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ABSTRACT: Patients with cardiogenic pulmonary oedema expectorate foamy spu-
tum containing surfactant, which might be expected to include surfactant apopro-
tein A (SP-A). SP-A is specific for lung surfactant. We have measured the SP-A
concentration in airway secretions to determine whether it is useful in distinguishing
pulmonary oedema from other disorders.

Samples of sputum and of aspirated airway secretion were obtained from 11
patients with cardiogenic pulmonary oedema, seven patients with clinically stable
congestive heart failure, five patients with adult respiratory distress syndrome
(ARDS) and 20 control patients (10 intubated) with other respiratory diseases. The
samples were used for the measurement of SP-A concentration by a two-site simul-
taneous immunoassay with monoclonal antibodies against SP-A.

SP-A concentrations, measured in samples of sputum and aspirated secretions,
depended on the diagnosis of the patients from which they had come. In descend-
ing order these samples came from patients with: cardiogenic pulmonary oedema
(1324±197 µg·mL-1; n=33); ARDS (311±47 µg·mL-1; n=23); clinically stable conges-
tive heart failure (78±10 µg·mL-1; n=21); and control conditions (3.0±0.6 µg·mL-1;
n=30). Concentrations from disease samples did not overlap with controls. In sam-
ples from patients with cardiogenic pulmonary oedema, the SP-A concentration
correlated with mean pulmonary capillary wedge pressure (PCWP) (p<0.001; n=39).

These findings indicate that the measurement of the surfactant apoprotein A
concentration in airway secretions may be useful for the detection of pulmonary
oedema.
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Patients with cardiogenic pulmonary oedema expect-
orate foamy sputum, which might be expected to contain
large amounts of surfactant. The pulmonary surfactant-
associated 35 kDa protein, surfactant apoprotein A (SP-
A), is the predominant phospholipid-associated glyco-
protein in pulmonary surfactant, and is specific to lung
surfactant [1]. Since, in the alveoli, SP-A is turned over
rapidly (≤2 h) [2], it is possible that the amount of SP-
A in airway secretions reflects pulmonary oedema. Mono-
clonal antibodies prepared against SP-A [3] have been
used to measure the surfactant concentration in amnio-
tic fluid for the diagnosis of infantile respiratory distress
syndrome, and in sputum for the diagnosis of pulmonary
proteinosis [4–8]. 

Meanwhile, clinical and radiographic methods for de-
tecting congestive heart failure or pulmonary oedema are
sometimes insensitive and have limited reliability [9]. The
pulmonary capillary wedge pressure (PCWP) is an im-
portant indicator of cardiac function in patients with con-
gestive left heart failure. Haemodynamic monitoring of
this pressure using a balloon-tipped, flow-directed cathe-
ter [10] has, therefore, become commonplace in acute-
ly ill patients. Because it is an invasive procedure and

occasionally causes serious complications [11], how-
ever, pulmonary artery catheterization may not be an
acceptable alternative either for screening or the initial
detection of congestive heart failure or cardiogenic pulmo-
nary oedema. Furthermore, in noncardiogenic pulmonary
oedema or adult respiratory distress syndrome (ARDS),
the PCWP is low or normal and does not reflect the
extent of pulmonary oedema. In the present study, using
monoclonal antibodies against SP-A, we measured the
SP-A concentration in samples of airway secretions aspi-
rated from intubated patients and sputum from patients
with pulmonary oedema, in order to determine whether
it may be used to detect pulmonary oedema.

Methods

Subjects

In the 6 yrs from 1989 until 1994, we investigated 11
patients with cardiogenic pulmonary oedema (4 females
and 7 males, aged 67±4 yrs (mean±SE)), who were admit-
ted to the intensive care unit (ICU) at Tohoku University



Hospital and selected for the present study, as shown
in table 1. All were monitored for PCWP for 2–7 days.
Diagnosis of cardiogenic pulmonary oedema was based
on elevated mean PCWP (≥12 mmHg), presence of heart
failure due to heart disease and diffuse infiltrates on
chest radiographic image. Six patients with cardiogenic
pulmonary oedema received tracheal intubation with
mechanical ventilation (table 1) and showed significant
intratracheal secretions. Airway secretions aspirated with-
out the addition of fluid, and sputum samples (1–5 mL)
were then collected from these patients on successive
morning. 

