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Serum CIRP increases the risk of
acute kidney injury after cardiac
surgery

Zhe Feng, Xiantong Cao, Changying Zhao, Jialan Niu,
Yang Yan, Tao Shi, Junjun Hao and Xinglong Zheng*

Department of Cardiovascular Surgery, The First Affiliated Hospital of Xi'an Jiaotong University,
Xi‘an, Shaanxi, China

Introduction: Acute kidney injury (AKI) is a frequent perioperative
complication. The underlying mechanisms of cardiac surgery-associated
AKI are still not completely elucidated. Cold-induced RNA-binding protein
(CIRP) has been subsequently found to be regulated by various stress
conditions. During cardiac surgery and cardiopulmonary bypass (CPB), the
host is subjected to hypothermia and inadequate organ perfusion, resulting
in an upregulation of CIRP secretion. The aim of this study is to evaluate
the role of elevated extracellular CIRP level as a contributing factor in the
development of AKI.

Methods: A total of 292 patients who underwent cardiac surgery
were retrospectively enrolled and their serum samples were collected
preoperative and postoperative. Demographic data, intraoperative data, in-
hospital outcomes, and the occurrence of AKI were also collected for the
patients. The correlation between CIRP and intraoperative procedures, as
well as its association with postoperative outcomes were analyzed.

Results: In multivariable analysis, higher ACIRP (p =0.036) and body mass
index (p=0.015) were independent risk factors for postoperative AKI.
Meanwhile, patients with postoperative AKI exhibited lower survival rate in
2-year follow-up (p = 0.008). Compared to off-pump coronary artery bypass
grafting surgery, patients who underwent on-pump coronary artery bypass
grafting, valve surgery, aortic dissection and other surgery showed higher
ACIRP, measuring 1,093, 666, 914 and 258 pg/mL, respectively (p <0.001).
The levels of ACIRP were significantly higher in patients who underwent
CPB compared to those who did not (793.0 + 648.7 vs. 149.5+289.1pg/
mL, p<0.001). Correlation analysis revealed a positive correlation between
ACIRP levels and the duration of CPB (r=0.502, p<0.001). Patients with
higher CIRP levels are at greater risk of postoperative AKI (OR: 1.67, p = 0.032),
especially the stage 2—-3 AKI (OR: 2.11, p = 0.037).

Conclusion: CIRP secretion increases with prolonged CPB time after cardiac
surgery, and CIRP secretion is positively correlated with the duration of
CPB. Cardiac surgeries with CPB exhibited significantly higher levels of CIRP
compared to non-CPB surgeries. Elevation of CIRP level is an independent
risk factor for the incidence of AKI, especially the severe AKI, and were
associated with adverse in-hospital outcomes.
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RNA-binding protein, risk factor

01 frontiersin.org


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2023.1258622﻿&domain=pdf&date_stamp=2024-01-03
https://www.frontiersin.org/articles/10.3389/fmed.2023.1258622/full
https://www.frontiersin.org/articles/10.3389/fmed.2023.1258622/full
https://www.frontiersin.org/articles/10.3389/fmed.2023.1258622/full
mailto:zhengxinglongmay@163.com
https://doi.org/10.3389/fmed.2023.1258622
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2023.1258622

Feng et al.

1 Introduction

Cardiac surgery induces activation of various cells within the
circulatory system, leading to the secretion of multiple cytokines,
chemokines, reactive oxygen species, and other inflammatory factors.
These inflammatory factors can trigger various postoperative
complications (1-3). Meanwhile most cardiac surgeries require the
use of cardiopulmonary bypass (CPB). During the CPB process, there
is a significant increase in the expression of inflammatory mediators
such as interleukins (IL), tumor necrosis factor-alpha (TNF-«), and
kinins, including bradykinin, by the leukocytes (4-6). This exacerbates
the inflammatory response during the cardiac surgery and leads to
severe complications (7-9).

The occurrence rate of acute kidney injury (AKI) following
cardiac surgery, which is a frequent perioperative complication, ranges
between 5 and 42% (10-12). It associated with higher mortality rates,
prolonged hospital stays, and increased healthcare expenses (12, 13).
The underlying mechanisms of cardiac surgery-associated acute
kidney injury (CSA-AKI) are still not completely elucidated, and it is
a complex condition likely influenced by multiple factors, which may
include hypoperfusion, ischemia-reperfusion injury, neurohumoral
activation, inflammation, oxidative stress, nephrotoxins, and
mechanical factors (12).

