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RESUMO

Oliveira Filho GR, Garcia JHS, Ghellar MR, Nicolodi MA, Boso
AL, Dal Mago AJ - Fatores Associados com a Ocorréncia de Hi-
poxemia no Periodo Pds-Anestésico Imediato

Justificativa e Objetivos - A hipoxemia p6s-anestésica é um
evento respiratério critico que aumenta a morbidade
poés-operatéria. Este estudo visou identificar fatores
relacionados a ocorréncia de hipoxemia no periodo
pos-operatorio imediato.

Método - Foram incluidos 204 pacientes admitidos a sala de
recuperagdo poés-anestésica respirando ar ambiente. A
saturagdo periférica da oxi-hemoglobina (SpQO;), as pressées
arteriais sistélica (PAS) e diastdlica (PAD) e a freqliéncia
cardiaca (FC) foram medidas a intervalos de 5 minutos desde a
admissdo do paciente até 20 minutos apos. Escores de
sedacgao, de dore de adequagao da ventilagao foram atribuidos
nos mesmos momentos. SpO, menor que 92% foi definida
como hipoxemia e indicagdo para oxigenioterapia. Foram
registrados: idade, sexo, peso, altura, histéria de fumo, de
DPOC e de diabete melito, SpO, na chegada a sala de cirurgia,
tipo de anestesia, regido operada, duragdo da anestesia, uso
de opidides neuro-axiais e drogas utilizadas no periodo
peri-operatorio e respectivas doses. A associagdo destes
fatores com hipoxemia foi definida por regresséo logistica.
Resultados - Quarenta e nove pacientes (24,01%)
apresentaram SpO, menor que 92% durante o periodo de
observagdo. Foram indicadores de hipoxemia [relagdo de
chances (limites de 95% de confianca)]: idade maior que 55
anos [4,32 (1,70; 10,95)], SpO, pré-operatéria menor que 95%
[7,47 (1,50,;37,11)], anestesia geral com enflurano [14,53
(2,54;82,93)], hipoventilacdo detectada clinicamente [34,82
(11,46;105,84)]. A PAS e a FC foram significativamente mais
elevadas nos pacientes hipoxémicos.

Conclusées - Existem fatores significativamente associados a
ocorréncia de hipoxemia pos-operatéria, enquanto o uso do
oximetro de pulso permite a utilizagdo seletiva de
oxigenioterapia no periodo pos-anestésico imediato.
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SUMMARY

Oliveira Filho GR, Garcia JHS, Ghellar MR, Nicolodi MA, Boso
AL, Dal Mago AJ - Factors Associated to Hypoxemia in the
Immediate Postoperative Period

Background and Objectives - Postanesthetic hypoxemia is a
critical respiratory event which increases postoperative mor-
bidity. This study aimed to identify hypoxemia-related factors in
the immediate postoperative period.

Methods - Participated in this study 204 patients admitted to
the recovery room while breathing room air. Peripheral oxy-he-
moglobin saturation (SpO;), systolic (SBP) and diastolic (DBP)
blood pressure, and heart rate (HR) were measured at 5-minute
intervals since admission to the recovery room until 20 minutes
later. Sedation, pain and ventilation adequacy scores were at-
tributed to patients at the same moments. Hypoxemia was de-
fined as a SpO, below 92% and recommended oxygen therapy.
The following data were recorded for each patient: age, gender,
weight, height, smoking, history of diabetes and chronic ob-
structive pulmonary disease (COPD), preanesthetic SpO,at ar-
rival in the operating room, type and duration of anesthesia,
surgery site, use of neuro-axial opioids and perioperative
drugs. The association of those factors to postoperative
hypoxemia was defined by logistic regression.

Results - Forty-nine patients (24.01%) had SpO, below 92%
during the observation period. The following factors [odds ratio
(95% confidence limits)] were considered hypoxemia predic-
tors: more than 55 years old [4.32 (1.70; 10.95)], preanesthetic
SpO, lower than 95% [7.47 (1.50; 37.11)], general anesthesia
with enflurane [14.53 (2.54; 82.93)], and clinically detectable
hypoventilation [34.82 (11.46; 105.84)]. SBP and HR were sig-
nificantly higher in hypoxemic patients.

Conclusions - There are factors closely related to the inci-
dence of postoperative hypoxemia and the use of pulse
oximetry allows for selective oxygen therapy during the immedi-
ate postanesthetic period.

KEY WORDS - COMPLICATIONS: hypoxemia

INTRODUGAO

administragdo de oxigénio como rotina, durante o perio-

do pés-operatério imediato, fundamenta-se em estudos
que demonstraram alta prevaléncia de hipoxemia neste pe-
riodo "2 ou que notaram menor prevaléncia de hipoxemia
entre pacientes que receberam oxigénio **. Entretanto,
existem evidéncias de que a administragdo de oxigénio nao
€ necessaria em até 63% dos pacientes durante o periodo
pos-operatoério imediato >°.
A hipoxemia ocorre a despeito de administracéo de oxigé-
nio %" e episodios hipoxémicos nao sdo diagnosticados na
maioria das vezes, pelo pessoal da Sala de Recuperagao
Pos-Anestésica (SRPA) 2. Entretanto, a utilizagao de oxime-
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trode pulso na SRPA permite identificar pacientes hipoxémi-
cos e indicar oxigenioterapia de forma seletiva %9,
Diversos fatores dependentes do paciente, da técnica anes-
tésicaedacirurgiaassociam-se com maiores chances de hi-
poxemia no periodo pos-operatorio imediato 78 Estes fato-
res podem facilitar a identificagcdo de pacientes com maior
probabilidade de desenvolver hipoxemia, que deverao ser,
portanto, alvo de maior atengao do pessoal da SRPAe candi-
datos ao uso profilatico e seletivo de oxigenioterapia.
Assim, este estudo teve como objetivo detectar os fatores
dependentes dos pacientes, das cirurgias e das anestesias
associados a ocorréncia de hipoxemia no periodo pés-anes-
tésico imediato.