In addition, seven clinically stable patients with chron-
ic congestive heart failure (3 females and 4 males, aged
68±5 yrs), who had shown no evidence of acute pul-
monary oedema for at least 3 months and who expecto-
rated morning sputum, were chosen for the present study. 

Five ARDS patients (3 females and 2 males, aged 50±
9 yrs) were also studied. The definition of ARDS was
based on the following criteria: presence of diffuse infil-
trates involving all four lung quadrants in the anterio-
posterior chest radiograph; severe hypoxaemia (arterial
oxygen tension/inspiratory oxygen fraction ratio (Pa,O2/
FI,O2) <200); mean PCWP <12 mmHg; and no clinical
evidence of heart failure [12]. 

As control samples, 10 aspirated secretions were obtain-
ed from 10 intubated patients with other pulmonary dis-
eases, who received mechanical ventilation and showed
no evidence of left congestive heart failure (2 females
and 8 males, aged 62±4 yrs (range 30–74 yrs); their dis-
eases included pulmonary emphysema (3), chronic obs-
tructive pulmonary disease (2), bronchial asthma (2) and
pulmonary fibrosis (3). As a further control, 20 sputum
(mucoid and mucopurulent) samples were collected on
different mornings from 10 nonintubated patients with
various pulmonary diseases (6 females and 4 males,
aged 56±5 yrs (range 26±73 yrs): their diseases includ-
ed chronic bronchitis (3), bronchial asthma (4), chronic
obstructive pulmonary disease (1), pneumonia (1), and pul-
monary emphysema (1).

The total of 122 samples of sputum and aspirated air-
way secretions were all collected in the morning (08:00–
09:00 h), except on the first day of ICU admission, and
were used for the determination of SP-A concentration as
described below. On the first day of ICU administration,
samples were collected within 1 h of PCWP measurement.

SP-A measurement

A mixture of 0.5 mL of the sample and 2 mL of 0.01
M Tris-HCl buffer (pH 7.4), containing 1 mM ethylene-
diamine tetra-acetic acid (EDTA), was homogenized for
1 min in an ice-cold bath by means of an ultra-disperser
(Model-LK-21; Yamato Co., Tokyo). The homogenate
was diluted with 0.6% sodium dodecyl sulphate (SDS)
and 2% Triton X-100 to separate SP-A from lung sur-
factant phospholipids, and centrifuged at 10,000×g for 10
min at 4°C. The SP-A content of the supernatant was
measured using an enzyme-linked immunoassay (ELISA)
kit which was provided by K. Hosoda (Teijin Institute
of Bio-Medicine, Tokyo, Japan) [6, 7]. Aliquots (200 µL)
of SP-A standards or 1:10 dilutions of the supernatant
from sputum samples in buffer solution I (0.6% SDS/2%
Triton X-100/0.01 M phosphate-buffered saline (PBS),
pH 7.2) (final dilution 1:500) and 200 µL of peroxidase-
labelled monoclonal antibody PE10 (5 µg·mL-1) were
mixed thoroughly. The peroxidase-labelled PE10 (50 µg
protein) was dissolved in 10 mL of a buffer solution II
(0.25% skimmed milk/0.01 M PBS, pH 7.2). 

A plastic bead coated with monoclonal antibody PC6
was added to each test tube containing the above mix-
ture. The test tube was then incubated at 37°C for 90
min. After incubation, the reaction mixture was removed
by suctioning with an aspirator and the bead was washed
three times with 3 mL of distilled water. Four hundred
microlitres of a mixture of substrate solution and devel-
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Table 1. –  Subjects

Pt Sex Age Diagnosis Outcome
No. yrs and others

Cardiogenic pulmonary oedema
1 F 60 Old myocardial infarction,

congestive heart failure
2 M 79 Aortic regurgitation,

old myocardial infarction,
congestive heart failure

3 M 62 Old myocardial infarction,
atherosclerosis obliterans,
congestive heart failure

4 M 64 Dilated cardiomyopathy Respirator,
dead

5 M 69 Old myocardial infarction,
congestive heart failure

6 F 42 Acute myocardial infarction, Respirator,
diabetes mellitus dead

7 M 62 Ischaemic heart disease, Respirator,
unstable angina,
congestive heart failure

8 M 62 Acute myocardial infarction Respirator,
dead

9 F 89 Ischaemic heart disease, Respirator
congestive heart failure

10 F 76 Ischaemic heart disease, Respirator
congestive heart failure

11 M 73 Mitral regurgitation,
old pulmonary tuberculosis

Clinically stable congestive heart failure
12 M 79 Old myocardial infarction
13 F 79 Old myocardial infarction,

