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Edema Agudo Pulmonar Associado a Obstrucao
das Vias Aeéreas. Relato de Caso*
Acute Pulmonary Edema Associated with Obstruction of the Airways.
Case Report

Flora Margarida Barra Bisinotto, TSA!, Ricardo de Paula Cardoso?, Tania Mara Vilela Abud®

RESUMO
Bisinotto FMB, Cardoso RP, Abud TMV — Edema Agudo Pulmonar
Associado a Obstrucéo das Vias Aéreas. Relato de Caso.

JUSTIFICATIVA E OBJETIVOS: O edema pulmonar por pressao
negativa tem sido definido como edema néo-cardiogénico, com
transudacgao de liquido para o intersticio pulmonar, por aumento na
press&o negativa intratoracica, ocasionado pela obstrucdo das vias
aéreas superiores. Descreveu-se o caso de paciente higida, sub-
metida a anestesia geral, que apresentou edema agudo pulmonar
apos a extubagao traqueal.

RELATO DO CASO: Paciente de 23 anos, sexo feminino, estado
fisico ASA I, submetida a anestesia geral para videolaparoscopia
ginecoldgica. O procedimento durou 3 horas, sem intercorréncias.
ApOs a extubagdo, a paciente apresentou laringoespasmo e dimi-
nuicdo da saturacdo de oxigénio. Houve melhora apds colocacdo
de canula oral e administragcdo de oxigénio, sob pressdo positiva,
com mascara facial. Estabilizado o quadro, foi encaminhada a sala
de recuperacdo pés-anestésica, onde, logo apds a admisséao,
apresentou edema agudo de pulm&o com eliminagdo de secrecdo
serossanguinolenta. O tratamento constou de elevacdo do dorso,
oxigénio sob mascara, furosemida e restricdo hidrica. A radiogra-
fia toracica mostrou imagem compativel com edema agudo pul-
monar e area cardiaca normal. O eletrocardiograma (ECG),
ecocardiografia e enzimas cardiacas estavam normais. A pacien-
te apresentou boa evolugéo, recebendo alta hospitalar no dia se-
guinte, assintomatica.

CONCLUSOES: O edema agudo de pulméo associado a obstru-
¢do das vias aéreas superiores é condigéo clinica que pode agra-
var procedimentos cirdrgicos de baixa morbidade e que aparece
sobretudo em pacientes jovens. O tratamento deve ser instituido
precocemente, pois a resolucdo também é rapida e, na maioria das
vezes, sem seqlielas.
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SUMMARY
Bisinotto FMB, Cardoso RP, Abud TMV — Acute Pulmonary Edema
Associated with Obstruction of the Airways. Case Report.

BAKGROUND AND OBJECTIVES: Negative pressure pulmonary
edema has been defined as non-cardiogenic edema, with transu-
dation of fluid to the interstitial space of the lungs due to an increase
in negative intrathoracic pressure secondary to obstruction of the
upper airways. This is the case of a healthy patient who underwent
general anesthesia and developed acute pulmonary edema after
extubation.

CASE REPORT: A 23-year old female patient, physical status ASA
I, underwent gynecologic videolaparoscopy under general anes-
thesia. The procedure lasted 3 hours without intercurrence. After
extubation the patient developed laryngeal spasm and reduction in
oxygen saturation. The patient improved after placement of an oral
cannula and administration of oxygen under positive pressure with
a face mask. Once the patient was stable she was transferred to
the recovery room where, shortly after her arrival, she developed
acute pulmonary edema with elimination of bloody serous secretion.
Treatment consisted of elevation of the head, administration of
oxygen via a face mask, furosemide and fluid restriction. Chest X-ray
was compatible with acute pulmonary edema and normal cardiac
area. Electrocardiogram (ECG), echocardiogram and cardiac
enzymes were normal. The condition of the patient improved and she
was discharged from the hospital the following day, asymptomatic.

CONCLUSIONS: Acute pulmonary edema associated with obstruc-
tion of the upper airways can aggravate surgical procedures with low
morbidity, affecting mainly young patients. Early treatment should
be instituted because it has a fast evolution and, in most cases,
resolves without lasting damages.

Key Words: AIRWAYS: negative pressure; obstruction; COMPLI-
CATIONS: pulmonary edema.

