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Summary: Gongalves BM, Teixeira VC, Bittencourt PFS — Anesthesia for Lung Lavage in Pediatric Patients with Pulmonary Alveolar Proteino-
sis.

Background and objectives: Pulmonary Alveolar Proteinosis (PAP) is a rare disorder first described in 1958. The Whole-Lung Lavage (WLL)
proposed in the 1960s, remains the treatment of choice. Several techniques have been described to perform lung lavage in pediatric patients;
however, all have limitation and risks.

Case report: Female patient, aged 6 years and 8 months, 25 kg, diagnosed with pulmonary alveolar proteinoisis, who underwent whole-lung

lavage by sequential lobar fiberoptic bronchoscopy under general anesthesia and spontaneous ventilation.
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INTRODUCTION

Pulmonary Alveolar Proteinosis (PAP) is a rare disorder first
described in 1958 and characterized by alveolar filling with
a lipoprotein non-cellular material positive for periodic acid-
Schiff '. Prevalence of PAP is 3.7 cases per million people 2.
Most patients are men (male-female ratio of 2,65:1) and
smokers (72%) 3.

PAP includes three distinct classes of disease (acquired,
congenital and secondary) with a similar spectrum of histo-
pathological findings. Acquired PAP, which is responsible for
more than 90% of cases, presents itself with a gradual onset
of progressive dyspnea associated with a cough and less fre-
quently with fever, chest pain and hemoptysis “.

Proposed in the 1960s by Ramirez et al. 56 Whole-Lung
Lavage (WLL) is still the treatment of choice, providing an in-
crease in PaO,, improved pulmonary function (FEV1, VC and
diffusing capacity for carbon monoxide) and an increase in
5-year survival 3.
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In pediatric patients the WLL with a Double-Lumen Endo-
tracheal Tube (DLET) is not possible due to the reduced cali-
ber of the airways of these patients. Several techniques have
been described to perform lung lavage in pediatric patients;
however, all present limitations and risks 7-12.

This report describes the WLL by sequential lobar fiberop-
tic bronchoscopy in a pediatric patient under general anesthe-
sia and spontaneous ventilation.

CASE REPORT

Female patient, aged 6 years and 8 months, 25 kg with dys-
pnea on exertion and tachydyspnea for two months, evolving
into fever, chest pain and worsening on pulmonary auscul-
tation over the past three days, was referred to the Hospital
Felicio Rocho for examination due to clinical worsening.

On admission the patient was in good general condition,
ruddy, hydrated, with moderate tachydyspnea, diffusely de-
creased breath sounds with crackles and bronchophony in
the left hemithorax and receiving 2 L.min"" of oxygen through
a nasal cannula and cefuroxime (D1).

Chest X-ray showing diffuse bilateral alveolar-interstitial
infiltrates; chest tomography with thickening of the interlobu-
lar septa; consolidations and ground-glass opacity. Arterial
blood gas analysis: receiving 2 L.min"1 oxygen by nasal can-
nula; pH of 7.36; pCO, 30 mmHg; pO, of 82 mmHg; HCO- of
16.8 mmol.L"; hemoglobin of 16.4 g.dL"'; hematocrit of 48%;
7,000 leukocytes.mm= and 177,000 platelet.mm=3; PCR of
48 mg L'; and LDH of 527 U.L.

Antibiotic therapy was changed to cefotaxime completing 10
days of treatment. The patient was uneventful, with improve-
ment in tachydyspnea and pulmonary auscultation normalized,
but remained dependent on oxygen via nasal cannula.
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A new chest tomography showed a pattern similar to the
previous examination (thickening of the interlobular septa and
ground-glass opacity). Bronchoscopy with Bronchoalveolar
Lavage (BAL) showed that the larynx, trachea, and bronchi
were endoscopically normal. Anatomopathological examina-
tion of BAL fluid showed a large amount of amorphous mate-
rial stained by PAS compatible with a diagnosis of pulmonary
alveolar proteinosis. BAL findings were negative for fungi,
Gram, culture, AFB, Pneumocystis carinii, and PCR for Myco-
bacterium tuberculosis.

