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ABSTRACT

Background: The relationship between perioperative
hyperchloremia and postoperative acute kidney injury (AKI)
is not well established. Our study aimed to evaluate the asso-
ciation between perioperative hyperchloremia and acute
kidney injury in patients undergoing off-pump coronary
artery bypass grafting (CABQG).

Methods: Patients with coronary disease who
underwent off-pump CABG between April 2017 and
December 2019 were enrolled in this retrospective study.
The patients with perioperative hyperchloremia were
matched 1:1 to patients without perioperative hyperchlo-
remia. The primary outcome was the postoperative acute
kidney injury rate. The secondary outcomes included
intensive care unit (ICU)-free days, postoperative hos-
pitalization days, wound infection rate, and in-hospital
mortality. Propensity score matching and univariate and
multivariate logistic regression analyses were used in
this study.

Results: A total of 321 patients who underwent off-
pump CABG were included in the analysis. Propen-
sity score matching selected 83 pairs for the final com-
parison. The results showed that the postoperative AKI
rate was significantly different between the hyperchlo-
remia and no hyperchloremia groups (56.6% versus
15.7%; P < .001). The number of ICU-free days, post-
operative hospitalization days, wound infection rate,
and in-hospital mortality were similar between the two
groups. In the multivariable, logistic regression analy-
sis, hyperchloremia was independently associated with
the development of postoperative AKI (odds ratio [OR]
= 1.814, 95% confidence interval [CI]: 1.072-3.070,
P =.026).
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Conclusions: Perioperative hyperchloremia is associated
with an increase in the postoperative AKI rate among patients
undergoing off-pump CABG.

INTRODUCTION

Acute kidney injury (AKI) in patients who undergo car-
diothoracic, brain or abdominal surgery is associated with a
higher mortality rate, longer hospital stay, increased medi-
cal expenses, and lower rates of long-term survival [Dasta
2008; Hobson 2015; Hobson 2009; Korenkevych 2016]. In
previously published studies, the incidence of AKI, which is
independently associated with worse midterm survival during
cardiac surgery, is as high as 84.2% [Chou 2019]. Determin-
ing the risk factors for the development of postoperative AKI
in cardiac surgical patients may help avoid this profound
complication. Many studies have examined the periopera-
tive risk factors associated with postoperative AKI [Kumar
2011; Vives 2014]. There are some well-known independent
risk factors for AKI following cardiac surgery, including old
age, body mass index (BMI), the duration of cardiopulmonary
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Table 1. Patients’ perioperative characteristics in the unmatched (a) and matched groups (b)

a Hyperchloremia group (N =97)  No hyperchloremia group (N = 224) P

Age (y) M (SD) 64.5(8.2) 64.7 (7.4) 794
Sex (male) n (%) 60 (61.9) 158 (70.5) 126
BMI (kg/m?) M (SD) 25.2 (4.6) 24.6 (3.3) 21
WBC (x10°/L) M (SD) 6.2 (1.7) 6.6 (1.9) .057
Hemoglobin (g/L) M (SD) 124.8 (15.0) 125.0 (14.5) .896
PLT (x10°/L) M (SD) 195.6 (56.7) 201.0 (69.2) .498
ALT (IU/L) M (SD) 33.2 (29.6) 35.8 (32.1) 482
AST (IU/L) M (SD) 30.4 (18.6) 33.8 (28.6) .281
Serum albumin (g/L) M (SD) 37.9 (3.7) 37.8 (3.9) .909
BUN (mmol/L) M (SD) 6.1(5.6) 6.1 (4.4) .934
Creatinine (umol/L) M (SD) 62.9 (18.4) 69.3 (17.1) .003
Fasting glucose (mmol/L) M (SD) 5.8(2.4) 5.6 (2.2) .594
LVEF (%) M (SD) 60.6 (11.0) 59.6 (10.7) 472
Duration of operation (min) M (SD) 318.7 (67.2) 309.6 (71.5) 290
RBC transfusion (ml/kg)IQR 0(0-8.9) 0 (0-6.5) .188
FFP transfusion (ml/kg)IQR 4.3 (0-8.6) 0(0-8.3) 37
Blood loss (ml/kg)IQR 2.9 (2.6-3.2) 2.9 (2.5-3.5) .389
Smoking history n (%) 18 (18.6) 44 (19.6) .821
Diabetes mellitus n (%) 28 (28.9) 54 (24.1) .369
Hypertension n (%) 60 (61.9) 154 (68.8) 229
Hyperlipidemia n (%) 45 (46.4) m (49.6) .603
COPD n (%) 12 (12.4) 38 (17) 297
Cerebrovascular disease n (%) 22 (22.7) 39 (17.4) 269
Myocardial infarction n (%) 13 (13.4) 51 (22.8) .054
IABP n (%) 51 (52.6) 96 (42.9) .108
Radial artery n (%) 16 (16.5) 36 (16.1) .925
LIMA n (%) 94 (96.9) 210 (93.8) .246
RIMA n (%) 2(2.1) 12 (5.4) .303

