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Summary 

Background: Surfactant protein D (SP-D) and circulating
exosomes have emerged as potential biochemical indicators
of lung injury severity in acute respiratory distress syndrome
(ARDS). This study aimed to evaluate the prognostic value of
SP-D levels and selected biochemical para meters in bron-
choalveolar lavage fluid (BALF) and plasma among ARDS
patients receiving mechanical ventilation.
Methods: A total of 103 mechanically ventilated ARDS
patients were enrolled between February 2020 and
February 2023. Patients were classified into survival
(n=59) and death (n=44) groups based on 28-day mor-
tality. On the day of diagnosis, SP-D and exosome levels in
BALF and plasma, along with pH, lactate, and oxygena-
tion-related indices, were measured and analyzed for prog-
nostic relevance.
Results: SP-D levels in both BALF and plasma were signifi-
cantly higher in non-survivors (P<0.001), while exosome
levels did not differ significantly. The death group also
showed elevated lactate and lower pH levels (P<0.05).
ROC analysis demonstrated high predictive value for SP-D
in BALF (AUC=0.804) and plasma (AUC=0.864), as well
as for lactate and oxygenation indices. A combined bio-
marker model yielded an AUC of 0.883 for predicting 28-
day mortality.
Conclusions: SP-D concentrations in BALF and plasma,
along with lactate and acid–base markers, serve as valu-
able biochemical predictors of short-term prognosis in
ARDS patients undergoing mechanical ventilation.

Keywords: Surfactant protein D, exosomes, bron-
choalveolar lavage fluid, ARDS, plasma biomarkers, bio-
chemical predictors

Kratak sadr`aj

Uvod: Surfaktantski protein D (SP-D) i cirkuli{u}i egzozomi
pojavili su se kao potencijalni biohemijski indikatori te`ine
o{te}enja plu}a kod akutnog respiratornog distresa
(ARDS). Cilj ove studije bio je da se proceni prognosti~ka
vrednost nivoa SP-D i odabranih biohemijskih parametara u
te~nosti bronhoalveolarnog lava`a (BALF) i plazmi kod
pacijenata sa ARDS-om koji primaju mehani~ku ventilaciju.
Metode: Ukupno 103 mehani~ki ventilirana pacijenta sa
ARDS-om su uklju~ena u istra`ivanje izme|u februara 2020.
i februara 2023. godine. Pacijenti su klasifikovani u grupe
pre`ivljavanja (n=59) i smrti (n=44) na osnovu mortaliteta od
28 dana. Na dan dijagnoze, nivoi SP-D i egzozoma u BALF i
plazmi, zajedno sa pH, laktatom i indeksima povezanim sa
oksigenacijom, mereni su i analizirani na prognosti~ki zna~aj.
Rezultati: Nivoi SP-D i u BALF i u plazmi bili su zna~ajno
vi{i kod nepre`ivelih (P<0,001), dok se nivoi egzozoma
nisu zna~ajno razlikovali. Grupa sa smrtnim ishodom je
tako|e pokazala povi{en nivo laktata i ni`i nivo pH
(P<0,05). ROC analiza je pokazala visoku prediktivnu
vrednost za SP-D u BALF (AUC=0,804) i plazmi (AUC=
0,864), kao i za indekse laktata i oksigenacije. Kombino -
vani model biomarkera dao je AUC od 0,883 za predvi -
|anje mortaliteta u roku od 28 dana.
Zaklju~ak: Koncentracije SP-D u BALF i plazmi, zajedno sa
markerima laktata i acidobazne kiseline, slu`e kao vredni
biohemijski prediktori kratkoro~ne prognoze kod pacijenata
sa ARDS-om koji se podvrgavaju mehani~koj ventilaciji.

Klju~ne re~i: surfaktantski protein D, egzozomi, te~nost
bronhoalveolarnog lava`a, ARDS, plazma biomarkeri, bio-
hemijski prediktori
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Introduction 

Acute Respiratory Distress Syndrome (ARDS) is
a severe, acute, and progressive pulmonary condition
marked by extensive alveolar damage and impaired
gas exchange (1–3). Epidemiological data indicate
that ARDS affects up to 10% of the population and
carries a mortality rate ranging from 27% to 37%,
posing a significant clinical and public health burden
(4, 5). While mechanical ventilation remains the pri-
mary supportive therapy to maintain oxygenation and
carbon dioxide elimination, it may also induce venti-
lator-associated lung injury due to alveolar overdisten-
sion or oxygen toxicity, thus complicating prognosis
(6, 7). As a result, there is a pressing need for reliable
biomarkers to assess disease severity and guide clini-
cal decision-making in ARDS.

