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Abstract 
The features of bronchoalveolar lavage fluid (BALF) components and the severity of pulmonary alveolar proteinosis (PAP) were analyzed 
in the first Romanian cohort of patients admitted to “Marius Nasta” Institute of Pneumophtisiology, Bucharest, Romania. A six-year follow-up 
study based on bronchoalveolar lavage (BAL) data was performed between January 2007 to December 2012. Study cohort consisted in 20 
inpatients diagnosed with PAP, based on BALF cytological findings and/or on histopathological findings. Demographic, medical history, 
tobacco use, clinical and radiological features, disease progression with or without whole lung lavage (WLL) therapy were collected. Disease 
severity was evaluated by pulmonary function testing including spirometry, blood gas analysis, plethysmography, and diffusing capacity of 
the lung for carbon monoxide (DLCO), also known as transfer factor (TLCO). The cellular profile of all BALF specimens was analyzed. 
Statistical analysis made by SPSS version 17.0 included Student’s t-test, chi-square test and ANOVA. Mean age of the subjects was 
43±16.59 years, with male predominance (n=12; 60%). Diagnosis of PAP was facilitated by fiberbronchoscopy (FBS) with BAL in 90% of 
cases. Cytological findings of BALF revealed lower macrophages (57.26±18.19%), with a preponderance of neutrophils (17.75±19.44%) 
and lymphocytes (21.8±16.12%). Lower oxygen partial pressure was identified in elders, comparing to younger patients (p=0.038). Patients 
treated by WLL had a lower total lung capacity (TLC) and DLCO versus those who did not required WLL (p=0.009, respectively p=0.056). 
The severity of pulmonary abnormalities provided WLL indication was not influenced by BALF cellularity. 
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 Introduction 

Pulmonary alveolar proteinosis (PAP), firstly described 
in 1958, is still a rare and enigmatic new disease 
characterized by the accumulation of surfactant lipids 
and proteins in the alveolar space, resulting in impairing 
gas exchange and lung function [1]. Up to 2002, only a 
few cases of PAP (n=410) have been globally described, 
but, in the recent decade, an increase of awareness 
concerning this rare pathology has been noticed [2].  
In 95% of cases, the occurrence of PAP is related with 
an autoimmune condition based on the presence of 
autoantibodies against granulocyte-macrophage colony-
stimulating factor (GM-CSF) causing a deficient surfactant 
catabolism by the macrophages [2, 3]. Because of this 
disturbance, the filling of alveoli with surfactant leads to 
altered gas exchange, having as and clinical manifestation 
mainly exertional dyspnea and dry cough [4]. The most 
frequent functional ventilation disturbance noticed in 
most cases was a restrictive pattern, with the alteration 
of lung diffusion (measured by diffusion capacity of 
lung carbon monoxide – DLCO, also known as transfer 
factor – TLCO), followed by hypoxemia, firstly manifested 
at exertion, and later at rest [5, 6]. 

Accumulation of milky fluid inside the alveoli was 

revealed by chest computed tomography (CT) scanning 
as a “crazy paving” pattern, with bilateral ground-glass 
opacification, interlobular septal and intralobular reticular 
thickening [7]. Recent studies showed the usefulness of 
magnetic resonance imaging (MRI) into detecting PAP [8]. 

The gold standard in PAP diagnosing remains open 
lung biopsy and Periodic Acid–Schiff (PAS) staining [9]. 
The introduction of autoantibody anti-GM-CSF into the 
routine practice of PAP diagnosis is more and more 
recommended [10]. 

Once the PAP disease is diagnosed, the gold standard 
method for the treatment remains whole lung lavage 
(WLL) [11]. This therapeutic procedure is performed 
under general anesthesia and removes the surfactant 
accumulated in the alveolar space of one lung [12, 13]. 
If the patient’s severe hypoxemia does not allow general 
anesthesia, multiple segmental lavage can also be done 
as a prewash stage of WLL [14]. 

