504 Original Investigation

Effects of N-acetyl cysteine on renal functions evaluated by blood
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ABSTRACT

Objective: Recent conflicting studies on the renal effects of N-acetyl cysteine (NAC) after cardiac surgery have been published. The aim of this
study was to evaluate the renal effects of NAC using neutrophil gelatinase-associated lipocalin (NGAL) blood levels in elderly patients undergo-
ing coronary artery bypass grafting (CABG).

Methods: This randomized, double-blinded, placebo-controlled study was conducted among geriatric patients (>65 years) scheduled to undergo
CABG. A total of 60 consecutive patients were randomly assigned to 2 groups. The first group received I.V. NAC (n=30) and the second group
received placebo (n=30) atinduction of anesthesia and then for 20 h. NGAL values were determined and conventional renal function tests were
performed. Statistical analysis was performed using SPSS 17.0 (IL, Chicago, USA). A p value of <0.05 was considered statistically significant
Results: Plasma creatinine levels at 24 h postoperatively were significantly higher in the placebo group than in the NAC group (1.41+0.63 vs.
1.13+0.35; p<0.05). The mean serum NGAL levels at 3 h postoperatively were higher in the placebo group than in the NAC group (104.94+30.51 vs.
87.82+25.18; p<0.05). NGAL levels were similar between the groups at all other measurement time points. Plasma creatinine levels of >1.5 mg/dL
or >25% of the baseline value at any time during the study period were observed in 27% of patients in the NAC group and 37% of patients in the
placebo group; the difference was statistically significant (p<0.05).

Conclusion: In the present study, we found that I.V. NAC infusion in elderly patients undergoing CABG reduced the incidence of acute kidney
injury as determined by blood NGAL and creatinine levels. (Anatol J Cardiol 2016; 16: 504-11)
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Introduction

Patients undergoing coronary artery bypass grafting (CABG),
particularly with cardiopulmonary bypass (CPB), have a consid-
erably high risk (7.7%) of developing acute kidney injury (AKI) (1).
Increased serum creatinine levels and decreased urine output are
the most commonly observed findings of AKI. High rates of postop-
erative morbidity and mortality and increased in-hospital costs are
very important negative outcomes of AKI after CABG surgery (2).

The major factors leading to AKI after CABG are preopera-
tive renal impairment (increased serum creatinine levels), heart
failure (reduced ejection fraction), diabetes mellitus, and the
duration of CPB, which might be considered as independent
determinants (3, 4). Advanced age has a particular importance

among other risk factors, because being older in itself means
having more chronic illnesses, such as diabetes mellitus, hyper-
tension, peripheral arterial disease, and renal disease, resulting
in a higher risk of postoperative complication rates for CABG, as
is the case with any other surgical intervention (5).

N-acetyl cysteine (NAC) has antioxidant properties owing to its
thiol group (6). NAC also acts as a vasodilatator (7). Dimari et al. (8)
suggested that NAC refills glutathione stores, augments superox-
ide dismutase activity, interferes with autocatalytic lipid peroxida-
tion, and scavenges free hydroxyl radicals. It has been suggested
that NAC plays an important role as a renoprotective agent in isch-
emic and toxic acute renal failure in experimental models (9-11).
Some recent clinical studies have demonstrated that NAC might
prevent contrast nephropathy (12-14). However, the effect of NAC
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on renal function in patients undergoing CABG, particularly elderly
patients, has not yet been completely defined. NAC has some side
effects, such as cutaneous eruptions, wheezing, hemolysis, and
moderate neutropenia, which must be monitored closely.

Early detection of AKl is very important for effective preven-
tion and treatment. Effective treatment of AKI is dependent on
early biomarkers. Serum creatinine level is currently used for the
diagnosis of renal failure. However, it is not a reliable indicator
during acute changes in renal function (15) because the levels
can be within the normal range even in patients with >50% kid-
ney damage (16). Therefore, there is an urgent need for addition-
al early biomarkers of CABG-related AKI. When compared with
creatinine, neutrophil gelatinase-associated lipocalin (NGAL)
may be considered as a reliable diagnostic biomarker for the
early detection of kidney injury (17).

In this double-blinded, randomized, placebo-controlled study,
we aimed to evaluate whether NAC administration has renopro-
tective effects in elderly patients undergoing CABG, a high-risk
group. The protective mechanism of NAC on renal functions may
be related to the amelioration of tubular injury caused by oxida-
tive stress (18). To detect the effect of NAC on renal function, we
measured the serum levels of NGAL and creatinine.