Beyond ventilatory parameters, biochemical
indicators are increasingly recognized for their poten-
tial prognostic value in ARDS. The oxygenation index
(PaO2/FiO2), a physiological marker widely used in
clinical practice, is closely correlated with mortality in
critically ill ARDS patients (8). In parallel, circulating
exosomes – nanovesicles carrying proteins, nucleic
acids, and lipids – are involved in intercellular com-
munication and may reflect the extent of systemic
inflammation and alveolar-capillary barrier disruption
during ARDS. Surfactant protein D (SP-D), a pul-
monary collectin predominantly secreted by alveolar
epithelial cells, plays a critical role in innate immune
defense and lung homeostasis. Elevated serum levels
of SP-D have been associated with increased disease
severity and worse outcomes in ARDS (9).

Given these insights, evaluating SP-D and exo-
some levels in both plasma and bronchoalveolar
lavage fluid (BALF) may offer clinically relevant bio-
chemical markers to predict prognosis in ARDS
patients. This study was therefore conducted to
explore the relationship between the oxygenation
index, SP-D and exosome concentrations in BALF and
plasma, and 28-day mortality among mechanically
ventilated ARDS patients. The results are reported
below.

Materials and Methods 

General Information

This prospective observational study was con-
ducted from February 2020 to February 2023 and
included 103 patients diagnosed with acute respirato-
ry distress syndrome (ARDS) who received mechani-
cal ventilation at our hospital. Patients were divided
into two groups based on their 28-day survival: the
survival group (n = 59) and the death group (n =
44). There were no statistically significant differences
in baseline characteristics between the two groups (P
> 0.05), as shown in Table I. The study protocol was
approved by the hospital’s ethics committee, and writ-
ten informed consent was obtained from all patients
or their legal representatives.

Inclusion criteria:

(1) Diagnosis of ARDS based on the consensus
definition of the European and American conferences
(10); 

Table I General data comparison.

Group Age (year)
Sex

BMI (kg/m2) Weight (kg)
male female

Survival group
(n=59) 52.15±5.66 42(71.19) 17(28.81) 22.16±3.16 62.15±6.45

Death group
(m=44) 51.26±4.98 29(65.91) 15(34.09) 22.23±2.98 61.98±7.15

c2/t 0.830 0.328 -0.114 0.126

P 0.408 0.567 0.910 0.900

Group
Basic aetiology

Severe pneumonia Multiple injury Septic shock Cerebral apoplexy Severe pancreatitis

Survival group
(n=59) 10(16.95) 15(25.42) 12(20.34) 5(8.47) 17(28.81)

Death group
(m=44) 12(27.27) 8(18.18) 6(13.64) 4(9.09) 14(31.82)

c2/t 2.584

P 0.630
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(2) Age between 19 and 65 years;

(3) No recent history (within three months) of
high-dose antibiotic or immunosuppressant use;

(4) Availability of complete clinical and laborato-
ry data.

Exclusion criteria:

(1) Patients who did not complete the entire
treatment course at our institution, were transferred
to another facility, or discharged prematurely;

(2) Patients with a prior history of respiratory dis-
ease treatment or those with recurrent ARDS
episodes;

(3) Presence of severe autoimmune diseases;

(4) Diagnosed malignancies;

(5) Death within five days of hospital admission.

Sample Collection:

Peripheral venous blood and bronchoalveolar
lavage fluid (BALF) were collected from all partici-
pants on the day of diagnosis. Venous blood samples
were centrifuged at 2,500 rpm (radius 14 cm) for 10
minutes at room temperature, and the resulting
serum was harvested for biochemical analysis. BALF
was obtained using fiberoptic bronchoscopy under
local anesthesia. The bronchoscope was advanced
into the right middle lobe bronchus, where 50 mL of
sterile 0.9% sodium chloride solution at 37 °C was
instilled and then aspirated twice. The retrieved
lavage fluid was immediately filtered through sterile
gauze to remove mucus and debris, followed by cen-
trifugation at 2,500 rpm (radius 14 cm) for 10 min-
utes. The supernatant was collected and stored for
further analysis.