INTRODUCAO

O edema pulmonar por pressdo negativa (EPPN) tem sido
definido como um edema néo-cardiogénico, no qual ocorre
transudagdo de liquido para intersticio pulmonar em respos-
ta a aumento na pressao negativa intratoracica, decorrente
sobretudo de obstrugdo das vias aéreas superiores (VAS),
ap6s a extubacgao traqueal 3. Apresenta-se com quadro
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clinico tipico, com secre¢do pulmonar abundante, as vezes
sanguinolenta, facilmente reconhecido clinica e radiologica-
mente. E um evento que poucas vezes tem sido relatado. O
objetivo foi descrever um caso de edema agudo de pulmao
nao-cardiogénico desencadeado pelo aumento da presséo
negativa intratoracica em paciente jovem submetida a vi-
deolaparoscopia ginecolégica, e discutir aspectos relacio-
nados com a fisiopatologia, o diagnéstico e a abordagem
terapéutica dessa complicagdo pos-anestésica imediata.

RELATO DE CASO

Paciente de 23 anos, sexo feminino, branca, 50 kg e 1,75 m,
estado fisico ASA Il, com histéria de infertilidade primaria e
cisto anexial persistente, sugestivo de endometrioma pela
ultra-sonografia. Foi programada videolaparoscopia diag-
néstica. A avaliagéo pré-anestésica foi realizada em regime
ambulatorial, segundo rotina do Servi¢co de Anestesiologia *.
A paciente apresentava, como dados positivos, histéria de
tabagismo ha mais de 10 anos, com consumo de cerca de
20 cigarros por dia e também alergia a sulfa. O exame fisi-
co era normal, assim como os exames laboratoriais e radio-
grafia toracica. Na internacdo ndo apresentava alteracéo
do quadro. Na sala cirurgica foi instalada venéclise em
membro superior com canula 18G e monitoragdo com
oximetro de pulso, pressao arterial ndo-invasiva e eletro-
cardiograma (ECG) continuo em D,. A indugdo anestésica
foi feita com midazolam (3 mg), fentanil (100 ug) e propofol
(100 mg). A intubacao traqueal foi facilitada com atracurio
(25 mg) e realizada sem intercorréncias com céanula 7,5 mm
com balonete. A seguir, a paciente foi colocada em ventila-
¢do controlada mecénica, com volume corrente de 400 mL
e freqiiéncia respiratéria ajustada pela capnografia. A anes-
tesia foi mantida com oxigénio a 100% e enflurano. Recebeu,
ainda, ondansetron (4 mg) e cefalotina (1 g) por via venosa.
Ap6s confirmado o diagnéstico de endometriose moderada
e endometrioma, foi realizada eletrofulguracédo dos focos
de endometriose e a exérese da massa anexial. A duracéo
do procedimento foi de 3 horas, sem intercorréncias. A hidra-
tacao foi feita com solugdo de Ringer com lactato (1.500 mL)
e a diurese final foi de 330 mL. Foram administrados dipi-
rona (2 g) e tramadol (50 mg) para analgesia pés-operato-
ria 15 minutos antes do término do procedimento. Ao final,
apos reversdo do bloqueio neuromuscular com 0,75 mg de
atropina e 1,5 mg de neostigmina, a paciente foi deixada
em respiragdo espontanea por cerca de 5 minutos e pos-
teriormente extubada. Logo apds a extubacdo apresentou
desconforto respiratdrio e obstrucéo das vias aéreas, com
esforco inspiratério significativo e diminuigdo da saturacéo
de oxigénio medida pelo oximetro, chegando a 80%. Foi
diagnosticado laringoespasmo, colocada uma canula oro-
faringea e administrado oxigénio a 100% sob presséo, com
mascara facial. Apds a estabilizagdo do quadro, foi encami-
nhada a sala de recuperacdo pds-anestésica (SRPA), re-
cebendo oxigénio sob mascara 5 L.min! e monitorada com
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oximetro de pulso e pressao arterial ndo-invasiva. Cerca de
10 minutos apds a admissao, iniciou quadro de agitacao,
dispnéia, taquipnéia (FR > 20 ipm), cianose, tosse franca-
mente produtiva, com elimina¢do de grande quantidade de
secrecao roseo-avermelhada. Ao exame clinico apresentava
estertores pulmonares disseminados principalmente nas ba-
ses, taquicardia, mas mantendo niveis pressoricos normais.
Foi feito diagnostico clinico de edema agudo de pulméao
(EAP) e iniciado tratamento: elevagéo do dorso, aumento do
fornecimento de oxigénio sob mascara, furosemida (80 mg),
restricdo hidrica e monitoracao rigorosa dos parametros
respiratorios e diurese. Foram solicitadas gasometria arte-
rial, radiografia de térax, ECG, ecocardiografia e dosagem de
enzimas cardiacas (troponina e CK-MB). Apés 30 minutos,
a paciente ja relatava melhora importante do desconforto
respiratdrio, com diminui¢éo da expectoragdo rosea e apre-
sentando 850 mL de diurese. A gasometria demonstrou: pH
a 7,20, PCO, = 52 mmHg; PO, = 89 mmHg; BE = 12 mmol.L*
e bicarbonato = 21 mEq.L. A radiografia toracica revelou
aumento da trama vascular com infiltrado alvéolo-intersti-
cial difuso e area cardiaca normal. O ECG apresentou-se
normal em todas as derivagdes.