Methods

This randomized, double-blinded, placebo-controlled study
was performed after approval of the local ethics committee of
the university. It was supported by the University Scientific Re-
search Projects Unit. Written informed consent was obtained
from the 60 patients included in the study. The patients were
evaluated between May 2013 and October 2014 in 2 different
cardiovascular surgery clinics (cardiovascular surgery depart-
ments at Afyon Kocatepe University and Antalya Education and
Research Hospital). Seventy-eight eligible geriatric patients (>65
years) were scheduled for CABG with CPB. G-power 3.0.10 was
used to determine the size of the treatment and control groups.
When accepting the effect size as large, for the 30 treatment and
30 control patients, the power was found as 86%.

Eighteen of them were excluded from the study for the fol-
lowing reasons: preoperative plasma creatinine levels of >1.4
mg/dL, chronic renal replacement therapy, kidney transplan-
tation, any concomitant operation, reoperation, patients with
chronic pulmonary disease, ejection fraction of <35%, emer-
gency operations, hepatic failure, autoimmune disease, systemic
inflammatory disease, history of cerebrovascular disease within
the last 6 months, and known or suspected allergy to NAC. The
flow diagram of the study participants is given in Figure 1.

Before induction of anesthesia, 60 patients were randomly di-
vided to receive NAC (n=30) or placebo (n=30). Allocation into the
treatment or the placebo group and preparation of the study drug
was performed by a person unrelated to this study. The patients
were randomly assigned to the groups using envelopes. Study
personnel, patients, and individuals participating in data collec-

tion and data analysis were blinded to the treatment assignment.
NAC (Asist, Hiisnii Arsan Pharmacy Ltd, istanbul, TURKEY) was
administered in 0.9% saline as a loading dose of 150 mg/kg over 15
min, followed by 50 mg/kg over the next 4 h and 100 mg/kg over 16
h. The placebo group received similar volumes of 0.9% saline (1).
Preoperatively, all patients received their standard cardiac
medications except for angiotensin-converting enzyme inhibi-
tors and angiotensin |l receptor antagonists. Acetylsalicylic acid
and non-steroidal anti-inflammatory drugs were stopped 5 days
and 1 day before surgery, respectively. The same anesthesia
protocol was performed for all study patients. The patients were
monitored (Datex-Ohmeda Avance, GE Healthcare, Helsinki, Fin-
land) by continuous electrocardiography, pulse oximetry, cap-
nography, entropy (state and response), central venous pressure
(CVP), and invasive blood pressure. Median sternotomy was
performed. All patients underwent conventional CABG with CPB
by the same surgical teams in each center. The patients were
anticoagulated with 300 U/kg of heparin to provide an activated
clotting time (ACT) longer than 400 s. CPB was started after can-
nulation of the aorta and the right atrium. Membrane oxygen-
ators (Hilite 7000, Medos, Stolberg, Germany) were primed with
1000 mL of Ringer’s lactate and 100 mL of 20% mannitol to main-
tain a hematocrit level of 26%+2%. None of the patients received
aprotinin. Another 100 mL of 20% mannitol was given just before
declamping of the aorta. Non-pulsatile pump flow was set at 2.4
L/min/m? to maintain mean arterial pressure (MAP) between 50
and 70 mm Hg. CPB was performed at mild hypothermia with
a core temperature of 32°C. Intermittent antegrade crystalloid
cardioplegia with blood at a ratio of 4:1 or 8:1 was used for myo-
cardial protection. Protamine sulfate was used to antagonize
heparin. The patients were rewarmed to a temperature of 37°C.
During CPB, when required, Isolyte-S (Ecz.Baxter drugs, Isolyte-
S, pH 7.4, PVC 1000 mL) was added to the CPB circuit to keep the
volume above the minimal level of the venous reservoir.
Intraoperative hemodynamic parameters, i.e., MAP heart
rate (HR), CVP and oxygen saturation measured by pulse oxim-
etry (Sa0y, %), were recorded and analyzed statistically. Each
of these was recorded before administration of the study medi-
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Figure 1. Flow diagram of the study participants
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cation, before CPB, during CPB, and at the end of surgery. Any
hypotension (MAP: <60 mm Hg) or bradycardia (HR: <60/min) epi-
sode longer than 10 min in the intensive care unit (ICU) follow-
up period and inotropic drug need or intra-aortic balloon pump
(IABP) support were also recorded.