Exosome Quantification:

Exosome size distribution and concentration in
BALF and plasma were measured using nanoparticle
tracking analysis (NTA), which detects particles based
on Brownian motion and light scattering. The total
concentration of exosomes was expressed as parti-
cles/mL, and natural logarithmic transformation was
applied to the values for statistical analysis.

SP-D Detection:

Surfactant protein D (SP-D) concentrations in
both BALF and plasma were quantified using com-
mercially available enzyme-linked immunosorbent
assay (ELISA) kits (Roche, Shanghai, China), follow-
ing the manufacturer’s instructions. All samples were
measured in duplicate to ensure analytical precision.

Arterial Blood Gas and Derived Indices:
Immediately after diagnosis, arterial blood samples
were collected and analyzed using an automated
blood gas analyzer (Cobas B123, Roche) to measure
pH, arterial oxygen partial pressure (PaO2), and the
fraction of inspired oxygen (FiO2). From these para -
meters, the following ventilatory indices were calcu-
lated:

Plateau pressure-oxygenation index: Pplat ×
100 × FiO2/PaO2

Driving pressure-oxygenation index: P × 100 ×
FiO2/PaO2

Observation Indicators

The primary biochemical indicators assessed on
the day of diagnosis included SP-D and exosome lev-
els in both BALF and plasma. In addition, arterial
blood gas variables (pH, PaO2, lactate) and mechan-
ical ventilation parameters were recorded. The rela-
tionship between these biochemical and physiological
parameters and the 28-day prognosis was subse-
quently analyzed.

Statistical analysis

Data were processed using Statistic Package for
Social Science (SPSS) 23.0 software (IBM, Armonk,
NY, USA). Categorical variables such as sex and
underlying etiology were analyzed by chi-square test.
Continuous variables such as age, BMI, exosome
content, and SP-D levels were analyzed by t-test. A
p-value < 0.05 was considered statistically signifi-
cant.

Results

Comparison of Exosome and SP-D Levels in
BALF

As shown in Table II, there was no statistically
significant difference in the concentration of exo-
somes in bronchoalveolar lavage fluid (BALF)
between the survival and death groups (P > 0.05). In
contrast, BALF SP-D levels were markedly higher in
the death group compared to the survival group (P <
0.05), suggesting a potential association between
elevated SP-D and adverse clinical outcomes.

Comparison of Plasma Exosome and SP-D Levels

Similarly, no significant differences in plasma
exosome levels were observed between the two
groups (P > 0.05). However, plasma SP-D concentra-
tions were significantly elevated in the death group
relative to the survival group (P < 0.05), as demon-
strated in Table III.



Comparison of Arterial Blood Gas Parameters

As shown in Table IV, arterial oxygen partial
pressure (PaO2) and carbon dioxide partial pressure
(PaCO2) did not differ significantly between groups (P
> 0.05). However, patients in the death group exhib-
ited significantly lower arterial pH values and higher
lactate concentrations compared to those in the sur-
vival group (P < 0.05), indicating more profound
metabolic derangements and tissue hypoxia.

Comparison of Mechanical Ventilation
Parameters

Mechanical ventilation parameters are present-
ed in Table V. Compared with the survival group, the
death group showed significantly lower oxygenation
index (PaO2/FiO2) values, alongside increased oxy-
gen index, plateau pressure–oxygenation index, and
driving pressure–oxygenation index (all P < 0.05).
These findings suggest more severe respiratory
impairment and ventilatory dependence in non-sur-
vivors.
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Table II Comparison of exosome and SP-D content of BALF.

Table III Comparison of exosomes and SP-D contents in plasma.

Table IV Comparison of arterial blood gas indexes.

