
Wang et al. BMC Medicine          (2023) 21:503  
https://doi.org/10.1186/s12916-023-03215-9

RESEARCH ARTICLE Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Medicine

Prediction of acute kidney injury incidence 
following acute type A aortic dissection 
surgery with novel biomarkers: a prospective 
observational study
Zhigang Wang1†, Jingfang Xu2†, Yu Zhang3†, Cheng Chen1, Chuiyu Kong1, Lu Tang1, Yi Jiang4, Ronghuang Yu1, 
Qiuyan Zong1, Lifang Zhang5 and Dongjin Wang1* 

Abstract 

Background  Acute kidney injury (AKI) is a prevalent complication following acute type A aortic dissection (ATAAD) 
surgery and is closely associated with unfavorable prognostic outcomes. Hence, the development of a robust and effi-
cient diagnostic approach to identify high-risk patients is of paramount importance.

Methods  We conducted a prospective study involving 328 patients who underwent ATAAD surgery at our institu-
tion, comprising three distinct cohorts. In addition, 52 patients undergoing alternative cardiopulmonary surgeries 
and 37 healthy individuals were enrolled as control groups. Employing proteomic analysis, we initially identified 
plasma proteins potentially linked to AKI occurrence within the plasma proteomic cohort. Subsequent validation 
was performed in an independent cohort. Utilizing predictors derived from multivariate logistic regression analysis, 
a nomogram was meticulously formulated and its efficacy was validated in the model construction cohort.

Results  Proteomics revealed significant elevation of plasma levels of S100A8/A9, pentraxin 3 (PTX3), and chitinase 
3-like 1 (CHI3L1) immediately post-surgery in patients who developed ATAAD surgery-associated AKI (ASA-AKI). 
Receiver operating characteristic (ROC) curves demonstrated impressive predictive performance of S100A8/A9, PTX3, 
and CHI3L1 at 0 h post-surgery, yielding area under the curve (AUC) values of 0.823, 0.786, and 0.803, respectively, 
for ASA-AKI prediction. Furthermore, our findings exhibited positive correlations between plasma levels of S100A8/A9, 
PTX3, CHI3L1, and urinary neutrophil gelatinase-associated lipocalin (NGAL) at 0 h post-surgery, along with correla-
tions between plasma S100A8/A9, CHI3L1 levels, and the Cleveland Clinic score. A logistic regression model incorpo-
rating plasma S100A8/A9, PTX3, CHI3L1 levels, urinary NGAL levels, and the Cleveland Clinic score facilitated the con-
struction of a predictive nomogram for ASA-AKI. This nomogram demonstrated robust discriminative ability, achieving 
an AUC of 0.963 in the model construction cohort.

Conclusions  Our study underscored the augmentation of plasma S100A8/A9, PTX3, and CHI3L1 levels immedi-
ately post-surgery in patients developing ASA-AKI. The incorporation of these three biomarkers, in conjunction 
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with the Cleveland Clinic score and NGAL, into a nomogram demonstrated commendable predictive efficacy. This 
presents a practical tool for identifying patients at an elevated risk of AKI following ATAAD surgery.

Keywords  Acute kidney injury, Type A aortic dissection, S100A8/A9, Pentraxin 3, Chitinase 3-like 1, Nomogram

Background
Acute type A aortic dissection (ATAAD) represents a 
critical condition within the realm of cardiovascular 
diseases, often necessitating emergent surgical inter-
vention. Acute kidney injury (AKI) arising from cardiac 
surgery stands as the second most prevalent cause of 
AKI [1]. Research has demonstrated that the incidence 
of ATAAD surgery-associated AKI (ASA-AKI) is sub-
stantially higher in contrast to other cardiac surgeries 
[2], with rates ranging from 23 to 67% [3–6]. Notably, 
our previous investigation documented a 53.6% occur-
rence of ASA-AKI among patients undergoing surgery at 
our institution [7]. ASA-AKI has been established as an 
independent risk factor associated with short- and long-
term mortality, prolonged stays in intensive care unit 
(ICU), extended hospitalization, and escalated healthcare 
expenditures [8, 9]. Regrettably, there remains an absence 
of effective therapies specifically targeting ASA-AKI [10]. 
Consequently, the timely identification of individuals at 
elevated risk is of pivotal significance to enable tailored 
management and timely interventions.

Traditionally, serum creatinine (sCr) has been 
employed as a diagnostic marker for AKI. However, sCr 
levels exhibit significant elevation only after a decline of 
over 50% in glomerular filtration rate, potentially miss-
ing the critical treatment window [11]. Cystatin C, a 
marker freely filtered through glomerular membranes, 
presents a more reliable indicator of glomerular filtration 
rate. Nevertheless, our prior study yielded an area under 
the receiver operating characteristic (ROC) curve of 
merely 0.687 for cystatin C in forecasting ASA-AKI [12]. 
Although recognized biomarkers like neutrophil gelati-
nase-associated lipocalin (NGAL) have been identified 
for cardiac surgery-associated AKI [13], there remains 
a void in dependable biomarkers for the prediction of 
ASA-AKI.

Over the last decade, proteomics has emerged as a 
robust tool to unearth disease-related proteins and novel 
biomarkers across various medical domains, encompass-
ing acute interstitial nephritis and heart failure [14, 15]. 
However, proteomic investigations within ASA-AKI 
patients have remained relatively scarce. In this study, we 
harnessed plasma proteomics to delve into the expression 
profiles of plasma proteins following ATAAD surgery, 
pinpointing potential biomarkers correlated with ASA-
AKI development. To forge an encompassing predic-
tive nomogram, we amalgamated these biomarkers with 

the Cleveland Clinic score—an extensively adopted risk 
assessment model for postoperative adverse renal events 
[16]. We aspire for this predictive model to consistently 
and accurately discern high-risk patients predisposed to 
ASA-AKI, thereby advancing clinical management.

Methods
Study population
This prospective observational study unfolded across 
three successive cohorts. Perioperative plasma samples 
and pertinent clinical data were meticulously collated 
from a consecutive stream of ATAAD-diagnosed patients 
at Nanjing Drum Tower Hospital, spanning from June 
1, 2021, to March 31, 2023. The study inclusion criteria 
encompassed patients diagnosed with ATAAD via com-
puted tomography angiography (CTA), having undergone 
surgery within five days of ATAAD onset. Exclusions 
were extended to encompass patients with preoperative 
end-stage renal failure, preoperative renal malperfusion, 
or those succumbing within 48 h post-surgery. Instances 
of missing plasma samples were similarly omitted. From 
an initial screening pool of 371 patients, a final cohort of 
328 was established and subdivided into three distinct 
groups: the plasma proteomic cohort (comprising 15 
ASA-AKI and 15 non-ASA-AKI patients), the validation 
cohort (comprising 76 eligible patients), and the model 
construction cohort (comprising 222 eligible patients).

Concurrently, plasma S100A8/A9, pentraxin 3 (PTX3), 
and chitinase 3-like 1 (CHI3L1) levels were gauged and 
juxtaposed against those of 37 age-, gender-, and body 
mass index- (BMI-) matched healthy individuals. An 
additional independent set, consisting of 52 patients 
(equivalently age-, gender-, and BMI-matched), who had 
undergone cardiopulmonary (CPB) surgery, was enlisted 
to assess the specificity of plasma proteins in the context 
of ATAAD.

The incidence of AKI consistently served as the primary 
outcome throughout the study. The follow-up period 
remained consistent across all phases of the research, and 
the sample method was consistently upheld, ensuring 
uniformity in participant selection. Our emphasis was on 
maintaining a high level of methodological consistency 
to guarantee the reliability and validity of our study find-
ings. The acquisition of biological samples adhered to a 
protocol endorsed by the Institutional Research Ethics 
Committee of Nanjing Drum Tower Hospital (Approval 
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Number: 2021–084-01), accompanied by informed con-
sent secured from all participating patients.

Definitions
The diagnostic criteria for AKI were grounded in the 
Kidney Disease Improving Global Outcomes (KDIGO) 
guidelines, with assessments conducted within seven 
days following surgery [17]. The baseline sCr or initial 
sCr for patients with ATAAD is typically assessed just 
before the surgical procedure after admission to the 
ICU. Patient medical records were carefully assessed to 
validate the diagnosis of chronic kidney disease (CKD) 
and determine the respective CKD stages. Malperfusion 
in the context of ATAAD was defined as a decrement in 
blood flow or complete artery occlusion, substantiated 
through preoperative CTA and corroborated by clinical 
indicators such as coma, extremity paralysis, or abdomi-
nal pain, along with pertinent laboratory results includ-
ing elevated myocardial enzymes. The analysis of all CTA 
images was undertaken independently by two experi-
enced radiologists. Preoperative hypotension was defined 
by mean arterial pressure falling below 75 mmHg.