Trés horas apés sua admissdo na SRPA, a paciente esta-
va estavel, eupnéica, com melhora completa do padrao res-
piratério, pulmdes limpos a ausculta pulmonar, FC de 80
bpm, PA = 120 x 60 mmHg e diurese de 2.200 mL, sendo
levada para realizagdo de ecocardiografia pré-cordial, com
resultado normal. As enzimas troponina e CK-MB foram
normais. A paciente foi encaminhada a enfermaria em bom
estado geral e recebeu alta hospitalar no dia seguinte, as-
sintomatica.

DISCUSSAO

Relatou-se o caso de paciente jovem, submetida a anes-
tesia geral, que apresentou edema agudo de pulméo apos
a extubacdo em decorréncia de laringoespasmo ocorrido
nesse periodo. A presenca de esforgcos inspiratérios vigoro-
sos realizados contra a obstrucédo levou ao desenvolvimen-
to do EPPN.

A formacdo de edema pulmonar ndo-cardiogénico tem
sido observada ap6s varias formas de obstrugdo das VAS,
sendo mais freqlente em situacdes de laringoespasmo
(50% dos casos relatados), cuja incidéncia varia de 0,05%
a 5% dos procedimentos anestésicos 6. A freqiiéncia esta,
sobretudo, na dependéncia do tipo de procedimento cirdr-
gico e os procedimentos otorrinolaringolégicos apresentam
maior incidéncia 6. Cerca de 11% dos pacientes que apre-
sentam laringoespasmo evoluem para o EPPN 5%, Este
pode ocorrer, mais raramente, em pacientes intubados,
quando mordem a canula traqueal, sem a protecdo de canu-
la oral °, ou mesmo com o uso da mascara laringea, duran-
te a emergéncia da anestesia, quando ndo séo colocados
protetores da canula *°, ou em casos de obstrugdo das VAS
decorrente de hipotonia muscular por efeito residual de
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anestésicos e/ou morfinomiméticos e/ou bloqueadores
neuromusculares.

A denominacao EPPN decorre do fato de que o laringoes-
pasmo, ou outro processo obstrutivo no qual o paciente con-
tinua a inspirar contra a glote fechada (manobra de Mueller
modificada) é capaz de gerar pressao intrapleural extrema-
mente negativa (picos de pressao inspiratéria sustentada
com valores entre -50 cmH,O e -100 cmH, O, quando o valor
médio basal € de -4 cmH,0) 57 e pode ser o fator desen-
cadeante do edema pulmonar.

Com relacéo a fisiopatologia 3", o edema surge em de-
corréncia do somatoério de varios fatos provocados pela
obstrucéo das VAS. Primeiramente, o aumento importante
da pressédo negativa intrapleural exacerba as respostas
hemodinamicas que ocorrem durante a fase inspiratéria. O
retorno venoso é aumentado em combinag¢éo com a redu-
¢éo da presséo do atrio direito, secundéria a transmisséo
da pressao negativa intrapleural. Com o aumento do vo-
lume sangliineo no ventriculo direito (VD), ha aumento da
pressédo hidrostatica na microvasculatura pulmonar e tam-
bém deslocamento do septo interventricular para a esquer-
da, levando a redug&o na complacéncia diastdlica ventricular
esquerda.

