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Introduction

Pulmonary alveolar proteinosis (PAP) is a rare disease characterized 
by excessive accumulation of surfactant in the alveolar space causing 
dyspnea, dry cough and recurrent pneumonia (1,2). It may lead to 
pulmonary fibrosis in one- third of untreated patients. Although 
various maintenance therapies have been suggested, the only known 
treatment which can influence the course of the disease and prevent 
the development of clinical signs and symptoms, is whole lung lavage 
(WLL) (3,4,5,6). With respect to the technical complexity, WLL has 
not been yet employed in Iran. During WLL, both lungs should be 
separated anatomically and physiologically from each other in a way 
that while one lung is washed completely and the other one could 
carry out the ventilation process. To meet this demand, precise and 
special anesthetical methods, double lumen endotracheal tube and 
one lung ventilation are required (7,8). WLL is rather troubled in 
children by smaller-sized airways and lack of appropriate double-
lumen endotracheal tubes (9). Thus, the application of lavage is 
more limited in this age group. Recent advances in anesthesiology 
and discovering new approaches for lung separation have provided 
the feasibility of performing such procedures in thoracic surgery 
department; however, due to technical problems, WLL under general 
anesthesia has not been performed in Iran. The first successful 
report of WLL in a patient with PAP was presented by our team last 
year (10). This report is the second in Iran and the first in children 
with the new method of lavaging.  

Material & 
Method

CASE SUMMARIES
An 11-year-old girl from Tehran was referred to National Research 
Institute of Tuberculosis and Lung Disease (NRITLD) with progressive 
dyspnea and cyanosis. During hospitalization, she developed dyspnea 
(at rest and exertion) along with cyanosis and intermittent fever. 
Cyanosis improved with supplemental oxygen given via mask; 
however, she was still oxygen dependent (Figure 1). She was 
delivered by normal vaginal delivery with a normal apgar score. Her 
birth weight was 2750 gm. She underwent two surgeries for gastro-
esophageal reflux (due to achalasia) at the ages of 1 and 3 years. 
Meanwhile, she underwent open lung biopsy for the diagnosis of 
pulmonary alveolar proteinosis (PAP) in our center. Her intelligence 
quotient (IQ) was normal. In the family history, her parents were 
relatives (cousins). Physical exam revealed mild cyanosis in lips and 
fingers along with clubbing. She weighted 17 Kg. Her vital signs were 
as follows; blood pressure (BP) 90/65 mmHg, pulse rate (PR) 
90/min., respiratory rate (RR) 23/ min, and T=37.3 ?aC. Lung 
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sounds were diminished at both sides along with bilateral generalized 
wheezing. Other organs were normal. Laboratory findings showed 
mild anemia and high sedimentation rate (ESR=27). Arterial blood 
gas (ABG) analysis was as follows: PH= 7.41, PaCO2= 31.2, PaO2= 
37, HCO3= 19.2 (SpO2 was 79 at the same time). Chest X-ray 
showed bilateral diffuse infiltrations with granular appearance. 
Computed tomography CT-scan of the lungs showed crazy-paring 
appearance (Figure 2). Open lung biopsy was performed for the 
confirmation of diagnosis. Lung pathology was consistent with 
pulmonary alveolar proteinosis (PAP).  

