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SUMMARY

Objective: Acute renal failure following cardiac surgery is a very important cause of morbidity and mortality. The risk has been
reduced with a variety of some practises. In this study we investigated the effects of two different methods of using N-Acetylcystein
(NAC) during cardiac surgery on renal function.

Method: 60 patients with normal renal function were randomly allocated to three groups. Group I had 50 mg kg NAC added
to pump priming solution; Group II received 50 mg kg NAC i.v. after induction and had an infusion of 20 mg kg' h' throughout
the operation; Group IIl was the control group. Demographic and perioperative data, fluid balance, urine output and drainage
amounts, haemodynamic data, BUN, creatinine, blood and urine electrolytes, and beta-2 globulin, creatinine clearance and fractional
sodium excreation (FeNa) were obtained after induction(T1), before CardioPulmonaryBypass (T2), 30" minutes of CardioPulmonary
Bypass (T3), after CardioPulmonaryBypass (T4), at the end of the operation (T5), at postoperative 24" h(T6), and at postoperative
48" h (T7).

Results: There were no difference among the demographic and perioperative data, total amount of fluid given, urine outputs
and drainage. Urinary albumine/creatinine ratios inceased in Group Il at T2 (p< 0.05), in Group I at T3, whereas no significant
difference was found in Group Il. Creatinine values showed a statistically significant increase postoperatively (T6-T7) in all groups
(p< 0.05). Beta -2 globuline increased in the control group at T6, whereas in Group I and Il at T7.

Conclusion: Two different regiments of N-Acetylcystein in coronary artery bypass grafting have some benefical effects, but
failed to demonstrate preventive effect after 24 hr operation.
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OZET

Amag: Kardiak cerrahi sonrasi gelisen akut bobrek yetmezligi, cok onemli morbidite ve mortalite nedenlerindendir. Cesitli
uygulamalarla bu risk azaltilmigtir. Bu ¢calismada; koroner cerrahi sonrasinda 2 farkly yontem ile N-Asetil-Sistein (NAC) kullamminin
renal fonksiyonlar iizerine etkilerini degerlendirilmesi amaglanmaktadir.

Method: Etik kurul onay: alindiktan sonra, normal renal fonksiyona sahip 60 hasta (18-75 yas), 3 grup olacak sekilde ¢calismaya
katilnustir. Grup I' deki hastalarda, 50 mg kg' NAC pompa priming soliisyonuna eklenmistir. Grup II' deki hastalarda ise; indiiksiyon
sonrasinda 50 mg kg’ NAC i.v. ve operasyon boyunca ise 20 mg kg sa” infiizyon ile uygulanmistir. Grup III, kontrol grubu olarak
belirlenmistir. Demografik and perioperatif veriler, sivi alimi, idrar ¢ikigi, drenaj miktarlari; operasyon sonunda, postoperatif
24. ve 48. saatlerde kaydedilmistir. Hemodinamik veriler, BUN, kreatinin, kan ve idrar elektrolitleri, beta-2 globulin degerleri
olciilmiigtiir. Kreatinin klirensi ve fraksiyone Na ekskresyonu (FeNa), indiiksiyon dncesinde (T1), pompa oncesinde (T2), pompanin
30. dk’sinda (T3), pompa sonrasinda (T4 ), operasyon sonunda (T5), postoperatif 24. (T6) ve 48. (T7) saatlerde hesaplanmustir.

Sonuglar: Demografik veriler ve klinik bulgular agisindan tiim gruplar benzerdi. Total verilen sivi miktar, idrar ¢ikist ve
drenaj acisindan gruplar arasinda fark yoktu. BUN degerlerinde bir azalma olsa da, tim gruplar icin bu benzerdi. Idrar
albiimin/kreatinin oranlari; pompanin hemen sonrasinda Grup II'de (T2) (p< 0,05), pompanin 30. dk’sinda (13 )ise Grupll’ de
artmasina ragmen; Grup II'de fark bulunamadi. Kreatinin seviyeleri; postoperatif donemde (T6-17), tiim gruplarda belirgin olarak
bir artig gosterdi (p< 0,05). Beta-2 globulin, kontrol grubunda, postoperatif 24. saatte baslayan bir atis gostermesine ragmen;
Grup I and IT' de bu artis postoperatif 48. saatte gozlendi.