In the latest years, the therapeutic approach targeted 
for the PAP idiopathic form was the administration of 
exogenous GM-CSF, which demonstrated its efficacy in 
several studies and meta-analysis, inclusively on inhalatory 
route [14–17]. Biological medication (Rituximab) or 
plasmapheresis are also indicated for stopping or reducing 
the autoantibodies production [18]. 
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The knowledge about PAP has increased significantly 
in the last decades, but protocols of therapy (WLL, or 
parenteral, or inhalatory medication) are still needed. In 
a 2012 editorial, Luisetti argued the meaning of inter-
national surveys regarding centers, which perform WLL, 
and recommended PAP databases as in other orphan 
diseases [19]. 

PAP case reports are more and more frequently 
published. In 2002, Seymour & Presneill managed to 
gather 410 worldwide cases in 44 years from the first 
description of PAP [2]. Newer Asian studies described 
248 cases in Japan in six years [20] and 241 cases in 
China during 41 years [21]. Most of these studies are 
retrospective, longitudinal or cross-sectional ones, and 
even prospective but only for small periods of follow-up 
time. 

Aim 

The research assessed the features of bronchoalveolar 
lavage fluid (BALF) components, evaluating the severity of 
PAP in the first Romanian cohort of patients admitted to 
“Marius Nasta” Institute of Pneumophthisiology, Bucharest, 
Romania. 

 Patients, Materials and Methods 

A six-year follow-up study of all PAP inpatients 
admitted to “Marius Nasta” Institute of Pneumophthisiology, 
Bucharest, Romania was performed regarding tobacco use, 
demographic, medical and occupational history, clinical, 
radiographic and other paraclinical features, treatment and 
evolution issues. Medical files of all inpatients diagnosed 
with PAP were retrospectively analyzed from January 
2007 to December 2012. All patients inform consented 
their medical data to be used in a research database. 

Eligible cases needed PAP confirmation by lung biopsy 
or BALF specimen analysis. All data of subjects were 
collected, regarding demographic issues, clinical findings, 
lung function testing by spirometry, plethysmography, 
transfer factor of the lung for carbon monoxide (TLCO), 
six-minute walk test (6MWT), assessment of arterial blood 
gases, pulse oximetry, imagistic findings (chest X-ray 
and CT), indication of therapy by WLL and evolution. 

WLL was recommended in the presence of at least 
one of the following criteria: 

▪ moderate or severe restrictive lung disease estimated 
by forced vital capacity (FVC) or total lung capacity 
(TLC) <60%; 

▪ moderate or severe hypoxemia (PaO2<60 mmHg or 
SaO2<90%); 

▪ moderate or severe TLCO decrease <60%; 
▪ significant (minimum 4%) desaturation at 6MWT. 
Diagnosis of PAP was facilitated by BAL and open 

lung surgery, PAP diagnosis gold-standard method. 
BAL procedure was performed by standard flexible 

bronchoscope positioned within selected medium lobe 
or lingula. A minimal volume of 5 mL of pooled BAL 
was required for BALF cellular analysis. Cytological 
examination of BALF allowed the recognition of the 
predominantly inflammatory cellular pattern. Antibodies 
anti-GM-CSF and/or tumor markers have not been not 
identified because this technique is not yet available in 
Romania. 

Some patients experienced more than one hospitalization 
and need more than one WLL, according with the severity 
of disease. All readmissions were taken into account. 
During study interval, 60 readmissions were counted for 
all 20 PAP patients with an average number of 3 (limits: 
1–10). 

Statistical analysis was carried out using SPSS (version 
17.0) including chi-square test for the unvaried analysis of 
categorical data, Student’s t-test for continuous data and 
ANOVA test of variance were used to assess differences 
between cases regarding age, gender, the severity of PAP 
(expressed as deviation from normal of spirometric, 
plethysmographic, arterial blood gases parameters). P-
values of less than 0.05 were considered statistically 
significant. 