Group Exosome (mL-1) SP-D (mg/mL)

Survival group (n=59) 26.78±1.65 29.26±2.12

Death group (m=44) 26.22±1.23 94.26±5.46

t 1.892 -83.500

P 0.061 <0.001

Group Exosome (mL-1) SP-D (mg/mL)

Survival group (n=59) 25.54±2.12 19.26±1.46

Death group (m=44) 25.03±2.31 42.12±6.45

t 1.162 -26.373

P 0.248 <0.001

Group pH value PaO2 (mmHg) PaCO2 (mmHg) Lac (mmol/L) 

Survival group (n=59) 7.44±0.12 83.85±34.12 44.45±15.26 2.11±1.02

Death group (m=44) 7.38±0.13 78.44±46.26 45.11±15.68 2.87±1.26

t 2.422 0.683 -0.215 -3.381

P 0.017 0.496 0.831 0.001

Table V Comparison of mechanical ventilation parameters.

Group Oxygenation index Oxygen index Platform oxygen pressure index Drive oxygen pressure index

Survival group (n=59) 181.55±56.12 7.35±2.12 12.66±6.12 8.77±3.56

Death group (m=44) 124.62±66.45 17.88±5.16 28.45±9.26 18.44±6.97

t 4.706 -14.171 -10.407 -9.181

P <0.001 <0.001 <0.001 <0.001
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Predictive Value of SP-D, Blood Gas Indicators,
and Ventilation Parameters

Receiver Operating Characteristic (ROC) curve
analysis was performed to evaluate the prognostic
performance of each parameter. As shown in Table VI
and Figure 1, the area under the curve (AUC) for
BALF SP-D and plasma SP-D were 0.804 and 0.864,
respectively, both indicating strong predictive value.
Additional parameters with notable predictive ability
included oxygen index (AUC = 0.861), plateau pres-
sure–oxygenation index (AUC = 0.857), and driving
pressure–oxygenation index (AUC = 0.828).

The combination of these high-performing indi-
cators (AUC > 0.750) yielded an overall AUC of
0.883, surpassing the predictive value of any single
parameter. This combined biomarker approach
demonstrated high sensitivity (0.909) and specificity
(0.849) for predicting 28-day mortality in ARDS
patients.

Discussion

Acute Respiratory Distress Syndrome (ARDS) is
a life-threatening pulmonary condition typically
induced by severe infections, trauma, or exposure to
harmful inhalants, leading to diffuse alveolar injury
and impaired gas exchange (11, 12). Although its
pathogenesis is multifactorial and not yet fully eluci-
dated, ARDS is largely driven by an exaggerated sys-

temic inflammatory response. This cascade results in
the recruitment of inflammatory cells to the lungs,
excessive cytokine release, increased alveolar-capil-
lary permeability, and subsequent pulmonary edema
(13–15). These changes compromise lung compli-
ance and oxygenation capacity, frequently resulting in
hypoxemia and multi-organ dysfunction. Mechanical
ventilation remains a critical supportive intervention;
however, its efficacy varies and may itself contribute to
ventilator-induced lung injury. Hence, the identifica-
tion of reliable biochemical and physiological markers
for prognosis is crucial to guide therapeutic strategies
and improve patient outcomes.

Among candidate biomarkers, surfactant pro-
tein D (SP-D) has gained considerable attention. SP-
D is a collagen-containing C-type lectin produced pri-
marily by alveolar epithelial type II cells and plays an
integral role in pulmonary host defense and surfac-
tant homeostasis (16). In the present study, we found
significantly higher SP-D levels in both bronchoalveo-
lar lavage fluid (BALF) and plasma in patients who
succumbed to ARDS, compared to survivors. This
suggests that elevated SP-D reflects heightened alve-
olar epithelial injury and systemic inflammation, both
of which are linked to poorer prognosis. During
mechanical ventilation, lung tissue may be subjected
to cyclic overdistension and oxidative stress, resulting
in increased release of SP-D into the alveolar space
and systemic circulation (17). High SP-D levels may
therefore indicate a maladaptive inflammatory

Figure 1 Path diagram of mediation analysis. (Note: Figure 1 represents the mediation analysis path diagram of inflammatory
factors on the relationship between glycemic abnormalities and disease severity. A-C represent the mediating effects of IL-6,
WBC and hs-CRP, respectively).
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