bypass (CPB), hypertension, reduced left ventricular ejection
fraction, and impaired preoperative renal function [Chou
2019; Kumar 2011]. However, the exact mechanism of AKI
after cardiac surgery is not completely understood.

Studies have shown that hyperchloremia or chloride-
liberal fluids are a potential risk factor for AKI after liver
surgery, septic shock, and brain surgery [Nadeem 2014; Oh
2019; Suetrong 2016]. Serum chloride plays an important
role in determining the tonicity of plasma and influences
the acid-base balance. Balanced crystalloids, 0.9% NaCl, or
blood products often are used during the perioperative period
in cardiac surgery, disrupting the balance of the serum chlo-
ride concentration. Studies have suggested that hyperchlore-
mia may impair renal function by decreasing the renal blood
flow velocity and renal cortical tissue perfusion [Chowdhury
2012; Yunos 2010]. Nevertheless, there is limited available
information regarding the role of the perioperative chloride
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concentration in patients undergoing coronary artery bypass
grafting (CABG) and whether hyperchloremia is associated
with the development of AKI in this population.

In this study, we investigated the relationship between peri-
operative hyperchloremia and postoperative AKI in patients
undergoing off-pump CABG. The primary outcome was the
development of perioperative AKI. The number of ICU-free
days, postoperative hospitalization days, wound infection
rate, and in-hospital mortality were the secondary outcomes.

METHODS

Patients and study design: This was a single-center, retro-
spective, propensity matched cohort study. Patients who under-
went elective off-pump CABG surgery in the southern district
of the First Affiliated Hospital of USTC between April 2017
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Table 1. Patients’ perioperative characteristics in the unmatched (a) and matched groups (b)

b Hyperchloremia group (N = 83)  No hyperchloremia group (N = 83) P

Age (y) M (SD) 64.4 (7.5) 64.6 (8.2) 992
Sex (male) n (%) 54 (65.1) 48 (57.8) .339
BMI (kg/m?) M (SD) 25.1 (3.4) 25.0 (3.6) 943
WBC (x10°/L) M (SD) 6.3 (1.7) 6.1(1.7) 493
Hemoglobin (g/L) M (SD) 125.5 (15.2) 125.4 (13.8) .945
PLT (x10°/L) M (SD) 195.1+57.4 193.3+57.7 .842
ALT (IU/L) M (SD) 32.7 (28.4) 33.3 (27.5) .899
AST (IU/L) M (SD) 30.2 (19.7) 30.9 (21.3) .829
Serum albumin (g/L) M (SD) 38.0+3.9 38.1+2.7 793
BUN (mmol/L) M (SD) 6.2 (6.1) 5.6 (1.6) .357
Creatinine (umol/L) M (SD) 64.4 (18.9) 66.1 (16.3) .525
Fasting glucose (mmol/L) M (SD) 5.8 (2.6) 5.5(1.8) .358
LVEF (%) M (SD) 60.3 (11.0) 59.6 (9.3) .67

Duration of operation (min) M (SD) 313.9 (67.7) 316.8 (76.0) 794
RBC transfusion (ml/kg)IQR 0 (0-7.5) 0(0-8.2) 426
FFP transfusion (ml/kg)IQR 0 (0-7.1) 0(0-9.1) A7