Outro fator envolvido na génese do edema agudo pulmonar
€ a falta de ventilagéo alveolar durante o periodo obstrutivo,
0 que resulta em hipoxemia e hipercarbia, que associados
ao estado de ansiedade do paciente levam a liberacdo de
catecolaminas. Esse estado hiperadrenérgico acarreta ele-
vagdo da resisténcia vascular sistémica (RVS) e, em con-
seqliéncia, aumento da pds-carga do ventriculo esquerdo
(VE). O somatério da diminuicdo na complacéncia ventricular
esquerda (pelo desvio do septo interventricular) e 0 aumen-
to na pos-carga determinam reducdo do volume de ejecéo
do VE, o que resulta em aumento de ambos os volumes
ventriculares, sistolico e diastodlico finais.

O efeito dessas alteragBes é a translocacdo do sangue da
circulacdo sistémica para a circulagdo pulmonar, de baixa
complacéncia, resultando em aumento do volume sangui-
neo pulmonar e da pressédo hidrostatica nessa microvas-
culatura, o que ocasiona a transudacao de fluido do capilar
pulmonar. O quadro é agravado pela vasoconstricdo pul-
monar induzida pela hipoxemia, e pela reducdo da presséo
hidrostatica intersticial perivascular devido ao gradiente de
pressao instalado 2. Isso se torna cada vez mais grave por
decréscimo sustentado do volume de ejecdo do VE, o que
resulta em posterior aumento do volume sangiineo e da
pressao no leito capilar pulmonar. A baixa complacéncia da
regido contribui para aumento da permeabilidade capilar
que permite extravasamento de células sangiiineas. Esse
fenébmeno foi descrito por West em 1991 sob a denomina-
¢ao stress failure .

Classicamente, o edema pulmonar por pressdo negativa
intrapleural inclui secre¢do serossangiinolenta ou rosea, o
que demonstra que realmente ha extravasamento de célu-
las dos capilares, em decorréncia de falha mecénica da
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membrana alveolocapilar, resultando em edema alveolar
ou hemorragia franca .

Embora o evento fisiopatoldgico principal no desenvolvi-
mento do edema seja 0 aumento da pressao negativa in-
trapleural, a hipoxia e o estado hiperadrenérgico que se
desenvolvem com a obstrugdo das VAS contribuem para a
sua instalacdo e perpetuacdo. A hipoxia pode alterar a inte-
gridade do capilar pulmonar, aumentando o extravasamento
de liquido. Também promove a redistribuicdo do volume san-
gliineo da circulagdo sistémica para a pulmonar e elevagéo
da resisténcia vascular pulmonar. Por fim, é bem conhecido
que a hipoxia e a acidose metabdlica sdo agentes depres-
sores do miocardio capazes de agravar qualquer outra ten-
déncia a formagdo de edema.

Sao descritos dois tipos de edema pulmonar diferenciados
pelos eventos provocados 1! tipo |, que resulta de um
processo obstrutivo agudo das vias aéreas, enquanto o tipo
Il ocorre ap6s o alivio de um processo obstrutivo cronico. A
obstrucéo fixa das vias aéreas que resulta na presenga das
manobras de Valsalva (expiracdo contra a via aérea fecha-
da) e de Mueller protege a vasculatura pulmonar, porque
gera pressao positiva. Apos o alivio da obstru¢édo a presséo
intrapleural ainda pode se manter marcadamente negativa
e surgir o EPPN. Uma obstrucéo variavel das VAS pode fa-
vorecer a manobra de Mueller e o desenvolvimento do edema
durante o periodo de obstrugdo. Assim, o edema pulmonar
ocorre com mais freqiiéncia quando a resisténcia é limita-
da a inspiragdo, mas ndo a expiragao.

Clinicamente essa condicdo acomete com mais freqiiéncia
adultos jovens 9101416 @ criangas 17?0, e apresentam me-
Ihor progndstico do que ao surgirem em pacientes mais ve-
lhos 21, Sdo considerados fatores potenciais para o
desenvolvimento do EPPN, pacientes jovens, do sexo mas-
culino, tipo musculoso, pescogo curto, com classificagédo
Malampatti 3 ao exame fisico e aqueles com histéria de
apnéia °. A maior freqiiéncia em atletas se deve ao fato de
gue sdo capazes de desenvolver alta pressao intratoracica
e manter maior periodo de apnéia em relacdo a outros pa-
cientes °. Aqueles com reserva fisioldgica menor e porta-
dores de doenca cardiaca podem apresentar aumento na
morbimortalidade. Nessas condi¢8es, o diagndstico e tra-
tamento precoces sdo importantes.