Tartisma: Iki farkli N-Asetil-sistein uygulama rejimi de koroner baypas greft cerrahisi olan hastalarda benzer yararl: etkiler
gostermigtir, fakat bu koruyucu etkileri operasyondan 24 saat sonra géstermeyi basaramadi.

ANAHTAR KELIMELER: N-Asetil-Sistein; Renal Fonksiyon; Kardiyak Cerrahi; Renal Koruma.
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INTRODUCTION

Acute renal injury is common following cardiac
operations and can produce serious clinical outcomes in
1-2% of patients, like the need for hemodialysis and
even renal transplants. Risk factors such as advanced
age, diabetes, chronic obstructive pulmonary disease,
preoperative renal impairment, congestive cardiac failure,
emergency surgery, re-do surgery, preoperative aortic
baloon pump, increased duration of cardiopulmonary
pump and low heamatocrit levels increase the likelihood
of this complication (1-7). Studies confirms that the
morbidity and mortality are increased in coronary
surgery patients with slightly elevated preoperative
serum creatinine levels and also a better preoperative
glomerular filtration rate (GFR) attenuates the effect of
postoperative renal function on mortality (3, 8).

Several drugs have been used for renal protection
during cardiac operations, e.g. dopamin, mannitol,
diuretics, fenoldopam, enalaprilat, dexamethasone,
diltiazem etc. (9-15). Antioxidants have also been
advocated to decrease oxidative stress after evolving
acute myocardial infarction and to decrease ischemia-
reperfusion injury during cardiac operations (16).

N-acetylcystein (NAC) is a well-known antidote, as
well as non-specific antioxidant, with very few side
effects and a large margin of safety. It is also cheap and
easily available. Its use has been advocated in patients
undergoing radiologic procedures, to protect against
contrast induced nephropathy (17-19). In recent years
new research targeting the protective effects of
N-acetylcysteine in other stress-related and trauma-related
areas have been undertaken. Although there are numerous
studies, a final conclusion on the efficacy of NAC is yet
to be reached. Therefore, in this study, we wanted the
demonstrate which method and timing is good practice
to protective effects of N-acetylcysteine.

The aim of the present study was to compare the
effects of two different methods of NAC administration
in patients undergoing CABG using CPB on renal
function.

MATERIAL AND METHODS

Study Design and Patients

The institutional ethics committee approved the
protocol and informed consent was obtained from each
patient. This study was designed as a prospective,
controlled, randomized and double blinded study. Sixty
consecutive patients with normal renal function
(Cr< 1.5 mg dI") scheduled for elective coronary artery
bypass grafting surgery (CABG) with CPB were included
in this study. Exclusion criteria were as follows: patients
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with end-stage obstructive / restrictive pulmonary disease,
renal failure, liver failure, sepsis, multiorgan failure,
having previous cardiac surgery and emergency surgery,
severe congestive heart failure (left ventricul fraction of
ejection <35%), allergy to the drugs. All patients were
closely followed for side effects of NAC (Parvolex,
Celltech Pharmaceuticals Ltd., Slough, UK) (cuteneous
eruptions, wheezing, hemolysis, moderate neutropenia=
2500-3500 pl™).

All the operations were performed by the same
surgical team.

Randomization

These patients were randomly assigned to three groups;
either receiving NAC (GROUP I, n:20), (GROUP 1I,
n:20) or plasebo (GROUP III, n:20).

GROUPI (NAC in CPB prime Group, n:20):
Patients received 15 ml of 0.9% saline as a loading dose
in 15 min right after induction, followed by an infusion
250 ml of 0.9% saline throughout the operation. 50 mg
kg' NAC mixed in 250 ml of 0.9% saline was added to
their priming solution for the pump.

GROUP I (Intravenous NAC Group, n:20): NAC
was administered in saline 0.9% as a loading dose of 50
mg kg iv (15 ml) in 15 min. right after induction, followed
by an infusion of 20 mg kg' hr' mixed in 250 ml of
0.9% saline throughout the operation. 250 ml of 0.9%
saline was added to their priming solution for the pump.

GROUP III (Control Group, n:20): In the control
group, patients received 15 ml of 0.9% saline as
a loading dose in 15 min right after induction, followed
by an infusion 250 ml of 0.9% saline throughout the
operation. 250 ml of 0.9% saline was added to their
priming solution for the pump.