METODO

Com a aprovacgéo da Comissao de Etica Médica do Hospital
Governador Celso Ramos, foram incluidos 216 pacientes
comidades entre 15e 87 anos, de ambos os sexos, submeti-
dos a cirurgias eletivas sob anestesia geral ou regional, ad-
mitidos seqliencialmente a SRPA. Foram excluidos os paci-
entes que estivessem sob oxigenioterapia ou ventilacdo me-
canica. Imediatamente apés aadmisséo, os pacientes foram
monitorizados com oximetro de pulso e monitor nao invasi-
vo, oscilométrico, de pressédo arterial. Asaturacéo periférica
da oxi-hemoglobina (SpO,), a freqiéncia cardiaca (FC), as
pressoOes arteriais sistélica (PAS) e diastolica (PAD) foram
registradas durante a admissao (MO) e a intervalos de 5 mi-
nutos (M5,M10,M15)até ovigésimo minuto (M20). Nos mes-
mos momentos, foi atribuido a cada paciente um escore de
sedacéo (0 = agitado, 1 = calmo, alerta, 2 = sonolento, des-
perta a comando verbal, 3 = sonolento, desperta a estimula-
céo tatil e 4 = comatoso), um escore de adequacgao da respi-
racao (0 =apnéia, 1 =incursdes respiratérias limitadas, obs-
trugao respiratodria, broncoespasmo ou FR menor que 8irpm
e2=respiragaolivre),umescore de forgamuscular (1=man-
tém aperto de méo portempo > 15 segundos ou 0 = n&o man-
tém aperto de mao ou o faz por menos de 15 segundos) e um
escore verbal de intensidade dolorosa (0 = sem dor ou n&o
responde, 1 =dorleve, 2 =dor moderada e 3 =dor forte). Du-
rante o periodo de estudo, os pacientes somente receberam
oxigénio, por cateternasal (3L.min""), casotenham apresen-
tado SpO, menor que 92%. Foram coletados os seguintes
dados: idade, sexo, peso, altura, histéria de fumo, doenca
pulmonar obstrutiva crénica (DPOC)oudiabete melito, SpO,
na chegada a sala de cirurgia, tipo de anestesia, regido ope-
rada, duragcédo da anestesia, uso neuro-axial de opidides e
drogas utilizadas no periodo peri-operatorio, com as respec-
tivas doses. Hipoventilagao detectada clinicamente foi defi-
nida como um escore de adequacao da respiragao iguala 1.
Os pacientes foram divididos em hipoxémicos, caso tenham
apresentado, em qualquer momento do periodo de observa-
¢éo, SpO, menorque 92% por mais de 30 segundos eemnor-
moxémicos, caso ndo tenham apresentado SpO, menor que
92%, semoxigenioterapia, durante todo o periodode estudo.

186

Os dados demograficos, adistribuicdo dos pacientes segun-
do a técnica anestésica, a regido operada, a historia de dia-
bete melito, de DPOC e de tabagismo, o estado fisico, os es-
cores de adequacgéo da ventilagdo, de sedagéao, de dor e de
forgamuscular, aocorréncia de hipoventilagao, afreqiiéncia
de SpO, menorque 95% na chegada a saladecirurgia, aida-
demaiorque 55anoseafreqiiénciadautilizagdo de cadafar-
maco no periodo peri-operatério foram comparados, entre
0s pacientes que apresentaram e 0s que ndo apresentaram
hipoxemia, pelos testes tde Student paraamostrasindepen-
dentes (as variaveis continuas) ou qui-quadrado (as variaveis
categodricas), a partir do qual foram calculadas as respecti-
vasrelagdes de chances e seus limites de 95% de confianga.
As variaveis que diferiram significativamente entre os subgru-
pos pelo teste t de Student ou que apresentaram associagéo
significativa com hipoxemia pelo teste do qui-quadrado, foram
utilizadas como variaveisindependentes em analise deregres-
sdo logistica retrégrada, na qual a presencga ou n&o de hipoxe-
mia (SpO, menor que 92%) foi a variavel dependente.

Os dados hemodindmicos foram comparados, entre os pa-
cientes hipoxémicos e os normoxémicos, por analise de
co-variancia bi-fatorial para medidas repetidas, sendo a
co-variavel, a SpO, em cada momento do estudo, seguida
pelo teste post hoc de Spjotvoll-Stolline.

A SpO, foi comparada pelos testes de Friedman, Wilcoxon
pareado (comparacdes intra-grupos) e Mann-Whitney (com-
paragdes momento a momento, entre os grupos).

O nivel de significancia aceito foi de 5%.

RESULTADOS

Foramexcluidos da analise 12 pacientes que receberam oxi-
genioterapia na SRPA por motivos outros que o previsto no
protocolo deste estudo, como anemia (2 pacientes), calafrios
(2 pacientes), broncoespasmo (1 paciente), hipotensao arte-
rial (4 pacientes) e motivo desconhecido (2 pacientes).

As caracteristicas demograficas dos 204 pacientes cujos da-
dos foram analisados estédo resumidas na tabela |. Destes, 49
(23,14%) apresentaram SpO, menor que 92% por mais de 30
segundos, durante o periodo de observacéo, e receberam oxi-
genioterapia. Os pacientes hipoxémicos apresentaram idade
significativamente maior do que os normoxémicos (Tabelall).

Tabela | - Dados Demogréficos e Principais Caracteristicas

da Amostra
Idade (anos) ' 45,96 + 17,91
Sexo (M/F) 2 118/86
Peso (kg) ' 69,67 +11,80
Altura (m) ' 1,66 + 0,09
ASA(1-11-111-1V) 2 83/100/20/1
Fumo (presente/ausente) 61/143
DPOC (presente/ausente) 5/199
Diabete (presente/ausente) 11/193
Anestesia geral/regional 2 101/103
Cirurgia superficial/abdominal 2 74/130

1 = Valores expressos como Média + DP
2 = Valores expressos como freqiiéncias
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Tabela Il - Dados Demograficos - Comparacgéao entre os Pa-
cientes Hipoxémicos e os Normoxémicos

Normoxémicos

Hipoxémicos

Idade (anos) ! 4299 + 15.78 55,36 + 18,30 *
Sexo (M/F) 2 93/92 25/24
Peso (kg) ' 68,86 + 11,28 72,25 + 13,08
Altura (m) ' 1,66 + 0,09 1,67 + 0,09

1 = Valores expressos como Média + DP
2 = Valores representam o numero de pacientes em cada categoria
*=p < 0,05 entre os grupos

As seguintes variaveis obtiveram significancia estatisticana
analise individual pelo teste do qui-quadrado: o estadofisico
(ASA) lll, aidade maior que 55 anos, a SpO, pré-operatéria
menor que 95%, a histériade DPOC e de diabete, asedacgao
profunda (paciente desperta somente ao toque ou nao des-
perta), aforcamuscularinadequada (paciente ndo consegue
manter aperto de méo por 15 segundos), a hipoventilagdo
detectada clinicamente, o uso de diazepam e das associa-
¢des de fentanil com diazepam ou com midazolam para se-
dacgao durante anestesias regionais, a associagéo de fenta-
nilcommorfina, ousodovecurénio, doenflurano, doisoflura-
no e do N,O, a anestesia geral e a anestesia regional (Tabe-
las Ill e IV). O modelo de regresséo logistica que melhor se

adaptou a amostraincluiu anestesia geral com enflurano, hi-
poventilagdo detectada clinicamente, idade acima de 55
anoseaSp0O,dechegadanasaladecirurgiamenorque 95%
(Tabela V). Com este modelo, 96,12% dos pacientes normo-
xémicos e 65,30% dos hipoxémicos foram corretamente
classificados, utilizando-se o limite de 0,5 para o logit.

Tabela V - Variaveis Significativamente Associadas a Hipo-
xemia Pds-Anestésica, Segundo o Modelo de Re-
gresséao Logistica

Relacado de chances e
limites de confianga

4,32 (1,70;10,95)
7,47 (1,50;37,11)
14,53 (2,54;82,93)

34,82 (11,46:105,84)

Variavel

Idade > 55 anos

SpO; pré-operatoria < 95%

Anestesia geral com enflurano
Hipoventilagdo detectada clinicamente

N&o atingiram significancia estatisticaemnenhumadasana-
lises: 0 peso, 0 sexo, o indice de massa corporal, o estado fi-
sico, a historia de fumo, o volume de cristaléides administra-
dos durante a cirurgia, a duragéo e o local da cirurgia, os es-
cores de dor, o uso de tiopental, de propofol, de midazolam,
de fentanil, de alfentanil, de morfina, de atracurio, de sevoflu-
rano ou de opidides neuro-axiais (Tabela VI).