O inicio do EPPN é rapido (dentro de minutos), mas pode
retardar-se em até 4 horas apds a ocorréncia de um feno-
meno obstrutivo 2. A literatura sugere que a rapidez de ins-
talagdo do edema se relaciona com o inicio da obstrucéo e
a sua gravidade. E autolimitado, em geral resolvendo-se em
12 a 24 horas e, na maioria dos casos, 0 tratamento é ape-
nas de suporte. Em cerca de 85% dos pacientes, tanto em
criangas quanto em adultos, a intubacéo traqueal se faz
necessaria para que seja mantida a permeabilidade das
vias aéreas, seguida de ventilagdo com pressdo positiva ex-
piratéria *>2?2, Também séo descritos casos de tratamento
com pressédo positiva continua sob mascara (CPAP) ou ca-
teter nasal (BiPAP) 1624, Estando o diagnéstico esclarecido,

167



BISINOTTO, CARDOSO AND ABUD

ndo é necesséaria a monitoracdo hemodinamica agressiva
nem a utilizagdo de farmacos vasoativos. Entretanto, pode
ocorrer grave morbimortalidade, variando de 11% a 40% dos
casos relatados .

Em relagéo a outras hipéteses diagnésticas, a primeira é a
aspiracao pulmonar, a qual ndo pode ser excluida mesmo
sem historia de regurgitagdo franca. Inicialmente o trata-
mento € o mesmo, salvo pela necessidade de antibiotico-
terapia. Diagnostico diferencial também deve ser feito em
relacdo ao edema pulmonar de origem cardiaca, que de-
manda a revisdo da historia clinica do paciente (existéncia
de doenca cardiaca), exame fisico (p. ex., ritmo de galope),
ECG com anormalidades sugestivas de isquemia e dist(r-
bios de ritmo e realizagdo de exames, como ecocardiografia
ou mesmo cateterismo cardiaco.

Concluindo, o edema agudo de pulmao associado a obs-
trucdo das vias aéreas superiores € uma condi¢éo clinica
gue pode agravar procedimentos cirlrgicos considerados
de baixa morbidade e que aparecem principalmente em pa-
cientes jovens. Seu reconhecimento e, sobretudo, a sua pre-
vencdo sdo de grande importancia. A extubacéo do paciente
com bloqueio neuromuscular totalmente revertido e respon-
sivo a comandos simples parece ser a melhor forma de
prevencdo. Quando presente, o tratamento deve ser institu-
ido precocemente, pois a resolugéo também é réapida e na
maioria dos casos sem sequelas.

Acute Pulmonary Edema Associated
with Obstruction of the Airways. Case
Report

Flora Margarida Barra Bisinotto, TSA, M.D.; Ricardo de Paula
Cardoso, M.D.; Tania Mara Vilela Abud, M.D.

INTRODUCTION

Negative-pressure pulmonary edema (NPPE) has been
defined as a non-cardiogenic edema with transudation of
fluid to the pulmonary interstitium in response to an increa-
se in negative intrathoracic pressure secondary mainly to
obstruction of the upper airways after extubation 2. It has a
typical presentation with abundant pulmonary secretion, at
times bloody, easily recognized clinically and radiologically.
Reports of this complication are rare. The objective of this
report was to describe a case of non-cardiogenic pulmonary
edema triggered by an increase in intrathoracic negative
pressure in a young patient undergoing gynecological vi-
deolaparoscopy and to discuss the physiopathology, diag-
nosis and therapeutic approach of this post-anesthetic
complication.
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CASE REPORT

