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Abstract

Background: Acute kidney injury (AKI) is a common and life-threatening complication following coronary artery bypass 
graft (CABG). Neutrophil gelatinase-associated lipocalin (NGAL) and Cystatin C have shown to be good predictive factors 
for AKI. Recently, there has been a growing interest in the use of hypertonic saline in cardiac operations.

The purpose of this study was to evaluate the prophylactic anti-inflammatory effect of hypertonic saline (Group A) infusion 
versus normal saline (Group B) on serum NGAL and Cystatin C levels as the two biomarkers of AKI in CABG patients.

Methods: This randomized double-blinded clinical trial recruited 40 patients undergoing CABG in Tehran Heart Center, 
Tehran, Iran. After applying exclusion criteria, the effects of preoperative hypertonic saline (294 meq Na) versus normal 
saline (154 meq Na) infusion on serum NGAL and Cystatin C levels were investigated in three intervals: before surgery and 
24 and 48 hours postoperatively. The probable intraoperative or postoperative confounders, including pump time, cross-
clamp time, heart rate, systolic and diastolic blood pressures, central venous pressure, arterial pH, partial pressure of 
arterial oxygen, fraction of inspired oxygen, blood sugar, Na, K, Mg, hemoglobins, white blood cells, hematocrits, and 
platelets, were recorded and compared between the two groups of study.

Results: The study population comprised 40 patients, including 25 (62.5%) males, at a, mean age ± SD of 61.75 ± 8.13 
years. There were no statistically significant differences between the patients' basic, intraoperative, and postoperative 
characteristics, including intraoperative and postoperative hemodynamic variables and supports such as inotropic use. 
Intra-aortic balloon pump use and mortality were not seen in our cases.

Three patients in the normal saline group and one patient in the hypertonic saline group had serum NGAL levels greater 
than 400 ng/ml. Moreover, 10 patients in Group A and 17 patients in group B showed a rise in serum Cystatin C levels above 
1.16 mg/dl.

Patients with AKI had significantly elevated NGAL and Cystatin C levels (p value < 0.001), but there were no significant 
differences in the decrease in the NGAL level in the hypertonic saline group versus the normal saline group (230.91 ± 92.68 
vs. 239.74 ± 116.58 ng/ml, respectively; p value = 0.792), or in the decrease in the Cystatin C level in the hypertonic saline 
group versus the normal saline group (1.05 ± 0.26 vs. 1.06 ± 0.31, respectively; p value = 0.874).

Conclusion: Pre-treatment of CABG patients with hypertonic saline had no significant effect on serum NGAL and Cystatin 
C levels compared to the normal saline-receiving group. Our present data, albeit promising, have yet to fully document 
outcome differences.
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 Introduction

Acute renal failure is a known predictor for mortality 
and morbidity and occurs in 5-7% of patients during their 
hospitalization.1, 2 The mortality rate is high but it even rises 
to levels higher than 65% when dialysis is required.3, 4 Acute 
kidney injury (AKI) imposes a financial burden of up to 10 
billion dollars on the US health system annually.2 In cardiac 
surgery patients, AKI is reported in 5-40% of patients and is 
responsible for a high mortality rate (up to 80%), lengthened 
intensive care unit (ICU) stays, increased costs,5, 6 and 
deterioration in the quality of life.7

The idea of possible anti-inflammatory properties of 
hypertonic saline during fluid resuscitation has recently 
been proposed and reported by Bulger8 and Wigginton,9 who 
suggested  that hypertonic saline might be of value in patients 
with severe circulatory compromise with the advantage of 
suppressing C-reactive protein, Interleukin 1 (IL1), and 
Interleukin 6 (IL6). This attribute could be advantageous 
during and after coronary artery bypass graft (CABG) with a 
subsequent massive inflammatory response.

