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 Background: The complexity of multiple-item criteria in acute respiratory distress syndrome (ARDS) often causes inconve-
nience for physicians in the management of patients with severe acute pancreatitis (SAP). We evaluated wheth-
er serum SP-A levels in the presence of diffuse alveolar damage (DAD) can be qualitatively assessed for diag-
nosis of SAP-induced ARDS.

 Material/Methods: Eighty rats were randomly divided into 2 groups (n=40 each) – the sham-operated (SO) group and the SAP 
group – and then randomly subdivided into 4 subgroups in a time-course manner. Furthermore, rats in the 
SAP group were subdivided into the SAP induced-ARDS group (ARDS group) and the SAP without ARDS group 
(non-ARDS group) according to the diagnostic standard of ARDS. The diagnostic cut-off values of SP-A for SAP-
induced ARDS were determined by the receiver operating characteristic curve (ROC).

 Results: Serum SP-A levels in Baseline, SO group, SAP group, ARDS group, and non-ARDS group were 43.15±14.29, 
51.91±16.99, 193.4±35.37, 198.0+29.73, and 185.7±43.21 ug/ml, respectively. The best cut-off value for the 
serum SP-A level for the diagnosis of SAP-induced ARDS was 150 ug/ml and the area under the ROC curve of 
SP-A was 0.88. The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of 
SP-A in the diagnosis of SAP-induced ARDS were 100.0%, 81.8%, 71.4%, 100.0%, and 87.5%, respectively.

 Conclusions: Serum SP-A levels may allow the detection of SAP-induced ARDS and may help to support the clinical diag-
nosis of ARDS. The optimal serum SP-A cut-off value to discriminate SAP-induced ARDS and other groups (SO 
group and non-ARDS group) is around 150 ug/ml.
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Background

Acute pancreatitis is an inflammatory disease characterized by 
the presence of acute abdominal pain and/or increased levels 
of serum pancreatic enzymes [1]. The primary causes of acute 
pancreatitis are gallstones and excessive alcohol consumption. 
More importantly, Takeda et al. [2] have indicated that the mor-
tality rate was of approximately 20% when acute pancreatitis 
developed to severe acute pancreatitis (SAP). Similarly, several 
lines of evidence have demonstrated that systemic inflamma-
tory response syndrome (SIRS) and multiple-organ dysfunction 
syndrome (MODS) are the 2 most common causes of death 
in the early stage (within approximately 2 weeks) of patients 
with SAP [3]. Previous research has suggested that acute re-
spiratory distress syndrome (ARDS), which is a clinical mani-
festation of lung injury, is one of the earliest manifestations 
of functional deterioration in human organs and is one of the 
most common and serious complications of SAP [4].

The most severe clinical manifestations of ARDS exhibit sig-
nificant hypoxemia with bilateral pulmonary infiltrates con-
sistent with edema [5,6]. Currently, the criteria for the diag-
nosis of ARDS are mainly based on the Berlin definition [7], 
which includes the original diagnosis of acute lung injury (ALI) 
and ARDS: acute onset of respiratory distress, hypoxemia (ALI: 
PaO2/FiO2 £300 mmHg, ARDS: PaO2/FiO2 £200 mmHg), bilat-
eral consolidation of chest radiograph, and absence of clini-
cal findings of cardiogenic pulmonary edema [8]. In practice, 
the complexity of multiple-item criteria of ARDS often causes 
inconvenience for physicians in the management of patients 
with SAP. If ARDS also causes changes in several related bio-
markers, similar to the characteristic elevation of troponin in 
myocardial infarction, this bio-marker might be useful to help 
diagnose of SAP-induced ARDS.

Previous reports indicate that pulmonary surfactant consists 
principally of various lipids and proteins (surfactant proteins) 
[9]. Furthermore, the major constituent of surfactant pro-
teins is SP-A, and the remainder includes SP-B, SP-C, and SP-
D. Recently, a study suggested that SP-A is a large multimer-
ic protein found in the airways and alveoli [10]. Several lines 
of evidence have shown that SP-A not only mediates the in-
flammatory response, but also controls vascular permeability, 
which are considered to be important factors in the develop-
ment of ARDS [10,11]. A large number of studies [12,13] have 
shown that SP-A levels in bronchoalveolar lavage fluid (BALF) 
are significantly lower in patients with Bleomycin-induced ARDS 
compared with healthy volunteers. In contrast, the serum lev-
els of SP-A were raised in patients with Bleomycin-induced 
ARDS. Thus, the serum levels of SP-A may be suggested as a 
sensitive and specific serum marker on the diagnosis of SAP-
induced ARDS. However, until now, this has received little re-
search attention.