WLL was then indicated and performed by sequential lobar
fiberoptic bronchoscopy with the patient under general anes-
thesia. Inhalation induction was performed with sevoflurane,
venous puncture in the left upper limb with 22 G Jelco and
endotracheal intubation tube with cuff number 3.5 mm.

During the procedure monitoring was performed with ECG
monitors, noninvasive blood pressure, pulse oximetry, cap-
nography, inspired oxygen fraction and gas analyzer.

The patient was kept under spontaneous ventilation with
100% O, with sevoflurane expired fraction ranging between 1
and 1.5 MAC. Fiber bronchoscope Olympus BF-3C10 with a
diameter of 4.9 mm was introduced adjacent to the endotra-
cheal tube until impaction in the left upper lobe bronchus.

After impaction lavage of the left upper lobe was performed
with warm saline solution. Then the fiber bronchoscope was
impacted in the left lower bronchus and the procedure was re-
peated. Approximately 800 mL of 0.9% saline solution was used
for the WLL and the effluent had a milk-like appearance. The
patient remained hemodynamically stable throughout the proce-
dure without severe hypoxemia and pulse oximetry always over
90%. She was transferred to the ICU after the procedure and
extubated a few minutes after admission. The patient remained
on oxygen via nasal cannula for less than 24 hours and was
discharged to the room the next day in ambient air. The chest
X-ray performed in the ICU showed improvement of alveolar-
interstitial infiltrates in the left lung.

The patient was discharged 48 hours after the procedure.
Right lung lavage was performed without complications eight
days after the first procedure under the same anesthetic tech-
nique with 1.100 mL of 0.9% saline solution. However, the
patient was extubated in the operating room and did not re-
quire oxygen therapy during the ICU stay. The patient was
discharged 24 hours after lavage with complete remission of
symptoms associated with pulmonary alveolar proteinosis to
continue treatment in her hometown.

DISCUSSION
WLL remains the treatment of choice for PAP and is a safe

procedure that provides lasting benefits with more than 70%
of patients free of recurrence for seven years 13-18,
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Currently the WLL technique with a double-lumen tube
and lung isolation is well established for adult patients 341319,
However, pediatric patients present a technical challenge for
WLL due to the absence of DLET compatible with the airway
caliber of these patients 20-23,

There are reports in literature about some alternatives
for WLL performance in pediatric patients 7-12. The usage of
total and partial cardiopulmonary bypass for blood oxygen-
ation during lung lavage was reported with success, despite
the aggregate cost, complexity and morbidity of the proce-
dure 7,21 ,24'

The selective intubation of the main bronchi, as well as the
introduction of a fiber bronchoscope inside a tracheal tube
were also described to perform WLL in pediatric patients 92223,
However, the major limitation of both techniques is the airway
diameter compared to the diameter of the bronchoscope and
the tracheal tube, in addition to the risk of trauma and steno-
sis.

Moazam et al. ® described the performance of a success-
fully WLL in an infant (15 weeks old, 2 kg) using a cuffed cath-
eter Swan-Ganz for lung isolation and lavage, while the other
lung was ventilated through a bronchoscope.

Liquid ventilation was also used for WLL, but without
success in pediatric patients who did not tolerate the proce-
dure 2.

In this study the WLLwas chosen through sequential lobar
fiberoptic bronchoscopy with the patient under general anes-
thesia on spontaneous ventilation. The fiber bronchoscope
was introduced adjacent to the tracheal tube with cuff and
worked as a shutter lobe, which allowed the isolated lavage of
each lung lobe minimizing the effects on the ventilation/perfu-
sion ratio inherent to the procedure and allowing adequate
gas exchange in the rest of the lung parenchyma.

The patient was kept under spontaneous ventilation, as the
bronchoscope introduction adjacent to the tracheal tube in the
presence of positive pressure ventilation caused major leak,
limiting the usage of controlled mechanical ventilation.

