Rev Bras Anestesiol
2002; 52: 3: 335 - 343

INFORMAGAO CLINICA
CLINICAL REPORT

Edema Pulmonar Assimeétrico por Pressao Negativa
P&s-Obstrucido de Via Aérea Superior. Relato de Caso *

Asymmetric Negative Pressure Pulmonary Edema After
Acute Upper Airway Obstruction. Case Report

Aldo José Peixoto, TSA'

RESUMO

Peixoto AJ - Edema Pulmonar Assimétrico por Press&o Negati-
va Pés-Obstrucdo Aguda de Via Aérea Superior. Relato de
Caso

Justificativa e Objetivos - Edema pulmonar por presséao
negativa pos-obstrugdo de via aérea é atualmente uma
entidade bem descrita, porém, provavelmente pouco
diagnosticada e os casos pouco publicados. O objetivo deste
relato é apresentar um caso de edema pulmonar por pressao
negativa pos-obstrucdo de via aérea superior, cuja principal
caracteristica foi a assimetria do edema pulmonar, sendo muito
mais acentuado no pulmao direito.

Relato do Caso - Menino de 4 anos, 17 kg, estado fisico ASA |,
foi submetido a adenoamigdalectomia e cauterizagdo de
cornetos, sob anestesia geral com sevoflurano/6xido
nitroso/O;,. A cirurgia durou 1 hora e 30 minutos sem qualquer
intercorréncia. Com a superficializagdo da anestesia o
paciente, ventilando espontaneamente, reagiu ao tubo
traqueal, que foi retirado. Apés isto, os esforgos ventilatérios
resultaram em retragdo da parede toracica, sem aparente
movimento de ar, sendo impossivel ventila-lo com mascara fa-
cial, ocorrendo hipoxemia grave (SpO; de 50%), necessitando
ser reintubado. Neste momento foi verificado que o pulméo se
encontrava mais duro e havia estertores bilateralmente,
caracterizando edema pulmonar. Uma radiografia de térax
mostrou infiltrado pulmonar difuso bilateralmente, porém, com
atelectasia do lobo superior direito, mostrando acentuada
assimetria do edema pulmonar. O paciente teve que ser
ventilado mecanicamente com PEEP durante 20 horas,
quando foi extubado. Houve melhora progressiva do edema
pulmonar, recebendo alta em 48 horas.

Conclusées - O edema pulmonar por press@o negativa é uma
entidade rara com alto grau de morbidade, pouco
diagnosticada e exige do anestesiologista conhecimento
atualizado e tratamento adequado. Costuma ser bilateral,
raramente unilateral e excepcionalmente com expressiva
assimetria como no nosso relato. A maioria dos casos é tratada
com suporte ventilatéorio com PEEP ou CPAP, néo
necessitando de qualquer outra terapia. O progndstico é bom,
com melhora na maioria dos casos nas primeiras 24 horas.
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UNITERMOS: COMPLICACOES: edema pulmonar agudo,
laringoespasmo

SUMMARY
Peixoto AJ - Asymmetric Negative Pressure Pulmonary Edema
After Acute Upper Airway Obstruction. Case Report

Background and Objectives - Negative pressure pulmonary
edema after acute upper airway obstruction is a well-described
event, though infrequently diagnosed and reported. This report
aimed at presenting a case of upper airway obstruction nega-
tive pressure pulmonary edema following acute upper airway
obstruction characterized by pulmonary edema asymmetry, be-
ing more prominent in the right lung.

Case Report - A 4-year-old boy, 17 kg, phisical status ASA |
submitted to combined tonsillectomy, adenoidectomy and
turbinate cauterization under general anesthesia with
sevoflurane/nitrous oxide/O,. Surgery duration was 90 minutes
without complications. During anesthetic recovery and sponta-
neously breathing, patient reacted to tracheal tube, which was
removed. Following, ventilatory efforts resulted in chest wall re-
traction without apparent air movement, being impossible to
ventilate him with facial mask. Symptoms evolved to severe
hypoxemia (60% SpO,) requiring reintubation. At this point, it
was observed that the lung was stiffer and there were bilateral
rales characterizing pulmonary edema. A chest X-ray showed
diffuse bilateral infiltrates, right upper lobe atelectasis and
marked pulmonary edema asymmetry (right greater than left).
Patient was mechanically ventilated with PEEP for 20 hours
when he was extubated. There was a progressive pulmonary
edema improvement and patient was discharged 48 hours
later.

Conclusions - Negative pressure pulmonary edema (NPPE) is
a rare event with high morbidity risk. It is often not diagnosed
and requires from the anesthesiologist an updated knowledge
and adequate management. It is usually bilateral, rarely unilat-
eral, and exceptionally asymmetric as in this case. Most cases
are treated by mechanical ventilation with PEEP or CPAP with-
out any other therapy. The prognosis is favorable, with most
cases recovering within the first 24 hours.