It has been suggested that the presence of qualitatively as-
sessed (yes or no) diffuse alveolar damage (DAD) should be 
considered the criterion standard for the diagnosis of ARDS 
[14,15]. To improve the early detection and diagnosis of SAP-
induced ARDS, determination of serum levels of SP-A in SAP-
induced ARDS rats was used. In the present study, we therefore 
evaluated serum SP-A levels according to the criterion stan-
dard for the diagnosis of ARDS to evaluate the qualitative as-
sessment of presence of diffuse alveolar damage (DAD) in the 
diagnosis of SAP-induced ARDS in an animal model.

Material and Methods

Animals and groups

One hundred male Wistar rats weighing 250–300 g were pur-
chased from Cavens Laboratory Animal Company, Changzhou, 
Jiangsu, China. Six rats were housed per cage with food and 
water available ad libitum and maintained on a 12-h light/dark 
cycle (lights on at 07:00 AM). Food, but not water, was with-
drawn 12 h before the experiment.

Eighty rats were randomly divided into 2 groups (n=40 each): 
the sham-operated (SO group) and the Severe Acute Pancreatitis 
(SAP group) and then randomly subdivided into 1-h, 2-h, 3-h, 
and 4-h subgroups, with 10 rats in each subgroup. The rats 
in the 1-h, 2-h, 3-h, and 4-h subgroups of the SAP group, a 
total of 40 rats, were subdivided into a SAP-induced ARDS 
group (ARDS group) and a SAP without ARDS group (non-AR-
DS group) according to the diagnosis [14,15] of ARDS for lung 
tissue, including the presence of DAD, qualitatively assessed 
(yes or no) after the operation. The other 20 rats were regard-
ed as the “baseline” and euthanized without any operation in 
initial experiments.

Intra-peritoneal injection of 1% sodium pentobarbital (50 mg/
kg; Sigma, St. Louis, MO, USA) was used for abdominal cav-
ity anesthesia to all rats of the 1-h, 2-h, 3-h, 4-h subgroups. 
Animal care was in accordance with the National Institutes of 
Health Guide for the Care and Use of Laboratory Animals, and 
was approved by the Animal Use and Protection Committee 
of Soochow University.

SAP and ARDS induction

The abdominal surgery of the SO group (n=40) consisted of 
opening the abdomen, flipping the pancreas, returning them 
to their original position, then closing the abdominal cavity 
with 2 layers of sutures. SAP model were performed accord-
ing to previous studies [16–20]. Sodium taurocholate solution 
(Sigma, St. Louis, MO, USA) was administered into the com-
mon biliopancreatic duct of the SAP group (n=40) by retrograde 
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injection. We identified the duodenal papilla inside the duo-
denum duct wall, and then used a No. 5 needle to drill a hole 
in the avascular area of the mesentery. A segmental epidural 
catheter was inserted into the duodenum cavity through the 
hole, and inserted retrogradely into the biliary-pancreatic duct 
through the papilla. This was followed by retrograde transfu-
sion of 4.5% sodium taurocholate solution (4.5%; 0.1 ml/100 
g) by a microinjection pump at 0.1 ml/min. The hole in the lat-
eral duodenal wall was then sutured. All rats of the 2 groups 
were injected with normal saline (20 ml/kg) through the vena 
caudalis to compensate for loss of fluid during surgery.

Determination of serum SP-A levels

The rats in all groups were euthanized at 1, 2, 3 and 4 hours, 
according to the subgroup, after the operation. Blood samples 
(5 ml) were collected from the heart, and were mixed with 
EDTA anticoagulative liquor, then were centrifuged at 3000 
r/min for 10 min and stored at –70°C. Sera of their blood sam-
ples were collected and maintained at 4°C for the detection 
of SP-A. Simultaneously, we obtained pancreatic and lung tis-
sue specimens for pathological analysis.