Tabela Il - Variaveis Significativamente Associadas a Hipoxemia, sua Prevaléncia em Pacientes Normoxémicos e Hipoxé-
micos e Respectivas Relacdes de Chances baseadas na Analise de Tabelas de Contingéncia (Qui-Quadrado)

Normoxémicos Hipoxémicos Relagéo de chances e respectivos
limites de 95% de confianga

Estado fisico (ASA) IlI 5,86 24,48 * 5,95 (2,07; 17,41)
Idade > 55 anos 18,70 53,06 * 4,91 (2,32; 10,41)
Diabete 2,58 14,28 * 6,29 (1,55; 27,09)
DPOC 0,64 8,16 * 13,68 (1,38; 112,30)
SpO; pré-operatéria < 95% 2,58 18,36 * 8,49 (2,23; 34,84)
Anestesia geral 41,29 79,59 * 5,54 (2,44;12,85)
Anestesia regional 20,4 58,7 * 0,18 (0,07;0,4)
Sedagao profunda 5,80 20,40 4,38 (1,50; 12,82)
Forga muscular inadequada * 10,32 36,73 5,35 (2,28;12,62)
Hipoventilagao 3,87 57,14 * 31,11 (11,30; 102,16)

1 = desperta somente ao toque ou ndo desperta
2 = nao sustenta aperto de mao por 15 segundos
* = p < 0,05 entre pacientes normoxémicos e hipoxémicos

Tabela |V - Drogas Utilizadas no Periodo Peri-Operatorio Associadas a Hipoxemia, sua Prevaléncia de Uso (%) em Pacien-
tes Normoxémicos e Hipoxémicos e Respectivas Relagdes de Chances Baseadas na Analise de Tabelas de Contin-

géncia (Qui-Quadrado)

Normoxémicos Hipoxémicos Relacao de chances
(limites de 95% de confianga)

Diazepam ' 16,77 4,08 * 0,21 (0,04; 0,96)
Fentanil + diazepam ' 13,54 2,04 * 0,13 (0,01; 0,97)
Fentanil + midazolam ' 27,09 10,20 * 0,30 (0,09; 0,87)
Fentanil + morfina 9,67 22,44 * 2,7 (1,05; 6,88)

Vecurdnio 16,12 30,61* 2,29 (1,02;5,13)

Enflurano 1,93 14,28 * 8,44 (1,85; 32,38)
Isoflurano 33,54 51,02 2,15 (1,06;4,37)

N,O 2 22,58 40,81 * 3,05 (1,46; 6,34)

1 = utilizados apenas para sedagao durante anestesias regionais
2 = utilizado com anestésicos volateis
*p < 0,05 entre os grupos
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Tabela VI - Fatores Ndo Associados Significativamente a
Hipoxemia Pds-Anestésica

Variavel Normoxémicos Hipoxémicos
Peso (kg) ' 68,86 + 11,28 72,25 + 13,08
IMC (kg.m?) " 24,94 + 3,98 25,86 + 5,02
Cristaloides (L) ' 1,45 + 0,67 1,52+ 0,63
Duragao (min) 105,77 + 47,21 125 + 56,43 *
Cirurgias cavitarias 32,25 48,97
Sevoflurano ? 2,58 10,20
Tiopental 2 21,93 30,61
Propofol ? 21,29 34,69
Midazolam ? 35,48 10,20
Fentanil 2 68,38 69,38
Alfentanil 2 7,74 14,28
Morfina ? 14,83 28,57
Atracurio 2 13,54 26,53
Opidide espinhal ? 10,96 18,36

1 = Valores expressos como Média + DP
2 = Valores expressos como percentuais de ocorréncia
* p < 0,05 entre os grupos

Apressao arterial sistélica, afreqliéncia cardiaca e asatura-
¢ao periférica da hemoglobina estdo apresentadas nas figu-
ras 1, 2 e 3, respectivamente.
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Figura 1 - Pressao Arterial Sistolica (Média + DP)
1=p < 0,05 comparado com MO
2=p < 0,05 entre os grupos

DISCUSSAO

Ahipoxemia pds-operatdéria tem como causas o controle ina-
dequadodaventilagdo oudapaténciadasvias aéreas, resul-
tante do efeito residual de anestésicos e/ou bloqueadores
neuromusculares e a inadequacgédo da relagao ventila-
¢ao/perfusao causada, principalmente, por zonas de atelec-
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Figura 3 - Saturacéao Periférica da Hemoglobina (mediana, quartis
inferior e superior)
1=p < 0,05 comparado com MO
p < 0,05 entre os grupos

tasia nas regiées dependentes dos pulmdes '°'?. Outras cau-
sasincluem estados de baixo débito cardiaco, anemia, cala-
friostermogénicos, dor e agitagao 13.Amaiorparte doseven-
tos hipoxémicos ocorrem durante os 15 minutos subsequen-
tes a admiss&o dos pacientes na SRPA .

A hipoxemia pds-anestésica associa-se a maior incidéncia
de eventos cardiovasculares no periodo pods-operatorioime-
diato, permanéncia mais longa de pacientes na SRPA e au-
mento do numero de admissdes n&o planejadas na UTI 7.
Aintroducédo do oximetro de pulso namonitorizagao de pa-
cientes durante o periodo pds-anestésico imediato contri-
buiu paraoaumento daidentificagdo de episédios hipoxémi-
cos, de eventos cardiacos, como bradicardia, diminuigdo da
ocorréncia de isquemia miocardica, utilizagdo de maiores
fluxos de oxigénio e maior utilizagdo de oxigenioterapia apos
aaltadaSRPA, sem, entretanto modificarataxade complica-
¢bes ou a mortalidade pds-operatoria °.

Define-se hipoxemia como a saturagao arterial da oxi-hemo-
globina (Sa0;) inferior a 90%, que corresponde a uma PaO,
aproximadamente igual a 60 mmHg. Esta saturagao encon-
tra-se naporgéoinclinada da curva de dissociagao dahemo-
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globina, implicando em que pequenas variagdes de SaO; re-
sultem em redugdes acentuadas da PaO, 1 Entretanto, a
SpO,superestimaa SaO,em2a5% "*'°, justificando os limi-
tesinferioresde SpO,, entre 92 e 96%, utilizados emdiversos
estudos >81617,

Nos estudos que utilizaram o limite de SpO, em 90%, hipoxe-
mia ocorreuem 0,9% ', 4% °, 8,24% '°,20% *, 55% > € 80% "
dos pacientes estudados. O limite de SpO, em 94% associou-
se com prevaléncia de hipoxemiaem 15% ""e37%°dos pa-
cientes. Utilizando o mesmo limite de SpO,, pacientes que
receberam anestesia geral e respiraram ar ambiente na
SRPA tiveram prevaléncia maior (44,7%) do que pacientes
submetidos a anestesias regionais (24%) ou que foram sub-
metidos a anestesia geral e receberam oxigenioterapia
pds-operatoria (26,1%) . Nos estudos em que o limite da
SpO, foide 92%, hipoxemia ocorreuem 7% '® e em 15% ® dos
pacientes, enquanto no presente estudo, hipoxemia ocorreu
em 23,14% dos pacientes.