Sample collection, preservation, and measurement 
procedures
Routine laboratory samples, collected via an indwelling 
venous cannula pre-operatively in the ICU, were contin-
ued immediately after surgery and daily up to post-oper-
ative day 7 for sCr measurements. These samples were 
diligently sent for analysis to the hospital’s clinical labora-
tory department. In cases where patients were diagnosed 
with AKI, plasma samples were extracted almost daily 
throughout their hospitalization period. This frequent 
sampling aimed to capture the dynamic fluctuations in 
sCr levels, enabling a comprehensive understanding of its 
behavior.

Measurement of S100A8/A9, PTX3, CHI3L1, and 
NGAL levels was undertaken to employ commer-
cial enzyme-linked immunosorbent assay (ELISA) kits 
(ABclonal, Wuhan, China) within a span of 3  months 
from sample collection, in accordance with the manufac-
turer’s instructions. The laboratory analyses were meticu-
lously conducted in a blinded manner, ensuring complete 
separation from both the associated clinical data and the 
KDIGO classification. Upon collection, plasma and uri-
nary samples were promptly centrifuged (3000  rpm for 
30 min) or refrigerated at 4  °C and subsequently centri-
fuged within 4  h. Serum and urine supernatants were 
meticulously collected into EP tubes and expeditiously 
stored at − 80  °C for subsequent utilization. The limita-
tion of repeated freeze–thaw cycles was meticulously 
adhered to. Plasma S100A8/A9 was assessed with a 
5.0% intra-assay coefficient of variation (CV) and a 7.2% 

inter-assay CV, establishing a lower detection limit of 
3.0 μg/L. PTX3 measurements demonstrated a precision 
with a 4.1% intra-assay CV and a 4.3% inter-assay CV, 
highlighting a remarkable lower detection limit of 0.1 ng/
mL. Serum concentrations of CHI3L1 were determined 
with a lower detection limit of 20  ng/mL, displaying an 
intra-assay CV of 5.0% and an inter-assay CV of 5.4%. In 
the case of urinary NGAL tests, the lower detection limit 
was established at 10 ng/mL, while both intra- and inter-
assay CVs ranged between 5 and 10% for batched sam-
ples analyzed on the same day.

The plasma proteomic cohort consisted of 15 ASA-
AKI and 15 non-ASA-AKI patients, matched for age, 
gender, and BMI, encompassing the period from June 1, 
2021, to October 31, 2021. The quantification of protein 
expression, facilitated through isobaric tags for relative 
and absolute quantification labeling coupled with liquid 
chromatography-tandem mass spectrometry analysis, 
was executed by Applied Protein Technology (Shang-
hai, China), aligning with established protocols [18]. The 
schematic depiction of case inclusion and proteomic 
measurements is presented in Fig. 1a.

Validation cohort: the validation cohort, comprised of 
76 eligible patients, was enrolled between November 1, 
2021, and March 10, 2022. Blood samples were diligently 
collected at seven distinct time points: preoperative, 
postoperative 0 h, postoperative 6 h, postoperative 12 h, 
postoperative 24 h, postoperative 48 h, and postoperative 
72 h. The comprehensive depiction of case inclusions is 
presented in Fig. 1b.

Healthy and disease control cohort: a total of 37 healthy 
volunteers, including 27 males and 10 females (with ages 
ranging from 40 to 72 years; mean age of 55.8 ± 8.2 years), 
who sought annual physical examinations at Nanjing 
Drum Tower Hospital between January 1, 2022, and Jan-
uary 1, 2023, were encompassed in this study. A metic-
ulous assessment, inclusive of consultation, physical 
examination, blood pressure measurements, specialized 
examinations, and scrutiny of medical records, was con-
ducted for each volunteer. Fasting blood samples were 
collected from all volunteers on a single occasion. In par-
allel, an additional group of 52 patients, who had under-
gone CPB surgery at our institution between January 
1, 2022, and January 1, 2023, were enrolled as a disease 
control cohort. This subgroup consisted of 28 patients 
who underwent isolated valve replacement surgery and 
24 patients who underwent isolated coronary artery 
bypass grafting surgery. Blood samples were obtained 
from these patients both preoperatively and immediately 
postoperative.

Model Construction Cohort: the model construction 
cohort, consisting of 222 eligible patients, was enrolled 
between March 11, 2022, and March 31, 2023. Blood 
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samples were meticulously collected at 0 h post-surgery. 
The comprehensive depiction of case inclusions for this 
cohort is depicted in Fig. 1c.

Statistical analysis
Statistical analyses were meticulously conducted uti-
lizing SPSS 26.0 (IBM, Chicago, IL, USA). Continuous 
variables underwent comparison through the Student’s 
t-test or the Mann–Whitney U test, with representa-
tion as mean ± standard deviation for normally distrib-
uted data, and as median along with interquartile range 
for non-normally distributed data. The chi-square test 
or Fisher’s exact test was employed for the comparison 
of categorical data, presented as counts and percentages. 
Spearman’s correlation analysis was executed to explore 
associations between serum levels of S100A8/A9, PTX3, 
and CHI3L1 at 0  h post-surgery and diverse variables. 
The diagnostic efficiency of the biomarkers was assessed 
through the construction of ROC curves and the calcu-
lation of the corresponding area under the curve (AUC) 
values.

Sample size determination was carried out, indicating 
a need for approximately 194 patients to achieve 95% sta-
tistical power in detecting a clinically meaningful ASA-
AKI rate of 45.0% at a two-sided α of 0.05. Proteomics 
were plotted and analyzed using the R program (version 

4.1.3), with Volcano plots generated utilizing the ggplot2 
package. Statistically significant differences were attrib-
uted to a protein fold change exceeding 2 or falling below 
0.5 (p < 0.05). The predictive model was constructed and 
visualized employing the “rms” package under the R lan-
guage platform. In summary, the patient cohort was ran-
domly partitioned into training and validation groups at 
a 7:3 ratio. The associations between each preoperative 
variable and the occurrence of ASA-AKI were evaluated 
by Spearman’s correlation analysis. Univariate analysis 
and multivariate analysis were performed to identify risk 
factors for ASA-AKI. The selection of the final subset of 
variables was carried out through the forward, backward, 
or both elimination model selection procedures, utiliz-
ing the Wald test as a basis for assessment. To determine 
the most appropriate model fit, metrics such as deviance, 
Akaike information criterion (AIC), Bayesian informa-
tion criterion (BIC), and pseudo-R2 were employed, 
indicating the robustness and suitability of the model 
statistics. In establishing a risk scoring model, a range of 
identified factors was considered. These factors included 
demographic characteristics, comorbidities, preopera-
tive laboratory values, preoperative radiologic character-
istics, operative data, and postoperative variables. Their 
comprehensive inclusion allowed for a holistic approach, 
capturing various aspects that could contribute to the 
assessment and prediction of risk in the given context.

Fig. 1  The study flowchart. a Enrollment and exclusion of patients in the ATAAD cohort, resulting in the selection of 15 patients with ASA-AKI 
and 15 age-, gender-, and BMI-matched non-ASA-AKI patients for proteomics analysis. b Composition of the validation cohort, comprising 76 
ATAAD patients after exclusion of 7 patients. c Model construction cohort, with 235 ATAAD patients screened and 222 patients enrolled for further 
analysis. ATAAD, acute type A aortic dissection; BMI, body mass index; ASA-AKI, acute type A aortic dissection surgery-associated acute kidney injury
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The constructed nomogram underwent validation 
through 1000 bootstrap resamples. The AUC of the ROC 
curve and precision-recall curve were used to evaluate 
the discrimination ability of the nomogram. Calibration 
curve analysis was conducted to assess the nomogram’s 
calibration proficiency. Decision curve analysis was fur-
ther undertaken to ascertain the practical applicability of 
the nomogram within the validation cohort. All analyses 
adhered to a two-sided principle, with p-values less than 
0.05 deemed statistically significant.