After CPB and in the ICU follow-up period, additional fluid
(Isolyte-S or fresh frozen plasma) was administered according
to routine postoperative care. Red blood cells were transfused
when the hemoglobin concentration fell below 6 mg/dL during
extracorporeal circulation or below 8.5 mg/dL after surgery.

Blood NGAL levels were evaluated preoperatively (baseline)
and at 3 h, 12 h, and 24 h postoperatively. Plasma creatinine lev-
els were determined preoperatively (baseline) and at 3 h, 12 h,
24 h, and 48 h postoperatively. Estimated glomerular filtration
rate (eGFR) for all study patients were also calculated using the
Modification of Diet in Renal Disease (MIDRD) formula.

Plasma samples were stored at —20°C and analyzed at the
Central Hospital Laboratory of our University. NGAL levels were
measured with a human lipocalin-2/NGAL Elisa kit (Biovendor
Laboratorni medicina a.s., Czech Republic). The within-series co-
efficient of variation (CV) was 7.03% and 8.38% at 68.19 and 23.63
ng/mL, respectively, and the between-series CV was 9.73% and
9.77% at 32.55 and 38.14 ng/mL, respectively. Plasma creatinine
and blood urea nitrogen levels were respectively analyzed with
the enzymatic CREA-plus assay method and kinetic UV assay
for urea nitrogen from BEN Biochemical Enterprise (BEN Bio-
chemical Enterprise, Milano, Italy) on a ChemWell 2910 analyzer
(Awareness Technology, Inc. Palm City, USA).

Serum NGAL levels of >149 ng/mL and plasma creatinine
levels of >1.5 mg/dL of >25% of the baseline were the outcome
measures (19). Mortality within 30 days after surgery, renal re-
placement therapy, and length of ICU stay were also recorded.

Statistical analysis

The Shapiro—Wilk test was used as the normality test for the
distribution of continuous variables. Student’s t-test was used
for normally distributed variables and the results were given as
meanzstandard deviation (SD). The Mann-Whitney U test was
used for non-normally distributed variables and the results were
given as median (25%-75%). The chi-square test was used for
the comparison of categorical variables and the results were giv-
en as percentiles (%). Statistical analysis was performed using
SPSS 17.0 (IL, Chicago, USA). A p value of <0.05 was considered
statistically significant.

Results

A total of 60 patients were included, 30 in the placebo group
(group 1) and 30 in the NAC group (group Il). While the mean
body mass index (BMI) was 26.06+4.97 in the NAC group, it was
28.83+3.44 in the placebo group. This difference was statistically
significant (p<0.05). Except for the difference in BMI, the demo-
graphic features were similar between the 2 study groups (Table 1).

Table 1. Demographic features and perioperative variables of the 2 groups

Variables Placebo NAC P
(group 1, n=30) (group I, n=30)

Age, years 70.50 (68.00-73.25) | 71.50(69.00-73.50) | 0.212
Male, n, % 73 60 0.281
BMI, kg/m? 28.27 (26.75-30.40) | 25.03 (22.84-28.20) | 0.015
LVEF, % 56.50 60.00 0.424
DM, n, % 47 50 0.800
HT, n, % 57 43 0.310
PAD, n, % 13 10 0.694
Smoking, n, % 53 37 0.201
ACE Inh., n, % 23 27 0.770
Duration of
surgery, min 240 (235-270) 220 (210-250) 0.434
CPB time, min 99.33+22.50 91.47+22.06 0.362
Cross-clamp
time, min 54.00 (43.25-60.00) | 49.00 (39.25-62.00) | 0.626
Bleeding, mL? 545 (380-713) 565 (438-700) 0.506
Red blood cells,
Units® 1.70+0.84 1.30£1.01 0.073
Urine output, mL

