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Abstract 

Objective Early diagnosis and prediction of organ dysfunction are critical for intervening and improving the out-
comes of septic patients. The study aimed to find novel diagnostic and predictive biomarkers of organ dysfunction 
for perioperative septic patients.

Method This is a prospective, controlled, preliminary, and single-center study of emergency surgery patients. 
Mass spectrometry, Gene Ontology (GO) functional analysis, and the protein-protein interaction (PPI) network were 
performed to identify the differentially expressed proteins (DEPs) from sepsis patients, which were selected for fur-
ther verification via enzyme-linked immunosorbent assay (ELISA). Logistic regression analysis was used to estimate 
the relative correlation of selected serum protein levels and clinical outcomes of septic patients. Calibration curves 
were plotted to assess the calibration of the models.

Results Five randomized serum samples per group were analyzed via mass spectrometry, and 146 DEPs were identi-
fied. GO functional analysis and the PPI network were performed to evaluate the molecular mechanisms of the DEPs. 
Six DEPs were selected for further verification via ELISA. Cathepsin B (CatB), vascular cell adhesion protein 1 (VCAM-1), 
neutrophil gelatinase-associated lipocalin (NGAL), protein S100-A9, prosaposin, and thrombospondin-1 levels were 
significantly increased in the patients with sepsis compared with those of the controls (p < 0.001). Logistic regres-
sion analysis showed that CatB, S100-A9, VCAM-1, prosaposin, and NGAL could be used for preoperative diagnosis 
and postoperative prediction of organ dysfunction. CatB and S100-A9 were possible predictive factors for preopera-
tive diagnosis of renal failure in septic patients. Internal validation was assessed using the bootstrapping validation. 
The preoperative diagnosis of renal failure model displayed good discrimination with a C-index of 0.898 (95% confi-
dence interval 0.843–0.954) and good calibration.

Conclusion Serum CatB, S100-A9, VCAM-1, prosaposin, and NGAL may be novel markers for preoperative diagnosis 
and postoperative prediction of organ dysfunction. Specifically, S100-A9 and CatB were indicators of preoperative 
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Introduction
Sepsis is a life-threatening state of organ dysfunction 
caused by an abnormal response to infection and is a 
common cause of morbidity and mortality in periop-
erative patients undergoing emergency surgery (Fleis-
chmann et  al. 2016; Philippon and Freund 2019). The 
mortality rates of sepsis and septic shock are estimated 
to exceed 40% (Chiu and Legrand 2021). Alleviating the 
global epidemiological burden of sepsis remains difficult.

Sepsis development involves different biochemical and 
immunological pathways as well as altered serum protein 
levels (Hotchkiss et al. 2013). The sequential organ failure 
score (SOFA) was cited in the diagnostic procedures of 
Sepsis 3.0 in 2016 (Singer et al. 2016). However, research-
ers assessed the SOFA and concluded that the SOFA 
and quick SOFA were not strict sepsis screening tools 
because both tools reduced the sensitivity of early diag-
nosis and delayed early treatment for patients (González 
Del Castillo et al. 2017; Konradsen and Lien 2017; Simp-
son 2016). Therefore, new biomarkers with higher sen-
sitivity and specificity as indicators are urgently needed 
(Opal and Wittebole 2020). Pierrakos and Vincent sum-
marized that at least 178 sepsis biomarkers have been 
reported, of which, only 16 factors were evaluated spe-
cifically for early diagnosis of sepsis (Pierrakos and Vin-
cent 2010). Jiao et al. found five proteins that were tightly 
correlated with sepsis presence, and four proteins were 
related to sepsis prognosis in rats (Jiao et al. 2014). How-
ever, few studies have investigated the dysfunction of 
different organs in septic patients, especially in those 
undergoing emergency surgery. Therefore, we conducted 
this study to identify novel biomarkers for diagnosing 
and predicting various organ dysfunctions in periopera-
tive septic patients undergoing emergency surgery.