ventricular aneurysm
14 F 55 Mitral stenosis,

Ischaemic heart disease
15 F 75 Aortic stenosis, Mitral

regurgitation, pulmonary
hypertension

16 M 69 Ischaemic heart disease
17 M 75 Replacement of aortic aneurysm
18 M 47 Aortic regurgitation
Adult respiratory distress syndrome
19 M 67 Perforation of duodenal ulcer, Respirator,

peritonitis, sepsis dead
20 F 22 Rickettsia infectious disease Respirator,

DIC dead
21 M 48 Lung abscess, sepsis, DIC, Respirator

diabetes mellitus
22 F 70 Lung abscess, sepsis, DIC Respirator,

dead
23 F 42 Sepsis, DIC Respirator,

dead

DIC: disseminated intravascular coagulation; M: male; F:
female.



oper were added to each tube. The substrate solution (5
mM H2O2/0.1 M phosphate-citrate buffer, pH 4.0) was
mixed with the developer (0.06% tetramethylbenzidine
HCl, pH 2.0) just before use. The tube was then incu-
bated at 37°C for 30 min. The reaction was stopped by
the addition of 1 mL of 0.5 M H2SO4. 

The absorbency of each tube was measured at 450 nm
using a spectrophotometer (Hitachi 200A; Hitachi Co.,
Tokyo). SP-A purified from full-term human amniotic
fluid was used as a standard, and 1.2 µg of SP-A was
lyophilized with 0.5% bovine serum albumin/0.01 M PBS,
pH 7.2. The lyophilized material was dissolved in 2 mL
of buffer solution I and diluted into 0, 10, 100, 500, 1,000,
2,000, 3,000 and 4,000 ng·mL-1 of SP-A to produce a
calibration curve. This assay was capable of measuring
from 2.5 to 4,000 ng of SP-A. All assays were performed
in duplicate, and data were expressed as mean values. 

Measurement of PCWP

The PCWP was measured directly in a steady state,
with the patient in the supine position, using a 7.5-
French single-lumen balloon-tipped catheter (Boxter
Healthcare Co., Irvine, CA, USA) and disposable trans-
ducers (A BOC Health Care Co., Viggo-Spectramed (S)
Pte Ltd, Singapore) levelled to the mid-axillary line.
The pulmonary-wedge position was confirmed in the
catheter laboratory by direct fluoroscopic observation
of the catheter tip and by the appearance of a typical
wedge-pressure tracing. Except for the first day of ICU
admission, PCWP was measured in the morning (08:00–
09:00 h) and used for the data analysis. On the first day
of ICU admission, PCWP was measured within 1 h of
aspirated secretion and sputum collection.

Data are expressed as mean±SE. For mean compar-
isons, Student's two-tailed unpaired t-test was used for
statistical analysis, and the Cochran Cox t-test was used
when Bartlett's test for uniformity of variance showed
it to be nonuniform. The regression coefficient was also
used for statistical analysis. Significance was accepted
at a p-value of less than 0.05.

Results

SP-A concentrations in aspirated secretion and sputum
from the patients with cardiogenic pulmonary oedema

with elevated PCWP (mean PCWP >12 mmHg), clini-
cally stable congestive heart failure, ARDS, and other
pulmonary diseases (controls) are shown in table 2 and
figure 1. Among the 48 samples of aspirate and sputum
from patients with cardiogenic pulmonary oedema used
for the SP-A measurement, nine samples lacked PCWP
values and six samples were associated with low PCWP
values (mean PCWP <12 mmHg). SP-A concentrations
from control patients were mean 3.0 (range 0.3–1.1)
µg·mL-1. The three other groups all showed significantly
higher values than the control patients, without any over-
lap of ranges (table 2 and fig. 1).