Cold-induced RNA-binding protein (CIRP), belonging to the cold
shock protein family, is the first cold shock protein discovered in
mammalian cells (14). It has been subsequently found to be regulated
by various stress conditions, including hypoxia, UV radiation, glucose
deprivation, heat stress, H,O, (15, 16). This indicates that CIRP
functions as a broad stress-response protein. In-depth investigation of
CIRP has revealed that its functionality depends on the protein’s
distribution location, exerting its effects through both intracellular
and extracellular forms. Intracellular CIRP translocates from the
nucleus to the cytoplasm, where it binds to and stabilizes various
messenger RNAs (mRNAs) within the cell, thereby promoting
translation to cope with various external stressors, such as hypoxia,
hypothermia and oxidative stress (17-19). Extracellular CIRP has
been identified as a novel inflammatory mediator that can stimulate
the release of pro-inflammatory cytokines from microglia/
macrophages, thereby exacerbating organ damage (17, 20, 21). During
cardiac surgery and CPB, the host is subjected to hypothermia and
inadequate organ perfusion, resulting in an upregulation of CIRP
secretion. In animal experiments, it has been demonstrated that mice
with knocked-out CIRP gene exhibited milder renal inflammation
and lower levels of inflammatory markers (22). Ischemia-reperfusion
injury and CIRP release may occur after the body receives pulsating
blood perfusion (23).

This study enrolled patients who underwent cardiac surgery and
detected their serum CIPR levels before and after surgery, aiming to
evaluate whether the elevated level of extracellular CIRP is a risk
factor for the postoperative development of AKI.

2 Methods
2.1 Patients

A total of 292 patients who underwent cardiac surgery in the
First Affiliated Hospital of Xi’an Jiaotong University from January
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2018 to December 2019 were retrospectively enrolled, including
249 patients experienced CPB, and 43 patients without it. All
patients were followed up until February 2022 with a maximum of
48 months. The primary outcomes were defined as either mortality
or loss of follow-up. The study was approved by the Ethics
Committee of the First Affiliated Hospital of Xian Jiaotong
University (Approval No. XJTU1AF2021LSL-028), and informed
consent was obtained from all patients.

2.2 Clinical data collection

The baseline data included age, sex, body mass index (BMI),
smoking history, hypertension, diabetes mellitus, prior myocardial
infarction, unstable angina, cardiac functional classification of
New York Heart Association (NYHA), left ventricular ejection
fraction, preoperative sCr (pmol/L), and preoperative estimated
glomerular filtration rate (eGFR, mL/min) were obtained.

The data
cardiopulmonary bypass (CPB) and the duration of aortic cross-

operative consisted of the duration of
clamp. The types of surgeries were also recorded including
off-pump coronary artery bypass grafting (OPCAB), on-pump
coronary artery bypass grafting (ONCAB), valve surgery, aortic
dissection surgery (Sun’s procedure) and other surgeries such as
atrial or ventricular septal defect repair or atrial
myxoma resection.

In-hospital outcome data included the incidence of AKI, the
length of stay in the intensive care unit (ICU), the length of
postoperative hospital stay, the mechanical ventilation time, the
utilization of postoperative continuous renal replacement therapy
(CRRT), SOFA score, and in-hospital mortality. AKI occurred
within 7 days after surgery was defined according to the Kidney
Disease Improving Global Outcomes Definition and Staging
criteria as an absolute rise of >26 pmol/L or 0.3 mg/dL within
48h or 0.3mg/dL within 48h after surgery or urine
output<0.5 mL/kg/h for more than 6h or 50-99% Cr (sCr) rise
from baseline compared with preoperative baseline values.
We did not accurately count the postoperative urine volume due

to the retrospective analysis.

2.3 Serum data collection

Peripheral blood samples were collected from each patient
preoperative and postoperative, then centrifuged and stored at
—80°C. The concentration of plasma CIRP was determined using
a commercially available ELISA kit (Cusabio, Wuhan, China),
following standardized instructions. The CIRP after surgery minus
the CIRP after anesthesia was defined as ACIRP.

2.4 Statistical analysis

Continuous variables were presented as mean + standard deviation
or medians with interquartile ranges, while categorical variables were
expressed as percentages. The t-test was used to compare normally
distributed continuous data, and the nonparametric Mann-Whitney’s
U test was used for skewed data. The chi-square test was used to
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TABLE 1 The baseline characteristics of the patients enrolled in the study.

10.3389/fmed.2023.1258622

Variables All patients, n =292 AKI, n=118 No AKI, n =174
Age (years)* 53 (42, 61) 55 (46, 64) 52 (38,61) 0.039
Male (%) 65 66 64 0.76
BMI (Kg/m?)* 23(21,25) 24 (21, 26) 22 (20, 25) 0.001
Smoking history (%) 46 45 47 0.467
Hypertension (%) 36 43 31 0.040
Prior myocardial infarction (%) 16 15 16 0.831
Unstable angina (%) 20 22 19 0.458
NYHA III/TV (%) 57 56 57 0.870
LVEE (%)* 62 (53, 68) 61 (52, 68) 62 (54, 68) 0.707
Preoperative creatinine (pmol/L)* 63 (53,74) 64 (52, 74) 62 (54, 75) 0.620
Cleveland clinic score 3(3,4) 3(3,4) 3(3,4) 0.235
EURO Score 3(1,6) 4.5(2,8) 2(0,5) 0.001
CRP (mg/L) 45 (26, 67) 44 (30, 73) 44 (25, 61) 0.065
Preoperative eGFR (mL/
/L7 103 (94, 117) 101 (92, 113) 105 (96, 120) 0.048
CPB time (min)* 90 (52, 121) 103 (71, 129) 82(39,117) 0.001
Cross clamp time (min)* 58 (11,81) 65 (43, 84) 49 (0,77) 0.003
Minimum temperature during CPB