Methods
Study and ethics
This was a prospective, controlled, single-center study of 
patients with sepsis (the sepsis group) and without sep-
sis (the control group). The study was registered at the 
Chinese Clinical Trials Registry (ChiCTR2200060418) on 
June 1, 2022, and approved by the Ethics Review Com-
mittee (Ethics No. B2022-241(2)). All participants pro-
vided signed informed consent. The procedures followed 

were in accordance with the of the responsible com-
mittee on human experimentation and with the ethical 
guidelines of the 2003 Helsinki Declaration.

Design, setting, and participants
From July 2022 to October 2022, septic patients were 
enrolled in the sepsis group. Inclusion criteria were 
(1) volunteered to participate in the trial and signed 
informed consent; (2) planned to undergo emergency 
surgery; (3) aged ≥ 18 and ≤ 80  years; (4) had American 
Society of Anesthesiologists (ASA) physical statuses I–
IV; and (5) met the Sepsis 3.0 diagnostic criteria. Exclu-
sion criteria were (1) comorbidity with tumor disease; 
(2) pre-existing cardiac insufficiency with left ventricu-
lar ejection fraction (LVEF) < 40% before the current 
infection; (3) pre-existing severe hepatic insufficiency 
(prothrombin ratio < 15%) before this infection; (4) pre-
existing severe renal insufficiency (estimated glomerular 
filtration rate [eGFR] < 30  ml/min/1.73   m2) before this 
infection; and (5) pre-existing mental illness, refusal to 
participate or failure to sign the informed consent. With-
drawal criteria for the sepsis group were infection found 
to be caused by a tumor during the operation.

Patients undergoing elective surgery during the 
same period were included in the control group. Inclu-
sion criteria were (1) volunteered to participate in 
the trial and signed informed consent; (2) ASA I–II; 
(3) aged ≥ 18  years and ≤ 80  years; and (4) planned to 
undergo surgery unrelated to infection or tumor removal. 
Exclusion criteria were (1) ASA ≥ III; (2) pre-existing car-
diac insufficiency; (3) pre-existing severe hepatic insuffi-
ciency; (4) pre-existing severe renal insufficiency; and (5) 
pre-existing mental illness, refusal to participate, or fail-
ure to sign the informed consent. Withdrawal criteria for 
the control group were infection or tumors found in the 
lesion during the operation.

Blood sampling and mass spectrometry
Venous blood samples were taken before surgery on the 
day of surgery (D0) for both groups and on postopera-
tive day 7 (D7) in the sepsis group. Serum samples were 
collected and stored at − 80  °C. Five randomized serum 
samples per group were analyzed via mass spectrometry 
(timsTOF Pro, Bruker, Germany), and mass spectrometry 
databases were established for both groups to screen out 

renal dysfunction in septic patients. Combining these two biomarkers may improve the accuracy of predicting preop-
erative septic renal dysfunction.

Trial registration The study was registered at the Chinese Clinical Trials Registry (ChiCTR2200060418) on June 1, 
2022.
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the significantly altered proteins in the septic patients. 
RAW files were identified, quantified, and analyzed using 
Maxquant1.4.1.2 (Max Planck Institute of Biochemistry, 
Martinsried, Munich, Germany). The ion peak intensity 
reflected the relative protein abundances and the quan-
titative ratio of the proteins was normalized against the 
median ratio value of the internal standard sample.

Gene ontology (GO) functional analysis and the protein
protein interaction (PPI) network
We used the “cluster Profiler” package in R for the GO 
annotation of the differentially expressed proteins 
(DEPs). The GO database was used to analyze the cellu-
lar components, molecular function, and biological pro-
cesses of the proteins (p value cutoff 0.05, q value cutoff 
0.05). The PPI network of these DEPs was constructed 
using the Search Tool for the Retrieval of Interacting 
Genes (STRING) database (https:// www. string- db. org/).

DEP validation
ELISA was used to validate the candidate biomarkers 
obtained from the GO analysis using ELISA kits (Shang-
hai Xinle Biotechnology Co., Ltd., China) per the manu-
facturer’s instructions.