CONCLUSION

This technique proved to be very safe and simple compared
to others described in literature with no significant increase in
cost compared to a diagnostic bronchoscopy. It also provided
good hemodynamic and respiratory stability throughout the
procedure and was considered safe and effective for pediatric
population.
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Anestesia para Lavagem Pulmonar em Paciente Pediatrico
Portador de Proteinose Alveolar Pulmonar

Breno Monteiro Gongalves, TEA 1, Vera Coelho Teixeira, TSA 2, Paulo Fernando Souto Bittencourt 3

Resumo: Gongalves BM, Teixeira VC, Bittencourt PFS — Anestesia Para Lavagem Pulmonar em Paciente Pediatrico Portador de Proteinose

Alveolar Pulmonar.

Justificativa e objetivos: A proteinose alveolar pulmonar (PAP) é um transtorno raro, descrito inicialmente em 1958. A lavagem pulmonar total
(LPT), proposta na década de 1960 ainda é o tratamento de escolha. Diversas técnicas foram descritas para realizar a lavagem pulmonar em

pediatria, no entanto, todas apresentam limitagoes e riscos.

Relato do caso: Paciente de 6 anos e 8 meses, sexo feminino, 25 kg com o diagnéstico de proteinoise alveolar pulmonar submetida a lavagem
pulmonar total por fibrobroncoscopia lobar sequencial sob anestesia geral em ventilagao espontanea.

Unitermos: ANESTESIA, Inalatéria; CIRURGIA, Pediétrica; DOENCAS RESPIRATORIAS; EQUIPAMENTOS, Bronco; VENTILAGAO, Espontanea.
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INTRODUCAO

A proteinose alveolar pulmonar (PAP) & um transtorno raro,
descrito inicialmente em 1958 e caracterizado por preen-
chimento alveolar com um material acelular lipoproteinaceo
positivo para o acido periédico de Schiff . A prevaléncia da
PAP é de 3,7 casos por milhdo de pessoas 2. A maioria dos
pacientes & composta por homens (relagdo homem:mulher
de 2,65:1) e tabagista (72%) 2.

A PAP engloba trés classes distintas de doenca com um
espectro similar de achados histopatoldgicos: adquirida, con-
génita e secundaria. A PAP adquirida, que é responsavel por
mais de 90% dos casos, apresenta-se com dispneia progres-
siva de inicio gradual associada a tosse e menos comumente
febre, dor toracica e hemoptise “.

Proposta na década de 1960 por Ramirez e col. 56, a la-
vagem pulmonar total (LPT) ainda é o tratamento de esco-
Iha, proporcionando aumento da PaO,, melhora das provas
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de funcéo pulmonar (VEF,, CV e capacidade de difusdo do
monoxido de carbono) e aumento da sobrevida em cinco
anos 3.

Em pacientes pediatricos, a lavagem pulmonar total com
canula traqueal de duplo Iimen (CDL) ndo é possivel devido
ao calibre reduzido das vias aéreas desses pacientes. Diver-
sas técnicas foram descritas para realizar a lavagem pulmo-
nar em pediatria, no entanto, todas apresentam limitagcbes e
riscos 712,

Descrevemos nesse relato a lavagem pulmonar total pedi-
atrica por fibrobroncoscopia lobar sequencial com o paciente
sob anestesia geral em ventilagdo espontanea.

RELATO DE CASO

Paciente de 6 anos e 8 meses, sexo feminino, 25 kg, com
quadro de dispneia ao esforgo e taquidispneia ha 2 meses
evoluindo com febre, dor toracica e piora da ausculta pulmo-
nar ha 3 dias. Encaminhada ao Hospital Felicio Rocho para
propedéutica devido a piora clinica.

Na admisséo, apresentava-se em bom estado geral, co-
rada, hidratada, taquidispneia moderada, murmurio vesicular
diminuido difusamente com crepitagdes e broncofonia em he-
mitérax esquerdo. Em uso de oxigénio por cateter nasal (CN)
a 2 L.min' e Cefuroxima (D1).