Randomization assignment of patients to group I,
group II, or group III was performed with a list of random
numbers that was generated by the random function of
computer software. The list contained the natural numerals
1, 2, and 3. These numbers were allocated as follows: 1,
Group III; 2, Group I; and 3, Group II administration.
The allocation into the treatment or the placebo group
and the preparation of the study drug was performed by
a person who unrelated to this study. Study personnel,
patients, and individual participating in the data collection
and data analysis were blinded to the treatment
assignment.

Anesthesia Management

The day before surgery, patients were preanesthetically
evaluated and premedicated with oral diazepam. In the
operating room; electrocardiogram (ECG), pulse oximetry
and end-tidal CO, and invasive arterial pressure (20-gauge
cannula, right radial artery, internal volume 0.2 ml, BD
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floSvitch, Faraday road, Swindon, UK) were monitored.
After anesthesia induction; a 9,5 F three-lumen central
venous catheter (Multicath, Vygon, Ecouen, France) was
introduced into the right internal jugular vein. Two
peripheral venous lines (18 G and 16 G), a urinary bladder
catheter and nasopharyngeal temperature probe were
inserted. Arterial blood pressure and central venous
pressure (CVP) were monitored during surgery. Anesthesia
induction was performed with using 0.2-0.3 mg kg’
etomidate (USAN, INN, BAN) (marketed as Amidate),
0.1 mg kg vecuronium bromide (Organon, Turkey,
marketed as Norcuron) 1pg kg™ fentanyl citrate (Janssen -
Cilag). Anesthesia was maintained with 2% sevoflurane
in a mixture of 50% oxygen and 50% nitrous oxide, except
the CPB period during which additional remifentanil
was used instead of nitrous oxide. Remifentanil
(GlaxoSmithKline and Abbott as Ultiva) infusion was
administered to all patients before and after CPB in a
dose of 0.025-0.05 mg kg"' min". During CPB, remifentanil
was infused 0.025 mg kg' min"' (20). All patients
ventilated with positive pressure. Ventilation parameters
were adjusted according to keep tidal volume, respiratory
rate, acid-base balance and arterial CO, levels within
physiological limits. All patient received 500 ml Ringer
Lactate solution iv before the induction of anestehesia.
Thereafter, iv Ringer Lactate solution or hydroxyethyl
starch (130/0.4) (Voluven) was infused to keep the CVP
between 12 and 14 mmHg. Voluven of the maximum
dose was 20 ml kg (21).

CPB management

CPB circuit consists of modified coated system and
fiber membranous oxygenator (COBE Cardiovascular,
Inc., Colorado, USA) (Sarns 9000 Perfusion System,
3M Health Care Group, Michigan, USA). The priming
fluid of the CPB circuit contained 1500 ml ringer lactate
and 5000 U heparin. All patients received 3mg/kg heparin
(Heparine® Leo Pharma, Belgium) before the start of
CPB. Activated coagulation time was kept above 450 s
throughout the CPB period. Non-pulsatile CPB flow
was used 2-2.4 ml/m* body surface area and mean
perfusion pressure was kept 50-60 mmHg. Hematocrit
concentrations were maintained above 22%. Moderate
hypothermia (28°C) was induced during CPB. At the
end of surgery, normothermia (37°C) was established.
After the surgical procedure, reperfusion of the heart,
the patients were separated from CPB. In all cardiac
surgery patients, anticoagulation was reversed using
protamine to achieve a normal activated clotting time.
Hemodynamic goals were aimed to maintain mean
arterial pressure (MAP) of 70-90 mmHg using dopamine
or norepinepherine infusion when required. This drugs
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and doses of these drugs were recorded. At the end of
the surgical procedure, patients admitted to cardiovascular
surgery intensive care unit. The patient was weaned
from mechanical ventilation at the achievement of
normothermia, bleeding control, and hemodynamic
stabilization. Postoperative CVP was kept within 10-14
mmHg. The hemoglobin levels were maintained 10 gr
dl'. Postoperative pain treatment was iv morphine patient
controlled analgesia (PCA). No patients received
non-steroidal antiinflamatory drugs the assessment period.