Results
Distinct protein expression profiles identified in ASA‑AKI 
patients via proteomics
Plasma samples collected before and immediately after 
completion of ATAAD surgery were subjected to pro-
teomic analysis. As indicated in Fig.  1a, 53 patients 
underwent ATAAD surgical repair between June 1, 
2021, and October 31, 2021. Following the exclusion of 
four patients (1 due to renal malperfusion, 2 with end-
stage renal failure, and 1 deceased within 48  h after 
surgery), 49 patients were included in the subsequent 
analysis. Among these, 24 patients (49.0%) developed 
AKI post-surgery, comprising 8 patients in KDIGO 
stage 1, 9 patients in KDIGO stage 2, and 7 patients in 
KDIGO stage 3. After carefully matching for age, gen-
der, and BMI, samples from 15 patients who developed 
ASA-AKI and 15 patients who did not develop ASA-AKI 
were sent for further proteomic analysis. Characteris-
tics of these 30 patients were outlined in Table 1, reveal-
ing no significant differences in preoperative variables 
between the groups. However, notable differences were 
observed in intraoperative parameters, with prolonged 
CPB duration (206.3 ± 49.2  min vs. 166.3 ± 35.5  min; 
p = 0.016) and cross-clamp duration (155.8 ± 47.3 min vs. 
125.1 ± 33.0 min; p = 0.048) in the ASA-AKI group.

The list of proteins exhibiting differential expres-
sion was visualized in Fig. 2a (p < 0.05). A Venn diagram 
highlighted 77 proteins displaying postoperative differ-
ential expression between ASA-AKI and non-ASA-AKI 
patients. Additionally, 83 differentially expressed pro-
teins were identified in ASA-AKI patients compared to 
preoperative measurements. Among these, 28 proteins 
were up-regulated and 4 were down-regulated postop-
eratively in ASA-AKI patients compared to both the non-
ASA-AKI and preoperative groups. Figure 2b–c illustrate 
that S100A9 exhibited the highest fold change (3.13-
fold) postoperatively in ASA-AKI patients compared to 
non-ASA-AKI patients, followed by S100A8 (2.92-fold), 
CHI3L1 (2.66-fold), and PTX3 (2.62-fold). These four 
proteins also displayed up-regulation postoperatively 
compared to preoperative measurements in ASA-AKI 
patients (Fig. 2d). Notably, S100A8 and S100A9 primarily 

exist as biologically functional S100A8/A9 heterodimers 
[19], rendering them subjects of further analysis.

Validation of S100A8/A9, PTX3, and CHI3L1 levels via ELISA
To validate proteomics findings, S100A8/A9, PTX3, and 
CHI3L1 levels were measured using ELISA in the vali-
dation cohort, and compared with healthy and disease-
control cohorts. Figure 1b outlines the enrollment of 76 
ATAAD patients, 37 age-, gender-, and BMI-matched 
healthy individuals, and 52 age-, gender-, and BMI-
matched patients who underwent CPB surgery for com-
parison. Among ATAAD patients, a collective total of 
37 individuals, representing 48.7% of the cases, expe-
rienced postoperative AKI. This group comprised 13 
patients classified under KDIGO stage 1, 12 patients 
under KDIGO stage 2, and 12 patients under KDIGO 
stage 3. Clinical and laboratory characteristics of enrolled 
patients are presented in Additional file  1: Table  S1 
and S2. The data revealed prolonged CPB duration and 
cross-clamp duration in the ASA-AKI group compared 
to the non-ASA-AKI group within the ATAAD cohort 
(Additional file  1: Table  S1) and between the ATAAD 
and disease control groups (Additional file  1: Table  S2). 
As illustrated in Fig. 3a–c, preoperative plasma levels of 
S100A8/A9, PTX3, and CHI3L1 were significantly ele-
vated in ATAAD patients compared to preoperative lev-
els of patients undergoing CPB surgery, as well as healthy 
controls. Postoperative levels of S100A8/A9, PTX3, and 
CHI3L1 were markedly higher in ATAAD patients com-
pared to the disease control group.

Dynamic changes of these biomarkers in ASA-AKI 
patients were depicted in Fig.  4a–c. S100A8/A9 and 
CHI3L1 levels peaked at 0 h after surgery, whereas PTX3 
levels peaked at 6  h post-surgery, followed by a subse-
quent decline in ASA-AKI patients. In contrast, patients 
without ASA-AKI experienced slight postoperative 
increases in these proteins compared to preoperative 
levels. Importantly, plasma levels of these biomarkers at 
various time points post-surgery were significantly higher 
in the ASA-AKI group compared to the non-ASA-AKI 
group. Evaluation of diagnostic value indicated that AUCs 
of S100A8/A9 at 0 h, 6 h, 12 h, and 24 h post-surgery were 
0.823, 0.781, 0.744, and 0.774, respectively (Fig. 4d). The 
AUCs for PTX3 at corresponding time points were 0.786, 
0.774, 0.745, and 0.742 (Fig. 4e), while those for CHI3L1 
were 0.803, 0.750, 0.715, and 0.741 (Fig. 4f ). The urinary 
levels of NGAL exhibited a gradual increase post-surgery, 
with a notable difference observed in the early postop-
erative period between ASA-AKI patients and non-ASA-
AKI patients (Additional file  1: Fig. S1a). The diagnostic 
assessment revealed that the AUCs of urinary NGAL at 
0 h and 24 h post-surgery were 0.633 and 0.605, respec-
tively (Additional file 1: Fig. S1b). These findings suggest 
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Table 1  Demographic and clinical data of acute type A aortic dissection patients whose samples were sent for plasma proteomics

BMI Body mass index, LVEF Left ventricular ejection fraction, WBC White blood cell, BUN Blood urea nitrogen, eGFR estimated glomerular filtration rate, CKD Chronic 
kidney disease, CPB Cardiopulmonary bypass, ICU Intensive care unit

Variables Overall
(n = 30)

ASA-AKI
(n = 15)

Non-ASA-AKI
(n = 15)

p-value

Preoperative parameters
  Demographics

    Age (year) 63.3 ± 14.3 62.6 ± 13.3 64.1 ± 15.6 0.784

    Male (%) 21 (70.0) 10 (66.7) 11 (73.3) 0.690

    BMI (kg/m2) 23.9 ± 3.4 24.6 ± 3.0 23.3 ± 3.7 0.289

  Tobacco use (%) 11 (36.7) 6 (40.0) 5 (33.3) 0.705

  Medical history

    Hypertension (%) 27 (90.0) 13 (86.7) 14 (93.3) 1.000

    Diabetes mellitus (%) 2 (6.7) 1 (6.7) 1 (6.7) 1.000

    Previous cardiac surgery (%) 2 (6.7) 1 (6.7) 1 (6.7) 1.000

    Cerebrovascular disease (%) 7 (23.3) 3 (20.0) 4 (26.7) 1.000

    Coronary artery disease (%) 1 (3.3) 0 (0) 1 (6.7) 1.000

    CKD (%) 3 (10.0) 2 (13.3) 1 (6.7) 1.000

      CKD stage 1 (%) 2 (6.7) 1 (6.7) 1 (6.7) 1.000

      CKD stage 2 (%) 1 (3.3) 1 (6.7) 0 (0) 1.000

  LVEF (%) 57.0 ± 3.0 57.3 ± 3.0 56.7 ± 3.1 0.592

  Involving renal artery (%) 19 (63.3) 10 (66.7) 9 (60.0) 0.705

  Left renal artery

    True lumen (%) 17 (56.7) 7 (46.7) 10 (66.7)

    False lumen (%) 5 (16.7) 3 (20.0) 2 (13.3)

    True and false lumen (%) 8 (26.7) 5 (33.3) 3 (20.0) 0.605

  Right renal artery

    True lumen (%) 19 (63.3) 8 (53.3) 11 (73.3)

    False lumen (%) 5 (16.7) 2 (13.3) 3 (20.0)

    True and false lumen (%) 6 (20.0) 5 (33.3) 1 (6.7) 0.250

  Preoperative laboratory results

    WBC (109/L) 10.5 ± 3.2 10.1 ± 3.3 10.9 ± 3.2 0.543

    Hemoglobin (g/L) 125.0 ± 23.6 120.9 ± 26.2 129.1 ± 20.7 0.346

    Creatinine (μmol/L) 69.9 ± 20.7 72.7 ± 22.9 67.0 ± 18.7 0.479

    BUN (mmol/L) 5.7 ± 1.8 5.5 ± 1.9 5.9 ± 1.8 0.583

    Cystatin C (mg/L) 0.8 ± 0.4 0.9 ± 0.5 0.8 ± 0.4 0.625

    eGFR (ml/min) 106.8 ± 20.1 104.0 ± 19.1 109.6 ± 21.3 0.454

    Albuminuria (%) 2 (6.7) 1 (6.7) 1 (6.7) 1.000

    D-Dimer (ng/mL) 8.1 (2.6, 23.1) 7.0 (2.4, 20.8) 10.2 (6.5, 39.0) 0.382

Intraoperative parameters
  CPB duration (min) 186.3 ± 46.8 206.3 ± 49.2 166.3 ± 35.5 0.016

  Cross-clamp duration (min) 140.4 ± 43.0 155.8 ± 47.3 125.1 ± 33.0 0.048

  Hypothermia circulation arrest time (min) 25.2 ± 9.8 24.5 ± 7.4 25.9 ± 12.0 0.704

Postoperative parameters
  Drainage volume 24 h after surgery (ml) 662.0 ± 278.9 775.3 ± 257.7 548.7 ± 259.1 0.023

  Dialysis (%) 3 (10.0) 3 (20.0) 0 (0) 0.224

  Cleveland Clinic score 4.3 ± 1.6 5.1 ± 1.6 3.5 ± 1.3 0.006

  Mechanical ventilation time (h) 20.8 (16.0, 34.6) 34.5 (17.0, 76.5) 15.5 (15.0, 26.0) 0.032

  In-hospital death (%) 3 (10.0) 2 (13.3) 1 (6.7) 1.000

  ICU stay (days) 5.0 (3.0, 8.3) 5.0 (4.0, 9.0) 4.0 (3.0, 6.0) 0.005

  Hospital stay (days) 17.0 (13.0, 22.3) 17.0 (14.0, 24.0) 15.0 (11.0, 18.0) 0.004
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the potential utility of these plasma proteins as diagnostic 
markers for ASA-AKI.