Three patients with cardiogenic pulmonary oedema (two
acute myocardial infarction patients and one dilated
cardiomyopathy patient; patients No. 4, 6 and 8) (table
1) did not respond to intensive care and died of result-
ing heart and respiratory failure (not arrhythmias) 2–4
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Table 2.  –  Surfactant apoprotein A (SP-A) concentrations in aspirated airway secretion and sputum

Pt SP-A  µg·mL-1

n Mean±SE Range

Cardiogenic pulmonary oedema 
with mean PCWP >12 mmHg 33 1324±197 125–5875*

Aspirated airway secretion 12 1612±289 630–3350*
Sputum 21 1160±260 125–5875

Clinically stable congestive heart failure  (all sputum samples) 21 78±10 20–206+

Adult respiratory distress syndrome (ARDS) (all aspirated secretion) 23 311±47 102–750+

Controls with other pulmonary diseases  30 3.0±0.6 0.3–11
Aspirated airway secretion 10 3.1±1.1 0.3–11
Sputum 20 2.7±0.6 1.3–11

PCWP: pulmonary capillary wedge pressure; Pt: patients. *: p<0.001, compared to stable congestive heart failure,
ARDS and controls; +: p<0.001, compared to controls.
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Fig. 1.  –  Surfactant apoprotein A (SP-A) concentrations in aspirat-
ed secretions (●) and sputum (❍) from: cardiogenic pulmonary oede-
ma patients with elevated mean pulmonary capillary wedge pressure
(PCWP) (≥12 mmHg; n=33) (A); clinically stable congestive heart
failure patients (n=21) (B); adult respiratory distress syndrome (ARDS)
patients (n=23) (C); and control patients with other respiratory dis-
eases (n=30) (D). There was no significant difference between aspi-
rated secretion and sputum samples. SP-A concentrations in cardiogenic
pulmonary oedema were significantly higher than those in congestive
heart failure, ARDS and control patients (all p<0.001). SP-A con-
centration both in congestive heart failure and ARDS patients were
also significantly higher than those in control patents (both p<0.01).
See table 2 for detail.



days after ICU admission. They all showed an increase
in the SP-A concentration before death, as shown in fig-
ure 2. The other eight patients showed clinical improve-
ment and left the ICU within 8 days, with a decreased
SP-A concentration (fig. 2). Thus, SP-A concentrations
in aspirated secretion and sputum samples correlated
with their clinical course and laboratory data, with no
significant differences between aspirated secretion and
sputum (n=48). 

Nine sputum samples lacked PCWP values because
these samples were obtained when the patients had impro-
ved clinically and, therefore, had not received the PCWP
measurement. Mean PCWP values in cardiogenic pulmo-
nary oedema patients correlated significantly with SP-A
concentrations, expressed logarithmically, in aspirated
secretion (r=0.77; p<0.01; n=13), sputum (r=0.78; p<
-0.001; n=26) and both (r=0.78; p<0.001; n=39) as shown
in figure 3. Although the levels of SP-A in sputum tend-
ed to be lower than those in aspirates, this difference was
not statistically significant (table 2 and fig. 1). As shown
in table 2 and figure 1, SP-A concentration in samples of
aspirated secretion and sputum from cardiogenic pulmo-
nary oedema patients with elevated mean PCWP (≥12
mmHg; n=33) showed a 100–2,000-fold higher value than
did sputum samples from control patients with various
other pulmonary diseases. Sputum samples from patients
with clinically stable congestive heart failure showed a
much lower SP-A concentration than those from cardio-
genic pulmonary oedema patients, but were still signif-
icantly higher than those from control patients, without
any overlap of ranges (table 2 and fig. 1).

ARDS patients all received tracheal intubation with
mechanical ventilation and, with the exception of one
patient, died of respiratory failure, septic shock and mul-
tiple organ failure within 6–12 days of ICU admission,
despite intensive care, including a pulse therapy of me-
thylprednisolone. One patient (patient No. 21 in table
1) was successfully treated and left the ICU 6 days after

admission. SP-A concentrations in aspirated secretions
from ARDS patients showed an intermediate value be-
tween those from cardiogenic oedema patients and those
from control patients, and were significantly lower than
those from cardiogenic pulmonary oedema patients, as
shown in table 2 and figure 2. However, SP-A concentra-
tions from ARDS patients did not correlate significantly
with any clinical features, including chest radiographic
findings, degree of hypoxaemia (Pa,O2/FI,O2) or mean
PCWP values.