KEY WORDS: COMPLICATIONS: acute pulmonary edema,
laringospasm

INTRODUGAO

dema pulmonar por pressao negativa pés-obstrugéo

de via aérea é atualmente uma entidade bem descrita,
porém, provavelmente pouco diagnosticada e os casos
pouco publicados "2 Pouco mais de 100 casos estéo rela-
tados na literatura internacional sob varios termos tais
como “edema pulmonar pés-obstrutivo”, “edema pulmonar
por pressdo negativa”, ou “edema pulmonar provocado por
Iaringoespasmo’”. No Brasil, apenas 11 casos foram docu-

mentados >
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Oobjetivodeste artigo érelatarum caso de edema pulmonar
por pressdo negativa apds a obstrugdo aguda de via aérea
superior, cuja principal caracteristicafoiaassimetriado ede-
ma pulmonar, sendo muito mais acentuado no pulméo direi-
to.

RELATO DO CASO

Menino de 4 anos, 17 kg, estado fisico ASA I, sem outras
doencas, semalergias e sem anestesias anteriores, foi sub-
metido a adenoamigdalectomia e cauterizac&o de cornetos.
Foi monitorizado com estetoscopio precordial, cardiosco-
pio, oximetro de pulso, capnografia e pressao arterial naoin-
vasiva. Sem nenhuma medicagao pré-anestésica aindugao
inalatodria foifeitacoma presengados pais, sob mascarafacial
com sevoflurano e 6xido nitroso/O,, utilizando circuito de
Bain. A seguir foi canulizada uma veia periférica e injetados
10 pg de fentanil e 20 mg de lidocaina e mantido em plano
anestésico com sevoflurano a 5% e 6xido nitroso/O; na pro-
porcdode 2:1. Intubagéo oro-traqueal foirealizada com tubo
5.5 sem balonete, sem utilizar bloqueador neuromuscular,
sendo a ventilagéo assistida manualmente. Foram aplica-
dos 25 mg de diclofenaco supositério para analgesia
pos-operatoria e administrados 2 mg de dexametasona com
objetivo de profilaxia de nauseas e vOmitos. Imediatamente
antes deiniciaracirurgia foram administrados mais 10 ygde
fentanil e a anestesia foi mantida com concentragdes varia-
veis de sevoflurano, com 6xido nitroso 60% e oxigénio 40%.
Ap6s 1 hora doinicio da cirurgia foram injetados mais 10 ug
de fentanil. A cirurgia durou 1 hora e 30 minutos sem qual-
quer intercorréncia.
Comasuperficializagdo daanestesia, o paciente, ventilando
espontaneamente, reagiu ao tubo traqueal que foi retirado.
Apos isto, os esforgos ventilatérios resultaram em retragéo
da parede toracica, sem aparente movimento de ar. Tenta-
mos ventila-locom mascara facial semresultado, ocorrendo
diminuicao progressiva da saturagéo, que chegou a 50%. O
paciente foi, entdo, reintubado sem administragdo de blo-
queador neuromuscular e ventilado manualmente com cir-
cuito de Bain, havendo melhora imediata da saturagao que
atingiu 98% com FiO, de 1. Percebeu-se, porém, que o pul-
mao ja se encontrava mais duro para aventilagdo e aauscul-
ta mostrou estertores difusos bilateralmente, mais acentua-
dos a direita. Como o paciente nao tolerava diminuigdo da
fragdoinspiratdriade oxigénio, dessaturando abaixode 85%
e apresentava frequéncia respiratéria alta, resolvemos
seda-locom midazolam. Foram administradas doses repeti-
dasde 1 mg para manté-lo sedado, tendo-se associado 2 mg
demorfina. Acirurgia estava sendorealizadaemumaclinica
que nao dispunha de Unidade de Terapia Intensiva (UTI), e
isto demandou algum tempo até prepararmos com seguran-
¢a a transferéncia do paciente para um hospital que tivesse
mais recursos para a confirmagao do diagndstico e institui-
¢ao do tratamento adequado.

Até achegadanaUTIldo hospital de apoio decorreram cerca
de 90 minutos. Até entao, o paciente foi ventilado com circui-
tosdeBainouRees-BarakacomFiO,de 1, mantendo satura-
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¢ao de 90 a 96%. Na UT]I foi colocado em ventilagao pulmo-
nar mecanica com pressao inspiratéria de 20 cmH,0, FR =
20,PEEP=10cmH,0, modalidade SIMV com pressdo de su-
porte de 10 cmH,0 e FiO, de 1. Aradiografia de térax, feita 2
horas ap6s o inicio da complicagdo, mostrou ampla consoli-
dacao parenquimatosa com componente atelectasico do
lobo superior do pulmao direito, enquanto se observavainfil-
trado intersticial difuso bilateral e leve grau de hiperexpan-
sao vicariante do pulmé&o esquerdo (Figura 1). Aradiografia
mostrava que ndo haviaintubagao seletivaque justificassea
atelectasiado pulméodireito e resolvemosfazer, entdo, uma
fibrobroncospia, que mostrou brénquios pérvios, sem pre-
sengade corpo estranho, havendo pequenos pontos hemor-
ragicos na mucosa brénquica e abundante secregao discre-
tamente rosada no pulmao direito, concluindo tratar-se de
consolidagao do lobo superior do pulméo direito devido a
grande quantidade de liquido a direita.

Figura 1 - Radiografia de Térax no Pés-Operatério Imediato

O paciente foi sedado com infusao continua de propofol na
dosede50a70 pg.kg'1 .min""e morfina 1 mg em bolus acada
3horas. Foimantido, também, diclofenaco supositério25mg
a cada 8 horas.