Currently, the diagnosis is originally based on a rise in 
serum creatinine (Sr Cr) concentration, which is believed 
to be unreliable and a delayed diagnostic means.10 Although 
there are no early biomarkers in the diagnostic criteria of AKI, 
many experimental studies seeking to address prophylactic 
interventions in a clinical setting11 have been unable to draw 
upon the AKI criteria to present their findings. Furthermore, 
even the least serious forms of adult postoperative AKI with 
a 0.3 mg/dl rise in Sr Cr, which is routinely deemed benign 
clinically, have been associated with a significant increase in 
mortality.12

The validity of serum Cystatin C, a marker to estimate 
the glomerular filtration rate (GFR), has been previously 
approved in other patient groups, including kidney transplant 
recipients13 and critically ill patients.14 Moreover, recently 
Cystatin C has been introduced as an early biomarker for 
post-cardiac surgery AKI in adult patients.15, 16 Cystatin C 
is a cysteine proteinase inhibitor constantly released from 
nucleated cells; it has free glomerular filtration and is 
reabsorbed, but it has no tubular secretion.

Neutrophil gelatinase-associated lipocalin (NGAL) is a 

small 25-kDa glycoprotein secreted by activated neutrophils. 
In normal conditions, kidney tubule cells produce and 
excrete NGAL at low levels (37-106 ng/ml); nevertheless, in 
inflammatory, infective, ischemic, or nephrotoxic conditions, 
its plasma and urine levels rise significantly. This elevation 
occurs as early as two hours after injury.17 The predictive 
value of increased urinary NGAL concentration in developing 
AKI has been previously confirmed. Thus, NGAL could be 
regarded as a noninvasive, useful, and sensitive biomarker 
for early AKI diagnosis.17, 18

AKI is defined as a greater than 0.3 mg/dl increase in Sr 
Cr. Be that as it may, serum Cystatin C levels higher than 
1.16 mg/dl,15 a significant rise from serum NGAL baseline, 
or mainly NGAL levels higher than 400 ng/ml are also 
considered as AKI.19

Recently, it has been posited that early hypertonic saline 
infusion may be associated with smaller volumes of fluids 
and have anti-inflammatory properties. This attribute may be 
advantageous in acutely ill patients or extensive operations 
like cardiac surgeries. However, to date, data have not 
fully documented an outcome difference with the use of 
hypertonic saline.20

We hypothesized that initiating such a fluid might reduce 
NGAL and Cystatin C levels following CABG. In the present 
study, therefore, we assessed the effect of hypertonic saline 
versus normal saline (the routine fluid) on these two markers 
(NGAL and Cystatin C) in patients undergoing CABG.

Methods

This randomized double-blinded clinical trial recruited 
40 patients undergoing on-pump CABG in Tehran Heart 
Center, Tehran University of Medical Sciences, Tehran, Iran, 
between December 2010 and March 2011. All the patients 
had an ejection fraction greater than 35% and their Sr Cr 
were between 0.5 and 1.5 mg/dl preoperatively. Our research 
was approved by the Ethics Committee of Tehran University 
of Medical Sciences, grant was awarded by Pharmaceutical 
Research Center, Tehran University of Medical Sciences, 
Tehran, Iran, and written informed consent was obtained from 
all the patients or their legal guardians before enrollment.
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Fluid loading may be a standard treatment during 
the resuscitation phase of hypovolemia, but rapid fluid 
replacement with hyperoncotic fluid in thermodynamically 
stable patients may negatively impact the hemodynamic 
response. This was initially detected in 2 patients with 
chest pain. Our protocol was thereafter revised and after re-
approval, those 2 patients were excluded from the study. We 
hypothesized that the rapid changes in the stroke volume 
and increased afterload and preload might have aggravated 
the ischemia during volume expansion; this was quickly 
resolved and revised by expanding the duration of fluid 
replacement (100 cc over six hours). 

The exclusion criteria comprised any concomitant 
operation, recent myocardial infarction (during the previous 
six months), emergent surgery, urgent or elective intubation 
before surgery, unstable hemodynamic or pulmonary 
situation, recent cerebral vascular accident, neurologic 
complications or consciousness disorder or significant 
neurologic defect, uncontrolled diabetes mellitus, cardiac 
valvular disorder more than moderate, congenital heart 
disorder, preoperative infection, Sr Cr greater than 1.5 mg/
dl or GFR smaller than 50 ml/min, blood transfusion before 
surgery, Na higher than 150 meq/dl, head trauma, body 
mass index greater than 40 kg/m2,  and chronic obstructive 
pulmonary disease or abnormal pulmonary function test 
(respiratory distress, partial carbon dioxide pressure greater 
than 45 mm Hg and partial oxygen pressure of 60 mm Hg, 
forced expiratory volume in one second less than 60% or 
forced vital capacity less than 60%, and vital capacity less 
than 50%). 