Associations between plasma protein levels and other 
variables
Correlations between plasma levels of S100A8/A9, 
PTX3, CHI3L1, and their urinary expressions were 
explored. Positive correlations were observed between 
plasma levels of S100A8/A9 (r = 0.634, p < 0.001; Addi-
tional file  1: Fig. S2a) and PTX3 (r = 0.380, p < 0.001; 

Additional file 1: Fig. S2b) with their corresponding uri-
nary levels at 0  h post-surgery, whereas no significant 
correlation was noted between CHI3L1 plasma level and 
its urinary counterpart (r = 0.163, p = 0.160; Additional 
file 1: Fig. S2c). Urinary levels of these proteins peaked 
at 24  h post-surgery and showed a significant differ-
ence in the ASA-AKI group compared to the non-ASA-
AKI group at 24  h and 48  h post-surgery (Additional 
file  1: Fig. S2d–f ). Urinary levels of S100A8/A9, PTX3, 
and CHI3L1 at 24  h post-surgery exhibited superior 

Fig. 2  Screening of plasma biomarkers in ASA-AKI patients by proteomics. a Venn diagram depicting the number of differentially expressed 
proteins between the post-AKI group (0 h after surgery) vs. post-non-AKI group (0 h after surgery), as well as the post-AKI (0 h after surgery) group 
vs. pre-operative group (preoperative timepoint), with 32 crossed proteins identified. b List of the crossed proteins and their corresponding fold 
changes. c–d Volcano plots illustrating the up-regulation of S100A8, S100A9, PTX3, and CHI3L1 in ASA-AKI patients compared to non-ASA-AKI 
patients at postoperative 0 h (c), and preoperative measurements (d). ASA-AKI, acute type A aortic dissection surgery-associated acute kidney 
injury; PTX3, pentraxin 3; CHI3L1, chitinase 3-like 1
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predictive value (AUCs: 0.770, 0.742, and 0.624, respec-
tively) compared to other time points (Additional file 1: 
Fig. S2g–i). Notably, their predictive value in diagnosing 
ASA-AKI appeared less optimal than their plasma levels.

Associations were investigated between plasma lev-
els of S100A8/A9, PTX3, CHI3L1, and urinary NGAL 
levels at 0  h post-surgery, as well as Cleveland Clinic 
scores. As listed in Additional file 1: Fig. S3a and Fig. S3d, 

plasma levels of S100A8/A9 correlated positively with 
urinary NGAL levels (r = 0.286, p = 0.012) and Cleve-
land Clinic scores (r = 0.394, p < 0.001). Similarly, plasma 
levels of CHI3L1 exhibited positive correlations with 
urinary NGAL levels (r = 0.325, p = 0.004; Additional 
file  1: Fig. S3c) and Cleveland Clinic scores (r = 0.245, 
p = 0.033; Additional file  1: Fig. S3f ). Conversely, 
plasma levels of PTX3 correlated solely with urinary 

Fig. 3  Plasma levels of S100A8/A9, PTX3, and CHI3L1 in healthy subjects and patient samples. a–c ELISA results demonstrating S100A8/A9 (a), PTX3 
(b), and CHI3L1 (c) expression levels in plasma samples collected from ATAAD patients preoperatively (pre-ATAAD), postoperatively (post-ATAAD), 
disease controls preoperatively (pre-CPB), disease controls postoperatively (post-CPB), and healthy controls (HCs). ATAAD, acute type A aortic 
dissection; CPB, cardiopulmonary bypass; HCs, healthy controls; PTX3, pentraxin 3; CHI3L1, chitinase 3-like 1. Data were represented as mean ± SD, 
*p < 0.05; **p < 0.01; ***p < 0.001

Fig. 4  Dynamic changes of S100A8/A9, PTX3, and CHI3L1 and the AUC results in patients who developed ASA-AKI. a-c Plasma levels of S100A8/
A9 (a), PTX3 (b), and CHI3L1 (c) in ASA-AKI and non-ASA-AKI patients at different time points. d-f ROC curves of plasma S100A8/A9 (d), PTX3 
(e), and CHI3L1 (f) to detect ASA-AKI at different time points. ASA-AKI, acute type A aortic dissection surgery-associated acute kidney injury; 
PTX3, pentraxin 3; CHI3L1, chitinase 3-like 1; ROC, receiver operating characteristic; AUC, area under the curve; CI, confidence interval. Data were 
represented as mean ± SD, *p < 0.05; **p < 0.01; ***p < 0.001
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NGAL levels (r = 0.311, p = 0.006; Additional file  1: Fig. 
S3b), lacking correlation with Cleveland Clinic scores 
(r = 0.016, p = 0.891; Additional file  1: Fig. S3e). ROC 
analyses indicated better predictive values of S100A8/
A9, PTX3, and CHI3L1 plasma levels at 0 h post-surgery 
compared to urinary NGAL levels and Cleveland Clinic 
scores (Additional file 1: Fig. S3g).

Development of a nomogram for ASA‑AKI prediction
The model construction cohort encompassed 222 
patients (Fig.  1c). Detailed demographic and clini-
cal characteristics were outlined in Table  2. A nota-
ble 45.9% of patients developed postoperative AKI, with 
8.1% requiring renal replacement therapy. A total of 37 
patients were categorized in KDIGO stage 1, 35 patients 
in KDIGO stage 2, and 30 patients in KDIGO stage 3. 
Hospital mortality reached 8.6%, climbing to 15.7% in 
patients with postoperative AKI. The cohort was ran-
domly divided into training (155 patients) and nomo-
gram validation (67 patients) cohorts. No significant 
differences were observed in perioperative variables 
between the two groups, except for the prevalence of dia-
betes mellitus (Additional file 1: Table S3).

The univariate logistic regression analysis identified 
potential risk factors for ASA-AKI, incorporating vari-
ous factors such as age, BMI, pre-admission CKD sta-
tus, preoperative estimated glomerular filtration rate, 
preoperative cystatin C, preoperative white blood cell 
count (WBC), preoperative sCr, preoperative D-dimer, 
duration of CPB exceeding 180 min, postoperative drain-
age volume 24  h after surgery, Cleveland Clinic score, 
and biomarkers levels (0  h post-surgery), encompassing 
NGAL, S100A8/A9, PTX3, and CHI3L1. Subsequently, 
the forward elimination model revealed specific influ-
ential factors, including age (odds ratio [OR] = 1.07, 95% 
confidence interval [CI]: 1.02–1.13, p = 0.005), WBC 
(OR = 1.31, 95% CI: 1.11–1.56, p = 0.002), CPB dura-
tion > 180 min (OR = 3.10, 95% CI: 1.13–8.96, p = 0.031), 
Cleveland Clinic score (OR = 1.26, 95% CI: 1.02–1.58, 
p = 0.037), NGAL (OR = 1.02, 95% CI: 1.01–1.03, 
p < 0.001), S100A8/A9 (OR = 1.33, 95% CI: 1.18–1.54, 
p < 0.001), PTX3 (OR = 1.25, 95% CI: 1.13–1.41, p < 0.001), 
and CHI3L1 (OR = 1.01, 95% CI: 1.00–1.01, p < 0.001). 
These factors displayed the minimal deviance, AIC, BIC, 
and the maximum pseudo-R2, signifying the best good-
ness of fit (Table 3 and Additional file 1: Table S4). The 
coefficients identified were used to construct a nomo-
gram for assessing the risk of ASA-AKI (Fig. 5), offering 
a practical tool for evaluating risk based on these influen-
tial factors.