PO day 1 2913471 2982+534 0.599

PO day 2 2816+353 2674+436 0.170
Volume, mL® 3330 (3088—-3515) 3100 (2900-3500) | 0.346
Bradycardia®, n, % 10.00 6.67 0.647
Hypotensiond, n, % 20 20 1.000
ICU stay, days 1.57+0.50 1.63+0.61 0.648
Inotropic drug, n, % 27 20 0.549
IABP n, % 6.67 3.33 0.561
Hospital stay, days 5.93+1.17 6.20+1.16 0.379
Preoperative
creatinine, mg/dL 0.98+0.19 0.93+0.24 0.402
NGAL, ng/mL 64.13+20.78 55.24+24.69 0.137
ACE Inh. - angiotensin-converting enzyme inhibitors; BMI - body mass index; CPB - cardio-
pulmonary bypass; DM - diabetes mellitus; HT - hypertension; IABP - intra-aortic balloon
pump; ICU - intensive care unit; LVEF - left ventricular ejection fraction; NAC - N-acetyl cys-
teine; NGAL - neutrophil gelatinase-associated lipocalin; PAD - peripheral arterial disease;
PO - postoperative; a - total bleeding during the first 24 h postoperatively; b - total units of
packed red blood cell transfusion during intensive care unit follow-up; c - total amount of
volume received during the first 24 h postoperatively; d - an episode longer than 10 min
Student's t-test, Mann-Whitney U test, and chi-square test were used for the comparison
of groups

There were no statistically significant differences between
the 2 groups with respect to CPB time, aortic cross-clamp time,
and duration of surgery. The p-values of these variables are also
shown in Table 1. Inotropic drug support in the postoperative pe-
riod was required for 27% patients in the placebo group and 20%
patients in the NAC group. This difference between the 2 groups
was not statistically significant (p=0.087). There were no statisti-
cal differences between the 2 groups with respect to the amount
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Figure 3. Serum NGAL levels at T, (baseline), T; (3 h postoperatively),
T, (12 h postoperatively), and T3 (24 h postoperatively). Student’s t-test
was used for the comparison of groups; *: P<0.05

of bleeding (573+195 mL in the placebo group and 612+253 mL in
the NAC group) and volume intake (3339+413 mL in the placebo
group and 3233+44 mL in the NAC group) during the first 24 h.
The occurrence of hypotension, defined as MAP of <60 mm Hg
over 10 min (20% in each group), and bradycardia, defined as <60
beats/min over 10 min (10% in the placebo group and 6.67% in the
NAC group), was similar between the 2 groups. Two patients in
the placebo group and 1 patient in the NAC group suffered from
low-output syndrome requiring an IABP. Baseline renal function,
as measured by preoperative plasma creatinine levels, was sim-
ilar between the 2 groups (Fig. 2).

Plasma creatinine levels at 24 h postoperatively were signifi-
cantly higherinthe placebo groupthaninthe NAC group (1.41+0.63
vs. 1.13£0.35, p<0.05). At all other measurement time points, there
were no significant differences between the 2 groups with re-
spect to the mean plasma creatinine levels and the total daily

Figure 4. Estimated glomerular filtration rate (eGFR) at T, (baseline),
T, (3 h postoperatively), T, (12 h postoperatively), T; (postoperative
day 1), and T, (postoperative day 2). Student's t-test was used for the
comparison of groups; *: P<0.05
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Figure 5. Intraoperative hemodynamic parameters. MAP, mean arterial
pressure; HR, heart rate; Sa0,, oxygen saturation; CVP, central venous
pressure; *: P<0.001

amount of urine output (p>0.05) (Table 1, Fig. 2). The mean serum
NGAL levels at 3 h postoperatively were higher in the placebo
group than in the NAC group (104.94+30.51 vs. 87.82+25.18 ng/mL),
and this difference was statistically significant (p<0.05). NAG lev-
els were similar between the groups at all other measurement
time points (baseline and 12 and 24 h postoperatively) (Fig. 3). One
patient in the placebo group required acute renal replacement
therapy during hospital stay. The mean preoperative (baseline)
eGFR in the NAC group was significantly lower than that in the
placebo group (74.38+16.23 vs. 84.15+20.37, p=0.045) (Fig. 4).

With respect to hemodynamic parameters (Fig. 5), MAP before
CPB and at the end of surgery was higher in the placebo group
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Table 2. Number of patients (%) with acute kidney injury at any time point during the study

Placebo (group I, n=30) NAC (group II, n=30) P
Plasma creatinine levels of 37 2] 0.049
>1.5 mg/dL or >25% of baseline, %
Serum NGAL levels of 417 0.83 0.099
>149 ng/mL, %
Renal replacement therapy, % 3.33 0.00 0.321

than in the NAC group (p<0.001). HR at the end of surgery was
higher in the NAC group than in the placebo group (p<0.001). Sa02
before induction of anesthesia was higher in the placebo group
than in the NAC group; however, during CPB and at the end of sur-
gery, Sa02 was higher in the NAC group than in the placebo group
(p<0.001). Furthermore, CVP was higher at all measurement time
points (before induction of anesthesia, before CPB, and at the end
of surgery) in the placebo group than in the NAC group (p<0.001).