Followup
Patients’ baseline clinical characteristics were recorded, 
including age, sex, height, weight, history of previ-
ous diseases, history of special drug use, and results 
of major laboratory tests such as routine blood counts 
(white blood cell count, neutrophil ratio hemoglobin 
count, platelet count), infection indicators (procalci-
tonin, C-reactive protein, plasma lactate, interleukin-1β, 
interleukin-2 receptor, interleukin-6, interleukin-8, 
interleukin-10, tumor necrosis factor-α), liver and kid-
ney function parameters (bilirubin, albumin, creatinine), 
myocardial dysfunction markers (cardiac Troponin T, 
myoglobin, creatine kinase, N-terminal brain natriu-
retic peptide precursor), and serum electrolytes (serum 
sodium, potassium, calcium, magnesium). The follow-
up time points were D1 (1  day after surgery), D7, at 
discharge, and 1  month after surgery. The last visit at 
1  month was done via telephone; the other visits were 
on-site. Clinical data, including vital signs; laboratory 
tests; SOFA score; organ dysfunction; intensive care unit 
(ICU) admission, length of hospital stay, and discharge 
outcomes, were collected at each on-site follow-up visit. 
Multiple organ dysfunction score (Marshall et  al. 1995) 
was used to assess organ dysfunction events. Oxygena-
tion index, serum creatinine, serum bilirubin, platelet 
count, Glasgow coma scale and pressure-adjusted heart 
rate were selected as variables to reflect an important 
system functional status. The prognostic variables were 

septic shock incidence, organ dysfunction incidence, pro-
portion of ICU admissions, length of hospital stay, hospi-
tal mortality, and 1-month mortality.

Statistical analysis
Data analyses were performed in R, project 3.5.3, for 
Windows and IBM SPSS Statistics, version 22.0. Nor-
mality and homogeneity of variance were tested via the 
Shapiro-Wilk and Levene’s tests. Categorical variables 
are reported as frequencies and percentages. Continu-
ous variables with a normal distribution are presented as 
the means ± standard deviation; all others are described 
as medians and interquartile range (IQR). Baseline char-
acteristics between the groups were compared using 
Fisher’s precision probability test or Pearson’s chi-square 
test for categorical variables, using Student’s t-test for 
normally distributed continuous variables or Wilcoxon 
rank-sum test for non-normally distributed continuous 
variables. Spearman’s correlation test was conducted to 
measure the statistical relationship between preoperative 
blood tests and selected serum proteins. LR analysis was 
used to estimate the relative risk of selected serum pro-
tein levels and clinical outcomes of septic patients. The 
incidence was entered as a dependent variable, Y, in the 
LR model and was coded as 0 for absent (did not occur) 
or 1 for present (occurred). We applied and compared 
two regression methods: stepwise logistic regression (SL) 
and logistic least absolute shrinkage and selection opera-
tor (LASSO) regression. To obtain the logistic LASSO 
estimator, we used the glmnet package in R. For the step-
wise selection, we used the Akaike information criterion 
to select the covariates. For the logistic LASSO regres-
sion, we used cross-validation to select λ. We calculated 
the area under the receiver operating characteristic curve 
(AUROC) for the data to measure the predictive perfor-
mances of the fitted models. P < 0.05 was considered sta-
tistically significant.

Calibration curves were plotted to assess the calibra-
tion of the models. A significant test statistic implies that 
the models do not calibrate perfectly. To quantify the dis-
crimination performance of the model, Harrell’s C-index 
was measured. The models were subjected to bootstrap-
ping validation to calculate a relatively corrected C-index.

Results
Patient characteristics
Sixty-six patients (36 in the sepsis group and 30 controls) 
were included. Table  1 summarizes the patients’ char-
acteristics. Twenty-nine septic patients were diagnosed 
with acute biliary tract infection and underwent biliary 
surgery. Five septic patients had intestinal infections 
and underwent partial intestinal resection. The remain-
ing two septic patients underwent an abscess incision. 

https://www.string-db.org/
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The preoperative SOFA and APACHE II scores were 
significantly higher in the sepsis group than in the con-
trol group (0.45 ± 0.68 vs 7.20 ± 5.37 and 2.63 ± 2.11 vs 
16.00 ± 7.80, respectively). The same trend was found for 
the C-reactive protein (CRP) and procalcitonin (PCT) 
(p < 0.05).