Em estudos precedentes, as variaveis associadas amaiores
probabilidades de ocorréncia de hipoxemia pds-anestésica
imediata foram: sexo masculino, diabete melito, cirurgias de
urgéncia, medicacdo pré-anestésica com opiodides e sedati-
vos, fentanilem doses acima de 2 ug.kg'1 .h™" associagaode
fentanil com morfina, tiopental comparado ao propofol ”, obe-
sidade "7%'8 idade acima de 60 anos ?7®""'® duragao da
anestesiaacimade4 horas“, infusdode maisde 1500 mlde
cristaldides 8, estado fisico (ASA) & e anestesia geral ®.
Neste estudo, aanaliseisolada das variaveis mostrou que se
associaram significativamente com a ocorréncia de hipoxe-
mia no periodo pos-operatorio imediato o estado fisico ASA
I1l,aidade acimade 55anos, ahistériade DPOC oude diabe-
te melito, a SpO, pré-operatériamenor que 95%, a anestesia
geral, a associagao de fentanil per-operatério com morfina
pos-operatoria, a utilizagdo de vecurdnio, de enflurano, de
isoflurano e de N,O, os estados de sedagao pds-anestésica
profunda, aincapacidade de manterumapertode maopor 15
segundos e os sinais clinicos de ventilagdo inadequada.
Por outro lado, a anestesia regional, acompanhada ou ndo
de sedagao per-operatdria com diazepam e associagdes de
fentanil e diazepam ou midazolam, associou-se a chances
significativamente menores de ocorréncia de hipoxemia no
periodo pds-anestésico imediato.

Aanaliseisolada de variaveis temoinconveniente de ndole-
varem consideracéo o efeito de outros fatores que podemin-
fluenciar possiveis associagdes entre cada variavele umde-
terminado evento. Por outro lado, a regresséo logistica tem
porvantagem controlartodos osfatoresincluidosnomodelo,
ao calcular ainfluéncia de cada uma das variaveis, indepen-
dentemente, sobre a variavel dependente dicotoma. Por
estarazao, apds aidentificagdo das variaveis potencialmen-
te associadas aocorrénciade hipoxemia pés-operatéria, por
anadliseisolada, foiaplicada atécnicaderegresséologistica,
que apontou comoindicadoresindependentes de hipoxemia
pos-operatéria apenas a idade maior que 55 anos, a SpO,
pré-operatoria menor que 95%, a anestesia geral com enflu-
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rano e a hipoventilagéo detectada clinicamente. As demais
variaveis, significativas nas analises isoladas, ndo adiciona-
ramrobustez ao modelo logistico, razdo pela qual foramre-
jeitadas.

Pacientes idosos possuem diminui¢cao da reserva respirato-
ria, por fatores como a diminui¢gao do controle nervoso da
respiracdo, manifestado principalmente pelo aumento de
episdédios apnéicos durante o sono, alteragdes mecanicas
da parede toracica (aumento da cifose dorsal, calcificagcao
de cartilagens costais e diminuigdo da massa muscular res-
piratoria) e alteragdes nos volumes e capacidades pulmona-
res (diminuigdo das capacidades respiratéria maxima, pul-
monar total e vital e aumento do volume de fechamento das
vias aéreas) 9 Além disto, os pacientes idosos sdo mais
sensiveis aos efeitos depressores dos anestésicos inalato-
rios, sedativos e opidides. Por estas razdes, estdo mais ex-
postos a hipoxemia pés-operatéria, como demonstrado nes-
te e em outros estudos #7:81618,

Em voluntarios sadios, SpO, menor que 94% foi observada
em apenas 13,3% = provavel que pacientes que apresen-
tem SpO, menor que 95% no periodo pré-operatorio exibam
alguma anormalidade da ventilagéo, seja hipoventilagéo ca-
usada, porexemplo, por medicagéao pré-anestésica ou anor-
malidades da relagao ventilagdo/perfusdo dos pulmdes.

Pacientes submetidos a anestesia geral t¢m chances maio-
res de desenvolver hipoxemia pos-operatéria*®. Entretanto,
neste estudo, somente a anestesia geral com enflurano as-
sociou-se significativamente a hipoxemia, no modelo logisti-
co,emboraaanestesiageral, oisofluranoe o N,O tenham se
mostrado significativos nas analises isoladas. O enflurano é
um potente depressor daventilagéo e causa mais hipoxemia
no periodo pos-operatdrio imediato e tardio 2°. Embora sua
concentragdo no gas expirado nao tenha sido medida, é pos-
sivel que o efeito residual do enflurano possa contribuir para
aocorréncia de hipoxemia no periodo pds-anestésico ime-
diato.

Ahipoventilagéo detectada clinicamente foi o fator mais for-
temente associado a ocorréncia de hipoxemia. Os parame-
tros paradefinir hipoventilagado foram afreqiénciarespirato-
ria, ainspegcdodasincursdes diafragmaticas e adeteccaode
anormalidades da ventilagdo, como a obstrugéo respiratéria
alta e o broncoespasmo. Desta forma, este resultado confir-
ma o valor do exame clinico na deteccao de fatores de risco
para a ocorréncia de hipoxemia pods-operatéria precoce.

Assim como em outros estudos *®, a anestesia regional as-
sociou-se a menores chances de ocorréncia de hipoxemia
pés-operatdria, ainda que sob sedagédo com diazepam ou mi-
dazolam associados ou n&o ao fentanil.

Entre as variaveis estudadas, nao obtiveram significancia
nem nas analises isoladas, nem na regresséo logistica o
peso, 0 sexo, o indice de massa corporal, a histéria de taba-
gismo, o volume de cristaléides administrados durante a ci-
rurgia, a duragéo e o local da cirurgia, o uso de tiopental, de
propofol, de midazolam, de fentanil, de alfentanil, de morfina,
de atracurio, de sevoflurano ou de opidides neuro-axiais. Os
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pacientes hipoxémicos nao diferiram dos normoxémicos
quanto a estas variaveis, exceto pela duragido da anestesia.
Em estudo precedente 27 a duracgéo da anestesia somente
se mostrou indicador de hipoxemia, quando superior a 4 ho-
ras. E possivel que este estudotenhafalhadoemidentificara
duragao dos procedimentos como fator significativamente
associado com a ocorréncia de hipoxemia pos-operatoria
pelofatodaduragdomédiados procedimentostersidoinferior
a4 horas. O tabagismo se mostrou indicador significativo de
hipoxemia em um estudo 2, enquanto em outros ®'7, assim
comoneste, ndoobteve significancia. Autilizagcdo de morfina
para analgesia pds-operatériando se associou significativa-
mente a ocorréncia de hipoxemia repetindo o achado de ou-
tros autores ’. Assim, o risco de hipoxemia néo justifica limi-
tar o uso de morfina para analgesia pds-operatéria. As cirur-
gias cavitarias ndo apresentaram maior associagao com hi-
poxemia do que as superficiais, concordando com os acha-
dos de outros autores ?7. Entretanto, em um estudo, as cirur-
gias cavitarias associaram-se a maiores percentuais de hi-
poxemia pos-operatoria 22,

Os pacientes deste estudo que apresentaram SpO, menor
que 92% apresentaram valores mais elevados de pressao
arterialedefreqiénciacardiaca. Ahipoxemiaaumentaos ni-
veis de catecolaminas circulantes e predispbe a isquemia
miocardica '3, enquanto aadministragdo de oxigénioreduz a
freqiiéncia cardiaca pds-operatéria 2°.