Serum levels of SP-A were determined by the ELISA method by 
using the “Rat SP-A ELISA kit” purchased from MyBioSource 
(San Diego, California, USA). The antigens were measured by 
ELISA inhibition assays using antibodies raised against al-
veolar proteinosis-derived SP-A. Briefly, in order to free the 
SP-A from any associated plasma or surfactant components, 
aliquots were first treated with EDTA, SDS, and Triton X-100. 
Serial dilutions of the samples in PBST containing 0.25% BSA 
(w/v) were incubated in an ELISA plate with aliquots of the 
respective antibody. Free antibody was captured using a sec-
ond ELISA plate coated with purified SP-A (1 µg/ml) and the 
amount measured using alkaline phosphatase conjugated IgG 
against rabbit immunoglobulins and 15 mm disodium p-nitro-
phenyl phosphate in 1.0 M diethanolamine and 0.5 mm MgCl 
2 as a substrate. After 1 h, the absorbance of the substrate 
was measured at 405 nm using a Dynatech MR5000 read-
er (Dynatech Laboratories, Chantilly, VA, USA). The AssayZap 
program (Biosoft, Ferguson, MO, USA) was used to generate 
a standard curve and to compute the concentration of SP-A in 
each sample. All samples were assayed in duplicate at 4 serial 
dilutions. Standards, assayed in quadruplicate, were included 
in each ELISA plate at 8 serial dilutions (range 1.95–250 ng/ml 
for SP-A, r>0.99). The antibodies used do not react with any 
other known antigens and the assays have coefficients of 
variance of ~6%.

Pathologic criteria for pancreas and lung tissues

Rat pancreatic and lung tissues were collected, fixed in 10% for-
malin, embedded in paraffin, and sectioned into 4-μ sections, 

after which they were stained by hematoxylin and eosin (H&E) 
staining for histopathological observation. Histopathology of 
the pancreas and lungs was scored and classified by 2 profes-
sional pathologists using a double-blind method. Each group 
randomly selected 3 slices; for each slice, 10 high-power fields 
of vision were again randomly selected, and finally the extent 
of pancreatic tissue damage by edema, infection, hemorrhage, 
and necrosis were evaluated.

The pathological score for pancreatic tissue was calculat-
ed according to Rongiones’ standards [21] as a reference, 
with a minimum score of 0 and the highest score of 4. The 
pathological grade for lung tissue was according to Lei [22] 
as a reference, with a minimum grade of 0 and the high-
est grade of III.

Criteria for the diagnosis of ARDS for lung tissue included the 
presence of diffuse alveolar damage (DAD), qualitatively as-
sessed (yes/positive result or no/negative result) as: intra-al-
veolar edema, alveolar type I cell necrosis, alveolar type II cell 
(cuboidal cells) proliferation progressively covering the de-
nuded alveolar-capillary membrane, interstitial proliferation 
of fibroblasts and myofibroblasts, or organizing interstitial fi-
brosis [14,15].

Statistical analysis

Data are expressed as the means ±SD. Statistical analysis 
was performed with SPSS 13.0 software (SPSS Inc., Chicago, 
IL, USA). Positive rates were tested with c2 and rank sum test. 
Quantitative data were compared with t-test. Correlations be-
tween 2 variants were tested with bivariate correlation analy-
sis. P level<0.05 was considered significant.

The diagnostic cut-off values of SP-A for ARDS were deter-
mined by the receiver operating characteristic curve (ROC). 
The comparison among multiple groups was analyzed with 
1-dimensional analysis of variance after data conversion. The 
comparison between 2 groups – ARDS group and SO group + 
non-ARDS group – was tested with nonparametric rank sum 
test. True- positive (TP) was defined as SP-A values higher than 
the cut-off value in rats with SAP induced-ARDS groups (ARDS 
group). False-positive (FP) included SAP rats without ARDS who 
scored positive. True-negative (TN) included SAP rats without 
ARDS who scored negative. False-negative (FN) included rats 
with ARDS but who scored negative. Sensitivity and specifici-
ty were used to evaluate the diagnostic accuracy.

Formulas for calculation were: sensitivity=TP/(TP+FN)×100%, 
specificity=TN/(TN+FP)×100%, diagnostic accuracy=(TP+TN)/
(TP+FP+TN+FN)×100%, positive predictive value=TP/(TP+FP) 
×100%, and negative predictive value =TN/(TN+FN)×100%.
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Results

Expression of pathology in pancreas and lung tissues

The glandular architecture of the pancreas in the SO group 
was entirely normal (H&E) (Figure 1).

The architecture of the lung in the SO group was entirely nor-
mal (H&E) (Figure 2).

Histopathologic features of the pancreas in the SAP group in-
cluded various degrees of edema, minimal necrosis, and in-
flammatory infiltration (H&E) (Figure 3).