Discussion

This study showed that SP-A concentrations in air-
way secretions were higher in patients with cardiogenic
pulmonary oedema. SP-A concentrations in ARDS and
stable congestive heart failure were lower, but were still
significantly higher than in control patients, and showed
no overlap with control values.

Airway secretions in pulmonary oedema are often con-
taminated with blood (or plasma) but the serum SP-A
concentration is ≤1 µg·mL-1 [13]. Since serum from the
same patients showed l/200 to 1/3,000 or lower SP-A
concentrations than the sputum, contamination by blood
or serum would have little effect on the alterations in
the SP-A concentrations that were observed in the spu-
tum samples. Furthermore, contamination with saliva is
usually present when collecting sputum samples for
chemical analysis. Similarly, contaminating saliva would
not substantially dilute the expectorated SP-A, since sali-
va shows a much lower concentration [8]. In fact, there
was no significant difference in SP-A concentration be-
tween the sputum and aspirated secretion.

In general, cardiogenic or hydrostatic pulmonary oede-
ma occurs abruptly and alveolar flooding washes out
alveolar surfactant into the airways in the same manner
as bronchoalveolar lavage, resulting in a large amount
of foamy sputum. Consistent with this is our finding of
higher (400 fold or more) values of SP-A in samples
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Fig. 2.  –  Time course of surfactant apoprotein A (SP-A) concen-
trations in aspirated airway secretion (●) and sputum (❍) from 11 car-
diogenic pulmonary oedema patients after intensive care unit (ICU)
admission. Three patients died of respiratory and heart failure (†, solid
lines), having shown a rapid increase in SP-A concentrations before
death. The other patients improved clinically and left the ICU with-
in 8 days, showing a decrease in SP-A concentrations.
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Fig. 3.  –  Relationship between surfactant apoprotein A (SP-A) con-
centrations and mean pulmonary capillary wedge pressures (PCWPs)
in cardiogenic pulmonary oedema patients. Mean PCWPs correlated
significantly with SP-A concentrations in aspirated secretion (●; n=13)
and sputum (❍; n=26) expressed by logarithm (r=0.78; p<0.001; n=39).



aspirated of secretion and sputum from the patients with
cardiogenic pulmonary oedema compared to those from
control patients. Furthermore, the SP-A concentrations
correlated significantly with the mean PCWP values, re-
turned to lower levels when cardiogenic pulmonary oe-
dema was successfully treated, and increased when the
treatment was not effective. These findings indicate that
determination of the SP-A concentration both in aspi-
rated secretion and sputum may be useful for detecting
and monitoring cardiogenic pulmonary oedema. 

The present immunoassay using the ELISA kit requires
a sample of just 0.5 mL. The patients with cardiogenic
pulmonary oedema could expectorate 0.5 mL or more
of sputum before tracheal intubation and even after the
removal of the tracheal tube. The present method using
an ELISA kit represents an improved immunoassay for
the determination of SP-A, which simplifies the two-site
simultaneous immunoassay with monoclonal antibodies
against SP-A described by KUROKI et al. [4]. The pre-
sent assay kit makes it possible to complete many sam-
ples in 50 min using a common spectrometer [6, 7], and
could be used routinely in a clinical laboratory for SP-A
determination in samples of airway secretions or spu-
tum, in addition to the other diagnostic tools for cardio-
genic pulmonary oedema.

In successfully-treated patients with cardiogenic pul-
monary oedema, the markedly elevated SP-A concen-
trations returned to lower levels of 10–100 µg·mL-1 3–6
days after ICU admission, as the PCWP values also
returned to within normal limits. However, in this con-
dition, the SP-A values were still significantly higher
than those of control patients. To determine whether the
higher SP-A concentration with normal PCWP value
resulted from congestive heart failure or delayed SP-A
clearance from alveolar regions, we examined the SP-
A concentration in sputum samples from clinically sta-
ble congestive heart failure patients, who had not shown
any acute pulmonary oedema for 3 months or more and
who also showed normal PCWP values. These patients
also showed significantly higher values of SP-A con-
centration in the sputum samples compared to the con-
trol patients. It has been shown, even at the so called
"interstitial oedema" stage, that the capillary endothelial
intercellular junctions are widened, allowing passage of
macromolecules [14, 15]. This suggests that SP-A mea-
surement could be used to detect congestive heart fail-
ure even when the PCWP is within the normal range.