 Results 

First Romanian PAP cohort included 20 inpatients: 
12 (60%) men and eight (40%) women, with a sex ratio 
of 1.5:1. The mean age was 43±16.59 years (Table 1) and 
the median age of 40.5 years. As the median age was 
determined 40.5 years, study cases were grouped in older 
and younger patients. A total of 35 readmissions were 
noticed for younger patients and 25 for the older ones. 

Tobacco history was noticed in eight cases (four active 
smokers and four former smokers) versus 12 non-smokers. 
The distribution of smokers was exclusively in males 
(n=8/12; 75%) versus 100% non-smokers among females 
(p=0.003). 

Occupational exposure to respirable dust particles with 
silica, asbestos, iron oxides was reported by four (20%) 
patients, all never smokers. 

All 20 PAP cases were considered as primary acquired 
disorder, an autoimmune or idiopathic condition. 

Most frequent complaints were persistent dry cough 
(14%), progressive exertion dyspnea (12%), fatigability 
(6%) and fever or sub-fever (5%). Less reported symptoms 
were loss in weight (3%), rest dyspnea (2%) and wet 
cough (2%). 

Nineteen patients presented interstitial lung disease 
(ILD) in chest X-ray exam. 

High-resolution computed tomography (HRCT) scan 
of the chest demonstrated typical aspect of “crazy 
paving” (n=13), mediastinal lymph adenopathies (n=6) 
and emphysema (n=4). Other CT common findings were 
represented by bronchiectasis and bilateral patchy ground 
glass opacities. 

All cases performed BAL at least once in the investi-
gated period. Diagnosis of PAP was established by HRCT, 
BAL procedure and BALF examination in 90% of cases 
(n=18). The analysis of BALF specimens revealed milky 
fluid (Figure 1) with positive PAS corpuscules and foamy 
macrophages and cellular debris on staining with May–
Grünwald–Giemsa. Cellular pattern revealed the pre-
dominance of lymphocytes, neutrophils and eosinophils 
(Figure 2). 

Two (10%) cases initially considered ILD were later 
PAP diagnosed through the open lung surgery. Biopsy of 
the lung revealed abundant accumulation of acidophilus 
material and macrophages in the alveoli as a pink granular 
exudate in PAS staining, thickening of the alveolar walls 
(in one of the cases), with the presence on lymphocytes 
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at this level, and also the presence of degenerated macro-
phages. The pathognomonic features for PAP diagnosis 
were considered eosinophilic proteinaceous material in 
the alveoli and the predominance of macrophages with 
PAS-positive intracellular inclusions. 

Table 1 – Differences regarding demographic, and 
paraclinic data by gender 

Men Women 
 N 

Mean± 
SD N

Mean± 
SD 

N 
Mean±

SD 
P 

Age [years] 20 
43.00± 
16.59 

12
41.41± 
16.33 

8 
45.37±
17.80 

0.62

Duration of 
symptoms before 
diagnosis [months] 

10 
9.5± 
7.39 

4
5.25± 
4.57 

6 
12.33±
7.86 

0.14

SaO2 aa [%] 20 
90.05± 
8.94 

12
88.75± 
9.92 

8 
92.00±
7.40 

0.41

LDH [mg/dL] 10 
381.70± 
176.91 

6
400.67± 
195.87 

4 
353.25±
137.23 

0.66

Hemoglobin 
[mg/dL] 