Data Collection and Definition:

Demographic (age, sex, weight) and perioperative
data (duration of operation, duration of CPB, duration of
aortic cross clemp, ejection fraction, number of grafts
used) as well as fluid balance, urine output and drainage
amounts were recorded at the end of operation at 24"
and 48" postoperative hours.

Haemodynamic data (MAP, heart rate, CVP), BUN,
creatinine, blood and urine electrolytes (Na, K, CI), and
beta-2 microglobulin (indicator of renal tubular injury)
were measured, and albumine/creatinine ratio (indicator of
glomerular injury), creatinine clearance and fractional
sodium excretion (FeNa) were calculated after induction
(T1), before CPB (T2), 30" minutes of CPB (T3), after
CPB (T4), at the end of operation (T5), at postoperative
24™ hour (T6) and at postoperative 48th hour (T7). In
this observation, side effects of NAC (rash, wheezing,
superficial phlebitis, hemolysis and neutropenia) and the
number of patients who required dialysis were recorded.

Statistical evaluation:

All data were evaluated by SPSS 15.0 package program.
Kolmogorov-Smirnov test is used to find normal
distribution of the variants. The values having no normal
distribution were evaluated by Mann Whitney-U test.
The values in normal distribution were given as Mean +
SD and the other values were given as Mean. All groups
were compared with repeated measures by one-way
ANOVA analysis. The cathegorical values were evaluated
by Chi-square test. A p value of less than 0.05 was
accepted as statistically significant.

RESULTS

Patient Characteristics and Operative Variables

The patient characteristics and operative variables of
groups are presented in Table 1. No statistical significant
differences among Group I, II, and III were identified
with respect to the demographic characteristics and
operative variables (p> 0.05). There were no differences
in the total amount of fluids given, urine outputs and
drainage among the three groups (Table 1).
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Table 1. Patient Characteristics and Operative Variables

Ayhan et al: Renal Functional Effects of N-Acetyl-Cystein

GROUPI GROUPII GROUPIII *P
(n=20) (n=20) (n=20)
Age (Years) 58.619 65+12.1 59.9+9 2.202
Weight (kg) 80.1+13.2 77.0£8.1 81.6+10.1 0.963
Ejection Fraction (%) 5515 6117 6018 1.513
Number of grafts used (n) 3(2:4) 3 (1;6) 3(1:4) 0.583
Operation period (min) 268.7+70.5 256+44.3 267.8442.8 0.343
ACC period (min) 48+18.4 49.8+11.9 47.1£18.1 0.140
CPB period (min) 76.6£29.3 78.6+20.1 83.5+30.3 0.347
Fluids given to patients during operation (ml) 2757+825.4 34004530 2959+661.9 4.634
Urine output during operation (ml) 747.5£452 974.5+670.4 1153£706.7 2.149
Postoperative drainage (ml) 368.8+223.9 372.3+231.2 509+2693.2 0.997

#p> 0.05

All data, except number of grafts used, are presented as mean+SD; number of grafts used is shown as median with interquartile rage (25th;75th

percentiles).

ACC: Aortic Cross Clamp, CPB: Cardiopulmonary Bypass

None of the patients presented with side effects of
NAC (rash, wheezing, superficial phlebitis, hemolysis
and neutropenia). No patients required dialysis in the
postoperative period.

Creatinine clearance values significantly decreased
in the post-CPB period (T4), at the end of operation
(T5), postoperative 24™ (T6) and 48" (T7) hours when
compared with values at after induction period (T1) in
Group III. On the other hand, in Group I and II, it decreased
at postoperative 24" (T6) and 48" (T7) hours (p< 0.053).
When the three groups were compared, post-CPB (T4)
values in Group II were found to be lower (p< 0.05)
(Table 2).

Values of urinary albumin/creatinine ratio increased
before the CPB (T2), 30" minutes of CPB (T3), post-
CPB (T4) periods and at the end of the operation (T5) in
Group III, when compared with post-induction values
(T1). In Group I, urinary albumin/creatinine ratio

Table 2. Creatinine Clearance values (ml.min") in the Group L, II and IIIL.

increased at the 30™ minutes of CPB (T3), in post-CPB
period (T4), the end of the operation (T5) and at the
postoperative 24" (T6) and 48" (T7) hours (p< 0.05),
whereas no significant difference was found in Group II
(p< 0.05). There was no difference in urinary albumin
/creatinine ratios in the three groups of cardiac surgery
patients at any time (p< 0.05) (Table 3).