DEP identification and selection
Compared with those of the control group, 146 pro-
teins differed significantly (P < 0.05) in the sepsis group, 
of which, 64 were upregulated, and 82 were downregu-
lated on mass spectrometry (Supplemental Figure  S1A, 
B). These 146 DEPs were analyzed via GO and the PPI 
network (Fig. 1A, B). For biological processes, most DEPs 

were involved in humoral immune response, complement 
activation, blood coagulation, and hemostasis. Finally, we 
selected six DEPs that were closely associated with sep-
sis: cathepsin B (CatB), vascular endothelial cell adhesion 
molecule (VCAM-1), neutrophil gelatinase-associated 
lipoprotein (NGAL), protein S100-A9, prosaposin, and 
thrombospondin-1 (TSP-1).

DEP validation
We further verified the expressions of the six candidate 
biomarkers in the septic patients and controls via ELISA. 
CatB, VCAM-1, NGAL, S100-A9, prosaposin, and TSP-1 
levels were significantly increased in the sepsis group 
(p < 0.001) compared with those of the controls (Table 2).

Table 1 Baseline characteristics of septic patients and controls (*p < 0.05)

Variable Control Sepsis

Number 30 36

Age (years) 59.62 ± 5.82 69.51 ± 9.71

Male (%) 49% 45%

Acute Physiology and Chronic Health Evaluation-II Score 2.63 ± 2.11 16.00 ± 7.80*

Sequential Organ Failure Assessment Score 0.45 ± 0.68 7.20 ± 5.37*

Site of infection

 Biliary tract NA 29

 Intestinal tract NA 5

 Others NA 2

 Patients with organ insufficiency 0 36

 Length of ICU stay (day) 0 22.5 ± 15.4*

 Death during ICU 0 4

 WBC (×  109/L) 7.31 ± 2.03 14.44 ± 5.47*

 Procalcitonin (μg/L) 0.22 ± 0.05 2.86 ± 0.58*

 C-reactive protein (mg/L) 1.00 ± 0.76 170.97 ± 86.24*

Fig. 1 Functional enrichment analysis of the differentially expressed serum proteins in sepsis patients. A significantly enriched GO terms 
of the differentially expressed proteins; (B) the protein-protein interaction network constructed with the differentially expressed proteins
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Correlation analysis of six preoperative biomarkers 
and biochemical parameters in septic patients
Serum levels of the above six biomarkers obtained imme-
diately upon admission were considered the preoperative 
baseline in the sepsis group. Organ dysfunction events 
were diagnosed according to the preoperative organ 
function status using the multiple organ dysfunction 
score. Figure 2 shows the Spearman correlation analysis 
of the six preoperative biomarkers and other biochemi-
cal parameters with preoperative organ dysfunction in 
the septic patients as well as the significant parameters 
(p < 0.05). S100-A9 was strongly correlated with myo-
globin (rs =  − 0.38), brain natriuretic peptide (BNP) 
(rs =  − 0.47), and creatinine (rs =  − 0.50). Prosaposin was 

strongly correlated with plasma lactate (r = 0.48) and 
interleukin 10 (IL-10) (rs = 0.26). VCAM-1 was strongly 
correlated with cardiac troponin T (cTNT) (rs =  − 0.44) 
and BNP (rs =  − 0.46). NGAL was strongly correlated 
with plasma lactate (rs = 0.48). CatB was strongly corre-
lated with serum magnesium (rs =  − 0.45).

Correlation between preoperative biomarkers 
and preoperative single organ dysfunction in septic 
patients
Univariate logistic analyses were conducted to inves-
tigate possible correlations between biomarkers and 
single-organ dysfunction in septic patients before sur-
gery. Figure 3A indicates a potential association between 
S100-A9 (p = 0.05) and CatB (p = 0.11) with preoperative 
renal failure in septic patients. Best subsets regression 
(BSR) based on the minimum Bayesian information cri-
terions (BIC) and LASSO regression (LR) were further 
conducted to select the best variable combinations for 
the final prediction model for preoperative renal failure 
in septic patients (Supplemental Figure  S2A, 2B). Sex, 
age, S100A9, and CatB were finally included to construct 
the prediction model. Supplemental Figure  S2C shows 
the ROC curve and AUROC. The nomogram-histogram 
and decision curve analysis (DCA) showed that CatB 
and S100-A9 were predicted factors for renal failure in 
septic patients (Fig.  3B, C). The same process was used 
to predict the possibility of neurological dysfunction in 
septic patients before surgery (Supplemental Figure S3). 
Age (p = 0.14) and S100-A9 (p = 0.04) showed potential 