31 (30, 33) 31 (30, 32) 31 (30, 35) 0.001
(°C)
ACIRP (pg/mL)* 693 (216, 1,003) 816 (343, 1,125) 610 (126, 907) 0.007

BMI, body mass index; NYHA, New York Heart Association; LVEE, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate; CPB, cardiopulmonary bypass; CIRP, cold

inducible RNA-binding protein.
*Variables are presented as median (25th, 75th percentiles).

compare categorical data. Pearson’s correlation analysis was conducted
to evaluate the relationships between ACIRP and CPB time or cross-
clamp time. Univariate logistic regression analysis was performed to
identify demographic factors, preoperative laboratory examination
results, and operative data factors significantly associated with AKI in
all patients. Variables with a value of p < 0.05 in the univariate logistic
regression analysis were included in the multivariate logistic
regression analysis.

All statistical analyses were conducted with a two-sided approach,
and a value of p <0.05 was deemed statistically significant. The data
were analyzed using IBM SPSS software, version 26.0 (IBM Corp.,
New York, New York, United States).

3 Results
3.1 Baseline characteristics

The demographic features of the 292 individuals who received
cardiac surgery are presented in Table 1. The patients had a median
age of 53 (42, 61) years, with 65% being male. The average preoperative
creatinine and estimated glomerular filtration rate (eGFR) were 63
(53, 74) pmol/L and 103 (94, 117) mL/min/1.73m? respectively.
Among the patients, 118 (40.4%) experienced AKI after the cardiac
surgery. The elderly (p=0.039), higher BMI (p <0.001), hypertension
(p=0.040), higher EURO Score (p=0.001), higher eGFR (p=0.048),
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longer CPB time (p <0.001), longer cross clamp time (p=0.003) and
higher ACIRP (p=0.007) patients were more likely to undergo AKI
than those who did not develop AKI.

3.2 Multivariable analysis

In multivariable analysis, BMI (OR: 1.097, 95% confidence
interval [CI]: 1.018-1.182, p=0.015), higher ACIRP (above the
median value, OR: 1.724, 95% CI: 1.035-2.873, p=0.036) were
independent risk factors for postoperative AKI (Table 2).

3.3 Survival analysis

During the follow-up, patients who developed AKI postoperatively
exhibited significantly lower survival rate compared to patients who
did not experience AKI (p=0.008, Figure 1).

3.4 Surgery types and AKI

In the OPCAB group, the average of ACIRP was 44 pg./mL
(Figure 2), and the incidence of AKI was 31.4%, which was at a
low level (Table 3). Compared to OPCAB group, patients who
underwent ONCAB, valve surgery, aortic dissection and other
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TABLE 2 Multivariable predictors of acute kidney injury after cardiac surgery.

10.3389/fmed.2023.1258622

Variables OR (95% CI) p-value
Age (years) 1.005 (0.990, 1.021) 0.502
BMI (Kg/m?) 1.097 (1.018, 1.182) 0.015
Hypertension 1.224 (0.705, 2.124) 0.472
Preoperative eGFR (mL/min/1.73m?) * 0.995 (0.984, 1.006) 0.402
Higher ACIRP 1.724 (1.035, 2.873) 0.036

BMI, body mass index; eGFR, estimated glomerular filtration rate; CIRP, cold inducible RNA-binding protein. OR, odds ratio.

*Variables are presented as median (25th, 75th percentiles).
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FIGURE 1
Survival curve of patients with or without AKI after cardiac
surgery.

4000+

3000+

2000+

1000+

1aCIRP (pg/mL)

FIGURE 2

The ACIRP for different type of cardiac surgery. CIRP, cold-inducible
RNA-binding protein; OPCAB, off-pump coronary artery bypass
grafting; ONCAB, on-pump coronary artery bypass grafting.

surgery had higher ACIRP, measuring 1,093, 666, 914, and
258 pg./mL, respectively (p <0.001, Figure 2). The incidence of
AKT of four groups were 33.3%, 42.3, 67.6, and 23.6%, respectively
(Table 3).

Frontiers in Medicine

3.5 CPB time and AKI

A total of 249 patients underwent CPB during the surgery, while
43 patients did not. The levels of ACIRP were significantly higher in
patients who underwent CPB compared to those who did not
(793.0+£648.7 vs. 149.5+289.1pg./mL, p<0.001, as depicted in
Figure 3A). Correlation analysis revealed a positive correlation
between ACIRP levels and the duration of CPB (r=0.502, p <0.001,
as shown in Figure 3B).

3.6 ACIRP level and AKI

In accordance with the median value of ACIRP (593 pg./mL), the
patients were categorized into two groups: the high-expression group
and the low-expression group. The baseline of two groups were shown
in Table 4. Patients with higher ACIRP have a higher incidence of
unstable angina (25 vs. 14%, p=0.020), longer CPB time (109 vs.
67 min, p<0.001) and cross clamp time (70 vs. 39 min, p<0.001), and
lower minimum temperature during CPB (32 vs. 31°C, p<0.001).