Blood loss (ml/kg) IQR 2.9 (2.6-3.2) 2.8 (2.5-3.6) .982
Smoking history n (%) 14 (16.9) 10 (12.0) 377
Diabetes mellitus n (%) 23 (27.7) 21 (25.3) 725
Hypertension n (%) 54 (65.1) 51 (61.4) .629
Hyperlipidemia n (%) 38 (45.8) 35 (42.2) .639
COPD n (%) 12 (14.5) 12 (14.5) >.999
Cerebrovascular disease n (%) 19 (22.9) 16 (19.3) .568
Myocardial infarction n (%) 12 (14.5) 14 (16.9) 669
IABP n (%) 42 (50.6) 44 (53.0) 756
Radial artery n (%) 14 (16.9) 1 (13.3) 494
LIMA n (%) 80 (96.4) 81 (97.6) .650
RIMA n (%) 1(1.2) 5(6.0) 212

and December 2019 retrospectively were evaluated. The exclu-
sion criteria were as follows: (1) other concomitant surgical pro-
cedures, (2) lack of accurate records of the main demographic
and clinical characteristics, surgical details, and postoperative
outcomes, (3) death within 48 hours postoperation, (4) emer-
gency surgery, and (5) preoperative renal replacement therapy.
Prior to analysis, the patient's information was anonymized
and deidentified. The risks and benefits of the surgery were
explained to all patients, who signed informed consent forms
before surgery.

Surgical treatment: All off-pump CABG surgeries were
performed by an experienced cardiovascular surgery team
under general anesthesia with standard median sternotomy.
All patients achieved complete revascularization. After sur-
gery, the patients were transferred to the cardiovascular inten-
sive care unit and underwent daily routine laboratory tests
during postoperative days (PODs) 0 to 2. The patients were
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extubated when they could breathe spontaneously, achieved
adequate blood gases, and had stable hemodynamics.

Study variables: The demographic and clinical charac-
teristics, surgical details, and postoperative outcomes were
obtained by retrospectively reviewing the medical charts.
Perioperative serum creatinine and electrolyte levels were
collected by routine perioperative laboratory testing. The
baseline creatinine and chloride levels were defined as the
levels measured most recently in blood sampled from a vein
within 1 month before surgery. The postoperative creatinine
levels (pmol/L) and chloride levels (mmol/L) were measured
at 24 hours and 48 hours after surgery. Urine output may be
affected by diuretic or vasopressor was not used.

Postoperative AKI was defined as a categorical variable,
according to the AKIN criteria as any increase in postoperative
serum creatinine of 0.3 mg/dL (26.5 pmol/L) 48 h of postopera-
tion or a more than 50% increase from the preoperative baseline
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Table 2. Outcomes of the unmatched (a) and matched (b) groups

a Hyperchloremia group (N = 97) No hyperchloremia group (N = 224) P

ICU-free days M (SD) 3.1(74) 2.2 (2.9) .267
Postoperative hospitalization days M (SD) 14.2 (10.2) 13.4 (6.4) 405
Wound infection n (%) 5(5.2) 9(4) .647
In-hospital mortality n (%) 2(2.1) 1(0.4) 167
AKI n (%) 57 (58.8) 96 (42.9) .009
b Hyperchloremia group (N = 83) No hyperchloremia group (N = 83) P

ICU-free days M (SD) 2.1 (3.0) 2.7 (3.8) .259
Postoperative hospitalization days M (SD) 13.0 (8.7) 14.5 (8.7) 276
Wound infection n, (%) 4 (4.8) 5 (6.0) >.999
In-hospital mortality n (%) 1(1.2) 1(1.2) >.999
AKI n (%) 47 (56.6) 13 (15.7) <.001

serum creatinine level [Mehta 2007]. Perioperative hyperchlo-
remia was defined as a perioperative Cl- > 110 mmol/L.

