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ABSTRACT: Pulmonary alveolar proteinosis is a rare condition characterized by the
abnormal accumulation of surfactant-like material within the alveolar spaces and
distal bronchioles. Two cases with contrasting modes of presentation, course, and
response to therapeutic whole lung lavage are described. Both cases were in hy-
poxaemic respiratory failure at the time the definitive diagnosis was made, and in both
cases the diagnosis was made by segmental bronchoalveolar lavage following negative
open lung biopsy. In neither was an underlying causative organism or agent identified.

In one case the alveolar proteinosis developed in late pregnancy, a presentation that
is previously unreported. Clinical improvement in this case required repeated whole
lung lavages and was accompanied by a trend towards normalization of the ratios of
surfactant protein-A and surfactant protein-B to disaturated phospholipid, ratios
which may be useful as prognostic indicators.

The response to therapeutic lavage was markedly different in the two cases, and it is
postulated that this may relate to the fact that alveolar proteinosis is a heterogeneous
disease and that the course and response to treatment may relate in part to the specific
composition of the abnormal proteinaceous fluid.
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Pulmonary alveolar proteinosis [1] is a rare condition
characterized by the abnormal accumulation of the dif-
ferent components of surfactant within the alveolar spaces
[2], with resulting progressive impairment of gas ex-
change. The disorder is divided into two main categories;
primary or idiopathic; and secondary, which occurs in
settings of pulmonary infection, immune paresis, includ-
ing haematological malignancy and human immunode-
ficiency virus (HIV), and following the inhalation of
dusts such as silica and aluminium [3]. The aetiology and
pathogenesis of idiopathic alveolar proteinosis remain
unclear although evidence increasingly suggests that the
presence of defective surfactant homeostasis with impair-
ed removal of surfactant components from the alveolar
spaces is more likely than an underlying increase in pro-
duction [4].

The spectrum of disease is variable, and the prognosis is
generally good, frequently with spontaneous remission.
However, progressive disease can cause major respiratory
dysfunction and can be life threatening. In this event, the
only effective treatment is with whole lung lavage [5]. This
treatment serves not only to remove from the lung the
accumulated surfactant material which interferes with gas
exchange, but may also remove a factor or factors which
interfere with the physiological mechanisms involved in
maintaining normal surfactant homeostasis, or which in-
hibit alveolar macrophage function [4].

The present report describes two cases of severe pul-
monary alveolar proteinosis with contrasting modes of
presentation, and markedly differing responses to treat-
ment with whole lung lavage. The content of the lavage
fluid from both cases was analysed with reference to the

quantity of surfactant-related phospholipids and proteins,
and with particular reference to the ratio of surfactant pro-
tein (SP)-A to disaturated phospholipid (DSP) since it has
been shown that this ratio is high in alveolar proteinosis
and may have a diagnostic value [6]. Moreover, SP-A may
play a role in surfactant homeostasis, and a lowering of
the ratio towards normal may indicate progress towards
resolution as suggested in a previously published re-
port on the composition of lavage fluid from 13 cases of
alveolar proteinosis which included the two cases pre-
sented [7].

Case report

A 29-yr-old female at 33 weeks of pregnancy was ad-
mitted to hospital in acute respiratory distress. She had
experienced mild dyspnoea and a dry cough for the pre-
eding 3 months, and in the days prior to admission her
dyspnoea and orthopnoea had become extreme. Her cough
was productive with occasional scanty white sputum. She
was a smoker of 10±20 cigarettes per day, and there were
no environmental or occupational exposures of note.

On examination she was cyanosed and tachypnoeic.
There was marked peripheral oedema and no adventitial
pulmonary sounds on auscultation. An arterial blood gas
performed while breathing room air showed an arterial
partial pressure of oxygen (Pa,O2) of 6.0 kPa (45 mmHg),
an arterial partial pressure of carbon dioxide (Pa,CO2) of 4.3
kPa (32.6 mmHg) and a pH of 7.45. Chest radiography
demonstrated widespread alveolar opacity, confluent bas-
ally. High resolution computed tomography (CT) demon-
strated diffuse alveolar opacity with a "crazy paving"
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configuration extending throughout both lung-fields but
sparing some areas, particularly in the lung periphery and
at both the base and the apex of the lung (fig. 1).