Aprotese respiratériafoi progressivamente ajustada para se
conseguir SpO,acimade 90% com FiO,abaixode 0,6. Cerca
de2horasaposoiniciodaventilagdo com pressao positivao
paciente apresentava saturagédo acima de 90% com FiO, de
0,5 e PEEP de 10 cmH,O. Foi realizada gasometria arterial
que mostrou pH 7,44, PaO, 166 mmHg, PaCO, 32 mmHg,
HCOg19mEq.L'1. Umanovaradiografiadetoraxfeita4 horas
apoés a primeira mostrou desaparecimento da atelectasia do
pulmao direito e ficou evidente o infiltrado difuso dos pul-
moes, mais acentuado a direita. Apdés 6 horas de suporte
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EDEMA PULMONAR ASSIMETRICO POR PRESSAO NEGATIVA POS-OBSTRUGAO
AGUDA DE VIA AEREA SUPERIOR. RELATO DE CASO

ventilatorio asaturagdoeramantidaem96% comFiO,de 0,4
e PEEP de 8 cmH,0. Apds 12 horas de suporte ventilatorio o
paciente mantinha saturagdo de 96% com FiO, de 0,35 e
PEEP de 5 cmH,0, mostrando significativa melhora, mas foi
mantida a ventilagdo mecanica até a vigésima hora, quando
foiretirado o ventilador e procedida a extubacéo. O paciente
manteve-se bem com freqiiéncia cardiaca normal, sem es-
forgo respiratorio e saturagéo de 96% com O, (1 L.min'1) por
cateter nasal. Umaradiografia de térax feita apds extubacao
e cercade 24 horas apds o evento mostrou acentuada melho-
ra, porém, persistia infiltrado intersticial residual com peque-
nas consolidagdes alveolares a direita, com o pulméo esquer-
do praticamente limpo, caracterizando até mesmo no proces-
so resolutivo a assimetria do edema pulmonar (Figura 2).

Figura 2 - Radiografia de Torax 24 Horas Apos

Apo6s 10 horas da extubagao ou seja, 30 horas apds o inicio
da complicacéo, a saturacao estava 96% em ar ambiente e
foi retirado o cateter nasal, ficando sem suplementagéo de
oxigénio. Ventilavam bem ambos os pulmdes, com ausculta
normal, recebendo alta da UTI.

No dia seguinte (48 horas apds o evento) o paciente estava
bem, com ausculta pulmonar normal, com SpO, de 96% em
ar ambiente. Recebeu alta para casa.

Radiografia de térax realizada 72 horas apos oinicio do ede-
ma pulmonar estava praticamente normal, mas ainda persis-
tiam pequenos infiltrados no lobo superior do pulméo direito
(Figura 3).

DISCUSSAO

Realizamos uma reviséo nalliteratura internacional e encon-
tramos 108 casos de edema pulmonar por pressdo negativa
intratoracica pos-obstrucdo de via aérea. Nesta pesquisa
constatamos que a primeira publicagcado de edema pulmonar
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Figura 3 - Radiografia de Térax 72 Horas Apds

pos-obstrucéo de via aérea foiem 1977 por Oswalt e col. 2,
porém, nenhum dos trés casos relatados eram devidos a
obstrugdo de via aérea superior durante anestesia. Os pri-
meiros casos de edema pulmonar por pressao negativa in-
tratoracica devido a obstrugéo de via aérea (laringoespas-
mo) ocorridos durante anestesia comegaram a ser publica-
dosnadécadade 80 '. NoBrasil, Doval *fezo primeirorelato
em 1987, e desde entdo apenas 11 casos foram relatados
311 O estudoretrospectivo mais amplo foirealizado por Dee-
pika e col.?,em 1997, que levantou os prontuarios de 31.826
cirurgias realizadas de 1992-1995 no Jackson Memorial
Hospitalda Universidade de Miamie encontrouorelatode 30
casos de edema pulmonar por pressao negativa (EPPN). A
incidéncia de EPPN foi de 0,094% e ocorreu dentro de pou-
cos minutos apods o inicio da obstrugdo da via aérea. Esta
obstrugdo foi mais comum no periodo pods-extubagao em
73,4% e em todos foi devido a laringoespasmo. Nos restan-
tes 26,6%, aobstrucdo aguda davia aéreaocorreudurante o
manuseio da via aérea. Estas obstru¢cdes pré-operatorias
eram devidas a tumores, angina de Ludwig e laringoespas-
mo. Intubacgao e ventilagdo com pressao positiva expiratoria
finalforamrealizadasem 83,3% dos casos e apenas 20% ne-
cessitaramde ventilagdo mecénica pormais de 24 horas. To-
dos os pacientes sobreviveram.
Arevisdodalliteraturasugere umaincidénciade 0,5a1/1000
anestesias "*"°, ocorrendo em 5 a 10% dos episodios de
obstrugao de viaaérea superior ', sendo mais comum em ho-
mens jovens e saudaveis, que sao mais capazes de criar
grandes diferencas de presso negativa .
Olaringoespasmo é definido comoumaoclusao daglote, se-
cundario a contragdo dos musculos constritores laringeos
(interaritendides, cricoaritendides laterais e tireoaritendides
internos e externos), em resposta a um estimulo. O laringo-
espasmo e broncoespasmo sao manifestagdes do sistema
reflexo defensivo das vias aéreas superiores e pulmdes. No
laringoespasmo, o espasmo muscular ocorre em resposta a
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estimulos mecénicos ou quimicos intrinsecamente ou ex-
trinsecamente a estimulos dolorosos, envolvendo todos os
musculos do laringe, da parede toracica e os musculos lisos
daarvoretraqueobrdnquica. Estereflexo protetor é mediado
pelo nervo vago %',