Statistical analyses: Demographic and clinical data were
compared between patients with perioperative hyperchlore-
mia and those without perioperative hyperchloremia. Con-
tinuous data are presented as the mean = standard deviation
(SD) or medians with ranges, and categorical data are pre-
sented as percentages. Continuous outcomes were compared
by the Student’s t-test or Mann-Whitney U test. The %? test
and Fisher’s exact test were performed to compare categori-
cal variables. Because the two groups appeared different at
baseline, we used propensity scores based on logistic regres-
sion to match patients who had perioperative hyperchloremia
and those who did not. The variables of age, sex, BMI, LVEE,
laboratory data (white blood cell (WBC) count, hemoglobin,
platelet (PLT), serum albumin, creatinine), surgical details
(duration of operation, red blood cell (RBC) transfusion,
fresh frozen plasma (FFP) transfusion, blood loss, intra-aortic
blood pump (IABP) use), smoking history, and comorbidi-
ties (diabetes mellitus, hypertension, hyperlipidemia, chronic
obstructive pulmonary disease (COPD), cerebrovascular dis-
ease, history of myocardial infarction) were used to create the
propensity score. Univariate and multivariate logistic regres-
sion analyses were performed to evaluate independent predic-
tors for postoperative AKI. Independent variables with P < .2
in the univariate models were incorporated as covariates in
the multivariate regression model. All statistical analyses were
carried out using SPSS version 33 (SPSS, IBM Corporation).
P values < .05 were considered statistically significant.

RESULTS

Patient characteristics: Between April 2017 and Decem-
ber 2019, 342 patients underwent off-pump CABG (Figure).
Sixteen patients were removed from this study because of a
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lack of medical records. One patient who died within 48 hours
postoperation was excluded. Four patients were excluded
because of preoperative renal replacement therapy. A total of
321 patients who underwent off-pump CABG were included
in the analysis. As shown in Table 1, before propensity score
matching, the preoperative creatinine was different between
the hyperchloremia group and the no hyperchloremia group
(P <.003) (Table 1). After propensity score matching, 83 pairs
of patients were selected. These baseline characteristics and
laboratory data were not significantly different.

Propensity score matching for the analysis of outcomes:
Before propensity score matching, the number of ICU-free
days, postoperative hospitalization days, wound infection rate
and in-hospital mortality were not different between the two
groups (Table 2). In the hyperchloremia group, the incidence
of postoperative AKI was higher than that in the no hyperchlo-
remia group (58.8% versus 42.9%, P = .009). In the propensity
score-matched groups, the rate of AKI in the hyperchloremia
group was significantly higher than that in the no hyperchlore-
mia group (56.6% versus 15.7%, P <.001). The other outcomes
were not significantly different between the two groups.

Risk factors for postoperative AKI development: We
divided the patients with and without postoperative AKI
to ascertain the risk factors for postoperative AKI develop-
ment. Table 3 presents the outcomes of the univariate and
multivariate logistic regression analysis for the occurrence of
postoperative AKI (Table 3). The covariates chosen from the
univariate analysis with a P < .2 additionally were analyzed in
the multivariate logistic regression analysis. After univariate
analysis, age (OR 1.039, P = .008), duration of operation (OR
1.004, P = .025), fasting glucose (OR 1.151, P = .015), RBC
transfusion (OR 1.062, P = 0), FFP transfusion (OR 1.046,
P =.006), hyperchloremia (OR 1.9, P = .009), diabetes mel-
litus (OR 1.685, P =.044), hypertension (OR 1.404, P =.156),
smoking history (OR 1.549, P = .125), and cerebrovascular
disease (OR 1.492, P = .162) were subjected to multivariate
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Table 3. Univariate and multivariate analysis of the occurrence of postoperative acute kidney injury

Univariate Multivariate

Variables OR (95%Cl) P OR (95%Cl) P
Age 1.039 (1.010-1.069) .008 1.040 (1.010-1.075) .01
Sex 1.265 (0.790-2.027) .328