Beta-2 microglobulin values showed significant
decrease during CPB (T3) in all groups (p< 0.05). While
a significant increase was observed in all groups at the
postoperative 48" hour (T7), in only the control group,
a significant increase was seen at postoperative 24" hour
(T6) when compared with post-induction values (T1)
(p< 0.05). There was no difference in beta-2 microglobuline
values in the three groups at any time (p< 0.05) (Table 4).

FeNa values increased from before the CPB (T2) to
at the end of the operation (T5) in Groups II and III,
whereas this increase was seen only in the post-CPB

Creatinine Clearance GROUPI GROUPII GROUP III **p value
(ml.min™) (n:20) (n:20) (n:20)

T1 107.0630.5 88.95+25.33 101.51£30.34 0.13
T2 110.00+£30.4 88.99+26.84 100.81+27.27 0.06
T3 110.83+23.5 90.74£26.30 100.31+26.58 0.05
T4 106.37+20.11 85.79+20.26%* 94.37+24.07* 0.01%*
T5 105.67+24.32 87.56+23.39 95.23+23.7* 0.06
Te 93.26+22.83* 77.80+26.72% 87.26+30.56* 0.19
T7 93.72+27.92% 78.68+29.03* 90.11+£33.37* 0.26

All data are presented as meantSD.

#*p< 0.05: When compared to basal values (within group analysis)
**p< 0.05:Among the three groups

Determine T1-T7
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Table 3. Values of urinary albumine- to- creatinine ratio (mg.g") in the Group I, IT and III.
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Values of urinary albiimine/ GROUPI GROUPII GROUP III **p value
creatinine ratio(mg.g") (n:20) (n:20) (n:20)

T1 0.03+0.04 0.35+0.95 0.01£0.01 2.258
T2 0.04%0.05 0.10+0.24 0.04+0.03* 0.898
T3 0.06+0.05* 0.28+0.64 0.08+0.07* 1.989
T4 0.42+1.39* 0.38+0.79 0.13+0.13* 0.593
TS 0.11+0.12%* 0.30+0.64 0.10+0.12* 1.658
Té6 0.11+0.16* 0.160.55 0.03+0.02 0.839
T7 0.07+0.06* 0.14+0.39 0.03+0.03 1.176
All data are presented as meantSD.

*p< 0.05: When compared to basal values (within group analysis)
**p> 0.05:Among the three groups
Determine T1-T7

Table 4. Beta-2 microglobuline values (ug ml") in the Group L, II and IIL

Beta-2 microglobuline values GROUP1 GROUPII GROUP III **p value
(ug ml") (n:20) (n:20) (n:20)

T1 1959.5+644.23 2211.9+£597.81 1791.75+£667.03 2.205
T2 1899.55+684.58 2218.2+674.89 1753.24596.52 2.287
T3 1453.4+429.75* 1639.5+500.6* 1446.95+417.32* 1.177
T4 1744.19+510.96* 2067.9+£618.18* 1807.7£364.62 2.274
TS 1877.35£530.89 2045+607.3 1684.95+507.88* 2.143
Té6 1993.7+462.88 2375.9£1069.01 2114.15+808.59* 1.139
T7 2321.4+762.35* 2651.25+878.59* 2355.1+872.73* 0.935

All data are presented as meantSD.

*p< 0.05: When compared to basal values (within group analysis)
**p< 0.05:Among the three groups

Determine T1-T7

period (T4) and at the end of the operation (T5) in Group I
when compared with post-induction values (T1)
(p< 0.05). In all groups, FeNa values increased at the
postoperative 48" hour (T7) (p< 0.05), but these values
were in the normal range. FeNa values reached peak
levels which were not in the normal range at the end of
the operation (T5) in all groups. When the three groups
were compared, FeNa values were lower than the other

both groups at the 30" minutes of CPB period (T3) in
the Group I (p< 0.05) (Table 5).

Although creatinine levels increased in all groups at
the postoperative 24" and 48" hours when when compared
with post-induction values (T1) (p< 0,05), there was no
difference among the groups. During the operation,
creatinine levels remained below 1.5 mg dI"' at any time
in all groups (Table 6). There were no differences in

Table 5. Fractional sodium excretion (FeNa) values (%) in the Group I, I and IIL.