A presumptive diagnosis of pulmonary alveolar prot-
einosis was made, supplemental oxygen therapy was in-
stituted, and corticosteroid therapy was administered to
assist in foetal lung maturation. Empirical high dose pre-
dnisolone and broad spectrum antibiotic therapy were also
commenced pending confirmation of the diagnosis.

Six hours after admission to hospital an emergency Cae-
sarean section and an open lung biopsy were performed
under general anaesthesia. After surgery the patient was
maintained on intermittent positive pressure ventilation
(IPPV). The baby was transferred to a neonatal intensive
care unit with a diagnosis of hyaline membrane disease.

The lung biopsy, which was taken from an area of lung
perceived on the CT scan to contain infiltrate extending
toward the lung periphery, was found at initial and at
subsequent re-examination to be within normal limits. The
surface of the lung and the biopsy specimen appeared
macroscopically normal.

Fibreoptic bronchoscopy was performed via the endo-
tracheal tube, and right middle lobe lavage with 50 mL
aliquots of normal saline returned macroscopically turbid
fluid. Light microscope examination revealed periodic
acid-Schiff (PAS) positive amorphous proteinaceous mat-
erial that was found on electron microscopy to contain
lamellar bodies pathognomonic for pulmonary alveolar
proteinosis.

Twenty-seven hours after the Caesarean section and
lung biopsy, a whole lung lavage was performed on first
the left lung, the same side as the open lung biopsy. During
the procedure, the endotracheal tube was replaced with a
double-lumen endobronchial tube and 25 one litre volumes
of normal saline buffered with sodium bicarbonate to a pH
of ~7.4 and warmed to 378C, were run into and drained out
of the left lung. The right lung was lavaged 3 days later.

The patient remained intubated and on IPPV over this
period. After both lungs had been lavaged, the patient's
oxygenation improved, and she was able to be extubated
and transferred to the thoracic ward on supplementary
oxygen.

Four further whole lung lavages were performed before
the patient was well enough, on day 37 of her admission, to
be discharged on home oxygen therapy.

Following discharge the patient was monitored closely
as an outpatient, with periodic arterial blood gases, chest
radiographs, pulmonary function tests, and exercise oxi-
metry. The Pa,O2 on room air remained <6.7 kPa (<50
mmHg) for in excess of 12 weeks, and hypoxaemia and
recurring symptoms necessitated a further eight whole lung
lavages at increasing intervals. The final and 14th lavage
was performed 58 weeks after the initial presentation. Over
this time Pa,O2 breathing air increased from 6.0 kPa (45
mmHg) to 8.5 kPa (64 mmHg), and the carbon monoxide
diffusing capacity of the lung (DL,CO) improved progres-
sively from <40% to 90±100% of predicted value. Twelve
months following the last lavage the patient was symptom-
free with normal pulmonary function tests, and was riding
her exercise bicycle 50 kilometres a day.

Lavage fluid collected from the first whole lung lavage
was sent for comprehensive examination for possible cau-
sative organisms or agents, cytology, and cell counts with
differential estimations. The relative amounts of the dif-
ferent components of surfactant were measured in the last
11 lavage samples.

As the clinical picture improved with time and further
lavages, the ratio of SP-A to DSP fell progressively to-
wards reported normal values, as did the ratio of SP-B to
DSP and to a lesser extent the ratio of cholesterol (Cholest)
to DSP [7]. In table 1, the SP-A/DSP ratio and the
Cholest/DSP ratio in lavage fluid from the 4th and 5th
lavages, which were the first two lavages analysed in de-
tail, and also from the 13th and the final 14th lavages are
shown, together with the ratio of DSP to total phospho-
lipid (PL) and the SP-B/SP-A ratio. The mean "normal"
values obtained from right middle lobe bronchial lavage
of 16 healthy subjects [7], and the values for Case 2 are
also presented.