A incorporacdo do oximetro de pulso na monitorizagcao
pos-anestésicapermite a utilizagdo seletivade oxigeniotera-
pia, ou seja, oxigénio € administrado apenas para pacientes
que apresentem dessaturagdo da oxi-hemoglobina. Por
exemplo,na SRPAde um hospital geral, oxigénio foiadminis-
tradoapenasapacientes que apresentaram SpO, menorque
94%, o que correspondeu a 37% dos pacientes estudados,
resultando em substancial redugéao dos custos ° Em pacien-
tes submetidas a laparoscopias ginecoldgicas, utilizando o
mesmo critério, oxigénio foi administrado a 15% dos casos
7 Neste estudo, oxigenioterapia foi administrada a apenas
23,14% dos pacientes.

Considerando que, em pacientes monitorizados com oxime-
trode pulso, a prevaléncia de episddios hipoxémicos depen-
de dograude motivagéo do pessoal da SRPAem detecta-los
e possivel que o reconhecimento de fatores associados a
ocorréncia de hipoxemia possa ser utilizado para incentivo
do pessoal da SRPA, com afinalidade de aumentar avigilan-
cia, monitorizar mais cuidadosamente os pacientes e, desta
forma, detectar episddios hipoxémicos e administrar preco-
cemente o tratamento.

Concluindo, este estudoidentificou fatores associados a ma-
iores chances de ocorréncia de hipoxemia no periodo
pos-operatorio imediato, que podem identificar pacientes
quedeverdoreceber monitorizagdo maisintensivana SRPA.
Conclui-se, também, que a monitorizagdo da SpO,, durante
o periodo pds-anestésicoimediato permite a utilizagéo sele-
tiva de oxigenioterapia.
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INTRODUCTION

The routine administration of oxygen in the immediate posto-
perative period is based on studies showing the highinciden-
ce of hypoxemia during this period "2, or those observing a lo-
wer incidence of hypoxemia among patients receiving oxy-
gen>*.Thereare, however, evidences thatoxygenis notnee-
dedinup to 63% of patients during the immediate postopera-
tive period *°.

There is hypoxemia even with oxygen administration®”® and
hypoxemic episodes are very often not diagnosed by the
PACU staff 2. Nevertheless, the use of pulse oximetry in the
PACU helps identifying hypoxemic patients and selectively
recommending oxygen therapy >°.

Several factors, dependent on patients, anesthetic technique
and surgery, are associated to more hypoxemiain the immedi-
ate postoperative period 8. Such factors may help to identify
patients more prone to develop hypoxemia who, should be
more closely monitored by the PACU stafffor being candidates
to the prophylactic and selective use of oxygen therapy.
This study aimed to detect factors dependent on patients,
surgeries and anesthesia, associated to the incidence of
hypoxemia in the immediate postoperative period.

METHODS

Afterthe Medical Ethics Committee, Hospital Governador Cel-
so Ramos approval, participated in this study 216 patients of
both genders, aged 15 to 87 years, submitted to elective sur-
geries under general or regional anesthesia, sequentially ad-
mitted to the PACU. Patients under oxygen therapy or mecha-
nical ventilation were excluded. Immediately after admission,
patients were monitored with pulse oximetry and non-invasive
blood pressure. Peripheral oxy-hemoglobin saturation
(Sp0y), heart rate (HR), systolic (SBP) and diastolic (DBP)
blood pressure were recorded at admission (M0), and at 5-mi-
nute intervals (M5, M10, M15, M20) for 20 minutes. At the
same moments patients received a sedation score (0 = agita-
ted, 1 = calm, alert, 2 = sleepy and awaking after verbal com-
mand, 3 =sleepy, awaking aftertactile stimulationand 4 = com-
matous), a ventilation score (0 = apnea, 1 = limited breathing,
respiratory obstruction, bronchospasm or HR below 8 bpm,
and 2 = free breathing), a muscular strength score (1 = keeps
gripfor>15seconds or0=dosnotkeep grip orkeepsitforless
than 15seconds)andaverbal painscore (0 =nopainornoans-
wer, 1 =mild pain, 2 = moderate pain and 3 = severe pain). Du-
ring the study period, patients only received oxygen via nasal
catheter (2L.min™")iftheir SpO, went below 92%. The following
data were collected: age, gender, weight, height, smoking, his-
tory of chronic obstructive pulmonary disease (COPD) or dia-

Revista Brasileira de Anestesiologia
Vol. 51, N° 3, Maio - Junho, 2001



FACTORS ASSOCIATED TO HYPOXEMIA IN THE IMMEDIATE POSTOPERATIVE PERIOD

betes, SpO, at arrival in the operating room, type and duration
of anesthesia, surgery site, neuroaxial use of opioids and peri-
operative drugs and doses. Clinically detected hypoventilation
was defined as a ventilation score equals 1. Patients were divi-
ded in hypoxemic, if at any time during the observation period
they presented SpO, below 92% for more than 30 seconds,
and normoxemic, if no SpO, below 92% without oxygen the-
rapy was seen during the study period.

Demographics, patients distribution according to the anesthe-
tic technique, surgery site, diabetes, COPD and smoking his-
tory, ventilation, sedation, pain and muscular strength scores,
the incidence of hypoventilation, the frequency of SpO, below
95% at arrival in the operating room, age above 55 years and
the frequency of utilization of each perioperative drug were
compared among patients with or without hypoxemia by Stu-
dent’s ttestforindependentsamples (continuous variables)or
chi-square test (categorical variables) for odds ratio and their
95% confidence limits calculation. Variables with significant
differences between subgroups in the Student’s ¢ test or pre-
senting significant association with hypoxemia in the
chi-square test were used as independent variables in retro-
grade logisticregression analysis where the presence or not of
hypoxemia (SpO; below 92%) was the dependent variable.
Hemodynamic data were compared between hypoxemic and
normoxemic patients using the bi-factorial co-variance
analysis for repetitive measures being SpO, the co-variable
inevery moment, followed by posthoc Spjotvoll-Stolline test.
SpO, was compared by Friedmans, two-tail Wilcoxon (intra-
groups comparison) and Mann-Whitney (comparison mo-
ment by moment between groups) tests.

The acceptable level of significance was 5%.

RESULTS

Twelve patients receiving oxygen therapy in the PACU for re-
asons other than those established in our protocol, such as
anemia (2 patients), shivering (2 patients), bronchspasm (1
patient), hypotension (4 patients) and unknown reason (2 pa-
tients) were excluded from the study.

Demographics of the remaining 204 patients are shown in ta-
ble I. From those, 49 (23.14%) had SpO, lower than 92% for

more than 30 seconds andreceived oxygentherapy. Hypoxe-
mic patients were significantly older than normoxemic pati-
ents (Table Il).