Patients with higher levels of ACIRP exhibited a greater incidence
of postoperative acute kidney injury (AKI) in comparison to those
with lower ACIRP levels (Table 5). The incidence of AKI was 47% in
the high ACIRP group, whereas it was 34% in the low ACIRP group,
resulting in an OR of 1.67 (95% CI, 1.04-2.68, p=0.032). Specifically,
patients with high ACIRP levels demonstrated a significantly higher
occurrence of severe AKI (stage 2 or stage 3) (17 vs. 9%, p=0.037, OR
(2.11 [1.04, 4.32])). In the group with higher ACIRP level, patients had
a higher level of cystatin C (1.6 vs. 1.4mg/L, p=0.017), longer
mechanical ventilation (21 vs. 16h, p<0.001), prolonged ICU stays
(3d vs. 2d, p=0.003), extended hospital stays (11d vs. 10d, p<0.001)
and had higher SOFA scores (4.4 vs. 3.5, p<0.001). Additionally, the
incidence of acute lung injury was higher in the higher ACIRP group
(44 vs. 32%, p=0.045, OR (1.62 [1.01, 2.62])).

4 Discussion

AKI is a severe postoperative complication following cardiac
surgery, leading to increased postoperative ICU stay, prolonged total
hospitalization duration, and decreased postoperative survival rates.
CIRP secretion increases with prolonged CPB time after cardiac
surgery, and its secretion level is positively correlated with the
duration of CPB. Cardiac surgeries requiring longer CPB durations
exhibit significantly higher levels of CIRP compared to non-CPB
surgeries. Elevation of CIRP levels is an independent risk factor for
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TABLE 3 The type of cardiac surgery.

Variables Aortic dissection Other surgery
No. of patients 35 9 156 37 55

CPB time (min)* - 120 (82, 122) 100 (82, 123) 137 (109, 158) 49 (33, 65)
Cross clamp time (min)* - 66 (13,92) 70 (53, 87) 77 (61, 88) 0(0,37)
Cystatin C (mg/L) 1.5(1.2,1.8) 1.6 (1.4,1.7) 1.5(1.2,2.0) 24(1.7,33) 1.1 (0.9, 1.4)
AKI (%) 31.4 33.3 42.3 67.6 23.6

ACIRP (pg/mL)* 44 (—38,284) 1,093 (434, 1,320) 666 (349, 1,034) 914 (729, 1,437) 258 (78, 884)

OPCAB, off-pump coronary artery bypass grafting; ONCAB, on-pump coronary artery bypass grafting; CPB, cardiopulmonary bypass; AKI, acute kidney injury.
*Variables are presented as median (25th, 75th percentiles).
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FIGURE 3
Elevated CIRP after CPB. (A) The ACIRP levels in patients who experienced CPB were 4.3-fold higher than those who did not. (B) The ACIRP levels
were positively correlated with the CPB time (n =292, r=0.502, p <0.001).

TABLE 4 Baseline characteristics of the patients with different ACIRP level.

Variables All patients (n = 292) High ACIRP (n = 146) Low ACIRP

(n = 146)
Age (years)* 53 (42, 61) 54 (41, 63) 53 (43, 61) 0.836
Male (%) 65 69 61 0.141
BMI (Kg/m?)* 23 (21, 25) 23 (21, 25) 23 (21,26) 0.880
Ever smoked (%) 46 51 41 0.17
Hypertension (%) 36 33 39 0.271
Prior myocardial infarction (%) 16 19 13 0.208
Unstable angina (%) 20 25 14 0.02
NYHA III/TV (%) 57 58 55 0.555
LVEF (%)* 62 (53, 68) 63 (53, 67) 61 (53, 68) 0.717
Preoperative creatinine (pmol/L)* 63 (53, 74) 63 (54,74) 63 (52, 76) 0.867
Preoperative eGFR (mL/
min/L73m)* 103 (94, 117) 103 (94, 117) 103 (93, 115) 0.666
Euro SCORE* 3(1,6) 2(1,5) 3(1,7) 0.067
CPB time (min)* 90 (52, 121) 109 (81, 133) 67 (0, 100) <0.001
Cross clamp time (min)* 58 (11, 81) 70 (49, 91) 39 (0, 66) <0.001
Minimum temperature during
CPB (°C) 31(30,33) 31(30,31) 32(30,37) <0.001

CIRP, cold inducible RNA-binding protein; BMI, body mass index; NYHA, New York Heart Association; LVEE, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate;
CPB, cardiopulmonary bypass.
*Variables are presented as median (25th, 75th percentiles).
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TABLE 5 In-hospital outcomes of patients with different ACIRP level.

