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Background: To investigate the expression of ATF3 in the blood and urine of adult patients undergoing 
cardiopulmonary bypass (CPB) surgery and to identify the changes during the perioperative period of CPB, 
and to determine whether ATF3 can be used as a biological marker for the early diagnosis of acute kidney 
injury (AKI).
Methods: We prospectively studied 83 patients who underwent elective CPB (ECB). Relevant clinical 
information was collected. Blood and urine samples were collected preoperatively (T0) and at 2 h (T1), 6 h 
(T2), 12 h (T3), 24 h (T4), and 48 h (T5) after surgery, and grouped according to the occurrence of AKI. 
The changes in ATF3 levels were observed, and the accuracy of the diagnosis of AKI was compared through 
receiver operating characteristic (ROC) curve analysis. Factors influencing the expression of ATF3 at 
baseline were also analyzed.
Results: A total of 83 adult patients undergoing cardiac surgery with CPB were included, and 42 of them 
developed AKI. The levels of serum ATF3 (sATF3) in the AKI group were significantly higher than those 
in the non-AKI group 24 h after surgery, and the difference was statistically significant (662.62±204.72 vs. 
586.93±175.87; P=0.0345). Urinary ATF3 (uATF3) increased significantly 6 h after surgery, and the area 
under the ROC curve (AUC) for diagnosing AKI 12 h after surgery was 0.691 (95% CI: 0.576–0.807). When 
uATF3 was higher than 1,216 pg/mL, the sensitivity and specificity for the diagnosis of AKI were 0.43 and 
0.85, respectively. On the other hand, the preoperative expression of ATF3 was negatively correlated with 
the preoperative creatinine level, but not affected by the patient’s age, weight, gender, preoperative cardiac 
function, preoperative blood routine examination and liver function.
Conclusions: ATF3 can be expressed early in the blood and urine of patients after CPB and can be used as 
a diagnostic marker for AKI after CPB in adult patients.
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Introduction

Acute kidney injury (AKI), caused by hypoperfusion, 
ischemia-reperfusion injury, neurohumoral activation, 
inflammation, oxidative stress, refers to a sudden decrease 
in renal function, which is the most common non-cardiac 
complication after cardiopulmonary bypass (CPB) surgery, 
with an incidence ranging from 30% to 59% (1-10). Studies 
in the past decades have found that despite the continuous 
development of  CPB techniques,  cardiac surgery 
techniques, and postoperative monitoring techniques, the 
incidence of AKI is still high (2,6). AKI after cardiac surgery 
not only affects the prognosis of patients, but also increases 
the mortality of patients after hospitalization and discharge 
(3,4,8). Most researchers have used the Acute Kidney 
Injury Network (AKIN) and/or the Risk, Injury, Failure, 
Loss, End Stage Kidney Disease (RIFLE) criteria to detect 
AKI. These criteria are based on serum creatinine (sCr) 
levels (increased by at least 1.5 times baseline) and urine 
output (<0.5 mL/kg/h for at least 6 hours) (10). However, 
AKI is still underdiagnosed, because of the lack of accurate 
biomarkers for distinguishing high-risk patients and for the 
early diagnosis of AKI.

In order to better estimate the extent of injury and to 
enable early diagnosis, differential diagnosis, and prognostic 
prediction of AKI, the international KDIGO committee 
requested the identification of markers for early AKI (11). 
ATF3 is a member of the ATF/CREB subfamily of the 
basic leucine zipper (BZIP) family and is expressed in low 
concentrations in most normal cells. It is not only a key 
regulatory factor in stress response, but also extensively 
participates in pathological and physiological processes 
such as maintenance of body homeostasis, wound healing, 
cell adhesion, and tumor formation. Previous studies have 
shown that ATF3 can be detected in urine within 2–24 h in 
the ischemia-reperfusion injury-induced AKI rat model (12). 
Panich et al. found that urinary ATF3 (uATF3) also showed 
similar performance in sepsis-induced AKI patients (13). 
Due to its early expression and the absence of ATF3 in the 
whole urine of healthy people, it is a promising biomarker 
for the early diagnosis of AKI (12,13).

However, ATF3 has not been studied in patients 
undergoing CPB cardiac surgery. In our study, for the 
first time, patients undergoing CPB surgery were used 
as the research object, and we retrospectively observed 
the expression of ATF3 in the blood and urine of patients 
during the perioperative period, and further analyzed 
whether ATF3 can be used as an early biomarker of AKI. 