All the preparation and treatment measurements were 
performed in a unified manner based on the hospital protocols 
by the same physicians, who were blinded to the study. All 
the surgical operations were performed by the same surgeon. 
The total fluid requirements were individualized based on 
continuous hemodynamic monitoring and were adjusted 
according to clinical, surgical, or anesthetic necessities and/
or clinical assessments to achieve the hemodynamic targets 
in each particular phase of pre, intra, or post operation. 
Furthermore, ventilation and oxygenation indices were 
similarly individualized for each patient. 

All the patients were randomized to receive 100 ml 
hypertonic saline (5%) + 400 ml normal saline (294 meq Na) 
or 500 ml normal saline (0.9%) (154 meq Na) in uniform 
packages from a peripheral venous line in the upper arm 
during a six-hour period before surgery.

A 5-ml sample of blood was obtained from each patient 
before surgery and twenty-four and forty-eight hours 
postoperatively and was anonymously sent to the local 
laboratory to be centrifuged. The serum was stored at 
– 70 °C. The levels of the serum markers of renal injury, 
namely Cystatin C and NGAL, were measured. Sr Cr was 
also measured at baseline and was routinely monitored at 
least daily in the postoperative period. Additionally, heart 

rate, systolic and diastolic blood pressures, central venous 
pressure, arterial pH, partial pressure of arterial oxygen, 
fraction of inspired oxygen, blood sugar, Na, K, Mg, 
hemoglobins, white blood cells, hematocrits, and platelets 
were platelets were also measured for each patient at baseline 
and after surgery.

Serum Cystatin C was measured via the particle-enhanced 
immune turbidimetric assay, using COBAS INTEGRA 
400/800 (Tina-Quant, Roche, Switzerland). Serum NGAL 
was measured using the NGAL Rapid ELISA kit. The 
assay is an ELISA performed in micro wells coated with 
a monoclonal antibody against human NGAL. Bound 
NGAL was detected with a horseradish peroxidase and was 
anonymously sent to the local laboratory to be centrifuged 
and the serum was conjugated with monoclonal antibody. 
The assay, a rapid two-step procedure, was developed by 
incubation with a color-forming substrate.

The continuous variables are presented as mean ± SD 
(standard deviation), while the categorical variables are 
summarized by absolute frequencies and percentages. The 
continuous variables were compared using the Student t-test 
or Mann-Whitney U test whenever the data did not appear 
to have normal distributions. The categorical variables were 
compared using the chi-square or the Fisher exact test, as 
required. The repeated measure ANOVA was employed to 
evaluate inter-group differences and intra-group changes. 

For the statistical analyses, the statistical software SPSS 
version 15.0 for Windows (SPSS Inc., Chicago, IL) was used. 
A p value < 0.05 was considered statistically significant.

Results

The study population was comprised of 40 patients, 
including 25 (62.5%) males, at a mean age of 61.75 ± 8.13 
years (between 42 and 78 years old) undergoing CABG 
in Tehran Heart Center during a four-month period. The 
patients were divided into two groups: Group A received 100 
ml of hypertonic saline (5%) plus 400 ml of normal saline 
(294 meq Na) six hours before surgery and Group B received 
500 cc of normal saline (0.9%) (154 meq Na).

The mean Body Mass Index (BMI) was 26.21 ± 3.97 kg/
m2, the mean operation time was 4.29 ± 0.36 hours, and the 
mean cross-clamp time was 31.09 ± 6.81 minutes.