10.3389/fmed.2023.1258622

Variables Low ACIRP High ACIRP p-value (0]
AKI (%) 34 47 0.032 1.67 (1.04, 2.68)
AKI 1 stage 25 30 0.431

AKI 2-3 stage 9 17 0.037 2.11 (1.04, 4.32)
Cystatin C (mg/L)* 1.4(1.1,1.9) 1.6(1.3,2.2) 0.017 -
Mechanical ventilation (h)* 16 (7,23) 21 (16, 32) <0.001 —

ALI (%) 32 44 0.045 1.62 (1.01, 2.62)
ICU stay (d)* 2(1,4) 3(2,5) 0.003 -
Postoperative hospital stay (d)* 10 (7, 13) 11(8,19) <0.001 -
Postoperative CRRT use (%) 2.7 4.8 0.363 1.78 (0.51, 6.20)
In-hospital mortality (%) 1.4 4.8 0.09 3.63(0.74, 17.76)
SOFA Score* 3.5(2,5) 4.4(3,5) <0.001 -

AKI, Acute kidney injury; ALI acute lung injury; ICU, intensive care unit; CRRT, continuous renal replacement therapy; SOFA, sequential organ failure assessment; OR, odds ratio.

*Variables are presented as median (25th, 75th percentiles).

the occurrence of AKI and can exacerbate the severity of AKI and lead
to poorer in-hospital outcomes for patients. Therefore, CIRP can serve
as a predictive marker for postoperative AKI and in-hospital outcomes
in cardiovascular surgery.

A meta-analysis has pointed out several risk factors for
CSA-AKI. These include the presence of pulmonary hypertension,
cyanotic heart disease, univentricular heart, administration of
nephrotoxic drugs, use of vasopressors, CPB time, reoperation, low
preoperative creatinine, high preoperative eGFR and sepsis (24). The
pathophysiological mechanisms of CSA-AKI are not fully understood,
but currently, they mainly involve nephrotoxins, ischemia and
reperfusion, cardiac dysfunction, venous congestion, inflammation,
and oxidative stress (25). In recent years, there has been increasing
recognition that the systemic inflammatory response syndrome
observed in response to CPB is characterized by widespread
manifestations throughout the body (1). It has become evident that
individual patients exhibit significant heterogeneity in the extent to
which distinct inflammatory pathways are activated. However, CIRP
secreted by various organs during cardiac surgery is also an important
factor that cannot be ignored. In the univariate analysis of this study,
the levels of CIRP were significantly higher in the AKI group
compared to the non-AKI group. In the multivariate analysis, elevated
levels of CIRP were identified as an independent risk factor for
AKI. The mice experiment conducted by Siskind et al. confirmed that
CIRP can induce acute kidney injury by activating renal TREM-1 (26,
27). Moreover, a prospective observational study conducted by Xia
et al. demonstrated that post-CPB levels of CIRP are associated with
an increased risk of pulmonary dysfunction. CIRP can serve as one of
the indicators for predicting postoperative lung injury (28). So, CIRP
may serve as a marker of organ damage after heart surgery.

CIRP is an intracellular stress-response protein and a specific type
of damage-associated molecular pattern (DAMP). Wang et al.
provided evidence showing that Extracellular CIRP (eCIRP) can act
as a DAMP, initiating the activation of innate Toll-like receptor 4
(TLR4)/MD2-mediated  pro-inflammatory  signaling, ~which
subsequently induces inflammation (29). Furthermore, studies have
indicated that eCIRP can modulate the promotion of macrophages
and neutrophils in immune responses and inflammation through the
TREM-1 signaling pathway. (30, 31).It exhibits the ability to respond
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to diverse stress stimuli by modulating its expression and mRNA
stability. In this study, we found that patients with high levels of CIRP
experienced longer CPB times and lower CPB temperatures. It was
also found in this study that patients with higher CIRP levels had a
higher incidence of ALI and a higher SOFA score. This is consistent
with the research conclusion of Xia et al. (28). During cardiac arrest
and CPB, organs are under conditions of non-pulsatile blood flow,
inadequate perfusion, and exposure to hypothermic stimuli, all of
which can lead to significant secretion of CIRP by the body.
Extracellular CIRP (eCIRP) is associated with a range of conditions
and can activate immune and inflammatory responses (32). After the
cardiac arrest, the organ experiences ischemia reperfusion injury, and
a large amount of CIRP will aggravate the ischemia reperfusion injury
and further aggravate the organ function impairment (33, 34). Patients
with higher CIRP level take longer time to recover. In this study, it was
found that patients with higher CIRP levels experience longer
mechanical ventilation time, higher cystatin C levels and incidence of
ALI longer ICU stay and hospital stay. During the follow-up, we did
not find that a high level of CIRP would affect the long-term survival
rate of patients, which may be related to the fact that CIRP is mainly
a stress-response protein, which mainly increases during and after the
operation and gradually returns to normal level within 3 days after the
operation (28), which is not enough to cause long-term postoperative
changes, but in this study, we found that it can predict the short-term
postoperative outcome. Research has also found that inhibiting the
expression or function of CIRP can attenuate the severity organ
damage (22, 34, 35). Targeting CIRP with pharmacological or genetic
interventions may reduce inflammation, alleviate renal tissue damage,
and improve kidney function. Despite the association between CIRP
and postoperative AKI, research in this field is still in its early stages,
and further studies and validations are needed to elucidate the specific
mechanisms and treatment strategies. Therefore, in clinical practice,
more research and validation are required for CIRP-targeted
intervention therapies to determine their potential role in
postoperative acute kidney injury following cardiac surgery.