According to the criteria for the diagnosis of ARDS [14,15], 
the presence of DAD was qualitatively assessed (yes or no); 
in the 1-h, 2-h, 3-h, and 4-h subgroups we found 1, 5, 9, and 
10 cases of ARDS, respectively. Therefore, the SAP group was 
then subdivided into the ARDS group (25 rats) and non-ARDS 
group (15 rats) according to the criteria for the diagnosis of 
ARDS. Histopathologic features of lung in the ARDS group in-
cluded the presence of DAD, intra-alveolar edema, and orga-
nizing interstitial fibrosis (H&E) (Figure 4).

Expression of Serum SP-A levels

Serum SP-A levels (means ±SD) in the Baseline, SO, and SAP 
groups were 43.15±14.29, 51.91±16.99, and 193.4±35.37 

Figure 1.  The glandular architecture of pancreas in SO group is entirely normal (H&E).

H&E, ×100 H&E, ×200 H&E, ×400

Figure 2.  The architecture of lung in SO group is entirely normal (H&E).

H&E, ×100 H&E, ×200 H&E, ×400

Figure 3. Histopathologic features of pancreas in SAP group.

H&E, ×100 H&E, ×200 H&E, ×400
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ug/ml, respectively. There was no statistical difference between 
SO group and baseline in serum SP-A levels (&P>0.05). Serum 
SP-A levels of the SAP group were significantly increased com-
pared to baseline and SO group (*P<0.05, #P<0.05) (Figure 5).

Serum SP-A levels (means ±SD) in the SO group, ARDS group, 
and non-ARDS group were 51.91±16.99, 198.0±29.73, and 
185.7±43.21 ug/ml, respectively. Serum SP-A levels were signifi-
cantly increased from the ARDS group to the SO group (*P<0.05) 
and from the non-ARDS group to the SO group (#P<0.05). There 
was no statistical difference between the ARDS group and non-
ARDS group in serum SP-A levels (&P>0.05) (Figure 6).

Diagnosis of SP-A according to ROC curves

According to the analysis of ROC curves, the best cut-off val-
ue for the serum SP-A level for the diagnosis of SAP-induced 
ARDS was 150 ug/ml. In analysis of all SAP-induced ARDS rats, 
the area under the ROC curve of SP-A was 0.88 (Figure 7).

The sensitivity, specificity, positive predictive value, negative 
predictive value, and accuracy of SP-A in the diagnosis of SAP-
induced ARDS were 100.0%, 81.8%, 71.4%, 100.0%, and 87.5%, 
respectively (Table 1).

Discussion

In the present study, we evaluated serum SP-A levels for the 
diagnosis of SAP-induced ARDS in a rat model. Importantly, the 
SAP-induced ARDS rat model is mostly suitable for investigat-
ing the effectiveness and specificity of a particular therapeu-
tic approach [23]. The model that we chose had to be similar 
to the etiology and convenient for the experimental opera-
tions. Some models focus on etiology, such as the duct liga-
tion model and the taurocholate-induced pancreatitis mod-
el. But the latter is more simple, and less damaging to the 

Figure 4. Histopathologic features of lung in ARDS group.

H&E, ×100 H&E, ×200 H&E, ×400

Figure 5.  Serum SP-A levels in SO group, SAP group, and 
baseline.
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Figure 7. ROC curves of SP-A for diagnosis of SAP-induced ARDS.
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Figure 6.  Serum SP-A levels in SO group, ARDS group, and non-
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animals, which mimic biliary pancreatitis in the clinical set-
ting better than the duct ligation model [23]. Several lines of 
evidence have indicated that the taurocholate-induced pan-
creatitis model induced by ARDS was successfully 3–4 h af-
ter the operation [20,24,25]. Thus, we constructed this model 
by using sodium taurocholate solution injected into the com-
mon biliopancreatic duct.

According to the criteria for the diagnosis of ARDS [14,15], 1, 
5, 9, and 10 cases of ARDS were determined as positive re-
sults in the 1-h, 2-h, 3-h, and 4-h subgroups, respectively. The 
results of the present study are consistent with previous find-
ings that SAP leading to a systemic inflammatory response was 
characterized by widespread leukocyte activation and distant 
organ injury (e.g., ARDS) [26–28]. Our previous study showed 
that a definite correlation exists between pathological chang-
es (pancreas and lung) and progression of SAP. In the present 
study, we found that the glandular architecture of the pancreas 
and the architecture of the lung in the SO group were entirely 
normal (H&E) (Figures 1 and 2). Furthermore, histopatholog-
ic features of the pancreas, various degrees of edema, mini-
mal necrosis, and inflammatory infiltration (H&E) were detect-
ed in glandular architecture of the pancreas in the SAP group 
(Figure 3). The SAP group was subdivided into the ARDS group 
(25 rats) and non-ARDS group (15 rats) according to criteria 
including presence of DAD, intra-alveolar edema, and organiz-
ing interstitial fibrosis (H&E) (Figure 4). Similar results have 
also been reported in ARDS animal studies [25]. These results 
are similar to findings of the present study, suggested that the 
cases of positive results, which included the presence of DAD, 
was qualitatively assessed (yes or no), showing an increasing 
trend associated with longer time in the preceding 4 h in the 
rat model of SAP-induced ARDS.