Result

Anesthetic Induction and Bronchoalveolar Lavage (BAL) 
Anesthetic induction was initiated by pre-oxygenation for 5 minutes 
(pure oxygen administration via FIT mask of anesthesia machine) 
and administration of midazolam 0.5 mg, fentanyl 30 mg and 
lidocaine 25 mg as premedications. Subsequently, anesthetic 
induction was performed by administration of propofol 30 mg and 
atracurium 8 mg. Propofol infusion (150 ??g/kg/min) along with 
intermittent administration of atracurium (2 mg) each 30 min and 
fentanyl (0.5-1 ??g/kg/min) were used for maintenance. Three 
minutes later, when sufficient muscle relaxation and paralysis was 
achieved, a univent tracheal tube (size = 4.5) was introduced in the 
following way (figure 3): the cuff of bronchial blocker was pulled 
back into main lumen of the tube and tracheal intubation was 
performed. Then cuff of bronchial blocker was directed to the left 
main bronchus by giving appropriate position to the tube and using 
the neonatal fiberoptic bronchoscope (size = 1.3 mm). We became 
assured of the appropriate position of the cuff and blocker by 
inflating and deflating the cuff and auscultating the lungs (if 
bronchial blocker tube is inserted appropriately while the cuff is 
inflated, the related lung will be blocked so that no respiratory sound 
can be heard on ventilation). Then the cuff of the univent tube was 
inflated and the tube was fixed properly. At this time, tracheal cuff of 
the univent tube and the bronchial blocker cuff were emptied and a 
nasogastric tube (8 French) was inserted adjacent to the univent 
tube and directed to the left main bronchus under the guidance of a 
fiberoptic bronchoscope. This tube was positioned in such a way that 
its pores were placed just below the bronchial blocker cuff 
(nasogastric tube had only two pores, one in the tip and the other in 
the lateral side with a distance of 0.5 cm from the tip). The positions 
of univent tube and bronchial blocker tube cuffs were rechecked. 
Additionally, while the bronchial blocker tube cuff was inflated, 
successful ventilation of the right lung was assessed by auscultation. 
The patient??s SpO2 was measured during the ventilation of one lung 
for its sufficiency. Meanwhile, the performance of nasogastric tube 
was also checked by inflating the bronchial blocker tube and injecting 
a little amount of normal saline into the nasogastric tube to confirm 
the absence of fluid return to the trachea or the opposite bronchus. 
Finally, the cuff of bronchial blocker tube was inflated in the left main 
bronchus, and right lung was ventilated separately (vital signs were 
normal and SpO2 was 94%). By using a Y-shaped connector, the 
patient??s nasogastric tube was connected to a warm normal saline 
(N/S) solution (37?aC) on one side and to an empty serum dish for 
collecting fluid on the other side. Subsequently, infusion of N/S 
solution for lavage was initiated into the left lung from 30 cm above 
the heart level. In the first stage, about 200 cc fluid was entered 
while the returning fluid was 125 cc. Left lung lavage was repeated 
10 times with 250 cc infusion fluid. Totally, 2450cc fluid was infused 
while 2255 cc was removed (table 1). Each stage lasted almost 30
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minutes. During this period, chest physiotherapy was performed by a 
physiotherapist. The BAL fluid that was turbid and creamy colored, 
was collected immediately in an empty reservoir, and precipitated at 
the bottom. As the procedure continued, the fluid became more clear 
and was almost clear in the final stage. It is notable that, during the 
infusion phase, SpO2 was increased and blood pressure was 
decreased slightly; while in the draining phase the opposite occurred. 
At the end of lavage, the lungs were inflated and repeated suctions 
cleared the lungs from any retained fluid. Muscle paralysis was 
reversed by administration of prostigmine along with atropine. The 
patient??s tracheal tube was replaced by a regular tracheal tube (size 
= 5.5), and propofol infusion was decreased to 15mg/hr. She was 
transferred to the intensive care unit (ICU) with an acceptable level 
of respiration (SpO2=98%) where she received assisted mechanical 
ventilation with pressure support ventilation (PSV) of 10 cm H2O. 
Regular monitoring of vital signs was performed, and chest x-ray was 
obtained 4 hours later as well as the next day (Figure 4). Weaning 
from mechanical ventilator was achieved gradually and she was 
extubated the next morning. During the next two days of 
hospitalization, vital signs and respiratory state of the patient were 
within the normal range. Finally, she was transferred to the children 
ward and discharged 3 days later. She was followed up for three 
weeks and after that the opposite lung was lavaged similarly, 
afterwards, she enjoys a normal life.  

Discussion

Pulmonary alveolar proteinosis (PAP) is a disease characterized by 
excessive accumulation of surfactant in the alveolar space. In normal 
state, surfactant is necessary for normal functioning of the alveoli, 
keeping them open by decreasing the surface tension. Unfortunately, 
surfactant is abnormally accumulated in the alveolar space in PAP 
patients and interferes with diffusion of oxygen into the capillaries 
adjacent to the alveoli resulting in symptoms and signs of PAP. The 
age range of patients is 20-50 years and there is a slight male 
predominance. The disease is either primary or secondary. The 
primary type is usually idiopathic and more reported as a hereditary 
disease; however, several secondary factors have been proposed for 
the other category such as HIV infection lymphoproliferative 
disorders, exposure to materials such as silica, aluminium and 
titanium dust, insecticides, and tuberculosis (7,11). 
Pathophysiologically, there is no evidence for overproduction of 
alveolar phospholipids (surfactant), but there are some clues 
indicating imbalance between surfactant production and its 
clearance. In these patients, cellular function of macrophages is 
impaired in the alveolar spaces. Studies performed on mice showed a 
genetic role in the causation of PAP. Numerous factors have been 
suggested in this regard (genetic characteristics, expression of 
genes,?), but none of them have been proved in human being (12). 
The symptoms of disease are variable in human and usually are 
mistaken with chronic pneumonia. Usually there is mild to moderate 
dyspnea. Other symptoms include persistent dry cough (sometimes 
with a little amount of sputum), weight loss, low fever, and/ or night 
sweat. Radiologically, chest x-ray shows bilateral diffuse 
infilterations. There are also crazy-paring appearances characterizing 
PAP in CT-scan of the lung (13, 14). Bronchoalveolar lavage (BAL) by 
fiberoptic bronchoscopy can suggest PAP; however, open lung biopsy 
confirms the diagnosis (15, 16). Almost one-third of patients 
experience spontaneous remission without any special treatment, 
however, one-third require whole lung lavage for improvement and 
the remaining sufferers show progressive form of disease despite 
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repeated lavages. This group may develop pulmonary fibrosis. All of 
the patients with PAP are susceptible to unusual forms of pneumonia. 
Prior investigators have proposed the following indications for whole 
lung lavage in PAP patients (2,5,6): 1- Severe symptoms of disease 
like persistent cough and dyspnea. 2- Severe hypoxemia (PaO2< 60
mm Hg or O2 saturation <90%) 3- Preventing pulmonary infections 
4- Preventing pulmonary fibrosis  
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Pulmonary alveolar proteinosis (PAP) is a rare disease with unknown 
cause. The best known therapeutic approach is whole lung lavage 
under general anesthesia. Considering the related regulations this 
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Conclusion

method is practical and could be quite successful in Iran.
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