We present the following article in accordance with the 
STARD reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-5231).

Methods

The purpose of this study was to investigate whether ATF3 
can be used as a marker for the early diagnosis of AKI after 
CPB. These studies were registered in the Chinese Clinical 
Trial Registry (Identifier: ChiCTR2000030869). This study 
was approved by the Ethics Committee of Shanghai Tenth 
People’s Hospital (No. SHSY-IEC-KY-4.0/16-31/01), and 
conducted in accordance with the Helsinki Declaration (as 
revised in 2013). Informed consent was taken from all the 
patients.

All patients included in this study, aged from 18 to 
85 years old, were scheduled for elective CPB (ECB) 
surgery. All of them volunteered to participate in the 
study and provided informed consent. All patients were 
mentally conscious and capable of independent behavior. 
The exclusion criteria were as follows: patients who were 
expected to be hospitalized for less than 3 days; patients 
with a history of chronic kidney disease preoperatively; 
patients with preoperative critical vital signs; patients with 
urinary tract infection within 3 days preoperatively; patients 
in critical condition postoperatively.

Clinical information collection

The preoperative, intraoperative, and postoperative 
information of patients was collected, as detailed in Table 1.

Blood and urine samples (3 mL) were collected 1 day 
before surgery (T0) and 2 h (T1), 6 h (T2), 12 h (T3), 24 h  
(T4), and 48 h (T5) after surgery. After all samples were 
collected, the supernatant was centrifuged and stored in an 
Eppendorf tube and a refrigerator at −80 ℃. We used an 
ELISA kit to detect sCr (Jiancheng, Nanjing) and ATF3 (96 
Tests, CloudClone).

Grouping

Patients were divided into the AKI group and non-AKI 
group according to the KDIGO AKI definition. AKI was 
defined as a rapid decline in renal function within 48 h 
after surgery, represented by an absolute increase in sCr 
≥26.5 μmol/L (0.3 mg/dL), or an increase ≥1.5 times the 
baseline, or urine volume less than 0.5 mL/kg/h for 6 h. 
Patients’ basal creatinine was defined as the sCr level at 

https://dx.doi.org/10.21037/atm-21-5231
https://dx.doi.org/10.21037/atm-21-5231
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Table 1 Patients’ characteristics at baseline

Variables Total Non-AKI group AKI group P

AKI, n 83 41 42 1.000

Characteristics

Male, n (%) 48 (57.83) 28 (68.29) 20 (47.62) 0.057

Age (year) 60.47±10.47 58.12±10.36 62.76±10.18 0.023

Height (cm) 164.06±7.74 166.61±7.70 161.57±7.01 0.003

Body weight (kg) 65.90±11.95 67.74±11.82 64.14±11.95 0.084

Hypertension, n (%) 40 (48.78) 8 (19.51) 7 (16.67) 0.736

Diabetes mellitus, n (%) 15 (18.07) 19 (46.34) 21 (51.22) 0.659

LVEF (%) 58.55±8.39 58.63±8.38 58.48±8.50 0.708

Preoperative examination

WBC (×109/L) 6.39±1.89 6.65±2.02 6.13±1.74 0.212

RBC (×1012/L) 4.41±0.54 4.47±0.44 4.35±0.62 0.360

Hb (g/L) 143.31±111.97 159.24±157.64 127.76±18.12 0.035

PLT (×109/L) 210.06±120.51 232.20±160.52 188.45±54.19 0.104

ALT (U/L) 28.01±18.87 31.84±21.34 24.19±15.35 0.041

AST (U/L) 30.31±20.94 30.23±21.20 30.40±20.94 0.878

ALB (g/L) 41.52±4.29 41.78±4.18 41.27±4.43 0.592

Conjugated bilirubin (μmol/L) 5.66±3.56 5.61±3.66 5.71±3.50 0.760

Unconjugated bilirubin (μmol/L) 8.18±6.87 8.14±6.73 8.24±7.10 0.914

Creatinine (μmol/L) 75.74±17.79 76.43±18.07 75.07±17.71 0.731

Uric acid (μmol/L) 354.26±99.90 348.12±106.34 360.71±93.60 0.576

Urea nitrogen (mmol/L) 5.65±1.60 5.35±1.59 5.95±1.58 0.044

Surgical information, n (%)

Coronary artery bypass grafting 34 (40.96) 21 (51.22) 13 (30.95) 0.061

Coronary artery bypass grafting + valve surgery 3 (3.61) 0 (0.00) 3 (7.14) 0.248

Single valve replacement 29 (34.94) 14 (34.15) 15 (35.71) 0.938

Dual valve replacement 10 (12.05) 3 (7.32) 7 (16.67) 0.332

Major vascular surgery 2 (2.41) 0 (0.00) 2 (4.76) 0.494

Others (surgery for atrial septal defect, surgery for 
tumors, ablation for atrial fibrillation, etc.)