O laringoespasmo ocorre na grande maioria das vezes na
emergéncia da anestesia no periodo peri-extubac&o , tanto
com tubos endotraqueais, como com mascara laringea 16,
porém, pode ocorrer maisraramente quando houverumesti-
mulonociceptivointensonaareacirurgica, em plano superfi-
cialde anestesia. Este evento pode gerarniveis elevados de
pressao negativa intrapleural e provocar edema pulmonar
17,18

Afisiopatologia do edema pulmonar depois de laringoespas-
mo e obstrucdo davia aérea superior parece ser multifatorial
2.0 mecanismo predominante é a geracéo de significativa
pressio negativa intrapleural '®?° que pode variar de -50 a
-100mmHg?"# aqual étransmitida paraointersticio pulmo-
nar, aumentando o retorno venoso para o lado direito do co-
ragao e produzindo um aumento da presséao hidrostatica ca-
pilar pulmonar. Este fendmeno constitui-se no evento inicial
da formagao do edema pulmonar 2. Devido a interdepen-
déncia ventricular, a distensao ventricular direita pode dimi-
nuiracomplacénciaventricularesquerdapordesviarosepto
para a esquerda, aumentando a pressao diastdlica final do
ventriculo esquerdo, bem como a presséao capilar pulmonar
2,23

Emboraapressaonegativaintrapleural sejaoevento patolo-
gico primario na génese do edema pulmonar, hipoxia, hiper-
capnia, acidose e o estado hiperadrenérgico contribuem
paraoseu desenvolvimento?. Hipoxemiaaumentamaisare-
sisténcia vascular pulmonar pré-capilar do que pds-capilar
24 resultando em aumento da press&o capilar pulmonar em
cunha. Ahipoxemia altera a integridade capilar e precipita a
ativagdo adrenérgica. A maior liberagcédo de catecolaminas
associada a hipercarbia leva a maior redistribuicdo do san-
gue da circulagdo sistémica para o circuito pulmonar, levan-
do a aumento da resisténcia vascular pulmonar. Além disto,
hipoxemia e acidose sdo conhecidas porsuaagaodepresso-
ra miocardica que contribui para a formagao do edema pul-
monar 2.

Um trabalho recente em ratos demonstrou piora da depura-
c¢dodoliquidoalveolar poragentes anestésicos volateis (ha-
lotano eisoflurano)?®, aumentando a possibilidade de que os
anestésicos possam estar envolvidos na patogénese. Ade-
pressao miocardica provocada pelo agente anestésico resi-
dual no inicio do pos-operatério pode tornar este momento
particularmente susceptivel paraodesenvolvimentode ede-
ma pulmonar .
Oedemapulmonarseapresentacomroncos e estertores bo-
lhosos a ausculta, dispnéia, cianose e secregao rosea aera-
da®*.0 diagnéstico diferencial inclui aspiracéo de conteudo
gastrico,doengacardiacaoculta, sobrecargahidrica e anafi-
laxia "?®. Em nosso caso no houve regurgitagéo de conteu-
do gastrico, pois a broncoscopia, a radiografia de térax e a
evolugao do caso nao mostraram qualquer indicio de pneu-
monite aspirativa. Foram infundidos apenas 250 ml de solu-
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¢ao de Ringer com lactato durante a cirurgia, descartando
sobrecarga hidrica. Ndo havia qualquer indicio de doenga
cardiovascularnonosso paciente. Damesmaforma, anafila-
xiaapresentar-se-iacomeritema, choque, edematissularou
outrosinaldeliberagéo histaminica, nenhum destes verifica-
do em nosso paciente.

Umimportante exame para o diagndsticode EPPN é aradio-
grafia simples de térax, que mostra edema com padrao al-
véolo-intersticial difuso, provavelmente bilateral, mais cen-
tralizado com pediculo pulmonar alargado e area cardiaca
normal #’. Edema pulmonar unilateral tem sido raramente
publicado e, como causas, tém sido descritos o decubito do
paciente, quando os efeitos gravitacionais poderiam expli-
car a apresentagao, devido ao aumento do volume sangui-
neo e dapressaoarterial pulmonarno pulmao pendente 222°,
eparalisiadodiafragmadevidoabloqueiointerescalénico®.
O nosso paciente apresentou edema pulmonar mais acentu-
ado no pulméo direito, sem qualquer relagéo com a postura,
jaque o paciente esteve o tempo todo em decubito dorsal, o
que nos levaria a conjecturar que eventualmente houve dife-
renca de pressao negativa entre os dois hemitorax, sendo
muito maior a presséo negativa no hemitérax direito, justifi-
cando-se o acentuado edema pulmonar a direita, inclusive
com atelectasia lobar superior. Esta acentuada assimetria
do edema pulmonar do nosso caso, sem ser unilateral, é o
fato que o torna singular.