One patient in the placebo group died on postoperative day
1 because of massive pulmonary arterial emboli diagnosed with
CT angiography. Two patients in the NAC group were excluded
from the study because of cutaneous eruptions (possible NAC
allergy). There was no mortality in the NAC group. We added 3
new eligible patients to the study to bring the number to a to-
tal of 60. Furthermore, plasma creatinine levels of >1.5 mg/dL or
>25% of the baseline value at any time during the study period
were observed in 27% of patients in the NAC group and 37% of
patients in the placebo group; the difference was statistically
significant (p<0.05) (Table 2).

Discussion

This randomized, double-blinded study demonstrated that .V.
NAC had some beneficial effects on renal functions in elderly
patients undergoing CABG. In recent years, NAC has been found
to have protective effects on oxidative stress-mediated organ in-
juries, particularly on renal function (13). According to the litera-
ture, there are some contradictory reports about the renoprotec-
tive effects of NAC. Consistent with our results, Fischer et al. (20)
have demonstrated that NAC has some beneficial effects on re-
nal function after cardiac surgery. However, in a study by Burns
etal. (21), it was indicated that there was no difference between
NAC and placebo with respect to the renal function of high-risk
patients undergoing CABG. However, some methodological dif-
ferences must be regarded when comparing these studies. The
NAC doses were higher in our study than in the previous study,
which used only creatinine as a biomarker for assessing renal
function. In addition, we included elderly patients in our study,
and older age is recognized as a risk factor for postoperative
renal failure (4). Ristikankare et al. (1) performed the first study
related to the dose and method of administration of NAC in order
to observe the renoprotective roles of NAC during cardiac sur-
gery with CPB. They selected high doses of NAC, similar to other
studies that have shown the beneficial effects of NAC on hepatic
injuries. Although the dose and method of administration of NAC

in our study were the same as in the study of Ristikankare et al.
(1), the results are contradictory.

AKI is one of the important complications of CABG that can
lead to increased morbidity and mortality (22). Increased dura-
tion in the ICU or in the hospital due to AKI is also associated
with the utilization of resources. Following cardiac surgery, el-
derly patients with CPB are particularly at a high risk of develop-
ing AKI. Because of the high prevalence of AKI and association
with increased morbidity and mortality, renoprotective strate-
gies and early diagnosis are essential.

Renal damage can emerge depending on many factors, such
asthe oxidative stressthatcan occurupon reperfusionin CPB (23).
Renal dysfunction after cardiac surgery is frequently observed in
patients, particularly in high-risk patients, even though there are
common ways to control these risk factors. Therefore, effective
treatments should be developed to cope with these postoperative
problems. To achieve this, researchers have studied many anti-
oxidant molecules and have indicated that only some molecules
(such as NAC and superoxide dismutase) show a positive effect
on the renal system and even improve its function (22).

As a thiol-modifying molecule and promoter of reduced glu-
tathione (GSH), which is decreased during ischemia, NAC is
known to be an oxidant scavenger (24). Some adverse events
of NAC, such as nausea and vomiting, have been reported in a
review by Adabag et al. (25) Hypotension and diarrhea have also
been reported in rare cases not needing inotropic or pressor
medications. Anaphylactic reactions occur in approximately 3%
cases and include urticarial rash, angioedema, bronchospasm,
and hypotension. These reactions, however, are usually mild
and respond to stopping the infusion and symptomatic treatment
with antihistamines. However, systemic reactions may also oc-
cur, requiring treatment with intramuscular adrenaline and cor-
ticosteroids (26). Although there have been deaths associated
with an overdose of NAC, none have been reported with normal
treatment doses (27).

