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Abstract. The aim of the study was to investigate the therapeutic 
effect of chloride‑restrictive fluid to prevent acute kidney injury 
(AKI) in cardiovascular patients in intensive care unit (ICU) 
wards. Between January 2013 and September 2014, 456 patients 
admitted to ICU wards following diagnosis of cardiovascular 
disease were recruited and randomized to receive chloride-rich 
(232 patients) or chloride‑restrictive (224 patients) fluid. The 
baseline characteristics and incidence of Kidney Disease 
Improving Global Outcomes (KDIGO)-defined AKI was 
then compared. No significant difference was identified in the 
baseline characteristics between the two groups. The incidence 
of moderate‑to‑severe KDIGO‑defined AKI was significantly 
decreased in patients who received chloride‑restrictive fluid. In 
conclusion, chloride-restrictive may be a novel effective inter-
vention in preventing KDIGO‑defined AKI in cardiovascular 
patients in ICU wards.

Introduction

The use of intravenous chloride is common in the clinical 
setting in intensive care unit (ICU) wards. However, chloride 
content has been reported to be associated with a number of 
unfavorable clinical outcomes. Previous findings have shown 
that chloride‑rich fluid induced or exacerbated hyperchloremia 
and metabolic acidosis in critical patients, respectively (1,2). 
The association between chloride and renal vasoconstriction 
and decreased glomerular filtration rate has been previously 
established (3‑5). In patients who underwent major surgery, 
chloride fluid prolonged time to first micturition and decreased 
urine output (6,7). Therefore, chloride‑restrictive fluid has been 

trialed to investigate the potential of replacing chloride-liberal 
fluid with chloride‑restrictive fluid.

Results from a double-blind trial in 2012 showed that 
2 liters of high‑chloride fluid (0.9% saline) decreased cortical 
perfusion in human participants compared to a low-chloride 
fluid (Plasma‑Lyte) (8). Similar results were obtained from 
another study which employed hydroxyethyl starch (HES) 
in a low chloride solution and compared the outcomes 
with the administration of HES in saline (9). Those results 
suggested the possible association between chloride content 
in intravenous fluid and decreased renal function, which may 
eventually lead to acute kidney injury (AKI). However, the 
clinical benefits of reducing chloride administration remain 
inconclusive. Previous studies that compared the clinical 
outcome of chloride-liberal and chloride-restrictive fluid 
administration in critically ill patients showed that the imple-
mentation of a chloride-restrictive strategy in a tertiary ICU 
was associated with a significant decrease in the incidence of 
AKI (10,11).

In the present study, we performed a prospective random-
ized open-label study to investigate whether chloride-restrictive 
fluid was able to provide clinical benefits to critical cardiovas-
cular patients in terms of reducing the incidence of AKI.

Patients and methods

Patient population and study design. Between January 2013 
and September 2014, 456 patients diagnosed with with cardio-
vascular diseaes were admitted to ICU wards. The study 
was approved by the Human Research Ethics Committee of 
The Second Affiliated Hospital of Xuzhou Medical College 
(Jiangsu, China). Written consent was obtained from all the 
patients or legal guardians.

The patients in the control group (chloride-liberal group) 
received chloride-rich fluid as prescribed by physicians. 
The saline used included 0.9% saline (chloride concentra-
tion, 150 mmol/l), 4% succinylated gelatin solution (chloride 
concentration, 120 mmol/l), and 4% albumin in sodium 
chloride (chloride concentration, 128 mmol/l). The patients 
in the intervention group (chloride-restrictive group) 
received low‑chloride fluid as prescribed by physicians. The 
used fluids included a lactated crystalloid solution (chloride 
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concentration, 109 mmol/l), a balanced buffered solution 
(chloride concentration, 98 mmol/l), and a 20% albumin solu-
tion (chloride concentration, 19 mmol/l). The low-chloride 
fluid was exchanged with chloride‑rich fluid only in the case 
of hyponatremia, traumatic brain injury, and cerebral edema 
under the prescription of specialists. The demographic 
information for all the patients enrolled was collected, 
including Acute Physiology and Chronic Health Evaluation 
(APACHE) II and III scores, Simplified Acute Physiology 
Score II (SAPS II), and multiple clinical characteristics of 
each admission. The renal function prior to admission to 
ICU was evaluated by examining serum creatinine levels. 
Serum creatinine levels were continually monitored during 
the patient's stay in the ICU ward. The incidence of acute 
kidney failure was defined as an increase in creatinine from 
baseline to ICU peak, injury, failure, loss, and end‑stage 
system definition, as previously described (12,13). The base-
line creatinine level was defined as the lowest creatinine level 
prior to surgery or ICU stay.