Broncoscopiarealizada para descartar a presenga de corpo
estranhorevelou auséncia de qualquer fator obstrutivo e ha-
via apenas grande quantidade de secrecao sero-sanguino-
lenta . O grande edema pulmonar direito diminuiu acentua-
damente a complacéncia deste pulméo, resultando em ate-
lectasia do lobo superior e consequente hiperinsuflacdo do
pulméo esquerdo (Figura 1).

Os achados broncoscopicos freqliientes no EPPN s&o pon-
tos hemorragicos difusos na mucosa de traquéia e bron-
quios, sugerindo que sejam devidos a ruptura da vascula-
tura brénquica. Isto provavelmente contribui para o aspecto
roseo da secrecéo .

Na maioria dos relatos de casos publicados, 85% dos pacien-
tesforamreintubados e ventilados com PEEP 2. Porémalguns
casos podem ser tratados com CPAP sob mascara facial ou
com prong nasal. Recentemente McConkey "relatou 6 casos
de edema pulmonar pds-obstrucao de via aérea, dos quais
apenas um paciente foi reintubado.

Alivio precoce do laringoespasmo com bloqueio neuro-
muscular tem sido sugerido como medida preventiva. Isto
prevenira a presséo negativa intratoracica, a descarga
adrenérgica e a hipdxia relacionados a patogénese do
edema pulmonar poés-obstrutivo '. Talvez ndo seja ade-
quado reintubar estes pacientes sem usar bloqueador neu-
romuscular, ja que este estimulomecéanico e dolorososem
relaxamento pode agravar os fatores etiopatogénicos do
edema pulmonarz. Asuccinilcolina pelarapida agao seria
adroga de escolha ' Algumas vezes doses baixas de 5 a
10 mg de succinilcolina sao suficientes para tratar o larin-
goespasmo %2
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Diurético tem sido usado em alguns relatos, porém, nao pa-
rece haver nenhumaindicacéo para essaterapia '>'°. Igual-
mente, ndo esta indicada a corticoterapia 2'%*2.

A prevencédo do EPPN é dificil, mas deve-se pensar nessa
patologia em pacientes propensos (jovens, obesos, com hi-
perreatividade de via aérea, apnéia do sono e intubacéo difi-
cil) '°. Poder-se-ia imaginar que a extubagao em plano mais
profundo poderia evitar o laringoespasmo; porém, alguns
estudos tém mostrado que a incidéncia de laringoespasmo
em criangas é maiorno grupo extubadoem plano anestésico
doquenogrupoacordado %3 Namaioriados casos relatados
de edema pulmonar pds-obstrutivo em criangas, o tubo tra-
queal havia sido retirado antes do despertar 3.

Pelo exposto, de acordo com dados da literatura podemos
concluir que:

a) O EPPN é uma entidade rara com alto grau de morbida-
de. E pouco diagnosticada e exige do anestesiologista
conhecimento atualizado e tratamento adequado;

b) O paciente, preferencialmente, deve ser extubado acor-
dado, ja que principalmente os pacientes pediatricos
apresentam maior incidéncia de EPPN quando extuba-
dos néo acordados;

c) Prevencéo e alivio precoce da obstrugao da via aérea,
evitando-se hipoxemias graves prolongadas (SpO, abai-
xo de 80%) diminuem a incidéncia de EPPN, usando
para tanto bloqueador neuromuscular para reintubacéo
ou para permitir ventilagdo sob mascara facial;

d) O edema pulmonar freqlientemente é bilateral, podendo
ser assimétrico e, raramente, unilateral;

e) Aterapia na maioria dos casos € baseada em ventilagéo
com PEEP ou CPAP, intubado ou ndo, e nenhuma outra
terapia medicamentosa seria necessaria;

f) O prognéstico € bom, com melhora na maioria dos casos
nas primeiras 24 horas.

Asymmetric Pulmonary Edema Negative
Pressure After Acute Upper Airway
Obstruction. Case Report

Aldo José Peixoto, TSA, M.D.
INTRODUCTION

Negative pressure pulmonary edema after acute airway ob-
struction is a well described event, though infrequently diag-
nosed and reported '. Little more than 100 cases are re-
ported in the international literature under several names,
such as, “post-obstructive pulmonary edema”, “negative
pressure pulmonary edema”, or “laryngospasm-induced pul-
monary edema” '. There are only 11 cases reported in the
Brazilian literature *"".
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This report aimed at describing a case of negative pressure
pulmonary edema after acute upper airway obstruction char-
acterized by asymmetric edema, more prominentin the right
lung.

CASE REPORT

A4-year-old boy, 17 kg, physical status ASA |, without other
diseases, allergies or previous anesthesias, submitted to
combined tonsillectomy, adenoidectomy and turbinate cau-
terization. Monitoring consisted of precordial stethoscope,
ECG, pulse oximetry, capnography and non-invasive blood
pressure. Patientwas not premedicated and inhalational an-
esthesia was induced in the presence of the parents with fa-
cial mask and sevoflurane/nitrous oxide/O,, using a Bain cir-
cuit. Acatheter was theninserted in a peripheral vein and 10
ug fentanyl and 20 mg lidocaine were injected. Anesthesia
was maintained with 5% sevoflurane and nitrous oxide/O5in
a2:1ratio. Trachealintubationwas performed witha 5.5 tube
without cuff or neuromuscular blockers and ventilation was
manually controlled. Rectal 25 mg diclofenac were adminis-
tered for postoperative analgesia and 2 mg dexametasone
were administered aiming at nausea and vomiting preven-
tion. Immediately before surgery, 10 ug fentanyl were adminis-
tered and anesthesia was maintained with 2% to 4%
sevoflurane with 60% nitrous oxide and 40% oxygen. One
hour after beginning of surgery, additional 10 ug fentanyl
were administered. Surgery duration was 1 hour and 30
minutes and there were no complications.