5 (6.02) 2 (4.88) 3 (7.14) 1.000

CPB

Total time (min) 97.60±34.26 92.88±27.18 102.21±39.78 0.607

Cardiac arrest, n (%) 48 (57.83) 21 (51.22) 27 (64.29) 0.228

Time of clamping (min) 37.18±35.96 30.66±32.68 43.55±38.22 0.119

Intraoperative RBC (U) 1.06±1.80 0.78±1.39 1.33±2.10 0.184

Intraoperative plasma (mL) 189.23±256.57 158.54±239.77 219.19±271.50 0.217

Intraoperative PLT, n (%) 2 (2.41) 0 (0.00) 2 (4.76) 0.494

Table 1 (continued)
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Table 1 (continued)

Variables Total Non-AKI group AKI group P

ICU

ICU stay (h) 74.78±65.07 71.78±57.32 77.71±72.42 0.196

Invasive ventilation (h) 27.64±58.61 27.17±43.59 28.10±70.82 0.371

Complications, n (%)

Lung infection 4 (4.82) 2 (4.88) 2 (4.76) 1.000

Hypoxemia 15 (18.07) 7 (17.07) 8 (19.05) 0.815

Low cardiac output 10 (12.05) 8 (19.51) 2 (4.76) 0.084

Mediastinal hemorrhage 4 (4.82) 1 (2.44) 3 (7.14) 0.626

Atrial fibrillation 18 (21.69) 6 (14.63) 12 (28.57) 0.124

Delirium 1 (1.2) 0 (0.00) 1 (2.38) 1.000

Septicemia 1 (1.2) 1 (2.44) 0 (0.00) 1.000

Death 3 (3.61) 2 (4.88) 1 (2.38) 1.000

CRRT 2 (2.41) 1 (2.38) 1 (2.38) 1.000

Data were expressed as x ± s or n (%). AKI, acute kidney injury; LVEF, left ventricular ejection fraction; WBC, white blood cell; RBC, red 
blood cell; Hb, hemoglobin; PLT, platelet; ALT, alanine transaminase; AST, aspartate transaminase; ALB, albumin; CPB, cardiopulmonary 
bypass; ICU, intensive care unit; CRRT, continuous renal replacement therapy.

admission.

Statistical analysis

SPSS 19.0 software was used for statistical analysis. 
Normally distributed data were expressed as x ± s, and the 
t-test was used for comparisons between groups. Non-
normally distributed data were represented by the median 
(upper digit to lower digit), and comparisons between 
groups were tested with the Wilcoxon test. Count data 
were analyzed using the chi-square test or Fisher’s exact 
probability. Receiver operating characteristic (ROC) curves 
and the area under the ROC curve (AUC) were used to 
evaluate the accuracy of ATF3 in the diagnosis of AKI. At 
the same time, linear regression analysis was used to analyze 
the influence of various preoperative factors on the baseline 
expression of ATF3 in blood and urine, and univariate linear 
regression analysis was performed.

Results

Basic data of patients

A total of 83 surgical patients were included in the study 
(Table 1). The mean age was 60.47±10.47 years old, and 

male patients accounted for 57.83% (48/83) of the total 
population. Preoperative hypertension was associated with 
40 cases (48.78%). The preoperative left ventricular ejection 
fraction (LVEF) was 58.55±8.39 mL, and the preoperative 
creatinine was 75.74±17.79 μmol/L.

Among the subjects, 34 underwent coronary artery 
bypass grafting, 3 underwent coronary artery bypass plus 
valve surgery, 39 underwent valve surgery (single and double 
valve replacement), 2 underwent major vessel surgery, and 5 
underwent other procedures (for atrial fibrillation ablation, 
atrial tumor, atrial septal defect repair, among others). All 
patients were successfully operated on and admitted to the 
cardiac care unit for perioperative treatment.