There were no statistically significant differences between 
the patients’ basic, intraoperative, and postoperative 
characteristics, including intraoperative and postoperative 
hemodynamic variables and supports such as inotropic use. 
Intra-aortic balloon pump use and mortality were not seen 
in our cases. (The mean variables are presented in Table 1.)

Postoperative AKI according to NGAL values (> 400 
ng/ml) occurred in 4 (10%) patients. Three patients in 
the normal saline group (Group B) and one patient in the 
hypertonic saline group (Group A) had serum NGAL levels 
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greater than 400 ng/ml, while 6 patients in Group B and 5 
patients in Group A had a significant serum NGAL rise to 
above 300 ng/ml.

Moreover, 10 patients in Group A and 17 patients in Group 
B showed a rise in serum Cystatin C levels above 1.16 mg/
dl. In comparison, within the first twenty-four postoperative 
hours, there were 9 patients from Group A and 4 patients 
from Group B with elevated Sr Cr ≥ 0.3 mg/dl, whereas 7 
patients in Group A and 8 patients in Group B had ≥ 0.3 mg/
dl rise in Sr Cr during the 48-hour period after surgery.

Figure 1. Neutrophil gelatinase-associated lipocalin (NGAL) rise during the 
48 postoperative hours (adjusted for confounding factors)

As Figure 1 shows, serum NGAL levels increased 
significantly during the 48-hour postoperative period (p 
value < 0.001), while the pattern of NGAL elevation made 
no difference between the two groups (p value = 0.894). 
Overall, the mean NGAL concentration levels at each time 
point (230.91 ± 92.68 ng/ml in the hypertonic saline group 
vs. 239.74 ± 116.58 ng/ml in the normal saline; p value = 
0.792) and Cystatin C levels (1.05 ± 0.26 mg/dl in the 
hypertonic saline group vs. 1.06 ± 0.31 mg/dl in the normal 
saline group; p value = 0.874) were similar between the two 
groups (p value = 0.792).

Some possible confounders such as Na, white blood 
cells, and diabetes mellitus were adjusted, and the effects 
of hypertonic saline versus normal saline infusion on serum 
NGAL and Cystatin C levels were reassessed. Figure 1 
demonstrates that in the presence of the above-mentioned 
variables, the increase in the NGAL levels was vague as 
regards the time in the two groups (p value = 0.361).

The mean levels of NGAL, Cystatin C, and Cr right before 
surgery and twenty-four and forty-eight hours after surgery 
are reported in Table 2, which shows no significant difference 
between the hypertonic saline and normal saline groups.

The same process (adjusting the effect of some 
confounders) was also performed for Cystatin C. Initially, 
Cystatin C was evaluated at various time points (Figure 2) 
and then it was reassessed after adjustment for white blood 
cells and hemoglobins. Cystatin C levels experienced a 
decline twenty-four hours after surgery and then returned 
to levels lower than their initial concentrations. The same 
results were achieved after adjustments.

Figure 2. Cystatin C (Cys-C) levels during the 48 postoperative hours (ad-
justed for confounding factors)

Discussion

Inappropriate fluid infusion may lead to a low cardiac 
output or the inappropriate use of vasopressive or inotropic 
drugs. We opted to study hypertonic saline as a fluid of choice. 
In comparison to other fluids such as albumin (with direct 
antioxidant effect),21, 22 the wide spectrum of the beneficial 
effects of hypertonic saline along with its cost-effectiveness 
cannot be ignored. There are many reports addressing the 
hemodynamic, neurologic, immunologic, and/or prognostic 
beneficial effects of hypertonic saline in trauma, head injury, 
shock, and sepsis.8, 9, 23-29

Considering various desired aspects of hypertonic saline, 
many researchers have tried to address its use in cardiac 
surgery. Sirieix and colleagues30 demonstrated increased 
left ventricular pre-load and left ventricular ejection fraction 

Fardin Yousefshahi et al. 
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Table 1. The patients’ characteristics

variables Hypertonic saline Normal saline P value

Basic

Sex

Male 14 (70) 11 (55)
9 (45) 0. 257

Female 6 (30)