In the model construction cohort, AUCs for S100A8/
A9, PTX3, and CHI3L1 at 0 h after surgery were 0.821, 
0.782, and 0.798, respectively (Fig.  6a), consistent with 

validation cohort results. When comparing various com-
binations of the clinical model with urinary NGAL, the 
Cleveland Clinic score, or novel biomarkers (S100A8/
A9, PTX3, and CHI3L1), we noted that the highest AUC 
(0.963 [95% CI: 0.941–0.986]) was achieved with the inte-
gration of the clinical model, NGAL, Cleveland Clinic 
score, and novel biomarkers (Fig.  6b). Furthermore, the 
predominant influence on this effect was attributed to 
the scores derived from the novel biomarkers. The cor-
responding AUC in the precision-recall curve was also 
0.963 (Additional file  1: Fig. S4). Calibration analysis 
demonstrated congruence between predicted and actual 
ASA-AKI occurrences (Additional file  1: Fig. S5). Deci-
sion curve analysis further validated the nomogram’s 
net benefit (Additional file  1: Fig. S6), while the clinical 
impact curve displayed effective stratification of high-risk 
probability (Additional file 1: Fig. S7). Notably, the prog-
nostic model’s net benefit surpassed the treat-all-patients 
and treat-none strategies.

Discussion
While previous investigations have highlighted certain 
biomarkers for ASA-AKI, such as receptor-interacting 
protein kinase 3 and cystatin C, their predictive capaci-
ties remain limited [12, 20]. Moreover, it has been well-
established that the occurrence of AKI can lead to CKD 
[21]. Given the severe consequences for patients experi-
encing ASA-AKI, developing a novel predictive method 
for timely precautions is crucial. In this study, we iden-
tified S100A8/A9, PTX3, and CHI3L1 as potential 
ASA-AKI biomarkers through proteomic analysis. Our 
findings demonstrated elevated plasma levels of S100A8/
A9, PTX3, and CHI3L1 in ASA-AKI patients, confirmed 
across both the validation and model construction 
cohorts. Moreover, increased early postoperative plasma 
levels of these proteins independently correlated with a 
heightened risk of ASA-AKI development. To further 
enhance predictive accuracy, we constructed a nomo-
gram based on these biomarkers and achieved promising 
results.

Our study highlighted elevated preoperative plasma 
levels of S100A8/A9, PTX3, and CHI3L1 in ATAAD 
patients compared to those undergoing other CPB sur-
geries and healthy controls. These levels further escalated 
postoperatively in ASA-AKI patients. Notably, prolonged 
CPB duration was observed in the ASA-AKI group ver-
sus the non-ASA-AKI group. We speculate that extended 
extracorporeal circulation might trigger kidney necrop-
tosis, resulting in heightened plasma expression of these 
biomarkers. Consequently, postoperative S100A8/A9, 
PTX3, and CHI3L1 levels could potentially serve as novel 
indicators for identifying ASA-AKI risk.
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Our data underscored an immediate rise in plasma 
S100A8/A9 levels following CPB surgery, demonstrating 
strong prognostic value for AKI prediction. S100A8/A9 
is a leukocyte calgranulin protein that accounts for 40% 

of the total cytosolic protein content of neutrophils and 
is found at lower levels (5%) in monocytes [15]. As a cal-
cium and arachidonic acid-binding protein, S100A8/A9 
has both intracellular and extracellular functions. It is 

Table 2  Demographic and clinical characteristics of the model construction cohort

BMI Body mass index, WBC White blood cell, BUN Blood urea nitrogen, eGFR estimated glomerular filtration rate, CKD Chronic kidney disease, CPB Cardiopulmonary 
bypass, ICU Intensive care unit

Variables Overall
(n = 222)

ASA-AKI
(n = 102)

Non-ASA-AKI
(n = 120)

p-value

Preoperative parameters
  Demographics

    Age (year) 53.0 ± 13.6 53.6 ± 15.1 52.5 ± 12.2 0.565

    Male (%) 172 (77.5) 77 (75.5) 95 (79.2) 0.513

    BMI (kg/m2) 26.2 ± 4.6 26.6 ± 5.1 25.9 ± 4.1 0.266

  Medical history

    Hypertension (%) 178 (80.2) 81 (79.4) 97 (80.8) 0.791

    Diabetes mellitus (%) 8 (3.6) 4 (3.9) 4 (3.3) 1.000

    Previous cardiac surgery (%) 10 (4.5) 3 (2.9) 7 (5.8) 0.349

    Cerebrovascular disease (%) 25 (11.3) 11 (10.8) 14 (11.7) 1.000

    CKD (%) 17 (7.7) 15 (14.7) 2 (1.7)  < 0.001

      CKD stage 1 (%) 5 (2.3) 4 (3.9) 1 (0.8) 0.183

      CKD stage 2 (%) 9 (4.1) 8 (7.8) 1 (0.8) 0.013

      CKD stage 3 (%) 3 (1.4) 3 (2.9) 0 (0) 0.095

  Involving renal artery (%) 150 (67.6) 69 (67.6) 81 (67.5) 0.981

  Limb ischemia (%) 16 (7.2) 7 (6.9) 9 (7.5) 1.000

  Mesenteric ischemia (%) 7 (3.2) 4 (3.9) 3 (2.5) 0.706

  Cerebral ischemia (%) 13 (5.9) 5 (4.9) 8 (6.7) 0.577

  Coronary ischemia (%) 9 (4.1) 5 (4.9) 4 (3.3) 0.736

  Hypotension (%) 5 (2.3) 2 (2.0) 3 (2.5) 1.000

  Preoperative laboratory results

    WBC (109/L) 12.0 ± 3.9 13.2 ± 4.2 11.0 ± 3.4  < 0.001

    Hemoglobin (g/L) 129.9 ± 20.1 129.8 ± 18.5 130.0 ± 21.5 0.929

    Creatinine (μmol/L) 93.4 ± 49.2 105.0 ± 62.3 83.5 ± 31.1 0.002

    BUN (mmol/L) 7.1 ± 2.8 7.4 ± 3.0 6.7 ± 2.5 0.061

    Cystatin C (mg/L) 1.0 ± 0.4 1.1 ± 0.3 0.9 ± 0.4  < 0.001

    eGFR (ml/min) 95.1 ± 36.4 89.4 ± 40.2 100.0 ± 32.2 0.033

    Albuminuria (%) 8 (3.6) 7 (6.9) 1 (0.8) 0.025

    D-dimer (ng/mL) 7.0 (3.8, 14.7) 6.3 (3.8, 15.1) 7.7 (4.1, 14.7) 0.428

Intraoperative parameters
  CPB duration (min) 186.5 (161.0, 224.0) 192.0 (164.8, 227.0) 183.5 (156.5, 220.8)  < 0.001

  Cross-clamp time (min) 135.0 (113.8, 172.0) 140.0 (114.0, 172.8) 133.0 (112.3, 171.5)  < 0.001

  Hypothermia circulation arrest time (min) 24.9 ± 10.9 24.7 ± 11.1 25.1 ± 10.7 0.789

Postoperative parameters
  Drainage volume 24 h after surgery (ml) 550.4 ± 457.8 622.9 ± 563.5 488.9 ± 334.0 0.038

  Dialysis (%) 18 (8.1) 18 (17.6) 0 (0)  < 0.001

  Cleveland Clinic score 5.4 ± 2.5 6.2 ± 2.6 4.8 ± 2.1  < 0.001

  Mechanical ventilation time (h) 20.8 (14.0, 83.5) 48.0 (15.8, 112.5) 18.0 (13.0, 45.0)  < 0.001

  In-hospital death (%) 19 (8.6) 16 (15.7) 3 (2.5) 0.001

  ICU stay (days) 5.0 (3.0, 8.0) 6.0 (4.0, 11.3) 4.0 (3.0, 6.0)  < 0.001

  Hospital stay (days) 18.6 ± 10.4 19.9 ± 11.8 17.4 ± 9.0 0.037



Page 11 of 15Wang et al. BMC Medicine          (2023) 21:503 	

Table 3  Univariate and multivariate analysis results

a Adjustment was made for various categories including demographics (such as age and BMI), comorbidities (like pre-admission CKD status), baseline renal function 
(eGFR, serum creatinine, and cystatin C), laboratory values (for example, WBC and D-dimer), intraoperative variables (such as time of CPB), and postoperative risk 
factors (including drainage volume 24 h after surgery, Cleveland Clinic score, and biomarker levels 0 h post-surgery)