There are certain limitations in this study. We employed the
median method to distinguish high and low levels of CIRP, which, due
to the sample size, has limited clinical significance. In the future, larger
sample sizes are needed to establish more precise cutoff values.
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Additionally, the mechanisms by which CIRP mediates acute kidney
injury have not been clearly elucidated in this article, and current
available evidence does not establish a causal relationship between the
two, warranting further investigation.

5 Conclusion

CIRP levels were positively correlated with CPB time during the
cardiac surgery. This study demonstrated that patients with elevated level
of CIRP before and after cardiac surgery are more prone to experiencing
poorer in-hospital outcomes and developing AKI, especially severe
AKI. The elevated levels of CIRP may be an independent risk factor for
AKI and were associated with adverse in-hospital outcomes.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The study was approved by the Ethics Committee of the First
Affiliated Hospital of Xian Jiaotong University (Approval No.
XJTU1AF2021LSL-028), and informed consent was obtained from
all patients.

Author contributions

ZF: Data curation, Formal analysis, Investigation, Methodology,
Software, Writing — original draft. XC: Data curation, Methodology,

References

1. Rinder C. Cellular inflammatory response and clinical outcome in cardiac surgery.
Curr Opin Anesthesiol. (2006) 19:65-8. doi: 10.1097/01.ac0.0000192773.86656.bf

2. Gaudino M, Andreotti F, Zamparelli R, Di Castelnuovo A, Nasso G, Burzotta F,
et al. The -174G/C interleukin-6 polymorphism influences postoperative interleukin-6
levels and postoperative atrial fibrillation. Is atrial fibrillation an inflammatory
complication? Circulation. (2003) 108:11195-9. doi: 10.1161/01.¢ir.0000087441.48566.0d

3. Bateman RM, Sharpe MD, Jagger JE, Ellis CG, Solé-Violan J, Lépez-Rodriguez M,
et al. 36th international symposium on intensive care and emergency medicine Brussels,
Belgium. 15-18 March 2016. Crit Care. (2016) 20:94. doi: 10.1186/513054-016-1208-6

4. Ben-Abraham R, Weinbroum AA, Dekel B, Paret G. Chemokines and the
inflammatory response following cardiopulmonary bypass--a new target for therapeutic
intervention?--a  review.  Paediatr = Anaesth.  (2003) 13:655-61.  doi:
10.1046/j.1460-9592.2003.01069.x

5. Jufar AH, Lankadeva YR, May CN, Cochrane AD, Marino B, Bellomo R, et al. Renal
and cerebral hypoxia and inflammation during cardiopulmonary bypass. Compr Physiol.
(2021) 12:2799-34. doi: 10.1002/cphy.c210019

6. Bronicki RA, Hall M. Cardiopulmonary bypass-induced inflammatory response:
pathophysiology and treatment. Pediatr Crit Care Med. (2016) 17:5272-8. doi: 10.1097/
PCC.0000000000000759

7. Corral-Velez V, Lopez-Delgado JC, Betancur-Zambrano NL, Lopez-Sufie N, Rojas-
Lora M, Torrado H, et al. The inflammatory response in cardiac surgery: an overview of
the pathophysiology and clinical implications. Inflamm Allergy Drug Targets. (2015)
13:367-70. doi: 10.2174/1871528114666150529120801

8. Welsby IJ, Bennett-Guerrero E, Atwell D, White WD, Newman ME, Smith PK, et al.
The association of complication type with mortality and prolonged stay after cardiac

Frontiers in Medicine

10.3389/fmed.2023.1258622

Writing - review & editing. CZ: Data curation, Methodology, Writing
- review & editing. JN: Data curation, Methodology, Writing - review
& editing. YY: Methodology, Supervision, Writing - review & editing.
TS: Supervision, Data curation, Writing - review & editing. JH:
Supervision, Methodology, Writing - review & editing. XZ:
Supervision, Conceptualization, Funding acquisition, Project
administration, Resources, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by grants from National Natural Science Foundation of
China (no. 81800581), Clinical Research Award of the First Affiliated
Hospital of Xian Jiaotong  University, China (no.
XJTUL1AF2021CRF-028), the Key Research and Development
Program of Shaanxi Province (no. 2023-YBSF-482).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

surgery with cardiopulmonary bypass. Anesth Analg. (2002) 94:1072-8. doi:
10.1097/00000539-200205000-00004

9. Presta P, Bolignano D, Coppolino G, Serraino F, Mastroroberto P, Andreucci M,
et al. Antecedent ACE-inhibition, inflammatory response, and cardiac surgery
associated acute kidney injury. Rev Cardiovasc Med. (2021) 22:207-13. doi: 10.31083/j.
rcm.2021.01.288

10. Massoth C, Zarbock A, Meersch M. Acute kidney injury in cardiac surgery. Crit
Care Clin. (2021) 37:267-78. doi: 10.1016/j.ccc.2020.11.009

11. Reents W, Hilker M, Boérgermann J, Albert M, Plotze K, Zacher M, et al. Acute
kidney injury after on-pump or off-pump coronary artery bypass grafting in elderly
patients. Ann Thorac Surg. (2014) 98:9-14. doi: 10.1016/j.athoracsur.2014.01.088