Age (y) 62.15±7.51 61.35±8.91 0.760

Serum Na concentrations (mEq/L) 141.45±4.85 142.80±3.80 0.334

WBC (/µL) 7143.75±1831.92 7200.00±2045.04 0.933

Diabetes mellitus 6 (30) 10 (50) 0.197

Hemoglobin (gm/dL) 13.93±2.02 13.44±1.67 0.410

During operation

Pump time (min) 56.70±18.16 61.22±13.61 0.397

Cross-clamp duration (min) 30.36±6.79 31.82±7.10 0.629

Intubation duration (hr) 14.08±4.17 13.98±3.80 0.943

Postoperative

Inotrope use within the first 24 postoperative hours 4 (20) 2 (10) 0.366

Systolic blood pressure one and three hours after ICU arrival (mm Hg) 108.84±18.77 110.00±10.64 0.813

Diastolic blood pressure one and three hours after ICU arrival (mm Hg) 63.00±14.24 66.90±10.16 0.329

Diastolic blood pressure falling under 70 mm Hg 12 (60) 14 (70) 0.507

Systolic blood pressure falling under 85 mm Hg 4 (20) 5 (25) 0.999

Central vein pressure one hour after ICU arrival (cm H2O) 11.25±4.518 9.45±4.186 0.199

Central vein pressure three hours after ICU arrival (cm H2O) 11.20±4.50 9.88±4.232 0.345

Heart rate one hour after ICU arrival (beat/min) 85.55±14.46 88.10±12.03 0.548

Heart rate three hours after ICU arrival (beat/min) 84.90±13.11 88.10±10.33 0.397
*Data are represented as mean±SD or n (%)

Table 2. Mean serum NGAL, Cystatin C, and Creatinine concentrations in the two groups

Variables Hypertonic saline Normal saline P value

Cystatin C concentrations right before surgery (mg/dl) 1.10±0.27 1.12±0.37 0.836

Cystatin C concentrations 24 hours postoperatively (mg/dl) 1.00±0.29 1.00±0.34 0.976

Cystatin C concentrations 48 hours postoperatively  (mg/dl) 1.05±0.27 1.06±0.31 0.780

Sr NGAL right before surgery (ng/ml) 165.74±108.96 176.01±96.45 0.678

Sr NGAL 24 hours  postoperatively (ng/ml) 246.59±122.02 253.44±180.20 0.926

Sr NGAL 48 hours  postoperatively (ng/ml) 280.41±121.83 283.94±137.85 0.836

Sr Cr right before surgery (mg/dl) 0.85±0.20 0.84±0.25 0.926

Sr Cr 24 hours postoperatively (mg/dl) 1.20±0.30 0.97±0.20 0.583

Sr Cr 48 hours  postoperatively (mg/dl) 1.09±0.35 1.06±0.30 0.793
Sr, Serum, NGAL, Neutrophil gelatinase-associated lipocalin, Cr, Creatinine

in mitral valve repaired patients, following postoperative 
hypertonic solution infusion. They reported the beneficial 
effects of hyperosmolarity to be fluid shift to the vascular bed 
and plasma expansion, widespread pre-capillary vasodilatory 
effect in the systemic and pulmonary circulations, positive 
inotropic effect, reduction in blood viscosity, and other 
beneficial long-lasting hormonal and immunologic effects. 
There are a few other reports which have cited the desired 
hemodynamic31 and diuretic32 effects of hypertonic saline in 
cardiac surgery. Nonetheless, the value of hypertonic saline 

in the prevention of AKI remains to be fully elucidated.
In this study, we found no statistically significant 

beneficial effect for hypertonic saline in the prevention of 
AKI in terms of NGAL and Cystatin C levels. This can 
be explained by: 1) the limited extent of our intervention 
due to the small amount of hypertonic saline utilized, its 
administration timing, and a lack of supplemental doses; and 
2) the huge burden of nephrotoxic insults by a multifactorial 
etiology, which persisted even on the second postoperative 
day. We recommend the adjustment of the dose or doses, 

Effect of Hypertonic Saline Infusion versus Normal Saline on Serum NGAL ....
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adjustment of the administration timing, and conjugation 
with other interventions to minimize the discrepancies in 
our prophylactic intervention and the nephrotoxic insult in 
designing the future studies. 