BMI Body mass index, CKD Chronic kidney disease, eGFR estimated glomerular filtration rate, WBC White blood cell, CPB Cardiopulmonary bypass, NGAL Neutrophil 
gelatinase-associated lipocalin, PTX3 Pentraxin 3, CHI3L1 Chitinase 3-like 1, OR Odds ratio, CI Confidence interval

Variables Univariate analysis Multivariate analysisa

OR (95% CI) p-value OR (95% CI) p-value

Age 1.01 (0.99–1.03) 0.557 1.07 (1.02–1.13) 0.005

BMI 1.03 (0.98, 1.10) 0.258 1.12 (0.96–1.31) 0.164

Pre-admission CKD 10.17 (2.78–65.62) 0.002 10.95 (0.91–296.32) 0.087

Preoperative serum creatinine 1.01 (1.01–1.02) 0.002 1.01 (1.00–1.03) 0.316

Preoperative eGFR 0.99 (0.98–1.00) 0.032 1.00 (0.98–1.02) 0.698

Preoperative cystatin C 2.54 (1.30–5.06) 0.007 2.70 (0.59–13.75) 0.211

Preoperative WBC 1.17 (1.08–1.28)  < 0.001 1.31 (1.11–1.56) 0.002

Preoperative D-dimer 1.00 (0.99, 1.01) 0.977 0.99 (0.96–1.01) 0.283

CPB duration > 180 min 4.10 (2.35–7.33)  < 0.001 3.10 (1.13, 8.96) 0.031

Drainage volume 24 h after surgery 1.00 (1.00–1.00) 0.032 1.00 (1.00–1.00) 0.758

Cleveland Clinic score 1.30 (1.15–1.46)  < 0.001 1.26 (1.02–1.58) 0.037

Urinary NGAL 0 h post-surgery 1.01 (1.01–1.02)  < 0.001 1.02 (1.01–1.03)  < 0.001

Plasma S100A8/A9 0 h post-surgery 1.35 (1.24–1.49)  < 0.001 1.33 (1.18–1.54)  < 0.001

Plasma PTX3 0 h post-surgery 1.25 (1.17–1.35)  < 0.001 1.25 (1.13–1.41)  < 0.001

Plasma CHI3L1 0 h post-surgery 1.01 (1.00–1.01)  < 0.001 1.01 (1.00–1.01)  < 0.001

Fig. 5  Nomogram for ASA-AKI. Scores assigned to different variables in the nomogram determine the risk of developing ASA-AKI. WBC, white blood 
cell; CPB, cardiopulmonary bypass; NGAL, neutrophil gelatinase-associated lipocalin; PTX3, pentraxin 3; CHI3L1, chitinase 3-like 1; ASA-AKI, acute 
type A aortic dissection surgery-associated acute kidney injury
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normally released through nonclassical secretion and/or 
during necrosis and acts as a neutrophil chemoattractant 
and activator. It has been discovered that S100A8/A9 is a 
highly sensitive marker for acute inflammation [22]. Prior 
studies have reported that the S100A8/A9 gene expres-
sion was increased in circulating leukocytes of patients 
who had undergone CPB [23]. Another study proved 

that conditional ablation of the S100A8 gene in myeloid 
cells or general knockout of the S100A9 gene in mice 
could ameliorate glomerulonephritis and obstructive 
nephropathy phenotypes due to inflammatory response 
inhibition [24]. The plasma S100A8/A9 level had been 
proven to be a useful marker for inflammation in patients 
with end-stage renal disease and on chronical diagnosis 

Fig. 6  Diagnostic power of the biomarkers and different models for ASA-AKI. a ROC curves of plasma S100A8/A9, PTX3, and CHI3L1 levels 
in the model construction cohort. b ROC curves depict the performance of the clinical model with the inclusion or exclusion of the Cleveland 
Clinic score, urinary NGAL, or plasma levels of novel biomarkers (S100A8/A9, PTX3, and CHI3L1) at 0 h postoperatively for predicting ASA-AKI. PTX3, 
pentraxin 3; CHI3L1, chitinase 3-like 1; ASA-AKI, acute type A aortic dissection surgery-associated acute kidney injury; ROC, receiver operating 
characteristic; NGAL: neutrophil gelatinase-associated lipocalin; AUC, area under the curve; CI, confidence interval
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[25]. Notably, a recent study showed that the S100A8/
A9-TLR4-NLRP3 inflammasome pathway is involved in 
contrast-induced AKI [26]. Our preliminary study sug-
gests that the levels of S100A8/A9, measured immedi-
ately after the operation, might serve as a valuable early 
indicator for predicting the likelihood of developing 
ASA-AKI.

Among all soluble pattern recognition molecules, the 
pentraxin family plays an important role in regulating 
inflammation. C-reactive protein (CRP) is a member of 
the pentraxin family and has been widely used in clin-
ics to measure inflammatory responses. In comparison 
to CRP, PTX3 is a multimeric protein that can be syn-
thesized by various cells and released during the acute 
phase of inflammation, proving to be more sensitive in 
reflecting systemic inflammation [27]. Circulating PTX3 
levels have been observed as a sensitive biomarker for 
risk stratification in conditions such as acute myocar-
dial infarction, heart failure, renal injury, and acute lung 
injury [28–30]. However, most studies have focused on 
internal medicine patients, and specific data on its appli-
cation in cardiac surgery involving CPB is lacking. In our 
current study, we measured the concentrations of PTX3 
and discovered that plasma PTX3 levels might serve as a 
novel biomarker for predicting ASA-AKI.

CHI3L1 is a secreted glycoprotein originally isolated 
from human osteosarcoma cells [31]. CHI3L1 is approxi-
mately 40 kDa in size and is expressed and secreted by 
various cell types such as neutrophils, macrophages, vas-
cular smooth muscle cells, and chondrocytes. Increased 
systemic expression of CHI3L1 has been known to be 
independently associated with the presence of coronary 
artery disease and can be used as a surrogate to meas-
ure disease progression [32]. In addition, increased sys-
temic expression of CHI3L1 in patients with type 1 and/
or type 2 diabetes mellitus was associated with progress-
ing vascular damage in kidneys, as assessed by the level 
of albuminuria [32]. We hypothesize that mild inflam-
mation and endothelial dysfunction can cause micro- 
and macrovascular complications that induce systemic 
secretion of CHI3L1. The systemic level of CHI3L1 is 
increased during acute inflammation as well [33, 34]. 
ATAAD surgery and the use of CPB can induce systemic 
inflammatory response syndrome that leads to ASA-AKI 
and the secretion of CHI3L1 might increase during this 
process. Several studies have linked CHI3L1 to AKI fol-
lowing cardiac surgery, but its diagnostic effectiveness 
was considered inadequate [35–37]. CHI3L1 is estab-
lished as an indicator of acute inflammation in systemic 
conditions [33]. In our cohort, patients undergoing aor-
tic dissection repair were all in an acute state, differ-
ing from the predominantly elective nature of typical 
cardiac surgeries. Additionally, the duration of CPB in 

ATAAD surgery significantly surpassed that of standard 
cardiac procedures. These factors could lead to a more 
intense systemic inflammatory response post-ATAAD 
surgery compared to standard cardiac surgery, poten-
tially explaining the robust predictive ability of CHI3L1 
in ASA-AKI.

In addition, our results showed that advanced age 
was associated with the occurrence of ASA-AKI. The 
immune function in elderly patients is generally declined 
and a larger portion of patients with advanced age are 
accompanied by various metabolic diseases, such as 
hypertension, hyperlipidemia, and diabetes. Prolonged 
CPB duration (> 180 min) was identified as another risk 
factor for AKI which was consistent with previous stud-
ies [3]. Renal medullary ischemia and reperfusion injury 
may be the most important pathophysiological change in 
ASA-AKI and reduced ischemia time may result in bet-
ter renal and survival outcomes [38]. In contrast with 
previous studies [34], our study found that increased sCr 
level was not associated with worse kidney function. We 
believe that this discrepancy is due to the fact that sCr is 
not always a perfect surrogate to measure renal function 
[39] and increased creatinine may occur at a later stage 
of AKI. A history of CKD is recognized as a risk factor 
for AKI after cardiac surgery [6]. However, our study’s 
multivariate analysis did not demonstrate an association 
between pre-admission CKD status and the incidence 
of AKI. These discrepancies could be attributed to the 
relatively small number of CKD cases within our patient 
cohort, which may have limited the statistical power to 
analyze risk factors.