Fractional sodium excretion GROUPI GROUPII GROUP III **p value
(FeNa) values (%) (n:20) (n:20) (n:20)

T1 0.7+0.41 0.750.37 0.7540.48 0.92
T2 0.6610.31 0.81+0.4* 1.05+0.81* 0.09
T3 0.73£0.31 0.97+0.4* 1.53+1.17* 0.003**
T4 1.66+1.61* 3.72+4.7* 2.68+1.98* 0.12
T5 4.34+5.93* 6.21+5.55* 5.46+6.14* 0.6
T6 1.01+0.85 0.8+0.54 0.91+1.83 0.8

T7 1.99+2.6* 2.47+3.91* 1.1241.25% 0.3

All data are presented as mean+SD.

*p< 0.05: When compared to basal values (within group analysis)
**p< 0.05:Among the three groups

Determine T1-T7
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Table 6. Creatinine values (mg.dl") in the Group I, IT and III.
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Creatinine GROUPI GROUPII GROUPIII **p value
(mg dlI) (n:20) (n:20) (n:20)

T1 0.8440.18 0.9140.15 0.92+0.28 0.838
T2 0.82+0.18 0.92+0.18 0.92+0.26 1.472
T3 0.80£0.16 0.09£0.17 0.91£0.22 2.148
T4 0.83+0.16 0.94+0.15 0.97+0.23 2.940
T5 0.84+0.16 0.93+0.18 0.95+0.22 1.900
T6 0.96+0.23* 1.08+0.27* 1.10£0.36* 1.236
T7 0.98+0.25* 1.08+0.31%* 1.06+0.29* 0.775

All data are presented as meantSD.

#*p< 0.05: When compared to basal values (within group analysis)
**p< 0.05:Among the three groups

Determine T1-T7

hemodynamic data, blood electrolytes, urine electrolytes
and BUN levels in the three groups of studied cardiac
surgery patients (p> 0.05) (Data not shown).

DISCUSSION

Our study demonstrated that these two different
regiments of NAC in coronary artery bypass grafting
have some beneficial effects, but fail to show preventive
effect at early postoperative stage.

Oxidative stress occurs after reperfusion in CPB
which may cause renal injury (22). Bypass factors have
been manipulated with several strategies and the traditional
drugs to reduce the ischemia-reperfusion reaction and
its cellular and structural consequences after CABG
with CPB. But these may not translate into clinical
improvement in renal outcome (10, 23-27). Therefore,
several antioxidant agents such as NAC, superoxide
dismutase etc. have been tested but found benefical
effects on renal function, as some improve function
whereas others do not.