Fig. 1. ± Computed tomographic scan of case 1 showing diffuse chang-
es consistent with pulmonary alveolar proteinosis (PAP). Despite tar-
geting the involved areas at open lung biopsy, the histopathological
examination was negative for PAP.

Table 1. ± Relative concentrations of surfactant-related
proteins and lipids in lavage fluid collected from the 4th
and 5th and also from the 13th and 14th lavages which
were performed on Case 1, from the two lavages on Case
2, and from healthy subjects

SP-A/DSP Cholest/
DSP

DSP/PL SP-B/SP-A

C 0.15�0.01 0.12�0.01 0.49�0.01 2.27�0.19
Lung R L R L R L R L
Case 1
4th + 5th#* 4.07 5.18 0.72 0.70 0.80 0.43 1.86 1.74
13th + 14th# 1.16 1.22 0.42 0.48 0.51 0.61 2.35 1.46

Case 2 6.00 2.70 0.74 0.72 0.41 0.42 2.44 4.95

Data are presented as absolute numbers and mean�SD. SP-A/
DSP: ratio of surfactant protein-A to disaturated phospholipid;
Cholest/DSP: ratio of cholesterol to disaturated phospholipid;
DSP/PL: ratio of disaturated phospholipid to total phospholipid;
SP-B/SP-A: ratio of surfactant protein-A to surfactant protein-B;
C: control subjects; R: right; L: left. #: lavages; *: a detailed
analysis was not conducted on lavage fluid obtained from the
1st, 2nd and 3rd lavages.
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Case 2

A 34-yr-old male with a 15 pack-year smoking history
presented to a thoracic specialist for investigation of pro-
gressive exertional dyspnoea over recent months. He had a
past medical history of depression, longstanding lower
back pain with consequent narcotic dependency, peptic
ulcer disease, and an undefined syndrome of episodic an-
gioedema and urticaria. There were no occupational or
environmental exposures of note.

He complained of dyspnoea on exertion and a dry
cough, generalized aches and pains, and reported pro-
gressive disability. He was clubbed, which was claimed to
be familial, and auscultation of the chest revealed sparse
bibasal crackles, which were not consistently present.

Initial investigations were suggestive of possible early
interstitial lung disease, though a full diagnostic work-up
was hampered by poor patient compliance with investiga-
tions and the involvement of a number of different medical
practitioners such that he was commenced on moderately
high dose prednisolone prior to definitive diagnosis.

He developed a nocardial lung abscess in the left upper
lobe, which was treated with a protracted course of tri-
methoprim/sulphamethoxazole, and sputum samples grew
Mycobacterium Avium intracellulare, which was monitored
clinically and without specific intervention.

His condition deteriorated over a period of 4 months
while on prednisolone therapy, with progressive dyspnoea
and hypoxaemia. An arterial blood gas performed whilst
breathing room air showed a Pa,O2 of 5.4 kPa (41 mmHg)
and a Pa,CO2 of 4.3 kPa (32 mmHg); pulmonary function
testing revealed a moderate restrictive deficit and a marked
reduction in the transfer factor; and high resolution CT
scans showed diffuse ground glass opacification through-
out most of the lung fields (fig. 2). An open lung biopsy
was performed with due regard to the CT appearances,
but was negative.

Four weeks after the open lung biopsy his condition had
deteriorated further, culminating in hypoxaemic respiratory
failure requiring intensive care unit admission for intuba-
tion and IPPV. A repeat open lung biopsy, and fibreoptic
bronchoscopy with segmental bronchoalveolar lavage,
were performed and both proved diagnostic of alveolar
proteinosis.

Sequential whole lung lavage was undertaken on first
the left lung and 3 days later the right lung. At the time of
the first lavage the patient had been on IPPV for 5 days
with a Pa,O2 ranging 7.7±10.4 kPa (58±78 mmHg), on an
inspiratory oxygen fraction (FI,O2) of 0.75 kPa and a
positive end-expiratory pressure (PEEP) of 0.5 kPa. The
lavage effluent was subjected to comprehensive examina-
tion and was also analysed for the different surfactant
components (table 1). Improvement was dramatic follow-
ing lavage of the right lung, enabling weaning from
ventilation 4 days later, transfer to the ward, and sub-
sequent discharge 2 weeks later to a nursing home for
further rehabilitation for back pain and muscular wast-
ing.