Limitations
Limitations of our study include the absence of stand-
ardized treatment protocols among anesthetists, per-
fusionists, or cardiac surgeons, potentially influencing 
outcomes. Surgical variations and anesthesia agents can 
provoke distinct inflammatory responses, warranting 
consideration. Additionally, mechanistic insights explain-
ing the link between plasma S100A8/A9, PTX3, CHI3L1, 
and ASA-AKI remain absent. Lastly, our single-center 
study may not be entirely representative, necessitating 
multicenter investigations with rigorous protocols to val-
idate the novel nomogram’s utility.

Conclusions
In conclusion, our findings suggested that plasma lev-
els of S100A8/A9, PTX3, and CHI3L1 rapidly raised 
postoperatively in ASA-AKI patients. Moreover, the 
nomogram we constructed using these biomarkers dem-
onstrated remarkable predictive capability for ASA-AKI 
occurrence, thus holding potential for improved clinical 
management.



Page 14 of 15Wang et al. BMC Medicine          (2023) 21:503 

Abbreviation
AKI	� Acute kidney injury
ASA-AKI	� Acute type A aortic dissection surgery-associated acute kidney 

injury
ATAAD	� Acute type A aortic dissection
AUC​	� Areas under the curve
BMI	� Body mass index
CHI3L1	� Chitinase 3-like 1
CI	� Confidence interval
CPB	� Cardiopulmonary bypass
ELISA	� Enzyme-linked immunosorbent assay
KDIGO	� Kidney Disease Improving Global Outcomes
NGAL	� Neutrophil gelatinase-associated lipocalin
OR	� Odds ratio
PTX3	� Pentraxin 3
ROC	� Receiver operating characteristic
SCr	� Serum creatinine

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12916-​023-​03215-9.

Additional file 1: Contains materials used throughout the study. 
Table S1. Demographic and clinical characteristics of the validation 
cohort. Table S2. Clinical characteristics of patients with ATAAD, CPB, and 
healthy control subjects at the time of enrollment. Table S3. Demo-
graphic and clinical characteristics of the training group and the nomo-
gram validation group. Table S4. Measures of model fit variability. Fig. S1. 
Characteristics of urinary NGAL levels and their predictive values for ASA-
AKI. Fig. S2. Characteristics of urinary S100A8/A9, PTX3, and CHI3L1 levels 
and their predictive values for ASA-AKI. Fig. S3. Correlations between 
plasma S100A8/A9, PTX3, and CHI3L1 levels with urinary NGAL levels and 
Cleveland Clinic scores. Fig. S4. Precision-recall curve of the nomogram 
in the nomogram validation cohort. Fig. S5. Calibration curve of the 
nomogram in the nomogram validation cohort. Fig. S6. The DCA for the 
prediction model. Fig. S7. Clinical impact curve to predict the number of 
patients who may develop ASA-AKI for a population size of 1000.

Acknowledgements
Not applicable.

Authors’ contributions
DJW was the principal investigator of this study and designed the study. ZGW, 
JFX, and YZ organized the patient recruitment and provided the biospecimens 
for this study. ZGW and YZ drafted the manuscript. YZ, CC, CYK, YJ, LT, RHY, and 
LFZ critically revised the manuscript. ZGW, JFX, YJ, YZ, QYZ, and LFZ performed 
the data analysis. JFX, ZGW, YZ, CYK, QYZ, and CC were responsible for the 
clinical data collection. All authors read and approved the final manuscript.

Funding
This study was financially supported by the Characteristic Project of Com-
bined TCM and West Medicine Nanjing Drum Tower Hospital (CZXM2022101); 
Jiangsu Province Capability Improvement Project through Science, 
Technology and Education; and Jiangsu Provincial Medical Key Discipline 
(ZDXK202229). The funding sources did not have any role in the design and 
conduct of the study; collection, management, analysis, and interpretation of 
the data; preparation, review, or approval of the manuscript; and decision to 
submit the manuscript for publication.

Availability of data and materials
Data sharing in the current study isavailable from the corresponding author 
on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the institutional review board of hospitals (no. 
2021–084-01). All participants provided written informed consent.

Consent to publication
Not applicable.

Competing interests
The authors have declared that they have no competing interests.

Author details
1 Department of Cardio‑Thoracic Surgery, Nanjing Drum Tower Hospital, Affili-
ated Hospital of Medical School, Nanjing University, Nanjing, China. 2 Depart-
ment of Nephrology, Ningbo First Hospital, Ningbo, China. 3 Department 
of Pharmacology, College of Pharmacy, Harbin Medical University, Harbin, 
China. 4 Department of Cardiovascular Surgery, Nanjing Drum Tower Hospital, 
Chinese Academy of Medical Science & Peking Union Medical, Beijing, China. 
5 Department of Psychiatry, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, China. 

Received: 16 August 2023   Accepted: 5 December 2023

References
	1.	 Wang Y, Bellomo R. Cardiac surgery-associated acute kidney injury: 

risk factors, pathophysiology and treatment. Nat Rev Nephrol. 
2017;13(11):697–711.

	2.	 Ko T, Higashitani M, Sato A, Uemura Y, Norimatsu T, Mahara K, Takamisawa 
I, Seki A, Shimizu J, Tobaru T, et al. Impact of acute kidney injury on early 
to long-term outcomes in patients who underwent surgery for type A 
acute aortic dissection. Am J Cardiol. 2015;116(3):463–8.

	3.	 Roh GU, Lee JW, Nam SB, Lee J, Choi JR, Shim YH. Incidence and risk 
factors of acute kidney injury after thoracic aortic surgery for acute dis-
section. Ann Thorac Surg. 2012;94(3):766–71.

	4.	 Perreas K, Samanidis G, Thanopoulos A, Georgiopoulos G, Antoniou T, 
Khoury M, Michalis A, Bairaktaris A. Antegrade or retrograde cerebral per-
fusion in ascending aorta and hemiarch surgery? A propensity-matched 
analysis. Ann Thorac Surg. 2016;101(1):146–52.

	5.	 Chen S, Zhang C, Zhong Y, Tang B, Xie Q, Guo R, Qiao Z, Li C, Ge Y, Zhu J. 
Association between preoperative serum myoglobin and acute kidney 
injury after stanford type A aortic dissection surgery. Clin Chim Acta. 
2023;541:117232.

	6.	 Arnaoutakis GJ, Ogami T, Patel HJ, Pai CW, Woznicki EM, Brinster DR, Lesh-
nower BG, Serna-Gallegos D, Bekeredjian R, Sundt TM, et al. Acute kidney 
injury in patients undergoing surgery for type A acute aortic dissection. 
Ann Thorac Surg. 2023;115(4):879–85.

	7.	 Wang Z, Ge M, Wang Z, Chen C, Lu L, Zhang L, Wang D. Identification of 
risk factors for postoperative stage 3 acute kidney injury in patients who 
received surgical repair for acute type A aortic dissection. BMC Surg. 
2022;22(1):75.

	8.	 Sasabuchi Y, Kimura N, Shiotsuka J, Komuro T, Mouri H, Ohnuma T, Asaka 
K, Lefor AK, Yasunaga H, Yamaguchi A, et al. Long-Term survival in patients 
with acute kidney injury after acute type A aortic dissection repair. Ann 
Thorac Surg. 2016;102(6):2003–9.

	9.	 Tsai HS, Tsai FC, Chen YC, Wu LS, Chen SW, Chu JJ, Lin PJ, Chu PH. Impact 
of acute kidney injury on one-year survival after surgery for aortic dissec-
tion. Ann Thorac Surg. 2012;94(5):1407–12.

	10.	 Joannidis M, Druml W, Forni LG, Groeneveld ABJ, Honore PM, Hoste E, 
Ostermann M, Oudemans-van Straaten HM, Schetz M. Prevention of 
acute kidney injury and protection of renal function in the intensive care 
unit: update 2017: expert opinion of the Working Group on Prevention, 
AKI section, European Society of Intensive Care Medicine. Intensive Care 
Med. 2017;43(6):730–49.

	11.	 Moran SM, Myers BD. Course of acute renal failure studied by a model of 
creatinine kinetics. Kidney Int. 1985;27(6):928–37.

	12.	 Wang Z, Ge M, Chen T, Chen C, Zong Q, Lu L, Wang D. Acute kidney injury 
in patients operated on for type A acute aortic dissection: incidence, 
risk factors and short-term outcomes. Interact Cardiovasc Thorac Surg. 
2020;31(5):697–703.

	13.	 Neyra JA, Hu MC, Minhajuddin A, Nelson GE, Ahsan SA, Toto RD, Jessen 
ME, Moe OW, Fox AA. Kidney tubular damage and functional biomark-
ers in acute kidney injury following cardiac surgery. Kidney Int Rep. 
2019;4(8):1131–42.

https://doi.org/10.1186/s12916-023-03215-9
https://doi.org/10.1186/s12916-023-03215-9


Page 15 of 15Wang et al. BMC Medicine          (2023) 21:503 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	14	 Canney M, Clark EG, Hiremath S. Identification and validation of urinary 
CXCL9 as a biomarker for diagnosis of acute interstitial nephritis. J Clin 
Invest. 2023;133(13):e168950.