Table 2 Preoperative levels of selected serum proteins between 
sepsis and control group

a Vascular cell adhesion protein 1
b Neutrophil gelatinase-associated lipocalin
c Cathepsin B

Control (n = 30) Sepsis (n = 36) p value

S100A9 (ng/mL) 43.72 ± 12.69 85.85 ± 20.57  < 0.001

prosaposin (ng/mL) 1.47 ± 0.38 3.43 ± 1.29  < 0.001

VCAM-1a (ng/mL) 223.56 ± 58.03 445.78 ± 147.37  < 0.001

thrombospondin-1 (ng/
mL)

129.44 ± 25.81 249.85 ± 80.36  < 0.001

NGALb (ng/mL) 90.51 ± 30.14 156.80 ± 65.17  < 0.001

CatBc (ng/mL) 1.515 ± 0.39 2.957 ± 1.05  < 0.001

Fig. 2 Preoperative blood tests and selected serum proteins. The correlogram shows correlation coefficients for all pairs of variables, with more 
intense colors for more extreme correlations. The plot below indicated those whose correlations were statistically significant
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associations with neurological dysfunction in the uni-
variate logistic analyses. After BSR and LASSO, age and 
S100-A9 were selected for the prediction model, which 
also showed a possible prediction effect of S100-A9. 
However, the DCA curve of this model indicated limited 
model benefits.

Preoperative biomarkers predicted single organ 
dysfunction on D7
Surgery can reverse sepsis-induced organ dysfunction. 
We examined whether specific biomarkers may pre-
dict the occurrence of postoperative organ dysfunc-
tion. Thus, we conducted further analyses to investigate 
potential correlations. Figure  4 and Supplemental Fig-
ure S4 show the nomogram-histogram and DCA curves 
for models predicting the occurrences of heart failure, 
liver dysfunction, respiratory failure, and coagulation 

dysfunction after surgery. CatB was a predictor factor in 
the prediction models of heart failure and liver dysfunc-
tion, whereas S100-A9 showed a predictive effect when 
predicting liver and respiratory failure. The nomogram-
histogram also indicated an effect of prosaposin on res-
piratory failure, whereas VCAM-1 and NGAL were 
predicted factors for postoperative heart failure and 
coagulation dysfunction, respectively.

Correlation between preoperative biomarkers and other 
outcomes
Analysis showed that these six biomarkers had little cor-
relation with the length of ICU stay, length of hospital 
stay, SOFA, and APACHE II scores (Supplemental Fig-
ure  S5). LR for the outcomes of septic patients showed 
that higher S100-A9 levels were associated with lower 

Fig. 3 Investigation of the association between preoperative selected serum protein level and development of renal failure when patients 
presented to the hospital. A Summary of logistics regression model. B Nomogram for prediction of kidney failure during hospital presentation. C 
Plot of decision curve analysis of constructed model
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in-hospital mortality and 1-month mortality (Supple-
mental Figure S6).

Apparent performance of the models in the cohort
We internally validated all organ dysfunction prediction 
models and found that the C-index for the preoperative 
diagnosis of renal failure model displayed good discrimi-
nation with a C-index of 0.898 (95% confidence interval: 
0.843–0.954) and good calibration through bootstrap-
ping validation (Supplemental Figure  S7), while other 
models did not display good discrimination.

Discussion
Sepsis is a series of clinical syndromes with high morbid-
ity and mortality (Evans et al. 2021). Many sepsis-related 
biomarkers have been reported, but their diagnostic 
specificity and sensitivity remain unclear owing to the 
lack of consistent baseline characteristics (Simpson 2019; 
Kibe et  al. 2011). In our study, patients’ conditions and 
biomarkers were continuously monitored from diag-
nosis to the postoperative period, and the results were 
self-controlled, which made up for the shortcomings of 
previous studies and increased the credibility of the data. 