12. Wang Y, Bellomo R. Cardiac surgery-associated acute kidney injury: risk factors,

pathophysiology and treatment. Nat Rev Nephrol. (2017) 13:697-11. doi: 10.1038/
nrneph.2017.119

13. Ko B, Garcia S, Mithani S, Tholakanahalli V, Adabag S. Risk of acute kidney injury
in patients who undergo coronary angiography and cardiac surgery in close succession.
Eur Heart J. (2012) 33:2065-70. doi: 10.1093/eurheartj/ehr493

14. Zhong P, Huang H. Recent progress in the research of cold-inducible RNA-binding
protein. Future Sci. (2017) 3:FSO246. doi: 10.4155/fsoa-2017-0077

15. Zhong P, Peng ], Yuan M, Kong B, Huang H. Cold-inducible RNA-binding protein
(CIRP) in inflammatory diseases: molecular insights of its associated signalling
pathways. Scand ] Immunol. (2021) 93:€12949. doi: 10.1111/sji.12949

16. Aziz M, Brenner M, Wang P. Extracellular CIRP (eCIRP) and inflammation. J
Leukoc Biol. (2019) 106:133-46. doi: 10.1002/JLB.3MIR1118-443R

frontiersin.org


https://doi.org/10.3389/fmed.2023.1258622
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1097/01.aco.0000192773.86656.bf
https://doi.org/10.1161/01.cir.0000087441.48566.0d
https://doi.org/10.1186/s13054-016-1208-6
https://doi.org/10.1046/j.1460-9592.2003.01069.x
https://doi.org/10.1002/cphy.c210019
https://doi.org/10.1097/PCC.0000000000000759
https://doi.org/10.1097/PCC.0000000000000759
https://doi.org/10.2174/1871528114666150529120801
https://doi.org/10.1097/00000539-200205000-00004
https://doi.org/10.31083/j.rcm.2021.01.288
https://doi.org/10.31083/j.rcm.2021.01.288
https://doi.org/10.1016/j.ccc.2020.11.009
https://doi.org/10.1016/j.athoracsur.2014.01.088
https://doi.org/10.1038/nrneph.2017.119
https://doi.org/10.1038/nrneph.2017.119
https://doi.org/10.1093/eurheartj/ehr493
https://doi.org/10.4155/fsoa-2017-0077
https://doi.org/10.1111/sji.12949
https://doi.org/10.1002/JLB.3MIR1118-443R

Feng et al.

17. de Leew E, Zhang T, Wauquier C, Huez G, Kruys V, Gueydan C. The cold-inducible
RNA-binding protein migrates from the nucleus to cytoplasmic stress granules by a
methylation-dependent mechanism and acts as a translational repressor. Exp Cell Res.
(2007) 313:4130-44. doi: 10.1016/j.yexcr.2007.09.017

18. Al-Fageeh MB, Smales CM. Alternative promoters regulate cold inducible RNA-
binding (CIRP) gene expression and enhance transgene expression in mammalian cells.
Mol Biotechnol. (2013) 54:238-49. doi: 10.1007/s12033-013-9649-5

19.Liu M, Li Y, Liu Y, Yan S, Liu G, Zhang Q, et al. Cold-inducible RNA-binding
protein as a novel target to alleviate blood-brain barrier damage induced by
cardiopulmonary bypass. J Thorac Cardiovasc Surg. (2019) 157:986-996.e5. doi:
10.1016/j.jtcvs.2018.08.100

20. Zhou M, Yang W-L, Ji Y, Qiang X, Wang P. Cold-inducible RNA-binding protein
mediates neuroinflammation in cerebral ischemia. Biochim Biophys Acta. (2014)
1840:2253-61. doi: 10.1016/j.bbagen.2014.02.027

21.Denning N-L, Aziz M, Ochani M, Prince JM, Wang P. Inhibition of a
triggering receptor expressed on myeloid cells-1 (TREM-1) with an extracellular
cold-inducible RNA-binding protein (eCIRP)-derived peptide protects mice from
intestinal ischemia-reperfusion injury. Surgery. (2020) 168:478-85. doi: 10.1016/j.
surg.2020.04.010

22.Cen C, Yang W-L, Yen H-T, Nicastro JM, Coppa GF, Wang P. Deficiency of cold-
inducible ribonucleic acid-binding protein reduces renal injury after ischemia-
reperfusion. Surgery. (2016) 160:473-83. doi: 10.1016/j.surg.2016.04.014

23. McGinn J, Zhang F, Aziz M, Yang W-L, Nicastro J, Coppa GF, et al. The protective
effect of a short peptide derived from cold-inducible RNA-binding protein in renal
ischemia-reperfusion  injury. ~ Shock. (2018)  49:269-76. doi:  10.1097/
SHK.0000000000000988

24.van den Eynde J, Delpire B, Jacquemyn X, Pardi I, Rotbi H, Gewillig M, et al. Risk
factors for acute kidney injury after pediatric cardiac surgery: a meta-analysis. Pediatr
Nephrol. (2022) 37:509-19. doi: 10.1007/500467-021-05297-0