AKI occurred in 42 patients, accounting for 50.6% of 
the total population. Age and preoperative urea nitrogen 
levels in the AKI group were higher than those in the non-
AKI group, while height, preoperative hemoglobin (Hb), 
and ALT were lower than those in the non-AKI group. 
Moreover, postoperative platelet (PLT) levels and urea 
nitrogen levels in patients with AKI were lower than those 
in patients without AKI. The statistical analysis indicated 
that surgery and CPB had little influence on the occurrence 
of AKI. There were no significant differences in ICU time, 
mechanical ventilation time, and complications between the 
two groups.
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The expression of ATF3 in serum and urine

As shown in Table 2, there was no difference in blood ATF3 
level between the two groups before surgery. The level of 
serum ATF3 (sATF3) in the AKI group was significantly 
higher than that in the non-AKI group 24 h after surgery 
(T4), and the difference was statistically significant 
(662.62±204.72 vs. 586.93±175.87; P=0.035). Unlike the 
insensitivity of sATF3 level in the two groups, there was 
a statistical difference in uATF3 level 6 h after surgery 
(T2). The uATF3 level in the AKI group was significantly 
higher than that in the non-AKI group (974.92±341.42 vs. 
1,169.90±280.93; P=0.014). The difference remained until 
12 h after surgery (T3) (993.23±291.16 vs. 1,190.05±309.58; 
P=0.002). uATF3 level decreased 24 h after surgery (T4) 
in the AKI group, but the difference was not significant 
compared with that in the non-AKI group.

Verification of the accuracy of ATF3 in the diagnosis of 
AKI

Subsequently, we performed ROC analysis of ATF3 in 
blood and urine at each time point after surgery (Table 3 
and Figure 1). The AUC of ATF3 at 24 h after surgery 
(T4) was 0.647 (95% CI: 0.523–0.771). The sensitivity and 
specificity were 0.43 and 0.80, respectively, when sATF3 
level was higher than 643 pg/mL. The AUC of uATF3 was 
0.691 (95% CI: 0.576–0.807) at 12 h postoperatively (T3). 
When uATF3 expression was higher than 1,216 pg/mL, 
the sensitivity and specificity of AKI were 0.43 and 0.85, 

respectively. The diagnosis time of AKI in urine was earlier 
than that in blood.

Analysis of factors influencing baseline ATF3 levels

Through linear regression analysis (Table 4), we found that 
preoperative ATF3 expression was not affected by age, 
gender, cardiac function, leucocyte level, and biochemical 
examination. The baseline urine ATF3 level was correlated 
with the preoperative creatinine and uric acid levels (P=0.012 
and 0.036 for sATF3 and uATF3, respectively).

Discussion

AKI is a common clinical complication, especially after 
CPB. The incidence can be as high as 60%, and the 
mortality rate of severe patients can reach or exceed 50% 
(1-5). Early diagnosis of AKI is the most effective treatment 
method. Although clinical practice guidelines for KDIGO 
provide clear consensus criteria for the early detection of 
AKI, AKI remains underdiagnosed (10). The main reason 
is that the existing diagnostic criteria are based on the 
changes in sCr, which only appear when renal function is 
impaired by more than 50% (12). Moreover, creatinine can 
be affected by a variety of external factors (14). In order to 
better estimate the extent of injury and the early diagnosis 
of AKI, new biomarkers need to be developed for clinical 
application.

Studies have shown that exosomes are monolayer 
membranous vesicle bodies released from various cells 

Table 2 ATF3 expression in patients of the two groups during the perioperative period

Time T0 T1 T2 T3 T4 T5

sATF3

Non-AKI 530.12 (155.97) 628.12 (202.44) 710.87 (197.43) 753.97 (216.57) 586.93 (175.87) 503.29 (146.32)

AKI 489.18 (134.00) 596.67 (159.23) 759.86 (188.87) 774.96 (203.22) 662.62 (204.72) 518.22 (130.62)

t value 0.94 0.60 −1.47 −0.92 −2.15 −0.54

P value 0.352 0.548 0.146 0.361 0.035 0.594

uATF3

Non-AKI 746.99 (255.36) 868.98 (212.99) 974.92 (341.42) 993.23 (291.16) 839.52 (308.14) 728.70 (212.39)