20 
14.99± 
1.69 

12
15.08± 
1.83 

8 
14.00±
1.06 

0.11

Hematocrit [%] 20 
43.32± 
4.36 

12
43.75± 
4.75 

8 
41.88±
4.05 

0.35

FVC [L] 19 
2.86± 
1.36 

11
2.81± 
1.40 

8 
1.62±
0.74 

0.029

FVC [%] 19 
70.99± 
22.80 

11
72.09± 
23.98 

8 
68.25±
22.80 

0.72

FEV1 [L] 19 
2.48± 
1.04 

11
2.36± 
1.50 

8 
1.20±
0.53 

0.053

FEV1 [%] 19 
75.11± 
19.39 

11
76.54± 
19.53 

8 
72.37±
20.26 

0.65

TLC [L] 11 
3.83± 
1.16 

5
3.60± 
1.14 

6 
3.00±
1.09 

0.40

TLC [%] 11 
72.40± 
14.28 

5
67.20± 
8.31 

6 
75.67±
17.82 

0.33

TLCO [%] 10 
43.94± 
20.57 

5
49.00± 
20.98 

5 
37.80±
20.55 

0.41

PaO2 [mmHg] 20 
66.94± 
12.45 

12
64.00± 
12.79 

8 
71.00±
11.68 

0.22

PaCO2 [mmHg] 16 
35.08± 
5.82 

10
35.00± 
5.45 

6 
34.33±
6.65 

0.84

Macrophages [%] 20 
57.26± 
18.19 

12
56.24± 
21.83 

8 
59.80±
10.62 

0.697

Lymphocytes [%] 20 
21.8± 
16.12 

12
20.40± 
18.04 

8 
25.00±
12.58 

0.545

Neutrophils [%] 20 
17.75± 
19.44 

12
22.00± 
22.98 

8 
10.85±
11.90 

0.213

Eosinophils [%] 20 
2.05± 
3.17 

12
4.21± 
1.26 

8 
3.31±
0.86 

0.704

Mast cells [%] 20 
0.23± 
0.29 

12
0.37± 
0.13 

8 
0.22±
0.10 

0.443

N: No of cases; SD: Standard deviation; SaO2 aa: Oxygen saturation 
in ambient air; LDH: Lactate dehydrogenase; FVC: Forced vital 
capacity; FEV1: Forced expiratory volume in one second; TLC: Total 
lung capacity; TLCO: Transfer factor of the lung for carbon monoxide; 
PaO2: Partial pressure of arterial oxygen. 

 
Figure 1 – Macroscopic, milky aspect of BAL fluid in 
a PAP patient (Aneta Şerbescu’s collection). 

 

 
Figure 2 – PAS-positive corpuscles identified in BAL 
of a PAP patient (Aneta Şerbescu’s collection): (a) ×40; 
(b) ×40. 

The delay in PAP diagnosis was documented to a mean 
of 9.5±7.39 months. PAP disease was diagnosed 2.5 times 
later in females versus males (12.33±7.86 versus 5.25±4.57 
months; p=0.14) (Table 1). 

Clinical examination at first admission was normal 
in five (25%) patients and abnormal in 75%, revealing 
pulmonary rales (n=9), as a specific manifestation of 
PAP, cyanosis (n=4), and Hippocratic fingers (n=2), as 
specific manifestation of hypoxia. Assessment of arterial 
blood gases was made for every patient and revealed 
hypoxia in 18 of the 20 patients, six of them needing long 
oxygen administration at the moment of first evaluation. 
None of the PAP patients had hypercapnia. 

Average oxygen saturation measured by pulse oximeter 
was 90.05±8.94% and seemed lower in males (88.75± 
9.92%) than in females (92.00±7.40%; p=0.41), with 
average partial pressure of oxygen measured in the arterial 
blood (PaO2) was 66.94±12.45 mmHg, lower in women 
(71.00±11.68 mmHg) than in males (64.00±12.79 mmHg; 
p=0.22) (Table 1). Also, PaO2 in older patients versus 
younger patients (61.1±11.78 versus 72.5±11.01 mmHg; 
p=0.038) (Table 2). 