25. Fuhrman DY, Kellum JA. Epidemiology and pathophysiology of cardiac surgery-
associated acute kidney injury. Curr Opin Anesthesiol. (2017) 30:60-5. doi: 10.1097/
AC0.0000000000000412

Frontiers in Medicine

08

10.3389/fmed.2023.1258622

26. Siskind S, Zhang F, Brenner M, Wang P. Extracellular CIRP induces acute kidney
injury via endothelial TREM-1. Front Physiol. (2022) 13:954815. doi: 10.3389/
fphys.2022.954815

27.Siskind S, Royster W, Brenner M, Wang P. A novel eCIRP/TREM-1 pathway
inhibitor attenuates acute kidney injury. Surgery. (2022) 172:639-47. doi: 10.1016/j.
surg.2022.02.003

28.Chen X, Jiang J, Wu X, Li J, Li S. Plasma cold-inducible RNA-binding protein
predicts lung dysfunction after cardiovascular surgery following cardiopulmonary
bypass: a prospective observational study. Med Sci Monit. (2019) 25:3288-97. doi:
10.12659/MSM.914318

29. Qiang X, Yang W-L, Wu R, Zhou M, Jacob A, Dong W, et al. Cold-inducible RNA-
binding protein (CIRP) triggers inflammatory responses in hemorrhagic shock and
sepsis. Nat Med. (2013) 19:1489-95. doi: 10.1038/nm.3368

30. Denning N-L, Aziz M, Murao A, Gurien SD, Ochani M, Prince JM, et al.
Extracellular CIRP as an endogenous TREM-1 ligand to fuel inflammation in sepsis.
JCL. Insight. (2020) 5:172. doi: 10.1172/jci.insight.134172

31. Tammaro A, Derive M, Gibot S, Leemans JC, Florquin S, Dessing MC. TREM-1
and its potential ligands in non-infectious diseases: from biology to clinical perspectives.
Pharmacol Ther. (2017) 177:81-95. doi: 10.1016/j.pharmthera.2017.02.043

32.Han ], Zhang Y, Ge P, Dakal TC, Wen H, Tang S, et al. Exosome-derived CIRP: an
amplifier of inflammatory diseases. Front Immunol. (2023) 14:1066721. doi: 10.3389/
fimmu.2023.1066721

33.Liu W, Fan Y, Ding H, Han D, Yan Y, Wu R, et al. Normothermic machine
perfusion attenuates hepatic ischaemia-reperfusion injury by inhibiting CIRP-mediated
oxidative stress and mitochondrial fission. J Cell Mol Med. (2021) 25:11310-21. doi:
10.1111/jemm.17062

34. Godwin A, Yang W-L, Sharma A, Khader A, Wang Z, Zhang F, et al. Blocking
cold-inducible RNA-binding protein protects liver from ischemia-reperfusion injury.
Shock. (2015) 43:24-30. doi: 10.1097/SHK.0000000000000251

35. Cen C, McGinn J, Aziz M, Yang W-L, Cagliani J, Nicastro JM, et al. Deficiency in
cold-inducible RNA-binding protein attenuates acute respiratory distress syndrome

induced by intestinal ischemia-reperfusion. Surgery. (2017) 162:917-27. doi: 10.1016/j.
surg.2017.06.004

frontiersin.org


https://doi.org/10.3389/fmed.2023.1258622
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.yexcr.2007.09.017
https://doi.org/10.1007/s12033-013-9649-5
https://doi.org/10.1016/j.jtcvs.2018.08.100
https://doi.org/10.1016/j.bbagen.2014.02.027
https://doi.org/10.1016/j.surg.2020.04.010
https://doi.org/10.1016/j.surg.2020.04.010
https://doi.org/10.1016/j.surg.2016.04.014
https://doi.org/10.1097/SHK.0000000000000988
https://doi.org/10.1097/SHK.0000000000000988
https://doi.org/10.1007/s00467-021-05297-0
https://doi.org/10.1097/ACO.0000000000000412
https://doi.org/10.1097/ACO.0000000000000412
https://doi.org/10.3389/fphys.2022.954815
https://doi.org/10.3389/fphys.2022.954815
https://doi.org/10.1016/j.surg.2022.02.003
https://doi.org/10.1016/j.surg.2022.02.003
https://doi.org/10.12659/MSM.914318
https://doi.org/10.1038/nm.3368
https://doi.org/10.1172/jci.insight.134172
https://doi.org/10.1016/j.pharmthera.2017.02.043
https://doi.org/10.3389/fimmu.2023.1066721
https://doi.org/10.3389/fimmu.2023.1066721
https://doi.org/10.1111/jcmm.17062
https://doi.org/10.1097/SHK.0000000000000251
https://doi.org/10.1016/j.surg.2017.06.004
https://doi.org/10.1016/j.surg.2017.06.004

	Serum CIRP increases the risk of acute kidney injury after cardiac surgery
	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Clinical data collection
	2.3 Serum data collection
	2.4 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Multivariable analysis
	3.3 Survival analysis
	3.4 Surgery types and AKI
	3.5 CPB time and AKI
	3.6 ΔCIRP level and AKI

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