Table | - Demographics and Major Sample Characteristics

Age (years) ' 45.96 + 17.91
Gender (M/F) ? 118/86
Weight (kg) ' 69.67 £11.80
Height (m) 1.66 + 0.09
ASA (I-lI-111-1V) 2 83/100/20/1
Smoking (present/absent) 2 61/143
COPD (present/absent) 2 5/199
Diabetes (present/absent) 2 11/193
General/regional anesthesia 2 101/103
Superficial/abdominal surgery 2 74/130

1 = Values expressed in Mean + SD
2 = Values expressed as frequencies

Table Il - Demographics Data - Comparison Between Hypo-
xemic and Normoxemic Patients

Normoxemic Hypoxemic
Age (years) ' 42.99 £ 15.78 55.36 + 18.30 *
Gender (M/F) 2 93/92 25/24
Weight (kg) ' 68.86 + 11.28 72.25 +13.08
Height (m) 1.66 + 0.09 1.67 £ 0.09

1 = Values expressed by Mean + SD
2 = Values represent the number of patients in each category
* = p < 0.05 between groups

The following variables were statistically significantin the indi-
vidual analysis by the chi-square test: physical status ASAIII,
more than 55 years, preoperative SpO, below 95%, history of
COPD and diabetes, deep sedation (patient awakes only
when touched or does not awake), inadequate muscular
strength (patientdoes notkeep gripformore than 15seconds),
clinically detected hypoventilation, the use of diazepam or the
association of fentanyl and diazepam or midazolam for sedati-
onduring regional anesthesia, the association of fentanyl and
morphine, the use of vecuronium, enflurane, isoflurane and
N2O, general and regional anesthesia (Tables Ill and IV). The
best logistic regression for our study included general anest-
hesia with enflurane, clinically detected hypoventilation, age

Table Il - Variables Significantly Related to Hypoxemia, their Prevalence in Normoxemic and Hypoxemic Patients and Res-
pective Odds Ratio based on Contingency Tables Analysis (Chi-Square)

Normoxemic Hypoxemic Odds Ratio and Respective
95% confidence limits
Physycal status (ASA) IlI 5,86 24.48 * 5.95 (2.07; 17.41)
18.70 53.06 * 4.91 (2.32; 10.41)
2.58 14.28 * 6.29 (1.55; 27.09)
0.64 8.16 * 13.68 (1.38; 112.30)
2.58 18.36 * 8.49 (2.23; 34.84)
General anesthesia 41.29 79.59 * 5.54 (2.44;12.85)
Regional anesthesia 20.4 58.7 * 0.18 (0.07;0.4)
Deep sedation ' 5.80 20.40 4.38 (1.50; 12.82)
Inadequate muscular strenght 2 10.32 36.73 5.35 (2.28;12.62)
Hypoventilation 3.87 5714 * 31.11 (11.30; 102.16)

1 = awakens only when touched or does not awake
2 = does not hold grip for 15 seconds
* = p < 0.05 between normoxemic and hypoxemic patients
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Table IV - Perioperative Drugs related to Hypoxemia, their Use (%) in Normoxemic and Hypoxemic Patients and Respective
Odds Ratio Based on Contingency Table Analysis (Chi-Square)

Normoxemic Hypoxemic Odds Ratio
(95% confidence limit)
Diazepam ' 16.77 4.08 * 0.21 (0.04; 0.96)
Fentany! + diazepam ' 13.54 2.04* 0.13 (0.01; 0.97)
Fentanyl + midazolam ' 27.09 10.20 * 0.30 (0.09; 0.87)
Fentanyl + morphine 9.67 2244~ 2.7 (1.05; 6.88)
Vecuronium 16.12 30.61* 2.29 (1.02;5.13)
Enflurane 1.93 14.28* 8.44 (1.85; 32.38)
Isoflurane 33.54 51.02* 2.15(1.06;4.37)
N,O 2 22.58 40.81* 3.05 (1.46; 6.34)

1 = used for sedation only during regional anesthesia
2 = used as volatile anesthetics
*p < 0.05 between groups

above 55 years and SpO, at operating room arrival below 95%
(Table V). With this model, 96.12% of normoxemic patients
and 65.30% of hypoxemic patients were correctly classified
using the 0.5 /ogit limit.

Table V - Variables Signficantly Related to Postanesthetic
Hypoxemia According to the Logistic Regression Mo-
del

Variable QOdds Ratio and Confidence Limits

4.32 (1.70;10.95)
7.47 (1.50;37.11)

14.53 (2.54;82.93)

34.82 (11.46;105.84)

Age > 55 years

Preoperative SpO; < 95%
General anesthesia with enflurane
Clinically detected hypoventilation

There were no statistically significant differences in: weight,
gender, body mass index, physical status, smoking history,
volume of crystalloids administered during surgery, surgery
duration and site, pain scores, the use of thiopental propofol,
midazolam, fentanyl, alfentanil, morphine, atracurium, sevo-
flurane or neuroaxial opioids (Table VI).

Table VI - Factors Not Significantly Related to Postanesthe-
tic Hypoxemia

Variable Normoxemic Hypoxemic
Weight (kg) ' 68.86 + 11.28 72.25 + 13.08
BMI (kg.m?) " 24.94 +3.98 25.86 + 5.02
Crystalloids (L) ' 1.45 + 0.67 1.52 +0.63
Duration (min) ' 105.77 £ 47.21 125 £56.43 *
Cavitary surgeries 2 32.25 48.97
Sevoflurane 2 2.58 10.20
Thiopental 2 21.93 30.61
Propofol 21.29 34.69
Midazolam ? 35.48 10.20
Fentanyl 2 68.38 69.38
Alfentanil 2 7.74 14.28
Morphine 2 14.83 28.57
Atracurium 2 13.54 26.53
Spinal opioid > 10.96 18.36

1 = Values expressed in Mean = SD
2 = Values expressed as incidence percentages
*p < 0.05 between groups
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Systolic blood pressure, heart rate and hemoglobin periphe-
ral saturation are shown in figures 1, 2 and 3.
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Figure 1 - Systolic Blood Pressure (Mean + SD)
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Figure 2 - Heart Rate (Mean + SD)
1 =p < 0.05 between groups
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Figure 3 - Hemoglobin Peripheral Saturation (Median, lower and
upper quartiles)
1=p <0.05 as compared to MO
p < 0.05 between groups

DISCUSSION

Postoperative hypoxemia is caused by inadequate ventilati-
on control or by airway patency as a consequence of residual
effects of anesthetics and/or neuromuscular blockers and
inadequate ventilation/perfusion ratio caused mainly by ate-
lectasis zones in lung-dependent regions'®"2. Other causes
include low cardiac output, anemia, thermogenic shivering,
painand agitation”. Mosthypoxemicevents occurduringthe
15 minutes following patients’ admission to PACU.
Postanesthetic hypoxemiais related to a higher incidence of
cardiovascular events during the immediate postoperative
period, longer PACU stay and increase in unplanned ICU ad-
missions ’.

Theintroduction of pulse oximetry forimmediate postanesthe-
tic period monitoring has contributed for the improved identi-
fication of hypoxemia and cardiac events such as bradycar-
dia, fordecreasing myocardialischemia, for the use of higher
oxygen flows and for a more frequent use of oxygen therapy
after PACU discharge, however without changing postopera-
tive mortality or complications rate °.