Spirometry revealed restriction pattern in 14 patients 
and normal function for the rest (no obstructive or mixed 
pattern identified). Both average FVC, average forced 
expiratory volume in one second (FEV1), as well as the 
average of TLC were less than 80% (70.99±22.80%, 
75.11±19.39%, and 72.40±14.28%, respectively) (Table 1). 
There were differences between genders with a lower FVC 
and FEV1 values in women (1.62±0.74 versus 2.81±1.40 
liters, p=0.029, and 1.20±0.53 versus 2.36±1.50 liters 
respectively, p=0.053) (Table 1). 

Pletismography performed in 11 patients showed 
restrictive pattern in most of them (n=10/11). 

TLCO determined in these 10 cases was normal in 
only one case and altered in all the rest. Average TLCO 
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was below the lower limit of normal (43.94±20.57%) 
(Table 1). Five patients investigated by 6MWT had desa-
turation >4% at the end of the test (a mean desaturation 
of 15%, minimum 4%, maximum 28% from the baseline). 
Desaturation was insignificant in other two patients. 

WLL had no indication in four patients, was contra-
indicated due to severe unresponsive hypoxemia in one 
patient and severe unresponsive hypoxemia with severe 
pulmonary hypertension in another. 

Table 2 – Differences regarding demographic and 
paraclinic data between cases by median age (40.5 
years) 

Age <40.5 
years 

Age ≥40.5 
years  N 

N 
Mean± 

SD 
N 

Mean±
SD 

P 

Duration of 
symptoms before 

diagnosis [months] 
10 3 

8± 
3.46 

7 
10.14±

8.74 
0.594

SaO2 aa [%] 20 10 
93.1± 
4.86 

10 
87± 

11.15 
0.130

Hemoglobin  
[mg/dL] 

20 10 
14.7± 
1.63 

10 
14.6±
1.71 

0.895

Hematocrit [%] 20 10 
42.5± 
4.99 

10 
43.5±
4.08 

0.630

FVC [L] 19 9 
2.66± 
1.5 

10 
2.0± 
1.05 

0.274

FVC [%] 19 9 
72.44± 
26.23 

10 
68.7±
20.79 

0.733

FEV1 [L] 19 9 
2.33± 
1.11 

10 
1.70±
0.94 

0.199

FEV1 [%] 19 9 
75.55± 
22.57 

10 
73.20±
17.13 

0.718

TLC [L] 11 5 
3.4± 
1.14 

6 
3.17±
1.16 

0.747

TLC [%] 11 5 
72.4± 
9.2 

6 
71.33±
18.52 

0.910

TLCO [%] 10 6 
51.33± 
17.69 

4 
31.50±
20.46 

0.141

PaO2 [mmHg] 20 10 
72.5± 
11.01 

10 
61.1±
11.78 

0.038

PaCO2 [mmHg] 16 7 
36± 
3.87 

9 
33.77±

6.90 
0.460

Macrophages [%] 20 10 
56.83± 
18.91 

10 
59.30±
16.84 

0.788

Lymphocytes [%] 20 10 
23.38± 
16.77 

10 
20.30±
14.95 

0.705

Neutrophils [%] 20 10 
18.36± 
23.61 

10 
15.66±
10.11 

0.796

Eosinophils [%] 20 10 
0.70± 
0.73 

10 
4.00±
4.43 

0.026

Mast cells [%] 20 10 
0.18± 
0.28 

10 
0.10±
0.16 

0.250

N: No of cases; SD: Standard deviation; SaO2 aa: Oxygen saturation 
in ambient air; FVC: Forced vital capacity; FEV1: Forced expiratory 
volume in one second; TLC: Total lung capacity; TLCO: Transfer 
factor of the lung for carbon monoxide; PaO2: Partial pressure of 
arterial oxygen; PaCO2: Partial pressure of carbon dioxide. 

Fourteen patients required more than one WLL. A 
total of 36 WLL were performed during the six years  
of follow-up study. Compared to those without WLL 
indication, patients who needed WLL had a lower TLC 
(2.88±0.83 versus 5±0 liters, p=0.009) and TLCO (68.0± 
10.55 versus 91.5±17.67%, p=0.035), meaning a more 
severe restriction (Table 3). Comparing BALF cytology 
in patients with WLL indication versus those without 
indication, there is no statistical differences but values 
of neutrophils, lymphocytes and eosinophils are greater 
than normal values [22] (Table 4). 