Statistical analysis. Statistical analysis was performed 
using SPSS software 11.0 (SPSS, Inc., Chicago, IL, USA). 
Baseline comparisons were performed using the Chi-square 
test for equal proportion with results reported as numbers, 
percentages, and 95% confidence intervals. Continuously 
normally distributed variables were compared using t-tests 
and reported as means with 95% confidence intervals while 
non-normally distributed data were compared using the 
Wilcoxon rank sum test and reported as medians and inter-
quartile range.

Results

Demographic information of patients. Between January 2013 
and September 2014, 456 patients were admitted to ICU 
wards following diagnosis of cardiovascular disease. Of the 

456 patients with cardiovascular diagnosis, 232 patients 
received intravenous administration of chloride‑rich fluid while 
the remaining 224 patients received chloride‑restrictive fluid. 
The median follow-up time for patients in the control group 
was 12 months (9-15 months) and 11 months (9-15 months) for 
patients in teh intervention group. Demographic data of the 
patients are provided in Table I.

As shown in Table I, no significant difference was found 
with regard to characteristics including age, gender distribu-
tion, APACHE II score, SAPS II and baseline creatinine level 
between the chloride-rich and chloride-restrictive groups 
(all P>0.05).

Subsequently, we analyzed the comorbidities of recruited 
patients and the results showed that the most common 
comorbidities were severe sepsis or septic shock, accounting 
for 7.9 and 9.4%, respectively, of patients in the chloride‑rich 
and chloride-restrictive groups, respectively. In addition, 

Table I. Baseline characteristics of the patients in chloride-rich and chloride-restrictive groups.

Characteristics Chloride-rich group (n=232) Chloride-restrictive group (n=224)

Male gender, no. (%) 159 (68.2%) 348 (66.4%)
Age, mean (range) 62 (26-75) 67 (23-76)
APACHE II score (range 0‑71; mean, 95% CI) 15.7 (15.4‑16.2) 16.2 (15.6‑16.8)
APACHE III score (range 0‑300; mean, 95% CI) 58 (56‑61) 58 (56‑60)
SAPS II (range 0‑163; mean, 95% CI) 32 (31‑34) 33 (31‑34)
Baseline creatinine level (µmol/l) 110 (88-125) 112 (89-121)
Comorbidities  
  Severe sepsis or septic shock, n (%) 18 (7.9%) 21 (9.4%)
  Chronic lung disease, no. (%) 7 (3.0%) 6 (2.7%)
  Chronic liver disease, no. (%) 14 (5.8%) 14 (6.3%)
  Chronic renal failure, no. (%) 8 (3.6%) 9 (4.0%)
  Immunosuppression, no. (%) 8 (3.6%) 8 (3.6%)
  Metastatic cancer, no. (%) 4 (1.7%) 4 (1.7%)
  Leukemia or myeloma, no. (%) 1 (0.4%) 1 (0.4%)

APACHE, Acute Physiology and Chronic Health Evaluation; SAPS, Simplified Acute Physiology Score; CI, confidence interval.

Table II. Incidence of acute kidney injury stratified by the 
KDIGO and serum creatinine criteria.

 Chloride-rich Chloride-restrictive
Characteristics group (n=232) group (n=224)

KDIGO classfication
(no., %)
  Stage 1 45 (19.5%) 35 (15.6)
  Stage 2 16 (7.1%) 12 (5.3%)
  Stage 3 38 (16.4%) 24 (10.9%)
  Stages 2 and 3 54 (23.5%) 36 (18.1%)
  RRT 21 (9.2%) 12 (5.5%)

KDIGO, Kidney Disease Improving Global Outcomes; RRT, renal 
replacement therapy.
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no significant difference was identified with regard to the 
incidence of the remaining comorbidities including, chronic 
lung disease, chronic liver disease, chronic renal failure, 
immunosuppression, metastatic cancer and leukemia or 
myeloma between the chloride-rich and chloride-restrictive 
groups. Thus, the demographic data show that patients in the 
two groups had comparable baseline characteristics.

Incidence of ΑΚΙ. The incidence of AKI in the different 
groups is provdied in Table II. The degree of AKI was 
evaluated by Kidney Disease Improving Global Outcomes 
(KDIGO) and serum creatinine criteria. As shown in Table II, 
45 patients in the chloride-rich group and 35 patients in 
the chloride‑restrictive group had stage 1 kidney injury. 
Although fewer cases of stage 1 kidney injury were reported 
in patients receiving chloride‑restrictive fluid, no significant 
difference was found in the incidence of stage 1 kidney 
injury between the two groups. Similar results were identi-
fied for the incidence of stage 2 kidney injury. Concerning 
stage 3 kidney injury, 38 cases were reported by patients 
who received chloride‑rich fluid and 24 cases by patients 
who received chloride-restrictive fluid. The incidence of 
stage 3 kidney injury was significantly higher in patients 
receiving chloride‑restrictive fluid (P<0.05). Additionally, 
chloride‑restrictive fluid administration was associated with 
a significantly decreased incidence of moderate‑to‑severe 
(stages 2 and 3) KDIGO‑defined AKI (P<0.05).