BMI 1.015 (0.957-1.076) .623

WBC 1.025 (0.911-1.154) .681

PLT 1(0.996-1.003) .891

Hemoglobin 0.996 (0.981-1.011) .625

Serum albumin 0.972 (0.917-1.030) 331

BUN 1.02 (0.969-1.072) 452

Creatinine 1.002 (0.989-1.014) .806

Serum chloride 1.038 (0.975-1.104) 241

Fasting glucose 1.151(1.028-1.288) .015 1.155 (1.011-1.320) .033
LVEF 0.997 (0.977-1.018) .798

Diabetes mellitus 1.685 (1.015-2.796) .044 1.225 (0.663-2.262) 517
Hypertension 1.404 (0.879-2.242) 156 1.407 (0.828-2.392) .207
Hyperlipidemia 0.804 (0.518-1.247) .330

Smoking history 1.549 (0.886-2.707) 25 2.295 (1.249-4.219) .007
COPD 1.351 (0.738-2.474) .33

Cerebrovascular disease 1.492 (0.851-2.615) 162 1.265 (0.677-2.364) 461
Myocardial infarction 1.039 (0.601-1.798) .89

IABP 1.282 (0.825-1.991) .269

Duration of operation 1.004 (1.000-1.007) .025 1.002 (0.998-1.006) 247
RBC transfusion 1.062 (1.028-1.098) 0 1.062 (1.014-1.111) .0
FFP transfusion 1.046 (1.013-1.081) .006 0.997 (0.959-1.037) .882
Blood loss 1.013 (0.866-1.185) .875

Hyperchloremia 1.900 (1.172-3.080) .009 1.814 (1.072-3.070) .026

logistic regression analysis. The multivariate logistic regres-
sion showed that age (OR 1.040, 95%CI, 1.010-1.075), fast-
ing glucose (OR 1.155, 95%CI, 1.011-1.320), RBC trans-
fusion (OR 1.062, 95%CI, 1.014-1.111), hyperchloremia
(OR 1.814, 95%ClI, 1.072-3.070), and smoking (OR 2.295,
95%ClI, 1.249-4.219) were independent risk factors.

We conducted a retrospective study to evaluate the associ-
ation between perioperative hyperchloremia and the develop-
ment of AKT in patients after off-pump CABG. In a propen-
sity score matching analysis, patients who had perioperative
hyperchloremia had higher rates of postoperative AKI. The
number of ICU-free days, postoperative hospitalization days,
wound infection rate, and in-hospital mortality were similar
in patients with or without perioperative hyperchloremia.
By univariate and multivariate logistic regression analyses,
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perioperative hyperchloremia was shown to be an indepen-
dent risk factor for postoperative AKI.

In our study, the incidence of hyperchloremia, which is
one of the most common electrolyte abnormalities after off-
pump CABG, 48 hours after surgery was 30.2%. Several pre-
vious studies reported a positive correlation between serum
chloride or hyperchloremia and adverse clinical outcomes,
including AKI. Marttinen et al demonstrated that elevated
time-weighted chloride values were independently associ-
ated with AKI in critically ill patients [Marttinen 2016]. In
a retrospective cohort study, Tak Kyu Oh et al reported that
preoperative hypochloremia was related to an increased risk
for postoperative acute kidney injury in patients who under-
went noncardiac surgery [Oh 2019]. Kim et al reported that
hyperchloremia was associated with increased incidences of
both AKI and ICU mortality in ICU patients, and hyper-
chloremia 48 hours after ICU admission was an independent
predictor for both AKI within the first 7 days of ICU admis-
sion and ICU mortality [de Vasconcellos 2018]. Bandarn et
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al reported that hyperchloremia is common in severe sepsis
and septic shock and independently associated with AKI
[Suetrong 2016]. Tak Kyu Oh et al also showed that perioper-
ative hyperchloremia was associated with an increased risk of
postoperative AKI after craniotomy for primary brain tumor
resection [Oh 2019].

However, there are inconsistencies. A previous study by
Tak Kyu Oh et al has reported that exposure to periopera-
tive hyperchloremia is not associated with postoperative AKI
in surgical ICU patients. After further analysis, they found
that in patients with moderate-to-severe chronic kidney dis-
ease (stage 2 3), a substantial perioperative increase in serum
chloride levels may reflect a higher risk of AKI [Oh 2018].
Therefore, the relationship between hyperchloremia and AKI
remains controversial.