During anesthetic recovery and spontaneously breathing,
patientreacted tothe tracheal tube which was then removed.
Following, ventilatory efforts resulted in chest wall retraction
withoutapparentairmovement. We tried to ventilate him with
a facial mask, however without success and with a progres-
sive saturation decrease which reached 50%. Patient was
reintubated without neuromuscular blockers and was manu-
ally ventilated with Bain’s circuit. There was animmediate im-
provementin saturationwhich reached 98% with FiO, of 1. At
this point, itwas observed that the lung was stiffer for ventila-
tion, and auscultation revealed diffuse bilateral rales, more
prominenttotheright. Since the patientwould nottolerate ox-
ygen inspired fraction decrease, was desaturating below
85% and presented high respiratory rate, we decided to se-
date him with midazolam. Repeated 1 mg doses were admin-
istered to maintain sedationand 2 mg morphine were associ-
ated. Surgery was being performed in a clinic without Inten-
sive Care Unit (ICU) and this demanded some time for us to
prepare patient’s safe transfer to a hospital with more re-
sources to confirm diagnosis and start treatment.

It took approximately 90 minutes to get to the ICU. Mean-
while, the patient was ventilated with Bain or Rees-Baraka
circuits with FiO, of 1, maintaining 90% to 96% saturation. In
the ICU, patient was placed in mechanical ventilation with
inspiratory pressure = 20 cmH,O, HR = 20, PEEP = 10
cmH,0, SIMV modality with supporting pressure=10cmH,0
and FiO;, = 1. Chest X-ray, made 2 hours after beginning of
symptoms, showed wide parenchymal consolidation with
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rightlung upper lobe atelectasis, while a bilateral diffuse, in-
terstitial infiltrate was observed, together with a mild left lung
vicarious hyperexpansion (Figure 1). X-ray showed that
there was no selective intubation justifying right lung
atelectasis and we decided for a fibrobronchoscopy which
showed patent bronchi, without foreign bodies, with small
bronchial mucosa hemorrhages and abundant pinkish right
lung secretion. The conclusion wasrightlungupperlobe con-
solidation due to the large amount of fluid to the right.
Patient was sedated with 50 to 70 ug.kg™".min™" propofol con-
tinuous infusion and 1 mg bolus morphine every 3 hours.
Rectal 25 mg diclofenac was also maintained at 8-hour inter-
vals.

Respiratory prosthesis was progressively adjusted to obtain
SpO, above 90% with FiO, below 0.6. Approximately 6 hours
after starting positive pressure ventilation patient presented
with saturation above 90% with FiO, = 0.5 and PEEP =10
cmH0. Arterial blood gases were analyzed and showed pH
=7.44,Pa0,=166cmH,0,PaCO,=32mmHgandHCO;=19
mEq.L'1. Another chest X-ray, 4 hours after the first, showed
the disappearance of right lung atelectasis and evidenced
lung diffuse infiltrates, more prominent to the right. After 6
hours of ventilatory support, saturation was maintained at
96% with FiO, = 0.4 and PEEP =8 cmH,0. After 12 hours of
ventilatory support, saturation was maintained at 96% with
FiO, = 0.35 and PEEP = 5 cmH,0, showing significant im-
provement, butmechanical ventilationwas maintained for 20
hours when patient was weaned and extubated. Patient’s
conditions were good, with normal respiratory rate, without
respiratory effort and 96% O, saturation by nasal catheter (1
L.min'1).AchestX-rayafterextubation and approximately 24
hours after the event has shown marked improvement, how-
ever with persistent residual interstitial infiltrate with minor

Figure 1 - Chest X-Ray in the Immediate Postoperative Period
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alveolarconsolidations to the rightand with the leftlung virtu-
ally clean, characterizing pulmonary edema asymmetry res-
olution (Figure 2).

Ten hours afterextubation, thatis, 30 hours after beginning of
complication, saturation was 96% in room air and nasal cath-
eter was removed. Patient satisfactorily ventilated both
lungs with normal auscultation and was discharged from
ICU.

The following day (48 hours after the event) patient was in
good conditions, with normal pulmonary auscultation, with
96% SpO; in room air and was discharged.

A chest X-ray performed 72 hours after beginning of pulmo-
nary edema was almost normal, but there were still minor
right lung upper lobe infiltrates (Figure 3).