AKI 733.30 (175.79) 924.74 (217.65) 1,169.90 (280.93) 1,190.05 (309.58) 924.15 (253.07) 780.55 (277.70)

t value 0.29 −0.95 −2.53 −3.14 −1.52 −1.07

P value 0.769 0.346 0.014 0.002 0.132 0.290

Data were expressed as n (%). sATF3, serum ATF3; AKI, acute kidney injury; uATF3, urinary ATF3.
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Figure 1 ROC analysis of ATF3 in the diagnosis of AKI. (A) ROC curve of blood ATF3 in the diagnosis of AKI; (B) ROC curve of urine 
ATF3 in the diagnosis of AKI. ROC, receiver operating characteristic; AKI, acute kidney injury.
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Table 3 ROC analysis of ATF3 in the diagnosis of AKI

Variables Cut-off AUC (95% CI) Sensitivity (95% CI) Specificity (95% CI)

sATF3

T1 549.00 0.522 (0.394–0.650) 0.500 (0.349, 0.651) 0.415 (0.264, 0.565)

T2 680.64 0.623 (0.500–0.745) 0.619 (0.472, 0.766) 0.634 (0.487, 0.782)

T3 840.24 0.571 (0.442–0.700) 0.405 (0.256, 0.553) 0.781 (0.654, 0.907)

T4 643.00 0.647 (0.523–0.771) 0.429 (0.279, 0.578) 0.805 (0.684, 0.926)

T5 513.00 0.567 (0.430–0.705) 0.405 (0.256, 0.553) 0.781 (0.654, 0.907)

uATF3

T1 843.00 0.548 (0.422–0.674) 0.595 (0.447, 0.744) 0.537 (0.384, 0.689)

T2 1055.84 0.666 (0.545–0.787) 0.619 (0.472, 0.766) 0.707 (0.568, 0.847)

T3 1216.00 0.691 (0.576–0.807) 0.429 (0.279, 0.578) 0.854 (0.746, 0.962)

T4 770.02 0.616 (0.490–0.743) 0.643 (0.498, 0.788) 0.537 (0.384, 0.689)

T5 865.48 0.574 (0.438–0.710) 0.262 (0.129, 0.395) 0.854 (0.746, 0.962)

ROC, receiver operating characteristic; AKI, acute kidney injury; AUC, area under the ROC curve; sATF3, serum ATF3; uATF3, urinary 
ATF3.

under different stress conditions, containing a variety of 
genetic materials and protein signaling molecules. Exosomes 
can not only serve as novel markers for the diagnosis and 
prognosis of AKI, but also play an important role in the 
occurrence and development of renal disease (15-19). 
ATF3 is one of these exosomes. It is a member of the ATF/
CREB subfamily of the BZIP family and is expressed at low 

concentrations in most normal cells. The expression level 
of ATF3 in most normal resting cells is relatively low, but 
when the cells are stimulated by traumatic pressure signals 
inside and outside the body, the level of ATF3 mRNA rises 
significantly, which determines the cell’s need to stimulate 
the cell. Looking back on the existing evidence, it can be 
seen that in the animal model, these pressure signals mainly 
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Table 4 Univariate linear regression analysis of preoperative ATF3 expression

Variables
sATF3 uATF3

t value P value t value P value

Age 1.66 0.100 0.80 0.426

T2DM 0.63 0.528 1.84 0.069

HBP 1.12 0.266 0.21 0.831

EF −1.69 0.095 −1.51 0.136

Male 1.51 0.136 −0.48 0.631

Preoperative WBC 0.23 0.823 −0.66 0.512

Preoperative RBC −0.06 0.955 −1.39 0.167

Preoperative Hb −0.46 0.648 0.29 0.774

Preoperative PLT −0.14 0.889 0.66 0.514

Preoperative ALT −0.07 0.942 0.59 0.560

Preoperative AST 0.26 0.797 0.43 0.667

Preoperative ALB −0.51 0.610 0.07 0.947

Preoperative conjugated bilirubin 0.60 0.551 −0.28 0.784

Preoperative unconjugated bilirubin −1.15 0.252 −0.73 0.469

Preoperative sCr 1.15 0.254 −2.59 0.012

Preoperative uric acid 1.14 0.259 −2.14 0.036

Preoperative BUN −0.37 0.715 −1.34 0.184

sATF3, serum ATF3; uATF3, urinary ATF3; T2DM, type 2 diabetes mellitus; HBP, high blood pressure; EF, ejection fraction; WBC, white 
blood cell; RBC, red blood cell; Hb, hemoglobin; PLT, platelet; ALT, alanine transaminase; AST, aspartate transaminase; ALB, albumin; sCr, 
serum creatinine; BUN, blood urea nitrogen.

