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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 1. 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 4.

Proposed in the 1960s by Ramirez et al. 5,6 Whole-Lung 
Lavage (WLL) is still the treatment of choice, providing an in-
crease in PaO2, improved pulmonary function (FEV1, VC and 
diffusing capacity for carbon monoxide) and an increase in 
5-year survival 3.

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 
Felício 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-1 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; pCO2 30 mmHg; pO2 of 82 mmHg; HCO-3 of 
16.8 mmol.L-1; hemoglobin of 16.4 g.dL-1; hematocrit of 48%; 
7,000 leukocytes.mm-3 and 177,000 platelet.mm-3; PCR of 
48 mg L-1; and LDH of 527 U.L-1.

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% O2 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.

Currently the WLL technique with a double-lumen tube 
and lung isolation is well established for adult patients 3,4,13-19. 
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 9,22,23. 
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. 9 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 12.

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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