Figure 3 - Chest X-ray 72 Hours After
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ASYMMETRIC PULMONARY EDEMA NEGATIVE PRESSURE AFTER
ACUTE UPPER AIRWAY OBSTRUCTION. CASE REPORT

DISCUSSION

Areview oftheinternationalliteratureresultedin 108 cases of
negative pressure pulmonary edema after airway obstruc-
tion. The first case was reported in 1977 by Oswalt et al. 2,
howevernone ofthe three casesreported were caused by up-
per airway obstruction during anesthesia. The first cases of
negative pressure pulmonary edema after airway obstruc-
tion (laryngospasm) during anesthesiawere published inthe
80s "®. In Brazil, Doval ® published the first reportin 1987 and
fromthen on, only 11 cases were reported *"". Abroader ret-
rospective study was performed by Deepika et al. % in 1997,
who studied the records of 31,826 surgeries performed from
1992 to 1995 in the Jackson Memorial Hospital, University of
Miami, and have found 30 cases of negative pressure pulmo-
nary edema (NPPE). The incidence of NPPE was 0.094%
and complications have occurred few minutes after airway
obstruction. This obstruction was more common after
extubation (73.4%) and in all cases was caused by
laryngospasm. In the remaining 26.6%, acute airway ob-
structionoccurred during airway manipulation. These preop-
erative obstructions were caused by tumors, Ludwig’s an-
gina and laryngospasm. Intubation and end expiratory posi-
tive pressure ventilation were performed in 83.3% of cases
and only 20% needed mechanical ventilation for more than
24 hours. All patients survived. Literature suggests an inci-
dence of 0.5to 1/1000 anesthesias ">, with anincidence of
5% to 10% of upperairway obstruction ', being more common
inyoung and healthy males who are more predisposed toma-
jor negative pressure differences %',

Laryngospasmis defined as glottic occlusion, secondary to
laryngeal constrictor muscles contraction (interarytenoids,
lateral cricoarytenoids, and internal and external thyroary-
tenoids), in response to a stimulation. Laryngospasm and
bronchospasm are manifestations of upper airways and
lungs defensive reflex system. During laryngospasm,
spasm is aresponse to mechanical or chemical stimulation
intrinsic or extrinsic to painful stimulation, involving all la-
ryngeal and chest wall muscles, and tracheobronchial tree
smooth muscles. This protective reflex is mediated by the
vagus nerve 2.

Laryngospasm is more often seen in anesthetic emergence
during extubation 2 both with tracheal tubes and laryngeal
mask '®. However, itmay be less frequentwhen there is ama-
jor noxious stimulation in the surgical site during anesthesia
recovery. This may generate high intrapleural negative pres-
sure levels and cause pulmonary edema "8
Pathophysiology of pulmonary edema after laryngospasm
and upper airway obstruction seems to be multifactorial 2
Major mechanismis the generation of significantintrapleural
negative pressure '*?°, which may vary from -50 to -100
mmHg 2?2 This pressure is then transmitted to the pulmo-
nary interstitium increasing venous return to the right side of
the heartand causing anincrease in pulmonary capillary hy-
drostatic pressure. This is the initial pulmonary edema event
%23 Due to ventricular interdependence, right ventricular
distension may decrease left ventricular compliance by emp-
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tyingthe septumtotheleftandincreasingleftventricle end di-
astolic pressure and pulmonary capillary pressure >,
Intrapleural negative pressure is the primary pathological
event in the genesis of pulmonary edema, but hypoxia,
hypercapnia, acidosis and hyperadrenergic states also con-
tribute to its development 2 Hypoxemia increases more
pre-capillary than post-capillary pulmonary vascular resis-
tance %4, resulting in an increase in wedge pressure.
Hypoxemia changes capillary integrity and triggers
adrenergic activation. Ahigher catecholamine release asso-
ciatedto hypercarbialeads toincreased systemic circulation
blood redistribution to the pulmonary circuit, leading to anin-
crease in pulmonary vascular resistance. In addition,
hypoxemia and acidosis are known for their myocardial de-
pressing action, which contributes to pulmonary edema de-
velopment 2.

A recent study with rats has shown a worsening in alveolar
fluid clearance by volatile anesthetics (halothane and
isoflurane) %, increasing the possibility of anesthetics in-
volvement in the pathogenesis. Postoperative myocardial
depression caused by residual anesthetic agents may make
thismomentespecially susceptible for pulmonary edemade-
velopment .

Pulmonary edema presents with stertors and bulbous rales
atauscultation, dyspnea, cyanosis and airy pinkish secretion
% Differential diagnosis includes gastric content aspiration,
hidden heart disease, fluid overload and anaphylaxis '2°.
There has been no gastric content regurgitation in our case
becausebronchoscopy, chest X-rayand case evolution have
not shown any evidence of aspirative pneumonitis. Fluid
overloadwasruled outbecause only 250 mllactated Ringer’s
solution were infused during surgery. Our patient had no
signs of cardiovascular disease. Anaphylaxis would present
with erythema, shock, tissue edema or any other sign of his-
tamine release, but none of these signs were presentin our
patient.

A simple chest X-ray showing edema with diffuse, probably
bilateral, alveolar-interstitial pattern, more centralized with
enlarged pulmonary pedicle and normal heartisaveryimpor-
tantexam for the diagnosis of NPPE " Unilateral pulmonary
edema reports are infrequent in the literature and causes
have been patients’ position when gravitational effects could
explain the presentation due to the increased blood volume
and pulmonary pressure in the pending lung %° and dia-
phragm paralysis due to interscalenic block % our patient
had a pulmonary edema more pronounced in the right lung
without any relationship with position since the patient re-
mained all the time in the supine position. This made us think
about a difference in negative pressure between both
hemithorax with a higher negative pressure in the right
hemithorax, thusjustifyingamarked pulmonary edematothe
right, even with upper lobe atelectasis. This pronounced pul-
monary edema asymmetry in our patient, without being uni-
lateral, is what makes this case peculiar.
Abronchoscopy torule outthe presence of foreign bodies re-
vealed the absence of any obstructive factor with justalarge
amount of serum-bloody secretion. The large right pulmo-
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nary edemahas markedly decreased thislung’s compliance,
resulting in upper lobe atelectasis and consequent left lung
inflation (Figure 1).