Hypoxemia is defined as oxy-hemoglobin arterial saturation
(Sa0,) below 90%, corresponding to a PaO, of approxima-
tely60 mmHg. Such saturationis foundin the inclined portion
of the hemoglobin dissociation curve, so that minor SaO; va-
riations result in marked PaO, decreases '°. However, SpO;
overestimates Sa0, in 2 to 5% '*'° justifying lower SpO; li-
mits between 92% and 96% usedin several studies >% %"

In studies using 90% as SpO; limit, hypoxemia was seen in
0.9%7,4%°,8.24% '®,20% *, 55% > and 80% " of patients.
SpO, limitof 94% was related to hypoxemiain 15% " and 37%
®of patients. With the same SpO; limit, patients undergeneral
anesthesia and breathing room air in the PACU had more
hypoxemia (44.7%) than patients under regional anesthe-
sia(24%)orthose submittedtogeneralanesthesiaandrecei-
ving postoperative oxygen therapy (26.1%) °. In studies with
92% as SpO;, limit, the incidence of hypoxemia has been 7%
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" and 15% &, while in our study, hypoxemia was seen in
23.14% of patients.

In previous studies, variables associated to higher probabili-
ties ofimmediate postanesthetic hypoxemia were: males, di-
abetes mellitus, urgency surgeries, postanesthetic medicati-
on with opioids and sedatives, fentanyl in doses above 2
ng.kg™.h™!, association of fentanyl and morphine, thiopental
as compared to propofol ’, obesity "'"®'® more than 60 years
of age 278718 "anesthesia for more than 4 hours %7, more
than 1500 ml crystalloid infusion &, physical status (ASA) 8
and general anesthesia 8

In our study, the isolated analysis of variables has shown a
significant association with immediate postoperative hypo-
xemia of: physical status ASAIIl, more than 55 years of age,
history of COPD or diabetes mellitus, preoperative SpO; be-
low 95%, general anesthesia, association of perioperative
fentanyl with postoperative morphine, use of vecuronium,
enflurane, isoflurane and N,O, deep postanesthetic sedati-
on, inability of keeping grip for 15 seconds and clinical signs
of inadequate ventilation.

Ontheotherhand, regionalanesthesia, followed or notby pe-
rioperative sedation with diazepam and associations of fen-
tanyland diazepamormidazolam, was related to significantly
lower chances of immediate postanesthetic hypoxemia.
Theisolated analysis of variables hasthe disadvantage of not
takinginto consideration the effect of otherfactors which may
influence possible associations between each variable and a
certain event. On the other hand, logistic regression has the
advantage of controlling all factors involved in the model by
calculatingtheinfluence of each variable on the dicotome de-
pendent variable. That is why, after identifying variables po-
tentially related to postoperative hypoxemia by isolated
analysis, logistic regression technique was applied and has
identified as independent indicators of postoperative hypo-
xemiaonly: morethan55yearsofage, preoperative SpO, be-
low 95%, general anesthesia with enflurane and clinically de-
tectable hypoventilation. The remaining variables, signifi-
cantin isolated analysis, have not contributed to the logistic
model and were rejected.

Elderly patients have adecreaseinrespiratoryreservedueto
factors such as decrease in nervous breathing control, espe-
cially manifested by apnea during sleep, mechanical chan-
gesinthe chestwall (increaseindorsal syphosis, costal carti-
lage calcifications and decrease in respiratory muscular
mass) and changes in pulmonary volumes and capacities
(decrease in maximum respiratory, total and vital pulmonary
capacities andincreasein airway closing volume)'®. Inadditi-
on, elderly patients are more sensitive to depressing effects
ofinhalational anesthetics, sedatives and opioids. For those
reasons, they are more exposed to postoperative hypoxemia
as shown by this and other studies 2768,

In healthy volunteers, SpO, below 94% was seen in just
13.3% 3. It is possible that patients with preoperative SpO,
below 95% have some ventilation abnormality, such as hypo-
ventilation caused, for example, by preanesthetic medicati-
on, or abnormality in lungs ventilation/perfusion ratio.

193



OLIVEIRAFILHO, GARCIA, GHELLAR ET AL

Patients submitted to general anesthesia have higher chan-
ces of developing postoperative hypoxemia %8 Inour study,
however, only general anesthesia with enflurane was signifi-
cantly related to hypoxemia in the logistic model, although
general anesthesia, isoflurane and N,O being significant in
isolated analyses. Enflurane is a potent ventilation depres-
sant and causes more hypoxemia in the immediate and late
postoperative period 20 Although not measuring its expired
gas concentration, itis possible that the residual effect of en-
flurane could contribute for immediate postanesthetic hypo-
xemia.

Clinically detected hypoventilation was the factor more
strongly related to hypoxemia. Parameters to define hypo-
ventilation were respiratory rate, diaphragmatic movements
inspection, and detection of ventilation abnormalities, such
as highrespiratory obstruction and bronchospasm. Thisway,
this study confirms the value of clinical evaluation in detec-
ting risk factors for early postoperative hypoxemia.
Similarly to other studies 38 regional anesthesiawas related
to lower chances of postoperative hypoxemia, even with se-
dation with diazepam or midazolam, associated or not to fen-
tanyl.

Among the variables studied, weight, gender, body mass in-
dex, smoking history, volume of crystalloids administered du-
ring surgery, surgery duration and site, the use of thiopental,
propofol, midazolam, fentanyl, alfentanil, morphine, atracu-
rium, sevoflurane or neuroaxial opioids, were not significant
both in isolated analysis and logistic regression. Hypoxemic
patients did not differ from normoxemic patients, except in
anesthesia duration. Inaprevious study?’, anesthesia dura-
tion was only a hypoxemia indicator when longer than 4
hours. Itis possible that this study failed to identify procedure
duration as a factor significantly related to postoperative
hypoxemia because mean procedure duration was lower
than4 hours. Smoking was a significantindicatorin one study
2 whileinothers®'”, aswellasin ourstudy, there was no signi-
ficance. The use of morphine for postoperative analgesia
was not significantly related to hypoxemia, in line with other
authors’findings ”. So, the risk for hypoxemia does not justify
limiting the use of morphine for postoperative analgesia. Ca-
vitary surgeries were no more related to hypoxemia than su-
perficial surgeries, in line with other authors’ findings % In
one study, however, cavitary surgeries were related to higher
percentages of postoperative hypoxemia 2.

In our study, patients with SpO, below 92% had higher blood
pressure and heart rate values. Hypoxemia increases circu-
lating catecholamine levels and predisposes to myocardial
ischemia '®, while oxygen administration decreases posto-
perative heart rate 2.

The use of pulse oximetry for postanesthetic monitoring al-
lows for a selective use of oxygen therapy, that is, oxygen is
administered only for patients with oxy-hemoglobin desatu-
ration. For example, in the PACU of a general hospital, oxy-
gen was administered only in patients with SpO, below 94%,
corresponding to 37% of patients and resulting in substantial
costreductions®. In patients submitted togynecologicallapa-
roscopies, using the same criteria, oxygen was administered
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in 15% of cases '”. In our study, oxygen therapy was adminis-
tered in only 23.14% of patients. Considering thatin patients
monitored with pulse oximetry the incidence of hypoxemia
depends onthelevel of motivation of PACU staffto detectit?',
it is possible that the identification of factors associated to
hypoxemia could be used to encourage PACU staff aiming at
improving surveillance and patients monitoring, thus detec-
ting hypoxemic episodes and early treating them.

In conclusion, our study has identified factors related to hig-
her chances of immediate postoperative hypoxemia, which
may identify patients candidate to a more intensive monito-
ring in the PACU. Another conclusion is that SpO, monitoring
inthe immediate postanesthetic period allows for the selecti-
ve use of oxygen therapy.