Table 3 – Differences regarding demographic and 
paraclinic data between cases by WLL indication, after 
excluding those having contraindication for WLL 

No WLL 
indication 

WLL  
indication  N 

N Mean±SD N Mean±SD 
P 

Age [years] 18 4
52± 

15.89 
14 

37.21± 
13.93 

0.087

Duration of 
symptoms before 

diagnosis [months]
8 1 24 7 

5.84± 
2.20 

0.055

SaO2 aa [%] 18 4
94.75± 
2.87 

14 
89.64± 

9.62 
0.320

Hemoglobin  
[mg/dL] 

18 4
14± 
1.64 

14 
14.78± 

1.71 
0.427

Hematocrit [%] 18 4
42.5± 
3.31 

14 
42.92± 

5.09 
0.877

FVC [L] 17 4
2.75± 
0.5 

13 
2.30± 
1.49 

0.576

FVC [%] 17 4
89.25± 
15.64 

13 
67.38± 
23.24 

0.102

FEV1 [L] 17 4
2.25± 
0.5 

13 
2.07± 
1.18 

0.784

FEV1 [%] 17 4
87.5± 
11.03 

13 
72.69± 
20.86 

0.200

TLC [L] 10 2
5± 
0 

8 
2.88± 
0.83 

0.009

TLC [%] 10 2
91.5± 
17.67 

8 
68.0± 
10.55 

0.035

TLCO [%] 8 2
70± 

15.55 
6 

40.83± 
15.05 

0.056

PaO2 [mmHg] 18 4
75.25± 
8.99 

14 
65.71± 
13.19 

0.198

PaCO2 [mmHg] 14 3
38.33± 
2.08 

11 
33.0± 
5.49 

0.134

Macrophages [%] 18 4
56.69± 
18.32 

14 
61.00± 
17.41 

0.686

Lymphocytes [%] 18 4
22.69± 
16.10 

14 
21.00± 
16.79 

0.866

Neutrophils [%] 18 4
17.92± 
19.75 

14 
15.75± 
21.74 

0.866

Eosinophils [%] 18 4
2.03± 
3.34 

14 
1.35± 
1.81 

0.645

Mast cells [%] 18 4
0.11± 
0.15 

14 
0.30± 
0.47 

0.204

WLL: Whole lung lavage; N: No of cases; SD: Standard deviation; 
SaO2 aa: Oxygen saturation in ambient air; FVC: Forced vital capacity; 
FEV1: Forced expiratory volume in one second; TLC: Total lung 
capacity; TLCO: Transfer factor of the lung for carbon monoxide; 
PaO2: Partial pressure of arterial oxygen; PaCO2: Partial pressure of 
carbon dioxide. 

Table 4 – Mean BAL characteristics for all cohort 

Characteristic Mean±SD 
Minimum 

value 
Maximum 

value 
Total number of cells 

[×106 cells/mm3] 
26.6±23.86 4 64.7 

Vitality [%] 67.12±14.29 47 85 

Macrophages [%] 57.26±18.19 25.2 81.6 

Lymphocytes [%] 21.8±16.12 5 57.4 

Neutrophils [%] 17.75±19.44 0.2 66.2 

Eosinophils [%] 2.05±3.17 0 11.6 

Mastocytes [%] 0.23±0.29 0 1 

Plasmocytes [%] 0 0 0 

BAL: Bronchoalveolar lavage; SD: Standard deviation. 

As complications of WLL, one case of post-procedural 
pneumothorax and two cases of severe hypoxemia were 
identified and resolved with no residual effects. 