Frequent NPPE bronchoscopic findings are diffuse hemor-
rhages in tracheal and bronchial mucosa, suggesting that
they were caused by bronchial vessels rupture. This may
probably contribute tothe pinkish aspectofthe secretion®”.
In most publications, 85% of patients were reintubated and
ventilated with PEEP 2. Some cases, however, may be
treated with CPAP under facial mask or nasal prong. Re-
cently, McConkey " has reported 6 pulmonary edemas after
airway obstruction of which only one was reintubated.
Early laryngospasm relief with neuromuscular blockers has
been suggested as a preventive measure. This would pre-
vent intrathoracic negative pressure, adrenergic discharge
and hypoxia implied in post-obstructive pulmonary edema
pathogenesis ' Maybe patients should not be reintubated
without neuromuscular blockers since this mechanical and
painful stimulation without relaxation could worsen pulmo-
nary edema ethiopathogenic factors 2. For its fast onset,
succynilcholine would be the drug of choice '. Sometimes,
low 5 to 10 mg succynilcholine doses are enough to treat
laryngospasm %2,

Diuretics have been used in some reports, but it does not
seem to be an indication for such therapy "2'°. Similarly, ste-
roid therapy is not indicated 2"%%2,

NPPE prevention is difficult, but one should think about this
pathology in susceptible patients (young, obese, with airway
hyper-reactivity, sleep apnea and difficultintubation) ' One
could think that extubation in a deeper anesthesia plane
could avoid laryngospasm, but some studies have shown
thattheincidence oflaryngospasmin childrenis higherinthe
anesthetized group as compared to the awaken group *. In
most post-obstructive pulmonary edema reports in children,
tracheal tube had been removed before emergence **°°.
Forwhathasbeendescribed, and according to the literature,
one may conclude that:

a) NPPE is an infrequent event with high morbidity rate. Itis
not always diagnosed and requires updated knowledge
and adequate treatment;

b) Ideally, patients should be extubated awaken since es-
pecially pediatric patients have a higher NPPE incidence
when extubated before emergence;

c) Prevention and early airway obstruction relief avoiding
severe prolonged hypoxemia (SpO, below 80%) will de-
crease NPPE incidence. For such, neuromuscular bloc-
kers should be used for reintubation or to allow
ventilation under facial mask;

d) Pulmonary edema is often bilateral, may be asymmetric
and is seldom unilateral;

e) Therapy in most cases is based on PEEP or CPAP venti-
lation, intubated or not, and no other drug therapy is ne-
cessary;

f) Prognosis is favorable with most improvements occurring
during the first 24 hours.
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RESUMEN
Peixoto AJ - Edema Pulmonar Asimétrico por Presién Negativa
P6s-Obstruccion Aguda de Via Aérea Superior. Relato de Caso

Justificativa y Objetivos - Edema pulmonar por presion
negativa pos-obstrucciéon de via aérea actualmente es una
entidad bien descrita, no obstante, probablemente poco
diagnosticada y los casos poco publicados. El objetivo de este
relato es presentar un caso de edema pulmonar por presion
negativa pés-obstruccion de via aérea superior, cuya principal
caracteristica fue la asimetria de edema pulmonar, siendo
mucho mas acentuado en el pulmén derecho.

Relato de Caso - Nifio de 4 afios, 17 kg, ASA |, fue sometido a
adenoamigdalectomia y cauterizaciéon de cornetes, bajo
anestesia general con sevoflurano/6xido nitroso/O,. La cirugia
duré 1 hora y 30 minutos sin cualquier interocurrencia. Con la
superficializaciéon de la anestesia y el paciente, ventilando
espontaneamente, reaccioné al tubo, que fue retirado.
Después de esto, los esfuerzos ventilatorios resultaron en
retraccion de la pared toracica, sin aparente movimiento de
aire siendo imposible ventilarlo con méascara facial, ocurriendo
hipoxemia grave (SpO, de 50%) necesitando ser reintubado.
En este momento fue verificado que el pulmén se encontraba
mas duro y habia estertores bilateralmente, caracterizando
edema pulmonar. Una radiografia de térax mostroé infiltracion
pulmonar difuso bilateralmente, no obstante, con atelectasia
del lobo superior derecho, mostrando acentuada asimetria de
edema pulmonar. El paciente tuvo que ser ventilado
mecanicamente con PEEP durante 20 horas, cuando fue
extubado. Hubo mejoria progresiva del edema pulmonar,
recibiendo alta en 48 horas.

Conclusiones - El edema pulmonar por presién negativa es
una entidad rara con alto grado de morbidad, poco
diagnosticada y exige del anestesiologista conocimiento
actualizado y tratamiento adecuado. Normalmente es bilateral,
raramente unilateral y excepcionalmente con expresiva
asimetria como en nuestro relato. La mayoria de los casos es
tratada con soporte ventilatorio con PEEP o CPAP, no
necesitando de cualquier otra terapia. El prondstico es bueno,
con mejoria en la mayoria de los casos en las primeras 24
horas.
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