REFERENCIAS - REFERENCES

01. Brown LT, Purcell GJ, Traugott FM - Hypoxaemia during posto-
perative recovery using continuous pulse oximetry. Anaesth
Intensive Care, 1990;18:509-516.

02. Moller JT, Wittrup M, Johansen SH - Hypoxemia in the posta-
nesthesia care unit: an observer study. Anesthesiology,
1990;73:890-895.

03. Smith DC, Canning JJ, Crul JF - Pulse oximetry in the recovery
room. Anaesthesia, 1989;44:345-348.

04.Hardeman JH, Sabol SR, Goldwasser MS - Incidence of hypoxe-
mia in the postanesthetic recovery room in patients having un-
dergone intravenous sedation for outpatient oral surgery. J Oral
Maxillofac Surg, 1990;48:942-944.

05. DiBenedetto RJ, Graves SA, Gravenstein N et al - Pulse oxi-
metry monitoring can change routine oxygen supplementation
practices in the postanesthesia care unit. Anesth Analg,
1994;78:365-368.

06. Gift AG, Stanik J, Kapernick JBS et al - Oxygen saturation in pos-
toperative patients at low risk for hypoxemia: is oxygen therapy
needed? Anesth Analg, 1995;80:368-372.

07.Rose DK, Cohen MM, Wigglesworth DF et al - Critical respiratory
events in the postanesthesia care unit. Patient, surgical, and
anesthetic factors. Anesthesiology, 1994;81:410-418.

08. Russell GB, Graybeal JM - Hypoxemic episodes of patients in a
postanesthesia care unit. Chest, 1993;104:899-903.

09. Moller JT, Johannessen NW, Espersen K et al - Randomized
evaluation of pulse oximetry in 20,802 patients: |I. Perioperative
events and postoperative complications. Anesthesiology,
1993;78:445-453.

10. Rothen HU, Sporre B, Engberg G et al - Airway closure, atelecta-
sis and gas exchange during general anesthesia. Br J Anaesth,
1998;81:681-686.

11. Morton CP, Drummond GB - Change in chest wall dimensions on
induction of anesthesia: a reappraisal. Br J Anaesth, 1994;73:
135-139.

12. Fairley HB - Oxygen therapy for surgical patients. Am Rev Res-
pir Dis, 1980;122:37-44.

13. Powell JF, Menon DK, Jones JG - The effects of hypoxaemia and
recommendations for postoperative oxygen therapy. Anaesthe-
sia, 1996;51:769-772.

14. Seguin P, Le Rouzo A, Tanguy M et al - Evidence for the need of
bedside accuracy of pulse oximetry in an intensive care unit. Crit
Care Med, 2000;28:703-706.

15. Jensen LA, Onyskiw JE, Prasad NGN - Meta-analysis of arterial
oxygen saturation monitoring by pulse oximetry in adults. Heart
Lung, 1998;27:387-408.

Revista Brasileira de Anestesiologia
Vol. 51, N° 3, Maio - Junho, 2001



FACTORS ASSOCIATED TO HYPOXEMIA IN THE IMMEDIATE POSTOPERATIVE PERIOD

16. Murray RS, Raemer DB, Morris RW - Supplemental oxygen after
ambulatory surgical procedures. Anesth Analg, 1988;67:
967-970.

17. Vegfors M, Cederholm |, Lennmarken C et al - Should oxygen be
administered after laparoscopy in healthy patients? Acta Ana-
esthesiol Scand, 1988;32:350-352.

18. George JM, Nair L, Dhara SS - Postoperative hypoxaemia du-
ring transport and in the recovery area. Ann Acad Med Singapo-
re, 1995;24:807-811.

19. Hedenstierna G, Lofstrom J - Effect of anesthesia on respiratory
function after major lower extremity surgery. A comparison bet-
ween bupivacaine spinal analgesia with low-dose morphine and
general anesthesia. Acta Anaesthesiol Scand, 1985;29:55-60.

20. Hoshi K, Shima T, Andoh K et al - Changes in arterial oxygen ten-
sion during and after enflurane or halothane anesthesia as well
as epidural analgesia. Masui, 1990;39:910-914.

21. Rheineck-Leyssius AT, Kalkman CJ, Trouwborst A - Influence of
motivation of care providers on the incidence of postoperative
hypoxaemia in the recovery room. Br J Anaesth, 1996;77:
453-457.

22. Xue FS, Zhang GS, Liao X et al - The influence of surgical sites
on early postoperative hypoxemia in adults undergoing elective
surgery. Anesth Analg, 1999;88:213-219.

23. Rosenberg-Adamsen S, Lie C, Bernhard A et al - Effect of oxygen
treatment on heart rate after abdominal surgery. Anesthesiology,
1999;90:380-384.

Revista Brasileira de Anestesiologia
Vol. 51, N° 3, Maio - Junho, 2001

RESUMEN

Oliveira Filho GR, Garcia JHS, Ghellar MR, Nicolodi MA, Boso
AL, Dal Mago AJ - Factores Asociados con la Ocurrencia de Hi-
poxemia en el Periodo P6s-Anestésico Inmediato

Justificativa y Objetivos - La hipoxemia pés-anestésica es un
evento respiratorio critico que aumenta la morbidad
pos-operatoria. Este estudio busca identificar factores
relacionados a la ocurrencia de hipoxemia en el periodo
pos-operatorio inmediato.

Método - Fueron incluidos 204 pacientes admitidos a la sala de
recuperacion pos-anestésica respirando aire ambiente. La
saturacién periférica de la oxi-hemoglobina (SpO;), las
presiones arteriales sistélica (PAS) y diastélica (PAD) y la
frecuencia cardiaca (FC) fueron medidas a intervalos de 5
minutos desde la admisiéon del paciente hasta 20 minutos
después. Escores de sedacion, de dolor y de adecuacion de la
ventilacion fueron atribuidos en los mismos momentos. SpO,
menor que 92% fue definida como hipoxemia e indicacion para
oxigenioterapia. Fueron registrados: edad, sexo, peso, altura,
historia de fumo, de DPOC y de diabetes melito, SpO, en la
llegada a la sala de cirugia, tipo de anestesia, region operada,
duracion da anestesia, uso de opioides neuro-axiales y drogas
utilizadas en el periodo peri-operatorio y respectivas dosis. La
asociacion de estos factores con hipoxemia fue definida por
regresion logistica.

Resultados - Cuarenta y nueve pacientes (24,01%)
presentaron SpO, menor que 92% durante el periodo de
observacion. Fueron indicadores de hipoxemia [relacion de
veces (limites de 95% de confianza)]: edad mayor que 55 afios
[4,32 (1,70; 10,95)], SpO; pré-operatoria menor que 95% [7,47
(1,50;37,11)], anestesia general con enflurano [14,53
(2,54;82,93)], hipoventilacion detectada clinicamente [34,82
(11,46;105,84)]. La PAS y la FC fueron significativamente mas
elevadas en los pacientes hipoxémicos.

Conclusiones - Existen factores significativamente asociados
a la ocurrencia de hipoxemia pos-operatoria, en cuanto el uso
del oximetro de pulso permite la utilizacion selectiva de
oxigenioterapia en el periodo p6s-anestésico inmediato.
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