Evolution outcomes during six years of cohort analysis 
included one death event (a 74-year-old patient) and one 
spontaneous resolution. 
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 Discussion 

This study has the scientific merit of being the first 
PAP study in Romania assessing a cohort of 20 patients. 
Even if the pathogenesis of cases is difficult to establish 
(as the test for GM-CSF antibodies is not available in 
Romania, neither possibility of identifying in the surfactant 
protein (SP)-B gene or other surfactant protein dysfunction 
as it is recommended for diagnosing a congenital form 
[23, 24]), two of the cases were probably late-onset forms 
of congenital PAP, as the youngest patient had 12 years 
at first admission, and the next one had 16 years [25]. 
All other cases were adults. For adult cases, possible 
causes of secondary PAP were screened in every case. 
Up to 10% of PAP forms are classified in literature as 
secondary based on the absence of GM-CSF antibodies 
and the identification of another disease compatible with 
secondary PAP [26]. In this cohort, no primary case had 
familial involvement, no secondary PAP case was diag-
nosed although occupational exposure to inhaled dust as 
silica can cause secondary PAP. 

Normal architecture of the lung may associate the 
presence of eosinophilic material within the alveoli and 
normal or degenerating macrophages, thickening of the 
alveolar walls by lymphocytic infiltration or fibrosis [4]. 
In most of the cases, the biopsy is not needed, as PAP 
can be diagnosed in up to 75% cases by the milky aspect 
of the BAL and by the presence of PAS-positive granular 
acellular eosinophilic proteinaceous material, and also of 
the “foamy” macrophages [2]. 

Gold standard for PAP diagnosis remains, after years, 
open lung surgery. Efforts are made in order to identify 
a noninvasive method as induced sputum followed by 
transmission electron microscopy [27]. Other authors 
consider HRCT very confident based on lungs appearance 
and in conjunction with BALF examination [28]. For the 
moment, diagnosis of PAP needs an invasive prelevation 
of cells or tissue [17]. In our cohort, most of the patients 
(n=18/20; 90%) were diagnosed by BAL. This percentage 
of BAL used for diagnosis (90%) is huge comparing 
with the biggest cohort of PAP patients ever described 
(Seymour & Presneill, 4% [2]), but close to other studies 
more recently published (Inoue et al. – 70% [20]; Xu  
et al. – 72% [21], Bonella et al. – 76% [29]. The BAL 
performing and the utility of BALF analysis in ILD is  
a controversial subject and it depends also by clinical 
presentation and radiographic findings [30]. PAS staining 
of BALF offered the standard criterion of PAP diagnosis 
by revealing eosinophilic proteinaceous material in the 
alveoli and macrophages with PAS-positive intracellular 
inclusions. The statement of American Thoracic Society 
(ATS) Committee on BAL in Interstitial Lung Disease 
recommended in 2012 several features of BALF cellular 
analysis for PAP diagnosis: “cloudy BAL fluid with milky 
to light brown appearance, debris settles out centrifugation, 
PAS-positive amorphous debris” [30]. The role of BAL 
in providing the indication of WLL or in differentiating 
severe from less severe forms of disease was not yet 
established. 

When assessing the sex ratio, the literature varies 
widely from 2.65:1 [2] to 1.3:1 [29] in favor of men, but 
no matter the study, the male predominance remains a 
constant. When assessing the nonsmoking population, 