A 23-year old white female, 50 kg, 1.75 m, physical status ASA
I, with a history of primary infertility and persistent adnexal
cyst suggestive of endometrioma on ultrasound was sche-
duled for a diagnostic videolaparoscopy. Pre-anesthetic
evaluation was done as an outpatient, according to the rou-
tine of the Anesthesiology Service . The patient had a histo-
ry of smoking 20 cigarettes a day for more than 10 years and
allergy to sulfa. Physical exam, laboratory tests and chest X-
ray were normal. Upon admission to the hospital there were
no changes from the pre-anesthetic evaluation. In the ope-
rating room, an 18G catheter was used for venipuncture in
the upper limb and monitoring with pulse oximeter, non-in-
vasive blood pressure and continuous electrocardiogram
(EKG) on DIl was initiated. Anesthesia was induced with
midazolam (3 mg), fentanyl (100 pg) and propofol (100 mg).
Tracheal intubation with a 7.5 ETT was facilitated by using
atracurium (25 mg). Mechanical controlled ventilation was
instituted with a tidal volume of 400 mL and respiratory rate
adjusted by capnography. Anesthesia was maintained with
100% oxygen and enflurane. Intravenous ondansetron (4 mg)
and cephalothin (1 g) were also administered. After confir-
mation of moderate endometriosis the areas of endome-
triosis were treated with electrofulguration and the adnexal
mass was removed. The procedure lasted 3 hours without
intercurrences. The patient was hydrated with Ringer’s
lactate (1,500 mL) and final urine output was of 330 mL.
Dypirone (2 g) and tramadol (50 mg) were administered for
postoperative analgesia, 15 minutes before the end of the
surgery. At the end, after reversion of the neuromuscular
blockade with 0.75 mg of atropine and 1.5 mg of neostig-
mine, the patient was allowed to breathe spontaneously for
5 minutes and extubated afterwards. Shortly after extubation
the patient developed respiratory distress and obstruction
of the airways with severe inspiratory effort and reduction in
oxygen saturation to 80%. A diagnosis of laryngeal spasm
was made, an oropharyngeal cannula was inserted and
100% oxygen was administered under pressure with a face
mask. After the patient was stable she was transferred to
the post-anesthesia recovery unit (PACU) where she received
5 L.min* of oxygen with a face mask and monitored with pul-
se oximeter and non-invasive blood pressure. Ten minutes
after her arrival to the PACU the patient became agitated,
developed dyspnea, tachypnea (RR > 20 bpm), cyanosis,
productive cough with the elimination of large amounts of
pink-reddish secretion. On physical exam the patient had
disseminated rales especially in the bases and tachycardia,
but her blood pressure remained normal. Acute pulmonary
edema (APE) was diagnosed and the following treatment
was instituted: the head of the bed was raised, the flow of
oxygen administered with a face mask was increased, furo-
semide (80 mg), water restriction and rigorous monitoring of
respiratory parameters and urine output. Arterial blood gases,
chest X-ray, EKG, echocardiogram and serum level of cardiac
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enzymes (troponin and CK-MB) were requested. After thirty
minutes the patient referred improvement of the respiratory
discomfort with a reduction in the amount of pink expecto-
ration and a urine output of 850 mL. Arterial blood gases
revealed pH 7.20, PCO, = 52 mmHg, PO, = 89 mmHg, BE =
12 mmol.L?, bicarbonate = 21 mEq.L?. Chest X-ray showed
an increase in vascular markings and diffuse alveolar-in-
terstitial infiltrate and normal cardiac area. The electrocar-
diogram was normal in all derivations.

Three hours after her arrival to the recovery room the patient
was stable, eupneic with complete restoration of normal
respiratory parameters, lungs with normal breath sounds on
auscultation, HR 80 bpm, BP 120 x 60 mmHg and urine
output of 2,200 mL. Echocardiogram was normal. Troponin
and CK-MB were normal. The patient was transferred to a
regular ward and discharged from the hospital the following
day, asymptomatic.

DISCUSSION

The case of a young patient who underwent general anes-
thesia and developed acute pulmonary edema after extuba-
tion secondary to laryngeal spasm is reported here. Vigorous
inspiratory efforts against the obstruction lead to the deve-
lopment of NPPE.

The development of non-cardiogenic pulmonary edema has
been observed after different types of obstruction of the upper
airways and it is more frequent in the presence of laryngeal
spasm (50% of reported cases), which has an incidence of
0.05% to 5% of anesthetic procedures *¢. The frequency de-
pends mainly on the type of surgery, with greater incidence
in ENT procedures 8. Approximately 11% of patients who
develop laryngeal spasm go on to develop NPPE 5%, This
can affect, in rare occasions, intubated patients in the ab-
sence of protection with an oral cannula when they bite the
ET tube °, with the laryngeal mask during the emergency of
the anesthesia when cannula protectors are not used %, or
in the presence of upper airways obstruction secondary to
reduced muscular tonus due to residual effect of anesthe-
tics and/or opioids and/or neuromuscular blockers.