It has been stated that only higher doses of NAC can entirely
show its antioxidant and anti-inflammatory effects (28). Accord-
ing to the literature, it has been shown that NAC has anti-inflam-
matory and antioxidant effects (such as TNF-a antagonism and
inhibition of vascular cell adhesion molecule expression) that
could prevent renal dysfunction (29). It has been found that NAC
inhibits the oxidation and inflammatory responses in CPB (30)
as well as oxidative stress-mediated proximal tubular damage in
angiography (14).
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It is very important to protect both cardiac and renal func-
tions, and therefore, tubular necrosis with CABG needs to be
diagnosed and treated as soon as possible. The small human
NGAL protein (25 kDa), known as a lipocalin family member, was
first identified in 2003 as a renal gene activated in the AKI ani-
mal model. The NGAL protein is mostly produced in neutrophils
and renal proximal tubules, whereas prostate and epithelial cells
of the respiratory system contain comparatively lower levels of
the NGAL protein. Human NGAL protein is known to be highly
produced under stress conditions such as infection, ischemia,
and inflammation, as well as in cancer. NGAL can be practically
quantified in blood and urine because of its small size and non-
degradable structure (31). According to experimental studies
performed in animal models, NGAL is the first gene activated
upon ischemia and nephrotoxic damage. Therefore, it can be re-
garded as an AKI marker (32).

In this study, blood NGAL levels in each group increased con-
siderably during the first 3 h postoperatively. Blood NGAL lev-
els were found to be significantly higher in the placebo group
than in the NAC group at 3 h postoperatively. The levels in both
groups were almost equal at 12 h postoperatively and remained
constant thereafter, although the values were still higher than
the baseline levels. On the other hand, serum creatinine levels in
each group were increased at 12 h postoperatively, which is later
than the time point at which NGAL levels increased. Serum cre-
atinine levels in the placebo group remained the same after 12 h
postoperatively, but decreased almost to the baseline levels in
the NAC group. The difference in creatinine levels between the
placebo and NAC groups was significant at 24 h postoperatively.
Itis possible to state that measurement of NGAL protein is more
useful than other kidney function tests for the early detection of
renal dysfunction. Early identification of AKl is very important for
preventing organ loss (32). In a previous study, NGAL protein was
regarded as a marker for all types of AKI. The study detected
NGAL protein in the urine even though there was no alteration in
the renal function upon CABG (33).

A limited number of studies have examined the relationship
between specific intraoperative CPB parameters and AKI risk.
Hypotensionis not a unique factor related to AKI during CPB (34).
It has been stated that when CPB takes a longer time, it could
have a detrimental effect on renal function and can trigger organ
damage (35). Despite the vital role of CPB, only a limited number
of studies have mentioned this deleterious feature of CPB hemo-
dynamics. Kaniji et al. (36) have shown that AKl is closely related
to delta MAP (preoperative MAP minus the average MAP during
CPB) or low CPB flow in high-risk patients during heart surgery.
According to our results, MAP values of the placebo group were
lower than those of the NAC group before induction of anesthe-
sia, whereas the values were higher in the placebo group than
in the NAC group before CPB, during CPB, and at the end of sur-
gery. Therefore, we can state that the placebo patients had an
advantage with respect to MAP. Nevertheless, a large number of
placebo patients showed high serum creatinine or NGAL levels

at each time point during the study period, indicating a renopro-
tective effect of NAC.

It has been suggested that higher BMI is associated with a
greater decline in kidney function in young adults with preserved
GFR at baseline (37). Although the average BMI in our NAC group
was higher than that in the placebo group, renal functions were
preserved in the NAC group compared with the placebo group.
These results may support the evidence of a renoprotective ef-
fect of NAC.

In our study, Sa0 was higher in the placebo group before in-
duction of anesthesia; however, it was observed to be higher in
the NAC group before CPB, during CPB, and at the end of surgery.
In a study designed by Haase et al. (38), it was suggested that the
hemoglobin level during CPB is an independent risk factor for AKI
but Sa02 levels did not support this association. Therefore, itis not
accurate to relate the low levels of creatinine and NGAL in the
NAC group to higher Sa02 levels compared with placebo patients.

Study limitations

One limitation of our study was the relatively small number
of patients. Secondly, postoperative CVP of >14 cm H20 is one
of the important risk factors for AKI after cardiac surgery (39).
When we looked at the CVP values of the 2 groups in this study,
the placebo group had higher CVP values and this might be a
confounding effect for the difference in the renal function tests
after CABG.

Conclusion

In summary, the present study reveals that large NAC infusion
doses can be useful in preventing the aggravation of AKl in elderly
patients undergoing CABG with CPB. Conventional renal function
tests such as serum creatinine, blood urea nitrogen, and urine
output measurements may not detect the development of acute
kidney dysfunction in the early postoperative period. The reno-
protective effect of NAC in the early postoperative period, as de-
termined by measurements of blood NGAL levels, was significant.
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