A noninvasive method or tool for the detection of pul-
monary oedema could contribute to the early detection
of congestive heart failure. With powerful diuretics and/
or digitalis, patients with chronic severe but stable heart
failure can now be managed as out-patients or in hos-
pitals where catheterization facilities for estimation of
cardiac function are limited. Such patients often have
pulmonary oedema after a common cold, viral infec-
tion, bronchitis or pneumonia, and it is sometimes dif-
ficult to distinguish this condition from pneumonia by
chest radiography alone, as was shown in the case of an-
other patient with cardiogenic pulmonary oedema [16].
Although PCWP is an important indicator of cardiac
function, it is an invasive procedure and occasionally
causes serious complications [11]. The measurement of
SP-A concentrations in airway secretions is easy and,
thus, useful for the detection of cardiogenic pulmonary

oedema prior to catheterization, and could be put into
routine clinical use since ELISA kits are now available
commercially.

The increase in SP-A concentrations in sputum and
airway secretion does not seem to be specific to cardio-
genic pulmonary oedema but also occurs in other types
of pulmonary oedema, including noncardiogenic pul-
monary oedema, i.e. ARDS. We found significantly high-
er values of SP-A in the aspirated secretion from ARDS
patients compared to those from control patients. How-
ever, these SP-A concentrations failed to correlate with
any clinical features and parameters of ARDS. We found
normal PCWP values in all ARDS patients studied with-
in 24 h of the onset of ARDS, consistent with noncar-
diogenic pulmonary oedema due to increased vascular
permeability. However, elevated mean PCWPs (range
13–17 mmHg) developed in two of the ARDS patients
beyond this period, suggesting an additional role of car-
diogenic or hydrostatic pulmonary oedema in ARDS. 

Airway secretion and sputum samples from ARDS
patients showed smaller SP-A concentrations than those
from cardiogenic pulmonary oedema patients, in spite of
the fact that ARDS is known to be "permeability oede-
ma". ARDS patients do not expectorate such large am-
ounts of foamy sputum as seen in cardiogenic pulmonary
oedema patients, resulting in a much smaller level of
SP-A in the airway tracts. Furthermore, alveolar fluids
from ARDS patients contain a much higher amount of
plasma proteins than those from cardiogenic pulmonary
oedema patients [17]. Plasma proteins and bacterial in-
fections inactivate and reduce pulmonary surfactant or
SP-A [18, 19]. An impairment of surfactant function is
known to exist in ARDS [20], and the measurement of
SP-A in bronchoalveolar fluid samples from ARDS
patients also demonstrated a decline of the surfactant
apoprotein in the alveoli [21]. A recent study by DOYLE

et al. [22] (published during the preparation of this man-
uscript) reported that the serum SP-A concentration of
ARDS patients was higher than that of cardiogenic pul-
monary oedema patients because of alveolocapillary
membrane injury. Surfactant apoprotein production is
deficient in ARDS, presumably resulting from damage
to type II alveolar epithelial cells. Furthermore, the
ARDS patients in the present study received glucocor-
ticoids, that are known to affect surfactant production
and secretion [23]. These may be possible explanations
for the absence of a significant relationship between the
SP-A concentration and the clinical features of ARDS,
and also for the decreased SP-A concentrations in the
samples of aspirated secretion and sputum samples from
ARDS patients compared to those from patients with
cardiogenic pulmonary oedema. Furthermore, it is possi-
ble that patients with cardiac oedema develop surfactant
deficiency associated with alveolar epithelial damage as
the injury progresses. Thus, the potential problems of
the present method may include false-negative results.

In conclusion, the measurement of the surfactant apo-
protein A concentration in airway secretion (both aspi-
rated and expectorated) is useful for the detection of
cardiogenic pulmonary oedema, since the level of sur-
factant apoprotein A correlated significantly with the
level of pulmonary capillary wedge pressure. Further-
more, although not conclusive because of the lack of an
appropriate objective indicator, this is also a possible
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tool for the detection of noncardiogenic oedema or ad-
ult respiratory distress syndrome. Thus, measurement of
surfactant apoprotein A in airway secretions might help
to distinguish pulmonary oedema from other disorders
which show severe pulmonary symptoms.
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