This is called NPPE because the laryngeal spasm, or other
obstructive process in which the patient can inspire against
the closed glottis (modified Mueller maneuver) is capable of
generating an extremely negative intrapleural pressure
(peaks of sustained inspiratory pressure between -50 cmH,O
and -100 cmH,0, though the mean basal pressure is around
-4 cmH,0) *>7, which can trigger pulmonary edema.
Pathophysiologicaly **7, the edema is the result of several
factors triggered by the obstruction of the upper airways. First,
the important increase in intrapleural negative pressure
exacerbates the hemodynamic responses that occur during
inspiration. Venous return is increased and right atrial pres-
sure is decreased due to the secondary transmission of the
negative intrapleural pressure. The increase in right ven-
tricular (RV) blood volume leads to an increase in pulmonary

Revista Brasileira de Anestesiologia
Vol. 58, N° 2, Mar¢o-Abril, 2008

microvascular hydrostatic pressure, deviation of the inter-
ventricular septum to the left, which leads to a reduction in
left ventricular diastolic complacency.

Another factor involved in the genesis of this type of acute
pulmonary edema is the absence of alveolar ventilation du-
ring the period of obstruction causing hypoxemia and hy-
percapnia, which, associated with the anxiety of the patient,
lead to the release of catecholamines. This hyperadrenergic
state causes an increase in systemic vascular resistance
(SVR) and consequent increase in left ventricular (LV) after-
load. The reduction in left ventricular complacency (due to
deviation of the interventricular septum) and the increase in
afterload lead to a reduction in LV ejection volume causing
an increase in both ventricular end-systolic and end-diastolic
volumes.

Those changes lead to the translocation of blood from the
systemic to the low-complacency pulmonary circulation
resulting in an increase in pulmonary blood volume and mi-
crovascular hydrostatic pressure and consequent fluid tran-
sudation from the pulmonary capillaries. This is worsened
by the pulmonary vasoconstriction induced by hypoxemia
and by the reduction in perivascular interstitial hydrostatic
pressure secondary to the pressure gradient 2. This becomes
increasingly more severe due to the sustained reduction in
LV ejection volume resulting in an increase in pulmonary
blood volume and pressure. The low complacency of the
area contributes to increase capillary permeability and extra-
vasation of blood cells. This phenomenon was described by
West, in 1991, as “stress failure” 13.

Classically, pulmonary edema due to negative intrapleural
pressure is accompanied by bloody or pinkish serous se-
cretion, demonstrating that it is really associated with extra-
vasation of cells from the capillaries secondary to the
mechanical failure of alveolar-capillary membrane, with
consequent alveolar edema and hemorrhage 4.

Although the increase in negative intrapleural pressure is the
main pathophysiological event in the development of edema,
hypoxemia and the hyperadrenergic state that develop as a
consequence of obstruction of the upper airways contribute
to the initiation and perpetuation of the edema. Hypoxia can
affect the integrity of pulmonary capillaries, increasing fluid
leakage. It also promotes the redistribution of blood from the
systemic to the pulmonary circulation and the increase in
pulmonary vascular resistance. Finally, it is well known that
hypoxia and metabolic acidosis cause myocardial depression,
which could aggravate any tendency to edema formation.
Two types of pulmonary edema have been described, based
on the events that lead to its development 51°: Type | results
from acute obstruction of the airways, while type Il develops
after relief of a chronic obstructive process. Fixed obstruction
of the airways resulting from the Valsalva (forced expiration
against closed airways) and Mieller maneuvers protects
the pulmonary vessels because they generate positive
pressure. After the relief of obstruction, intrapleural pressure
can remain markedly negative, triggering NPPE. Variable
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obstruction of the upper airways can favor Mieller maneuver
and the development of edema during the period of obs-
truction. Thus, pulmonary edema occurs more often when
resistance is limited to inspiration.