	15.	 Chan MY, Efthymios M, Tan SH, Pickering JW, Troughton R, Pemberton 
C, Ho HH, Prabath JF, Drum CL, Ling LH, et al. Prioritizing candidates of 
post-myocardial infarction heart failure using plasma proteomics and 
single-cell transcriptomics. Circulation. 2020;142(15):1408–21.

	16.	 Thakar CV, Arrigain S, Worley S, Yared JP, Paganini EP. A clinical score 
to predict acute renal failure after cardiac surgery. J Am Soc Nephrol. 
2005;16(1):162–8.

	17.	 Kidney Disease: Improving Global Outcomes(KDIGO) Acute Kidney Injury 
Work Group. Improving global outcomes(KDIGO) acute kidney injury 
work group KDIGO clinical practice guideline for acute kidney injury. 
Kidney inter. 2012;2(Suppl):1–138.

	18.	 Li X, Li Y, Xiao J, Wang H, Guo Y, Mao X, Shi P, Hou Y, Zhang X, Zhao N, et al. 
Unique DUOX2(+)ACE2(+) small cholangiocytes are pathogenic targets 
for primary biliary cholangitis. Nat Commun. 2023;14(1):29.

	19.	 Dessing MC, Tammaro A, Pulskens WP, Teske GJ, Butter LM, Claessen N, 
van Eijk M, van der Poll T, Vogl T, Roth J, et al. The calcium-binding protein 
complex S100A8/A9 has a crucial role in controlling macrophage-
mediated renal repair following ischemia/reperfusion. Kidney Int. 
2015;87(1):85–94.

	20.	 Wang L, Zhong G, Zhou H, Lv X, Dong Y, Wang X, Dai X, Xu Y, Chen L. 
Plasma levels of receptor-interacting protein kinase 3 is associated with 
postoperative acute kidney injury in acute DeBakey type I aortic dissec-
tion. J Cardiothorac Surg. 2022;17(1):35.

	21.	 Chawla LS, Eggers PW, Star RA, Kimmel PL. Acute kidney injury and 
chronic kidney disease as interconnected syndromes. N Engl J Med. 
2014;371(1):58–66.

	22.	 Ikemoto M, Matsumoto S, Egawa H, Okitsu T, Iwanaga Y, Umemoto S, 
Itoh H, Murayama H, Fujita M. A case with transient increases in serum 
S100A8/A9 levels implying acute inflammatory responses after pancre-
atic islet transplantation. Ann Clin Biochem. 2007;44(Pt 6):570–2.

	23.	 Pavelkova M, Kubala L, Ciz M, Pavlik P, Wagner R, Slavik J, Ondrasek J, 
Cerny J, Lojek A. Blood phagocyte activation during open heart surgery 
with cardiopulmonary bypass. Physiol Res. 2006;55(2):165–73.

	24.	 Tammaro A, Florquin S, Brok M, Claessen N, Butter LM, Teske GJD, de Boer 
OJ, Vogl T, Leemans JC, Dessing MC. S100A8/A9 promotes parenchymal 
damage and renal fibrosis in obstructive nephropathy. Clin Exp Immunol. 
2018;193(3):361–75.

	25.	 Malickova K, Brodska H, Lachmanova J, Dusilova Sulkova S, Janatkova I, 
Mareckova H, Tesar V, Zima T. Plasma calprotectin in chronically dialyzed 
end-stage renal disease patients. Inflamm Res. 2010;59(4):299–305.

	26.	 Tan X, Zheng X, Huang Z, Lin J, Xie C, Lin Y. Involvement of S100A8/
A9-TLR4-NLRP3 inflammasome pathway in contrast-induced acute 
kidney injury. Cell Physiol Biochem. 2017;43(1):209–22.

	27.	 Kontny F, Andersen T, Ueland T, Akerblom A, Lakic TG, Michelsen AE, 
Aukrust P, Bertilsson M, Becker RC, Himmelmann A, et al. Pentraxin-3 vs 
C-reactive protein and other prognostic biomarkers in acute coronary 
syndrome: a substudy of the Platelet Inhibition and Patients Outcomes 
(PLATO) trial. Eur Heart J Acute Cardiovasc Care. 2020;9(4):313–22.

	28.	 Abernethy A, Raza S, Sun JL, Anstrom KJ, Tracy R, Steiner J, VanBuren 
P, LeWinter MM. Pro-inflammatory biomarkers in stable versus acutely 
decompensated heart failure with preserved ejection fraction. J Am 
Heart Assoc. 2018;7(8):e007385.

	29.	 Tong M, Carrero JJ, Qureshi AR, Anderstam B, Heimburger O, Barany P, 
Axelsson J, Alvestrand A, Stenvinkel P, Lindholm B, et al. Plasma pentraxin 
3 in patients with chronic kidney disease: associations with renal func-
tion, protein-energy wasting, cardiovascular disease, and mortality. Clin J 
Am Soc Nephrol. 2007;2(5):889–97.

	30.	 Ueland T, Gullestad L, Nymo SH, Yndestad A, Aukrust P, Askevold ET. 
Inflammatory cytokines as biomarkers in heart failure. Clin Chim Acta. 
2015;443:71–7.

	31.	 Casula M, Montecucco F, Bonaventura A, Liberale L, Vecchie A, Dallegri 
F, Carbone F. Update on the role of Pentraxin 3 in atherosclerosis and 
cardiovascular diseases. Vascul Pharmacol. 2017;99:1–12.

	32.	 Rathcke CN, Vestergaard H. YKL-40–an emerging biomarker in cardiovas-
cular disease and diabetes. Cardiovasc Diabetol. 2009;8:61.

	33.	 Di Rosa M, Distefano G, Zorena K, Malaguarnera L. Chitinases and 
immunity: ancestral molecules with new functions. Immunobiology. 
2016;221(3):399–411.

	34.	 Rathcke CN, Vestergaard H. YKL-40, a new inflammatory marker with rela-
tion to insulin resistance and with a role in endothelial dysfunction and 
atherosclerosis. Inflamm Res. 2006;55(6):221–7.

	35.	 De Loor J, Herck I, Francois K, Van Wesemael A, Nuytinck L, Meyer E, 
Hoste EAJ. Diagnosis of cardiac surgery-associated acute kidney injury: 
differential roles of creatinine, chitinase 3-like protein 1 and neutrophil 
gelatinase-associated lipocalin: a prospective cohort study. Ann Intensive 
Care. 2017;7(1):24.

	36.	 Vandenberghe W, De Loor J, Hoste EA. Diagnosis of cardiac surgery-
associated acute kidney injury from functional to damage biomarkers. 
Curr Opin Anaesthesiol. 2017;30(1):66–75.

	37.	 Vandenberghe W, De Loor J, Francois K, Vandekerckhove K, Herck I,  
VandeWalle J, Peperstraete H, Bove T, De Wolf D, Nuytinck L, et al. Potential 
of urine biomarkers CHI3L1, NGAL, TIMP-2, IGFBP7, and combinations as  
complementary diagnostic tools for acute kidney injury after pediatric  
cardiac surgery: a prospective cohort study. Diagnostics (Basel). 
2023;13(6):1047.

	38.	 Amano K, Takami Y, Ishikawa H, Ishida M, Tochii M, Akita K, Sakurai Y, Noda 
M, Takagi Y. Lower body ischaemic time is a risk factor for acute kidney 
injury after surgery for type A acute aortic dissection. Interact Cardiovasc 
Thorac Surg. 2020;30(1):107–12.

	39.	 Herget-Rosenthal S, Marggraf G, Husing J, Goring F, Pietruck F, Janssen 
O, Philipp T, Kribben A. Early detection of acute renal failure by serum 
cystatin C. Kidney Int. 2004;66(3):1115–22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Prediction of acute kidney injury incidence following acute type A aortic dissection surgery with novel biomarkers: a prospective observational study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study population
	Definitions
	Sample collection, preservation, and measurement procedures
	Statistical analysis

	Results
	Distinct protein expression profiles identified in ASA-AKI patients via proteomics
	Validation of S100A8A9, PTX3, and CHI3L1 levels via ELISA
	Associations between plasma protein levels and other variables
	Development of a nomogram for ASA-AKI prediction

	Discussion
	Limitations
	Conclusions
	Anchor 21
	Acknowledgements
	References