As NGAL is a marker for a distressed kidney, it seems 
to be upregulated in cells under stress, e.g. from infection, 
inflammation, etc. In the present study, the NGAL levels rose 
significantly during a 48-hour period after surgery, which 
may have been due to the presence of a persistent kidney 
injury even after surgery. A study by Lars Otto Uttenthal33 
confirmed NGAL as a potential diagnostic marker for AKI 
even before a notable rise in Sr Cr. We observed that the 
patients receiving hypertonic saline had Sr Cr levels higher 
than those of the normal saline group and their creatinine 
concentrations after 48 hours had declined to lower levels, 
whereas the NGAL and Cystatin C concentrations continued 
to rise unchangeably.

There are various cut-points for NGAL in the literature.19, 

34 In the present study, postoperative AKI according to the 
NGAL values (> 400 ng/ml) occurred in 4 (10%) patients. 
Three patients in the normal saline group and one patient in 
the hypertonic saline group had serum NGAL levels higher 
than 400ng/ml, which means that these patients had already 
developed AKI,19 while 6 patients in the normal saline group 
and 5 patients in the hypertonic saline group had a significant 
serum NGAL rise to more than 300 ng/ml: these patients can 
be regarded as prone to AKI.19 This finding may be different 
from that of other reports due to our different cut-off points 
or our restricted exclusion criteria.

In our study, the changes in NGAL were more pronounced 
than those in Cystatin C: this supports the fact that NGAL is 
a direct cell injury marker,35 while Cystatin C is regarded as 
a renal function indicator.13

For Cystatin C, we used a median above 1.16 mg/L as 
suggested by Catherine D.Krawczeski.15 Cystatin C changes 
obeyed the X2 pattern during the study period (p value = 
0.01). A similar pattern was observed in both groups (p value 
= 0.567), and the concentration of Cystatin C at each time 
point did not vary notably between the two groups (p value 
= 0.874).

The present study had several strengths. First, we utilized 
a prospective design of subjects undergoing CABG and 
employed a rigorous protocol to prospectively collect 
specimens, followed by a blinded measurement of Cystatin 
C and NGAL. Second, our subjects (similar age, baseline 
profile, etc.) had a normal baseline kidney function before 
surgery.

This study also had important limitations. First, it 
represents a single-center study of CABG patients. Although 
this study sought to eliminate confounding variables and 
co-morbid conditions (such as diastolic dysfunction), it 
is acknowledged that AKI is often multifactorial, and our 
results will need to be validated in a larger randomized 
prospective trial. Second, this was a short-term study of 

post-CABG AKI. We could not address dose adjustment and 
were forced to use fixed doses of hypertonic saline for all 
the patients. We did not follow up the patients to determine 
the decline in or normalization of Cystatin C and NGAL 
or the long-term impact of post-CABG AKI. This will be 
an important future study. Third, the definition of AKI was 
based on elevations in Sr Cr, NGAL, and Cystatin C in 
accordance with the definitions in similar articles. If our cut-
off points had been something else (in some studies, different 
patient populations may have different cut-off points), our 
study might have yielded different results. Fourth, if we had 
been able to measure the NGAL levels in urine, we could 
have obtained more significant results. And finally, because 
NGAL is not a functional marker of kidney damage, it rises 
much earlier than does Cystatin C (2-6 hours versus 12-24 
hours). There was a continuous rise in the NGAL levels; 
however, we measured it in times other than the expected 
time of its peak value. This could have affected our results 
by obscuring the effect of hypertonic saline on the NGAL 
levels. Further researches are needed to address the question 
of timing via well-designed randomized control trials.

Conclusion

The infusion of hypertonic saline, as opposed to normal 
saline, had no significant effect on lowering the NGAL 
and Cystatin C levels; however, we did not observe any 
complication regarding its infusion. Because multiple factors 
affect NGAL and Cystatin C levels, further research seems 
necessary to determine the probable role of hypertonic saline 
in the prevention of post-CABG AKI. 
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