Raio-X de térax com infiltrado intersticio-alveolar bilateral
difuso e tomografia de térax com espessamento de septos
interlobulares, consolidagbes e padrao em vidro fosco. A ga-
sometria arterial, em uso de oxigénio por CN a 2 L.min"', com
pH de 7,36, pCO, de 30 mmHg, pO, de 82 mmHg, HCO= de
16,8 mmol.L-", hemoglobina de 16,4 g.dL!, hematdcrito de
48%, 7.000 leucécitos.mm3 e 177.000 plaquetas.mm3. PCR
de 48 mg.L-' e LDH de 527 U.L".
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A antibioticoterapia foi modificada para Cefotaxima, com-
pletando 10 dias de tratamento. A paciente evoluiu sem in-
tercorréncias, com melhora da taquidispneia e normalizagéo
da ausculta pulmonar, no entanto, manteve dependéncia de
oxigenioterapia por cateter nasal.

Realizada nova tomografia de térax com padrao semelhan-
te ao exame prévio (espessamento de septos interlobulares e
padrédo em vidro fosco). A broncoscopia com lavado bronco-
alveolar (LBA) mostrou laringe, traqueia e brénquios endos-
copicamente normais. O anatomopatoldgico do LBA mostrou
presenca de grande quantidade de material amorfo corado
com PAS, compativel com diagnéstico de proteinose alveolar
pulmonar. Pesquisas de fungos, gram, cultura, BAAR, Pneu-
mocystis carinii, € PCR para Micobacterium tuberculosis fo-
ram negativa no LBA.

Foi, entdo, indicada lavagem pulmonar total por fibrobron-
coscopia lobar sequencial com a paciente sob anestesia geral
e realizada inducgéo inalatéria com sevoflurano, vendclise em
membro superior esquerdo com jelco calibre 22G e intubagao
orotraqueal com canula com balonete nimero 3,5 mm. Duran-
te o procedimento, a monitorizacéo foi feita com monitores de
eletrocardiografia, presséo arterial ndo invasiva, oximetria de
pulso, capnografia, fragdo inspirada de oxigénio e analisador
de gases. A paciente foi mantida em ventilagcéo espontanea
com O, a 100% e a fragdo expirada de sevoflurano variando
entre 1 e 1,5 CAM. Introduzido fibrobroncoscopio Olympus
BF-3C10 com diametro de 4,9 mm adjacente a canula orotra-
queal até impactagao no brénquio lobar superior esquerdo.

Apobs a impactagao, foi realizada a lavagem do lobo supe-
rior esquerdo com solugéo salina aquecida. Em seguida, o
fibrobroncoscépio foi impactado no brénquio inferior esquer-
do e o procedimento repetido. Foram utilizados aproximada-
mente 800 mL de SF 0,9% para a lavagem pulmonar total
esquerda com saida de liquido de aspecto leitoso. A paciente
manteve estabilidade hemodinamica durante todo o procedi-
mento sem hipoxemia grave com oximetria de pulso sempre
maior que 90%. Foi transferida para o CTl ap6s o procedi-
mento e extubada poucos minutos ap6s a admisséo. Mante-
ve oxigenoterapia por CN por menos de 24 horas e recebeu
alta para o apartamento no dia seguinte em ar ambiente. O
raio-x de térax realizado no CTI mostrou melhora do infiltrado
intersticio-alveolar no pulmao esquerdo.

Recebeu alta hospitalar 48 horas ap6s o procedimento.
O lavado pulmonar direito foi realizado, sem intercorréncias,
oito dias apds o primeiro procedimento sob a mesma técnica
anestésica e utilizou 1.100 mL de SF 0,9%. No entanto, a pa-
ciente foi extubada na sala cirdrgica e nao necessitou de oxi-
genoterapia durante a internagao no CTI. A crianga recebeu
alta hospitalar 24 horas apds o lavado com remissdo comple-
ta dos sintomas associados a proteinose alveolar pulmonar
para continuidade do tratamento na cidade de origem.
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DISCUSSAO