This gap in serum levels of SP-A has previously been report-
ed in many studies [12,13], with the results being similar to 
those in the present study – baseline, 43.15±14.29 ug/ml 
vs. SO group 51.91±16.99 ug/ml vs. SAP group 193.4±35.37 
ug/ml (Figure 5); SO group, 51.91±16.99 ug/ml vs. ARDS group 
198.0±29.73 ug/ml vs. non-ARDS group 185.7±43.21 ug/ml 
(Figure 6). These findings demonstrated that ARDS, the most 
common and serious complications of SAP, was induced in the 
SAP group and contributed to an elevation of SP-A in serum 
in this study. However, the underlying mechanism has not yet 
been fully elucidated and may be related to multiple factors. 
We propose that the possible mechanisms include epithelial 

injury and leak – increased secretion of SP-A per type II cell, 
increased leakage from the airspace to the interstitium, an 
increase in total number of type II cells per lung due to dif-
fuse hyperplasia, and decreased clearance from the vascular 
compartment [29]. In addition, the degree of lung injury and 
SP-A levels leaked from the airspace to the serum was similar 
in the ARDS group and non-ARDS group. Moreover, the pres-
ence of DAD was not observed in the non-ARDS group because 
of multiple factors, such as the time of lung injury, individu-
al differences, and the degree of lung injury, rather than the 
absence of lung injury [30]. Consistent with these findings, 
McIntosh et al. found that serum SP-A levels are upregulated 
by an acute inflammatory stress [30]; therefore, we used de-
termination of serum levels of SP-A to diagnose SAP-induced 
ARDS in the rat model.

Our data analysis showed that SP-A>150 ug/ml statistically 
discriminates between SAP-induced ARDS and other groups 
(SO group and non-ARDS group) with 100.0% sensitivity and 
81.8% specificity. At this cut-off value, the diagnostic accu-
racy was the highest, and the area under the ROC curve of 
SP-A was 0.88 (Figure 7). Furthermore, SP-A>150 ug/ml was 
diagnosed as SAP-induced ARDS with 71.4% positive predic-
tive value, 100.0% negative predictive value, and 87.5% ac-
curacy in this study. These data demonstrated that the accu-
racy of diagnosis of SP-A for SAP-induced ARDS is relatively 
high. Therefore, the SP-A, as lung-specific bioactive surface 
proteins, are valuable parameters for the prediction of SAP-
induced ARDS. Interestingly, because it is impossible to collect 
the human pancreatic and lung tissues in the clinical course 
of treatment, there is little data on this value. We, therefore 
consider that our findings can be extrapolated to other ani-
mals and to humans.

Although further clinical studies are required to confirm this, 
rats with SP-A greater than 150 ug/ml and high pulmonary 
vascular permeability index may be typical for SAP-induced 
ARDS. In addition, ELLSA can detect small changes in SP-A 
content and serum SP-A level can be easily, quickly, and re-
peatedly measured at the bedside. Serum SP-A level corre-
lates with the progression of lung injury and predicts progres-
sion to ARDS in patients with increased risk [31]. Thus, serum 
SP-A was chosen in this study as the first validated quantita-
tive measure for SAP-induced ARDS and we believe that mon-
itoring serum SP-A level in peripheral blood of SAP patients is 
helpful to evaluate whether SAP induces ARDS.

Evaluation 
index

Sensitivity Specificity
Positive predictive 

value
Negative predictive 

value
Accuracy

SP-A, (n) 100.0(%) (25/25) 81.8(%) (45/55) 71.4(%) (25/35) 100.0(%) (45/45) 87.5(%) (70/80)

Table 1. Evaluation of SP-A in the diagnosis of SAP-induced ARDS.
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Conclusions

The serum levels of SP-A may be useful as a sensitive and specif-
ic serum marker for the diagnosis of SAP-induced ARDS, as con-
firmed in the present study. However, a great limitation of the 
present study is that we did not observe the long-term clinical 
significance, and future studies are required to investigate this.
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