When last seen 15 months after diagnosis, the patient
was free of respiratory symptoms and there were no in-
dications for further lavage. Serial follow-up pulmonary
function tests were essentially normal with a minor resi-
dual decrease in the diffusion factor, and arterial blood
gases on air showed a Pa,O2 of 11.0 kPa (83 mmHg), an
oxygen saturation of 96%, and a Pa,CO2 of 5.3 kPa (40
mmHg).

Discussion

The two cases of pulmonary alveolar proteinosis report-
ed highlight the wide spectrum of this disease process, with
both differing modes of presentation and differing response
to treatment with therapeutic whole lung lavage.

One case first presented in late pregnancy with the
precipitous onset of respiratory failure following a minor
prodrome of dry cough and breathlessness over three mon-
ths. Alveolar proteinosis presenting in pregnancy has not
been previously reported, and treatment with 14 ther-
apeutic lavages over a period of 58 weeks was required
before a sustained response was achieved. Since surfactant
homeostasis is altered by cytokines and growth factors
including granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF) [8] and keratinocyte growth factor (KGF)
[9], it is tempting to speculate on an association between
changes in the maternal levels of these factors during
pregnancy and post-partum, and the development and
subsequent resolution of the condition. However, we have
no way of substantiating this.

The second case presented insidiously over a period of
at least 6 months, and responded immediately to a single
therapeutic lavage of each lung performed 3 days apart.

Both patients were in hypoxaemic respiratory failure at
the time of diagnosis, and required IPPVat the time of their
first whole lung lavages. The lavage procedure was well
tolerated in both patients.

Of interest is the fact that the initial lung biopsy was
nondiagnostic in both cases. The patchy nature of pulmon-
ary alveolar proteinosis and the usually lesser involvement
of the lung periphery renders a negative biopsy result
possible, and suggests that open biopsy is not the diag-
nostic gold standard. The less invasive procedure of seg-
mental bronchoalveolar lavage [10] of the right middle
lobe using four 50 mL aliquots of normal saline proved
diagnostic in both cases.

Whole lung lavage following recent open lung biopsy is
not without theoretical risk, and it is considered advisable
that the initial lavage is performed on the side of the biopsy

Fig. 2. ± Section from the computed tomographic scan of case 2 show-
ing changes typical of pulmonary alveolar proteinosis. Despite the
diffuse involvement, the open lung biopsy was negative for pulmonary
alveolar proteinosis.
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so that the vitally important single-lung ventilation is per-
formed on the lung which has not been biopsied.

The composition of the lavage fluid was analysed for the
different surfactant components in both cases (table 1), and
in case 1 the concentration of the different components
was shown to fall progressively during the course of each
lavage [7] and also to differ between the separate thera-
peutic lavages as the disease responded to treatment (table
1).

Pulmonary alveolar proteinosis is a heterogeneous dis-
ease, and it is tempting to speculate that this may be either
the cause or the effect of the differing composition of fluid
obtained during therapeutic lavages in the two cases
presented. Further study of the composition of lavage fluid
is indicated as this could conceivably be linked to disease
course. Since the ratio of SP-A and SP-B to DSP returned
towards normal levels as the clinical condition of case 1
improved and the requirement for therapeutic lavage abat-
ed [7], the analysis of the content of lavage fluid from
repeated therapeutic whole lung lavages may prove to be
a prognostic indicator in predicting response to treatment
or progress towards resolution.

In conclusion, there is much that is not known about the
pathogenesis and resolution of alveolar proteinosis. Al-
though both the cases presented were in hypoxaemic
respiratory failure and required intermittent positive-pres-
sure ventilation at the time of diagnosis, one had presented
insidiously but responded to a single bilateral whole lung
lavage, while the other presented acutely but required re-
peated lavages before improvement was maintained. It is
postulated that the differences in presentation and response
to treatment may relate in part to the specific composition
of the abnormal proteinaceous fluid.
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