry O, concentration;
Ul = upper limit of the confidence interval of the differences between FiO2 and entry O, concentration.
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e Comparisons (linear and quadratic effects) revealed that
mean Oent and FiO, demonstrated a quadratic effect (li-
near effect, p < 0.001; quadratic effect, p < 0.05).

Figure 1 shows the differences between the mean oxygen

concentration in the FGF and inspired fraction of oxygen with

time and their standard deviation. The confidence interval of
the differences between mean oxygen concentration in the

FGF and inspired fraction of oxygen increased with time due

to a reduction in the number of observations, which increased

the imprecision of the differences observed.

Patients did not develop any side effects during the study. All

patients awakened in the surgery room and were transferred

to the post anesthesia care unit extubated.

DISCUSSION

Questions regarding the use of oxygen from PSA in a system
with CO, absorber and Resolution 1355/92 of the CFM #
recommending University Hospitals to undertake prospec-
tive studies stimulated health professionals to develop re-
search studies on the final product and the consequences
of its use in anesthesia %, and they also motivated this study.
Another factor that led to this study was the virtual lack of
publications on the subject in the national and very few in the
international medical literature. Besides, most of the studies
found in the international literature used laboratorial models,
and prospective studies with patients under anesthesia had
a reduced number of subjects, five patients per study.

In the present study, all measurements of the inspired
fraction of carbon dioxide were equal to zero, which confirms
that there was no rebreathing of CO,, attesting to the efficacy
of the system used. Amaral et al. ?* stated that values of par-
tial pressure of CO, above zero in the inspired mixture in-
dicated inhalation of this gas and that it is often due to failure
of the system to absorb CO, (soda lime) or defective uni-
directional valves.

Although there had been significant reduction in the expired
fraction of carbon dioxide during the study period, there were
no clinical implications and, even with the ventilation regimen
proposed, all patients awakened from anesthesia and were
extubated in the operating room.

Analysis of Variance of the inspired fraction of oxygen and
entrance oxygen demonstrated that the evolution of mean
O,ent and FiO, during the study had similar tendencies, but
O,ent showed higher means. At the beginning of the study,
probably due to pollution of the system with atmospheric air,
inspired fractions of oxygen were lower than at the end of the
experiment (100 min). Parker 17 eliminated this contamina-
tion initiating measurements after a period of 20 minutes,
when the oxygen fraction in the gas sample had stabilized,
and only then FGF was reduced to 500 mL.min™.

Three experimental studies *"'° demonstrated that the use
of PSA oxygen in CO, absorber systems could lead to an in-
crease in argon concentration in the system. However, in
those studies the authors included two studies with five
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patients in which 0,93 was used with a fresh gas flow of 0.5
L.min™ and concluded that 0,93 was safe to be used since
nitrous oxide was not added to the system.

Rathgeber et al. 2 studied the efficacy and possible disad-
vantages of using PSA oxygen, in an experimental lung
model, using fresh gas flow of 0.5 to 1.0 L.min%, and con-
cluded that 0,93 did not cause additional problems, sug-
gesting that 0,93 would be a viable alternative in anesthesia.
Friesen et al. ® surveyed 53 hospitals in Canada that used
PSA oxygen in their intensive care units, emergency rooms,
and operating rooms. They observed that most places used
fresh gas flow of 2.0 L.min?. Adverse events were not
reported.

The present study demonstrated that the use of PSA oxygen,
within the conditions proposed, induced a progressive in-
crease of 0,93 in the FGF and in FiO,, with statistically sig-
nificant differences between them that might have been
caused by argon accumulation. However, we did not obser-
ve any adverse events during the study period of 80 minutes.
These results reinforce the studies of Friessen et al. 5, who
considered that it is important to monitor oxygen concen-
tration in the terminal, and of Parker 8, who stated that: “Since
it is possible to monitor oxygen concentration in the ventila-
tion system during anesthesia with low flow or closed sys-
tems independent from the supply source, the use of oxygen
from oxygen concentrators cannot prevent the use of low flow
anesthetic techniques.”

Thus, this pilot study, by confirming the results of Parker 17-1¢,
led to the conclusion that oxygen from oxygen concentrators
is safe to be used in the ventilation system during low flow
anesthesia of 500 mL.min?, in the conditions of the present
study, with continuous monitoring of oxygen concentration.
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RESUMEN

Moll JR, Moll AVS, Guttman A, Torres Filho IP, Ribeiro MCSA, Mathias
LAST — Fabricas Concentradoras de Oxigeno: Evolucién de la
Fraccién Inspirada de Oxigeno y Repercusiones en el Paciente
Anestesiado en Sistema con Absorvedor de CO,,. Estudio Piloto.

JUSTIFICATIVA Y OBJETIVOS: La Resolucion 1355/92, del Con-
selho Federal de Medicina aprobd los estandares minimos para la
instalacion y el funcionamiento de las fabricas concentradoras de
oxigeno (P.S.A.) y recomendd que los Hospitales Universitarios
hiciesen un analisis prospectivo, permitiendo el perfeccionamiento
del sistema, lo que motivo la realizacion de este estudio piloto, cuyo
objetivo fue el de estudiar la viabilidad clinica del uso del oxigeno
proveniente de las P.S.A., por medio del analisis de la variacion de
la concentracion de oxigeno en el flujo de gas fresco y de la
fraccion inspirada de oxigeno.

METODO: Estudio de observacion, 30 pacientes ASA I, sometidos
a cirugias del abdomen superior, utilizando sistema con absorvedor
de CO, y flujo de gases frescos (FGF) de 0,93 500 mL.min. Se
evaluaron las variables peso, edad, tipo y tiempo de los procedi-
mientos quirdrgicos; fraccion inspirada y expirada del CO, (FiCO,,
P_,CO,); fraccion inspirada O, (FiO,) y concentracion O, (O,ent)
del FGF. Las variables P_,CO,, FiO,y O, ent fueron medidas
después de la intubacién y a cada 10 minuto hasta el final de la
anestesia. Los resultados fueron sometidos a tratamiento esta-
distico, considerandose significativo p < 0,05.

RESULTADOS: La FiCO, present6 un valor igual a cero en todos
los pacientes y momentos estudiados, pero ocurrié una dismi-
nucion significativa de la P_,CO, en el transcurso del tiempo. Las
variables O,ent y FiO, presentaron tendencias similares a lo lar-
go del tiempo (p = 0,1283), siendo que la variable O, ent presento
medias superiores (p < 0,001); hubo evolucion de las medias de
O,enty FiO, (p < 0,05).

CONCLUSIONES: Este estudio verifico que el uso de oxigeno pro-
veniente de P.S.A., dentro de las condiciones propuestas para el
experimento, mostro ser seguro e indujo un aumento progresivo de
la concentracion de 0,93 ofertada en el FGF y de la FiO,,
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