Additionally, our study was the first to focus on the organ 
function statuses of patients with postoperative sepsis.

We found that serum CatB, S100-A9, VCAM-1, prosa-
posin, and NGAL can be used for preoperative diagnosis 
and postoperative prediction of organ dysfunction. Spe-
cifically, S100-A9 and CatB were indicators for preopera-
tive diagnosis in septic patients.

We found S100-A9 to be a key marker in preopera-
tive diagnosis and postoperative prediction of organ 
dysfunction, especially for renal failure. S100-A9 
plays a key role in regulating inflammatory responses 
by stimulating leukocyte recruitment and inducing 
cytokine secretion (Santamaria-Kisiel et  al. 2006). 
Studies have shown that S100-A9 was highly expressed 
in the serum of patients with pulmonary infectious 
diseases (Liu et  al. 2021; Su et  al. 2010). S100-A9 can 
be used as a candidate biomarker for diagnosis and 
follow-up as well as a predictor of treatment response 
to inflammatory diseases (Skopelja-Gardner et  al. 
2021; Ehrchen et al. 2009; Fontaine et al. 2011). To our 
knowledge, our study was the first to find that S100-A9 
was a predictor in diagnosing sepsis-induced renal 
insufficiency. The mechanism may be related to renal 

Fig. 4 Prediction model of postoperative organ dysfunction. Following were nomogram and decision curve analyses that predict the probability 
of postoperative heart failure (A), liver failure (B), respiratory failure (C), and coagulation disorders (D)
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tissue damage and inflammatory infiltration. S100-A9 
was a valuable marker in predicting the occurrence of 
postoperative liver and respiratory failure, and higher 
S100-A9 values indicated a reduced possibility of liver 
and respiratory failure. Besides, S100-A9 was also 
found to predict hospital mortality and 1-month mor-
tality in our study.

The effect of CatB was opposite that of S100-A9 
in predicting preoperative diagnosis and postopera-
tive prognosis in septic patients. CatB is a proteolytic 
enzyme involved in many diseases, such as acute and 
chronic inflammatory diseases (Mijanović et  al. 2019; 
Man and Kanneganti 2016). In pathological condi-
tions, cell damage caused by infection leads to CatB 
releasing into the cytoplasm, mediating cell necrosis 
and apoptosis (Nagakannan et al. 2021; Qi et al. 2016). 
Canbay et al. found that CatB was involved in inflam-
mation and apoptosis caused by liver cholestasis after 
bile duct ligation, which ultimately led to liver fibro-
sis (Canbay et  al. 2003). However, relevant studies on 
clinical samples are lacking. Our results showed that 
CatB was a possible predictor factor for preoperative 
diagnosis of renal failure in septic patients. And higher 
CatB levels indicated that patients were more likely 
to develop liver and heart failure. This was consist-
ent with previous findings (Feng et al. 2018; Guo et al. 
2020). However, further prospective controlled trial 
with larger samples is needed to confirm the causal 
correlation in the future.

Moreover, VCAM-1 may be used to postoperatively 
predict cardiac dysfunction. VCAM-1 has been impli-
cated in neutrophil-mediated lung and liver injury 
(Raeburn et al. 2002; Figueras-Aloy et al. 2007; Li et al. 
2020). We found that higher serum VCAM-1 levels 
indicated a lower possibility of heart failure, which con-
tradicted the findings of previous studies. We suspect 
this may have been because septic patients are immu-
nosuppressed. However, trials with larger samples are 
needed.

We found that NGAL was a marker for predict-
ing postoperative coagulation dysfunction. NGAL has 
been reported to protect against bacterial infection and 
modulate oxidative stress and is a possible marker in 
acute kidney injury and cancer (Crescenzi et  al. 2021; 
Shang and Wang 2017). However, no association was 
found between NGAL and renal failure in our study. 
Prosaposin acts as a regulator of lysosomal enzyme 
function and a secretory factor with neuroprotective 
and glial protective effects in the cell (Nabeka 2021). 
The ability of secreted prostaglandins to promote pro-
tective effects in the nervous system is known. How-
ever, we found the predicted effect of prosaposin on 
respiratory failure.