the proportion modifies, tending first to equalize, and 
then even change the predominance into a women pre-
dominance [2]. This pattern is identified in our cohort 
also with a gender ratio of 1.5:1 favoring men, but when 
evaluating only the non-smokers, it became 1.4:1 favoring 
women. This comes to confirm a possible role of tobacco 
smoking into the pathogenesis of PAP in men. The role 
of gender in the pathogenesis of PAP is not known yet 
and our study did not show significant difference between 
women and men regarding severity of PAP. Inoue et al. 
demonstrated some years ago, in 2008, there are differ-
ences between women and men regarding FVC (percentage 
values) and tobacco use, demonstrating a relation between 
smoking and gender among PAP patients [20]. Our findings 
regarding gender differences regarding smoking confirm 
the conclusions revealed by other studies [2, 20]. More 
men are smokers in our cohort (p=0.029), and also, PAP 
predominance in men (expressed by sex ratio) is not 
observed among non-smokers similar to Seymour & 
Presneill conclusions [2]. Smoking seems to be intricate 
in the pathogenic mechanism of PAP, but its precise 
role is not known. Also, in our cohort, FVC expressed in 
liters is statistical different between the groups. Actually, 
the difference between FVC expressed in liters (different 
in our study) and percentual value (Inoue et al. study) is 
huge; while lower FVC expressed in liters for women may 
be an usual and normal finding, lower percentual FVC 
means a more advanced disease demonstrated by Inoue 
et al. for women, which is quite strange, and not supported 
by others differences. 

An accurate indication for WLL, expressed by an 
exact value of specific variables (as PaO2, FVC, TLCO, 
etc.) is not available in our country, nor the specific 
guidelines, and in most cases, the necessity of WLL is 
established using medical judgment. For this retrospective 
current study, we evaluated the opportunity of WLL using 
only functional tests, considering that the presence of at 
least one of the following variables are indicating the need 
for WLL: moderate or severe restrictive lung disease 
(estimated by FVC or TLC <60%), moderate or severe 
hypoxemia (PaO2<60 mmHg or SaO2<90%), moderate or 
severe TLCO decrease (TLCO<60%), significant (minimum 
4%) desaturation at six-minutes walk test. This formula 
managed to overlap all patients who performed WLL, and 
all the patients not having contraindications of WLL. 

From our analysis, the most important findings that 
helped to decide WLL indication seems to be the 
severity of restriction evaluated by TLC; even if PaO2 
and TLCO are lower in the group with WLL indication, 
these differences did not manage to encounter statistical 
significance. Regarding the time from occurrence of 
symptoms to the diagnosis, also different in those having 
and not having indication for WLL (p=0.055) (Table 3), 
it is also understandable that a more severe disease (that 
will require WLL) is more dramatic, and all efforts are 
made for a more rapid diagnosis and treatment. 

Another interesting aspect is the age, lower for those 
who performed WLL (p=0.087). Correlated with the fact 
that younger patients had more admissions, this might 
indicate a higher severity for the young patients. However, 
dividing the cohort into two groups according to the age 
median did not return any other significant difference 
(other than an expected lower PaO2 in elders), and when 
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testing the difference between main severity parameters 
(FEV1, FVC, TLC, TLCO, SaO2, PaO2) in decades, 
ANOVA test did not return any significant difference. 

Taking into consideration the prolonged latency between 
the occurrence of symptoms and PAP diagnosis, the 
severity of cases at first admission can be explained  
(it is possible the mild cases were temporized a long 
enough period, permitting a spontaneous remission). Only 
one case had spontaneous remission (remission rate 1/20). 
A similar study described 17 proteinosis patients in 
Poland, with four cases treated by WLL and a higher 
rate of spontaneous remission (10/17) [12]. In Romania, 
no other treatment except WLL is available. 

The role of BAL in proving the indication of WLL 
or in differentiating severe from less severe patients was 
not established; in our study, there was no statistical 
difference regarding BAL between these groups of patients. 

This study has many limits. This was a retrospective 
study and not all the data were available for all patients. 
Unfortunately, genetic or immunological tests were not 
performed. The only available treatment for patients with 
severe PAP disease was WLL. However, this is the first 
Romanian paper to describe a large six years cohort of 
PAP patients. 

 Conclusions 

The first Romanian cohort of PAP patients included 
mostly males (60%) and young individuals (mean aged 
40.5 years) with a high proportion of never smokers (60%). 
BAL was the most important tool for the positive diagnosis 
of PAP (90%) and reduced the need of lung biopsy and 
histological confirmation. 
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