Our study showed that 153 patients (47.7%) had postop-
erative AKI within the first 48 hours after the operation, and
168 patients (52.3%) did not. The incidence of postoperative
AKT in our research remains high. Identifying the risk factors
for postoperative AKI can benefit patients during cardiac sur-
gery. There are some well-known preoperative, intraopera-
tive, and postoperative risk factors, including diabetes, hyper-
tension, obesity, older age, elevated preoperative creatinine
level, CPB time, and the use of postoperative inotropic drugs
[Chen 2016]. However, there are few studies on the relation-
ship between serum chloride and AKI in patients undergoing
cardiac surgery. Kimura et al found that there was no signifi-
cant relationship between postoperative chloride concentra-
tion and AKI in pediatric patients after congenital cardiac sur-
gery [Kimura 2019]. Considering that the variables included
in the author's multivariate logistic regression may have col-
linearity, the strength of the conclusions may be limited. In
a prospective sequential study, David Mcllroy et al reported
that a perioperative fluid strategy to restrict intravenous
chloride administration was not associated with an altered
incidence of AKI or other metrics of renal injury in adult
patients undergoing cardiac surgery [Mcllroy 2017]. The rel-
evant data and subgroup analyses of off-pump CABG have
not been sent to us. Lomivorotov et al indicated that the use
of chlorine-containing fluids (7.2% NaCl/6% HES 200/0.5)
does not increase the incidence of AKI in patients after on-
pump CABG [Lomivorotov 2014]. However, the relationship
between chlorine load and hyperchloremia still needs further
study. David Mcllroy et al found that the incidence of periop-
erative hyperchloremia also reached 60% under the chlorine
restriction strategy [Mcllroy 2017]. This suggests that factors
other than administered chloride load may play an important
role in the development of hyperchloremia.

To the best of our knowledge, this is the first retrospective
study to show the relationship between perioperative hyper-
chloremia and postoperative AKI in patients with off-pump
CABG. As our primary outcome, the incidence of postop-
erative AKI in the hyperchloremia group was significantly
higher than that in the no hyperchloremia group, regardless
of matching. In clinical practice, we may need to be aware of
the adverse effects of hyperchloremia on the renal function
of perioperative patients. We also investigated the number
of ICU-free days, postoperative hospitalization days, wound
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infection rate, and in-hospital mortality rate as secondary out-
comes. Although there were no significant differences in the
secondary outcomes between the two groups before and after
matching, the number of ICU-free days, postoperative hos-
pitalization days, wound infection rate, and in-hospital mor-
tality rate were high in the hyperchloremia group compared
with those in the no hyperchloremia group before matching.

Although promising, our study has several important lim-
itations. First, this is a retrospective and single-center study,
and the number of enrolled patients was small, thereby lim-
iting the strength of the conclusions drawn by our study.
Large-scale multicenter prospective studies are required.
Second, propensity score adjustments can only be limited to
known confounding variables. Some unknown confounding
variables may still influence the results. Although the authors
aimed to collect and adjust data related to the potential risk
factors for AKI in coronary heart disease patients after off-
pump CABG, there might be other confounders, such as
sodium, that may contribute to the development of AKI.
Third, we did not separate the AKI stage levels in this study
because of the small proportion of patients with stage 2 or 3
AKI. For this reason, we did not investigate the association
between hyperchloremia and the severity of AKI. Fourth,
although we included patients with preoperative chronic
kidney disease in this study, because of the small sample size,
we did not sub-analyze these patients who have a high risk
of AKT after surgery. Fifth, we did not use urine volume as
a diagnostic AKI criterion in this study, which may limit the
strength of the article's conclusions, but the validity of this

criterion in the context of cardiac surgery is still not very
clear [Mcllroy 2013].

Perioperative hyperchloremia was associated with the
development of postoperative AKI in patients who under-
went off-pump CABG. Perioperative hyperchloremia might
be a potential independent risk factor for postsurgical AKI in
patients who underwent off-pump CABG.
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