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consists of lipid bilayer membranes separated
by amorphous proteinaceous material contain-
ing phospholipids and proteins similar to sur-
factant or one of its components.  The lung sur-
factant system is a mixture of phospholipids
and protein synthesized and secreted in the al-
veolar spaces primarily by type II pneumocytes.
Its main function is the reduction of surface ten-
sion to insure stability of alveolar units.  Sur-
factant is also thought to be involved in mucus
transport and to interact with the pulmonary

defense system (Luisetti  et
al., 1987).  SP-A is a major
hydrophilic (28 to 36 kDa)
glycoprotein of pulmonary
surfactant and is specific
for pulmonary surfactant,
synthesized by type II cells
and secreted into the alveo-
lar space.  An immunohisto-
chemical study using a
polyclonal antibody to sur-
factant-specific apoprotein
has demonstrated that SP-
A is a useful immunohisto-
chemical marker for the
diagnosis of PAP (Honda et
al., 1993).  In our case, the
concentration of SP-A in

(45 mg/day) and thera-
peutic BAL.  BAL was per-
formed weekly with 100 to
150 mL of saline instilled
through a fiberoptic bron-
choscope into a segmental
bronchus under local anes-
thesia.  The recovered la-
vage fluid was initially
milky, and the lavage was
repeated until the fluid  be-
came clear.  After 3 series
of therapeutic lavages, his
radiographic infiltrates
have cleared significantly
(Fig. 1b).  He is now living
and well 2 years following
our treatment with no evi-
dence of recurrence of the
disease.

Discussion

PAP is characterized by the deposition of pro-
teinaceous material in air spaces, originally de-
scribed in 1958 (Roen et al., 1958).  Associated
conditions include immunocompromised states,
which suggests that malfunction of alveolar
macrophages allow for the accumulation of ab-
normal intra-alveolar material.  This material

Fig. 2a.  Photomicrograph of lung biopsy.  Alveolar spaces are filled with
dense, periodic acid Schiff (PAS)-positive and proteinaceous material.
Alveolar septa are thin throughout the section.  PAS stain, × 400.

Fig. 2b.  Immunostaining for surfactant protein A (SP-A) of lung biopsy
specimens shows positivity, × 100.
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BAL fluid was significantly higher, confirming
the diagnosis of PAP.

The established treatment of choice for PAP
is therapeutic whole lung lavage (WLL), per-
formed under general anesthesia, although this
method may be associated with severe hypoxia.
After such WLL, migration of alveolar macro-
phages increases to supernormal levels, and
subsequent clinical relapse is associated with a
decreased level of migration.  These results sup-
port the conclusion of a previous study that the
abnormal alveolar macrophage function in PAP
is an acquired defect (Robert et al., 1989).

Problems with WLL include hypoxia, flood-
ing of the contralateral lung, ipsilateral hydro-
thorax, airway trauma, hypothermia and elec-
trolyte disequilibrium, and thus WLL requires a
trained and experienced staff of physicians and
nurses (Rodi et al., 1995).  So this technique
must be reserved for clinically progressive
forms of the disease and for experienced hands
(Diaz et al., 1984).  In our patient, after treat-
ment with oral ambroxol hydrochloride and
therapeutic BAL the radiographic infiltrates
have cleared.

The main pharmacodynamic effects of
ambroxol hydrochloride are surfactant stimula-
tion, mucokinetic activity and some secreta-
gogue activity (Karl, 1987).  The lung surfac-
tant system is a mixture of phospholipids and
protein synthesized and secreted in the alveolar
spaces primarily by type II pneumocytes.  So
type II pneumocyte stimulation with ambroxol
hydrochloride can lead to chemico-physical and
functional changes in alveolar macrophages,
probably through an increase in surfactant
secretion and uptake (Luisetti et al., 1987).

Thus, we propose that oral ambroxol hydro-
chloride and  therapeutic BAL should be the
first choice in treating PAP.

Acknowledgments:  The authors wish to thank Dr.
Masanori Shiratori, Third Department of Internal
Medicine, Sapporo Medical College, Sapporo, Japan
for measurement of SP-A.

(Received April 20, Accepted June 4, 1999)

References

 1 Akino T, Okano G, Ohno K.  Alveolar phospho-
lipids in pulmonary alveolar proteinosis.  Tohoku
J Exp Med 1978;126:51–62.

 2 Antonella A, Maurizio L, Antonio B, Giuseppe
R, Giorgio I, Dino S, et al.  Bronchoalveolar
lavage fluid composition in alveolar proteinosis.
Am J Respir Crit Care Med 1996;154:817–820.

 3 Cesar AK, Adaani F, Philip TC, Jerrold LA.
Pulmonary alveolar proteinosis in a painter with
elevated pulmonary concentrations of titanium.
Chest 1995;108:277–280.

 4 Diaz JP, Presas FM, Benasco C, Guardiola J,
Munoz L, Clariana A.  Response to surfactant
activator (ambroxol) in alveolar proteinosis.
Lancet 1984;5:1023.

 5 Honda Y, Kataoka K, Hayashi H, Takahashi H,
Suzuki A, Akino T.  Alterations of acidic phos-
pholipids in bronchoalveolar lavage fluids of
patients with pulmonary alveolar proteinosis.
Clin Chim Acta 1989;181:11–18.

 6 Honda Y, Takahashi H, Shijubo N, Kuroki Y,
Akino T.  Surfactant protein-A consentration in
bronchoalveolar lavage fluids of patients with
pulmonary alveolar proteinosis.  Chest 1993;103:
496–499.

 7 Karl TG.  The pharmacology of ambroxol—
review and new results.  Eur J Respir Dis 1987;
153:255–262.

 8 Luisetti M, Salmona M, Pozzi E, Genghini M,
Spialtini L, Masturzo P.  In vivo studies of rat
alveolar macrophase microviscosity:  influence
of pulmonary surfactant synthesis stimulation.
Lung 1987;165:333–340.

 9 Onodera T, Nakamura M, Sato T, Akino T.  Bio-
chemical characterization of pulmonary washings
of patients with alveolar proteinosis, interstitial
pneumonitis and alveolar cell carcinoma.
Tohoku J Exp Med 1983;139:245–263.

10 Robert MH, James HD, Robert MR.  Improve-
ment in alveolar macrophage migration after
therapeutic whole lung lavage in pulmonary
alveolar proteinosis.  Am Rev Resp Dis 1989;
139:1030–1032.

11 Rodi G, Iotti G, Galbusera C, Mencherini S,
Raimondi F, Braschi A.  Whole lung lavage.
Monaidi Arch Chest Dis 1995;50:64–66.

12 Roen SH, Castleman B, Libow AA, Enzinger
FM, Hunt RTN.  Pulmonary alveolar proteinosis.
N Engl J Med 1958;258:1123–1142.

13 Sahu S, Diaugustine RP, Lynn WS.  Lipids found
in pulmonary lavage of patients with alveolar
proteinosis and in rabbit lung lamellar organelles.
Am Rev Respir Dis 1976;114:177–185.