A lavagem pulmonar total ainda é o tratamento de escolha
para a PAP, sendo um procedimento seguro que apresenta
beneficios duradouros com mais de 70% dos pacientes livres
de recorréncia por sete anos 1318,

Atualmente, em pacientes adultos, a técnica de LPT com
cénula de duplo liumen e isolamento pulmonar estd bem es-
tabelecida 341319, No entanto, os pacientes pediatricos apre-
sentam um desafio técnico para a LPT devido a inexisténcia
de CDL compativeis com o calibre da via aérea destes pa-
cientes 2923, Por sua vez, na literatura médica foram descritas
algumas alternativas para a realizagéo do LPT em pacientes
pediatricos 712,

A utilizagao da circulagao extracorpérea total e parcial para
oxigenagao sanguinea durante o lavado foi relatada com su-
cesso apesar de agregar custo, complexidade e morbidade
ao procedimento 721,24,

A intubacao seletiva dos brénquios principais, assim como
a introdugao de um fibrobroncoscépio por dentro de uma ca-
nula traqueal, também foi descrita para a realizagao do LPT
em pacientes pediatricos 22223, No entanto, as duas técnicas
possuem como maior limitagdo o calibre das vias aéreas em
relagcdo ao didametro do broncoscépio e da canula traqueal,
além do risco de trauma e estenose.

Moazam e cols. ® descreveram a realizagdo de um LPT
com sucesso em um lactente de 15 semanas e 2 kg utilizan-
do o balonete de um cateter de Swan-Ganz para isolamento
e lavagem pulmonar, enquanto o outro pulméo era ventilado
através de um broncoscopio.

A ventilagdo liquida também foi utilizada, mas sem éxito
em pacientes pediatricos que néo toleraram o procedimento
de LPT 12,

No presente relato, optamos pela lavagem pulmonar total
por fibrobroncoscopia lobar sequencial com a paciente sob
anestesia geral em ventilagdo espontanea. O fibrobroncos-
copio foi introduzido adjacente a uma canula traqueal com
balonete e funcionava como um obturador lobar, o que permi-
tiu a lavagem isolada de cada lobo pulmonar minimizando as
repercussoes sobre a relagéo ventilagao/perfuséo inerentes
ao procedimento e permitindo adequada troca gasosa no res-
tante do parénquima pulmonar.

A paciente foi mantido em ventilagdo espontanea, pois a
introdugdo do broncoscépio adjacente a canula orotraque-
al em vigéncia de ventilagdo com presséo positiva causava
grande vazamento, limitando o uso da ventilagdo mecénica
controlada.

CONCLUSAO

A técnica relatada demonstrou-se muito segura e simplificada
em relagdo as outras descritas na literatura, sem aumento
significativo de custo em relagdo a uma broncoscopia diag-
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néstica. Proporcionou ainda boa estabilidade hemodinamica
e respiratéria durante todo o procedimento, sendo considera-
da segura e eficaz para a populagéo pediatrica.
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Resumen: Gongalves BM, Teixeira VC, Bittencourt PFS — Anestesia
para el Lavado Pulmonar en Paciente Pediatrico Portador de Protei-
nosis Alveolar Pulmonar.

Justificativa y objetivos: La proteinosis alveolar pulmonar (PAP) es
un transtorno raro, descrito inicialmente en 1958. El lavado pulmonar
total (LPT), propuesto en la década de 1960, es actualmente el trata-
miento de eleccion. Diversas técnicas fueron descritas para realizar
el lavado pulmonar en pediatria pero sin embargo, todas tienen limi-
taciones y riesgos.

Relato del caso: Paciente de seis afios y ocho meses, del sexo fe-
menino, 25 kg con el diagndstico de proteinosis alveolar pulmonar,
que fue sometida al lavado pulmonar total por fibrobroncoscopia lobar
secuencial bajo anestesia general en ventilacion espontanea.

Descriptores: ANESTESIA, Inalatoria; CIRUGIA, Pediatria; ENFER-
MIDAD; EQUIPO, Broncospia; VENTILACION, Espontanea.
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