include: ischemia, ischemia reperfusion, trauma, axonal 
microsurgery, chemical drug toxicity, etc. (20). Studies 
have founded that ATF3 was expressed early in urine in 
a rat AKI model (12,21). Panich et al. found that uATF3 
level can be used for early diagnosis of the occurrence of 
AKI in sepsis patients (13). The mechanisms of ATF3 in 
kidney protection may be as follows: (I) ATF3 up-regulates 
the expression of proangiogenic factors through protein 
translation, thereby promoting the proliferation of renal 
tubular epithelial cells and reducing cell apoptosis, thus 
achieving a protective effect on the kidney (21); (II) ATF3 
can also mediate the expression of downstream monocyte 
chemoattractant protein-1 (MCP-1), thus playing a role 
in renal protection (21-23); (III) ATF3 directly interacts 
with histone deacetylase 1 (HDAC1) to form ATF3-related 
HDAC1 deacetylated histones, which interferes with NF-
κB binding and inhibits inflammatory gene transcription, 
thereby protecting renal function (24).

Due to its early expression in AKI and its absence in the 
whole urine of healthy people, it may be used as a biological 
marker for the early diagnosis of AKI (12,13).

Our study found that the levels of ATF3 in blood and 
urine were increased at 2 h after CPB surgery, which was 
consistent with previous studies. On this basis, we further 
prospectively observed the dynamic expression of ATF3 in 
the blood and urine of perioperative AKI patients. Blood 
ATF3 levels were significantly increased 24 h after surgery 
compared with non-AKI patients. There were no significant 
differences at 2, 6, 12, and 48 h post operation. Moreover, 
there was a statistically significant difference in uATF3 
6 h after surgery, which was significantly higher in the 
AKI group than in the non-AKI group (P=0.014), and the 
difference remained until 12 h after surgery. There was no 
significant difference in uATF3 48 h after surgery, which 
may be related to the recovery of renal function.

Further studies found that uATF3 levels were better 
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than blood ATF3 levels in AKI diagnosis after operation. 
The AUC of uATF3 was 0.691 (95% CI: 0.576–0.807) 
at 12 h after surgery. In addition, our study also found 
that the preoperative basic conditions of patients, such as 
weight, gender, cardiac function, and preoperative blood 
examination, had no effects on the expression of ATF3 in 
blood, suggesting that the expression of ATF3 in blood 
was extremely stable. In urine, only the preoperative renal 
function status had an effect, suggesting that the expression 
of ATF3 in urine was closely related to the renal function 
status.

In conclusion, our research shows that ATF3, especially 
uATF3, can be used as a biomarker for early diagnosis of 
AKI after CPB surgery. Because, ATF3 can be expressed 
early in the blood and urine of AKI patients after CPB 
surgery, and it will increase at 2 hours after surgery and 
reach a peak at 12 hours after surgery (Table 2). Secondly, 
the expression of ATF3 is stable in the basal state. For 
example, the expression of ATF3 in blood is not affected by 
the patient’s basic conditions and is not affected by cardiac 
function. The expression of ATF3 in urine is more sensitive 
than ATF3 in blood and has a closer relationship with renal 
function. Third, through ROC analysis, the AUC for the 
diagnosis of AKI by the level of urine ATF3 at 12 hours 
after surgery was 0.691 (Figure 1). Therefore, we believe 
that ATF3, especially urine ATF3, can become a potential 
early biomarker of AKI.

Although the results of this study are encouraging, there 
are still many shortcomings. First, only 83 patients were 
included in this study, which is fairly small and might lead 
to the generation of test errors. It is therefore necessary 
to further increase the sample size to confirm the clinical 
significance of ATF3. Second, our study showed that urine 
ATF3 was only negatively affected by sCr, which may be 
due to the fact that urine ATF3 was significantly increased 
when sCr expression was not increased under stimulation, 
so the false impression of a negative correlation appeared. 
In summary, the sample size and even the number of 
healthy persons need to be increased in our future work.

Conclusions

The expression of ATF3 in urine is related to the renal 
function status of patients. Due to its good stability and 
early expression, ATF3 can be used as a candidate marker 
for the early diagnosis of AKI after cardiac surgery in adults.
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