Clinically, this condition affects young adults °141¢ and chil-
dren 11720 more often with a better prognosis than in older
patients >21, Potential factors for the development of NPPE
include young, strong, male patients with a short neck, with
Malampatti 3 on physical exam and those with a history of
apnea 5. The higher incidence of this complication in athletes
is secondary to the fact that they can develop high intratho-
racic pressure and maintain a longer period of apnea than
other patients °. Mortality and morbidity is increased in pa-
tients with lower respiratory reserve and cardiac disease.
Under those conditions, early diagnosis and treatment are
important.

Negative-pressure pulmonary edema develops very rapidly
(within minutes), but its onset can be delayed up to 4 hours
after the obstruction has occurred 2. The literature suggests
that the speed of edema formation is related with the begin-
ning and severity of the obstruction. It is self-limited, usually
resolving in 12 to 24 hours and in most cases only suppor-
tive treatment is necessary. In about 85% of the patients,
both children and adults, tracheal intubation is necessary to
maintain the airways opened, followed by ventilation with
positive expiratory pressure 522, Treatment with continuous
positive pressure with face mask (CPAP) or nasal catheter
(BiPAP) had also been described 1624, Once the diagnosis has
been established, aggressive hemodynamic monitoring or
vasoactive drugs are not necessary. However, morbimortality
can reach 11% to 40% 5*°.

As for other diagnostic possibilities, aspiration cannot be
excluded, even in the absence of a history of frank regurgi-
tation. Initially, the treatment is the same but for the need of
antibiotics. It should also be differentiated from cardiogenic
pulmonary edema, which requires a revision of the history of
the patient (history of heart disease), physical exam (i.e,
presence of an extra heart sound), EKG with changes sug-
gestive of ischemia and rhythm disturbances and an echo-
cardiogram or cardiac catheterization should be done.

To conclude, acute pulmonary edema associated with obs-
truction of the upper airways can aggravate low morbidity
surgeries, affecting mainly young patients. The knowledge
of this complication and most importantly its prevention are
crucial. Extubation of a patient with completely reversed neu-
romuscular blockade and responsive to simple commands
seems to be the best form of prevention. When present, early
treatment should be instituted because resolution is also
fast and in most cases without residual effects.
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ACUTE PULMONARY EDEMA ASSOCIATED WITH OBSTRUCTION OF THE AIRWAYS. CASE REPORT

RESUMEN
Bisinotto FMB, Cardoso RP, Abud TMV — Edema Agudo Pulmonar
Asociado a la Obstruccion de las Vias Aéreas. Relato de Caso.

JUSTIFICATIVA Y OBJETIVOS: El edema pulmonar por presion
negativa ha sido definido como edema no cardiogénico, con
transudacion de liquido para el intersticio pulmonar, por aumento
en la presion negativa intratoracica ocasionado por la obstruccion
de las vias aéreas superiores. Se describié el caso de paciente
saludable, sometida a la anestesia general, que presenté edema
agudo pulmonar después de la extubacion traqueal.

RELATO DEL CASO: Paciente de 23 afios, sexo femenino, esta-
do fisico ASA I, sometida a la anestesia general para videola-
paroscopia ginecoldgica. El procedimiento durd 3 horas, sin
intercurrencias. Después de la extubacion, la paciente presenté
laringoespasmo y disminucion de la saturacién de oxigeno. Hubo
una mejoria después de la colocacion de la canula oral y admi-
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nistracion de oxigeno bajo presion positiva, con mascara facial.
Estabilizado el cuadro, se la llevé a la sala de recuperacion post-
anestésica, en donde, en cuanto entro, presento edema agudo de
pulmén con eliminacion de secrecién sero-sanguinolenta. El
tratamiento consté de elevacion del dorso, oxigeno bajo mascara,
furosemida y restriccion hidrica. La radiografia toracica mostré una
imagen compatible con edema agudo pulmonar y area cardiaca
normal. El electrocardiograma (ECG), ecocardiografia y enzimas
cardiacas estaban normales. La paciente presenté una buena
evolucion, recibiendo alta hospitalaria al dia siguiente, sin sintomas.

CONCLUSIONES: El edema agudo de pulmén asociado a la
obstruccién de las vias aéreas superiores es una condicion clini-
ca que puede agravar los procedimientos quirtrgicos de baja
morbidez y que aparece principalmente en pacientes jovenes. El
tratamiento debe ser empezado rapidamente, pues la resolucién
también es rapida y en la mayoria de las veces, no quedan se-
cuelas.
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