The use of renal replacement therapy (RRT) was also 
compared. However, no significant difference was identified 
in the RRT use between patients receiving chloride-rich and 
chloride‑restrictive fluid.

Subsequently, we adjusted the incidence of AKI for gender, 
APACHE III score, and diagnosis and baseline creatinine 
level. The results showed that the risk of stages 2 and 3 of 
KDIGO‑defined AKI was significantly reduced in patients 
receiving chloride‑restrictive fluid (P<0.05).

Discussion

Diagnosis for ICU admission included, cardiovascular, gastro-
intestinal, metabolic, neurological, renal or genitourinary, and 
respiratory conditions. Of these conditions, cardiovascular 
condition was the most common reason for ICU admission. 
Given the close association between cardiovascular and 
renal function, we compared the therapeutic outcome of 
chloride‑rich and chloride‑restrictive fluid in ICU patients 
admitted due to cardiovascular conditions. Our results showed 
that chloride‑restrictive fluid is effective in preventing AKI in 
ICU patients admitted due to cardiovascular causes.

AKI is a common complication for ICU with an incidence 
of 30‑60% (14). Despite the advances in medical techniques, 
the mortality rate remains as high as 40‑80% (14,15). Among 
patients admitted in the ICU, the ones who underwent elec-
tive surgery had a lower incidence of AKI, and the ones who 
had severe sepsis were associated with higher incidence. By 
contrast, the incidence of AKI induced by contrast agents was 
11.5‑19.0%, which is lower than the overall incidence of AKI 
in ICU patients (16-20). The main pathogenesis of AKI in ICU 
patients included the decrease in the capability of excreting 
nitrogen‑containing waste, adjusting electrolytes, balancing 

base and acid as well as body fluids. Use of effective interven-
tion may prevent AKI, thus reducing the rate of mortality.

Earlier animal and human studies have shown that solu-
tions with supraphysiological concentrations of chloride may 
induce detrimental renal effect (4-7). Yunos et al (1) also 
reported that a shorter time to micturition, improved urine 
output, and improved renal cortical perfusion, were associated 
with chloride‑restrictive fluid, thus demonstrating its beneficial 
effect on renal function (6,7). Furthermore, a large-scale study 
with 30,000 surgical patients showed that the chloride-rich 
fluid was significantly associated with increased risk of acute 
dialysis when compared with Plasma-Lyte administration (21).

In the present study, we recruited patients from ICU 
wards and randomly allocated the patients to receive chlo-
ride‑rich and chloride‑restrictive fluid. The results showed 
that the administration of chloride‑restrictive fluid in ICU 
patients admitted for cardiovascular conditions significantly 
reduced the risk of moderate‑to‑severe (stages 2 and 3) 
KDIGO‑defined AKI (P<0.05).

We also analyzed the incidence of AKI in different 
subgroups. First, the effect of age on the incidence of AKI 
was analyzed. It was identified that the incidence of AKI was 
significantly higher in patients >50 years of age in the two 
groups. The therapeutic benefit was also compared and the 
results showed that chloride‑restrictive fluid was significantly 
more effective in reducing moderate-to-severe (stages 2 and 3) 
KDIGO‑defined risk in younger patients (<50 years old) 
(P<0.05). By contrast, although chloride‑restrictive fluid 
decreased the incidence of moderate-to-severe (stages 2 and 3) 
KDIGO‑defined AKI in patients >50 years of age, the clinical 
outcome with regard to the incidence of moderate-to-severe 
(stages 2 and 3) KDIGO‑defined AKI was not significantly 
different between the two groups (P>0.05). This result may be 
explained by the weak renal function of the older patients, who 
showed lower response to therapy.

The therapeutic effect of chloride‑restrictive fluid was also 
different in male and female patients. No significant differ-
ence in the incidence of moderate-to-severe (stages 2 and 3) 
KDIGO-defined AKI between male and female patients 
was observed. However, the chloride-restrictive fluid was 
more effective to prevent moderate-to-severe (stages 2 and 3) 
KDIGO‑defined AKI in female patients (P>0.05). In addition, 
the patients with one or more comorbidities were less sensitive 
to chloride‑restrictive fluid compared to the patients with no 
comorbidities. At this stage it is difficult to explain the cause 
of different therapeutic effects in the various subgroups of 
patients. Further studies are required to investigate the optimal 
candidate for chloride‑restrictive fluid therapy.

In summary, we conducted a controlled study on ICU 
patients admitted due to cardiovascular conditions and 
found that the implementation of chloride-restrictive fluid 
in patients is associated with a reduced risk of incidence of 
moderate-to-severe (stages 2 and 3) KDIGO-defined AKI 
compared to patients who received chloride‑rich fluid.
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