Limitations
Our study had several limitations. First, it was a prospec-
tive study exploring novel biomarkers for the diagnosis 
or prognosis of organ dysfunction in surgery-related sep-
sis. Most patients enrolled in our study had biliary tract 
infections. The cohort was not representative of all sep-
tic patients; thus, the value of the biomarkers may not 
be easily generalizable. Second, risk factor analysis did 
not include all potential factors that affected medica-
tion adherence. Some possible aspects of nonadherence 
were not thoroughly informed such as the social support 
and other conditions. Third, it was a small pilot study. 
Although the robustness of our nomogram was exam-
ined extensively with internal validation using bootstrap 
testing, the generalizability was uncertain for other popu-
lations. In the future, the diagnostic and predictive per-
formance of the explored biomarkers will be compared 
with the conventional markers of organ dysfunction (e.g., 
acute kidney injury markers). Finally, we did not continu-
ously compare the varying tendencies of these biomark-
ers on D0 and D7, as well as the relationship with organ 
dysfunction. a longer follow-up process and continuous 
measurement of samples will be performed in the future. 
Therefore, further clinical studies with larger samples 
or animal research should be conducted to increase the 
credibility of the conclusions and rigor of the study.

Conclusion
CatB, S100-A9, VCAM-1, prosaposin, and NGAL could 
be used for preoperative diagnosis and postoperative pre-
diction of organ dysfunction. S100-A9 and Cat B were 
potential predict factors for preoperative prediction of 
renal failure. Monitoring both indicators may improve 
the accuracy of the diagnosis prediction of septic renal 
dysfunction. VCAM-1 may be used to postoperatively 
predict cardiac dysfunction. NGAL was a potential 
marker for predicting postoperative coagulation dysfunc-
tion. Besides, S100-A9 was also found to predict hospital 
mortality and 1-month mortality in our study.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13741- 024- 00438-z.

Supplementary Material 1: Supplemental Figure S1. Mass spectrometry 
analysis of the differentially expressed serum proteins in control and sepsis 
patients. (A) volcano diagram of patients with sepsis in D0 compared to 
control patients, showing some protein levels significantly decreased 
while some significantly increased; (B) volcano diagram of patients with 
sepsis in D7 compared to D0, showing some protein levels decreased 
while some increased. D0: blood samples of patients with sepsis at 
admission; D7: blood samples of patients with sepsis on the seventh day 
after surgery. Supplemental Figure S2. Variables selection procedure for 
logistics regression model predicting probability of renal failure when 
patients presented to the hospital. A. Procedure of best subset selection. 

https://doi.org/10.1186/s13741-024-00438-z
https://doi.org/10.1186/s13741-024-00438-z
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B. Process of lasso regression. C. Receiver operating characteristic (ROC) 
curve of constructed model. Supplemental Figure S3. Investigation of 
the association between preoperative selected serum protein level and 
development of central nervous system (CNS) dysfunction when patients 
presented to the hospital. A. Summary of logistics regression model. B. 
Procedure of best subset selection. C. Process of lasso regression. D. ROC 
curve of constructed model. E. Nomogram for prediction of CNS dysfunc-
tion during hospital presentation. F. Plot of decision curve analysis of 
constructed model. Supplemental Figure S4. DCA curves that predicting 
the probability of postoperative heart failure (A), liver failure (B), respiratory 
failure (C), and coagulation disorders (D). Supplemental Figure S5. The 
association between preoperative selected serum protein level and other 
clinical outcomes. A. The correlogram of selected preoperative serum pro-
tein level and clinical outcomes of sepsis patients, including length of ICU 
stay, hospital stay, SOFA score, and APACHEII score. More intense colors 
indicated more extreme correlations. B&C. Forest plot indicating the effect 
of gender, age, and selected serum protein level on sepsis patients’ clinical 
outcome at discharge (B) and 30 days after discharge (C). Supplemental 
Figure S6. Variable selection procedure for the logistic regression model 
predicting probability of death within 30 days after discharge. A. Best 
subset selection procedure. B. LASSO regression process. C. ROC curve 
of the constructed model. Supplemental Figure S7. Calibration curve of 
preoperative diagnosis of renal failure model.
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