NAC is the thiol-modifying agent which promotes
glutathione in its reduced form (GSH), which is depleted
during ischemia and acts like an oxidant scavenger (28).
Recently, NAC has gained wide investigated because of
suggesting beneficial effects on oxidative stress related
organ injuries in general, and particularly its protective
effects on renal function (29,30). NAC have been
received with contraversy over the timing and dosage.
The dose of NAC (50-150 mg kg™') and the route of
administration of NAC (intravenously, peroral, NAC in
CPB prime solution, NAC in cardioplegia solution etc.)
were not the same in the different studies about the renal
protection (30-37). There was no any concensus a
primary objective study which was to indentify the most
effective route and dose of administration of NAC
associated with significant renal protection in patients
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undergoing CABG using CPB. Most of studies interested
in protective effects on renal function of NAC defined for
radiocontrast induced nephropathy (29, 33, 38-41).
Kshirsagar et. al. (34) performed metaanalysis of available
prospective controlled trials to quantify and compare
reported associations of oral N-acetylcysteine with the
incidence of nephropathy after exposure to radiocontrast
media. In this systematic review, they suggested that
there was no significant effect of the use of oral
N-acetylcysteine before radiocontrast media reduce the
incidence. Studies of NAC to prevent postoperative
dysfunction of renal function following cardiac surgery
showed contradictory results. Hynninen et. al (21)
demonstrated that NAC does not decrease the amount of
renal injury occuring in patients with normal preoperative
renal function undergoing abdominal aortic surgery
and they recommended that NAC should not be used as
a prophylactic measure for ARF. Naughton F et. al (37),
Ashworth A et. al (42) and Wang et.al (43) performed a
systematic review and meta-analysis of utilizing NAC
in cardiac surgery requiring CPB. Their analysis showed
that NAC was not associated with clinical renal protection
in patients undergoing cardiac surgery. In these studies,
investigators used different dose of NAC (preoperative
1200 mg and postoperative 600 mg oral bolus, 150 mg
kg i.v. bolus following 12,5 mg kg i.v. infusion over
24 hr or 100 mg kg bolus then 20 mg kg min™ infusion
until 4 hr after CPB etc.). On the other hand, Mahmoud
KM et. al (44) demonsrated cardiac protection (but not
renal protection) of NAC infusion through scavenging
of oxygen free radicals. In our study, we used two different
routes of NAC administration in patients undergoing
CABG using CPB. In the one of them, 50 mg kg' NAC
was administrated into the CPB prime solution. Fischer
UM et.al (45) received either NAC (100 mg kg™ into the
cardiopulmonary bypass prime followed by infusion at
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20 mg kg min" n= 20) or placebo (n= 20) to their patients
undergoing cardiac surgery. Their data suggest that free
radical-scavenging using NAC protects renal function in
patients subjected to cardiac surgery on cardiopulmonary
bypass. Tossios et al. (28) who added NAC the CPB prime
followed by infusion till the end of CPB, found that
NAC attenuated myocardial oxidative stress in the
myocardium of patients subjected to CPB and cardioplegic
arrest. But, they did not evaluate renal functions. In our
study, except the FeNa levels, there was no difference
between the NAC in the prime group and the others on
the renal function. FeNa values were lower than the other
both groups at the 30th minutes of CPB period (T3) in
the NAC in the prime group. Previous studies suggested
that ROS (Reactive oxygen species) are present before
CPB initiation. Tossios et.al (28) recommended that
NAC application should begin before anesthesia induction
to reach maximal benefit of its ROS scavenging properties.
Also, considering the short half-life of NAC estimated
at 2.2 hours (46), NAC should maintaine as a continuous
intravenous infusion till the end of CPB. Sucu et al. (47)
found that intravenous NAC decreased pump-induced
oxidoinflammatory response during CPB, and it could
be a novel therapy for assisting in the prevention of
CBP-induced oxidoinflammatory damage. Although, in
the most of studies, intravenous NAC used from after
the anesthesia induction to over 24 hr, observed no clinical
or biochemical renal benefit (30, 48-50). In the present
study, NAC was administered as a loading dose of 50
mg kg’ i.v. in 15 min. right after induction, followed by
an infusion of 20 mg kg min™ throughout the operation.
Except the creatinine clearance, we did not find any
difference between the intravenous NAC group and the
others two group (control group and NAC in CPB prime
group) on renal function. When the three groups were
compared, post-CPB (T4) values in intravenous NAC
group and were found to be lower. El-Halafawy YM.
(51) showed that NAC administration into the CPB prime
or within the cardioplegia resulted in better myocardial
protection compared to its intravenous administration
and there was no significant change in the clinical
outcome and renal function among the three groups.

In the most of studies (52-53) which evaluate the
effects of NAC on renal function during cardiac surgery
was used primary outcome parameters that evaluated
kidney function were serum creatinine concentration
greater than 25% above the baseline, BUN, creatinine
clearence, urinary albiimine/creatinine ratio, change in
GFR, FeNa (54), cystatine C (marker of GFR)(21,55),
NGAL (neutrophil gelatinase-associated lipocalin),
NAG (N-acetyl glucosaminidase) (21,56), beta-2
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microglobuline (15, 57-59). Outcome parameters of our
study were serum creatinine,

In our study, we found that these two different
regiments of NAC in coronary artery bypass grafting
have some beneficial effects in early period of the surgery,
but fail to demonstrate preventive effect at late fase
(24-48 hrs) in these patients. It is a question of continuous
intravenous NAC until the postoperative 24" or 48" hrs.
Because, NAC was administered only throughout the
surgery in our study. Adabag et. al (60) showed with a
meta-analysis study that prophylactic administration of
NAC in the perioperative period to patients undergoing
cardiac surgery does not reduce the incidence of ARI,
haemodialysis, death, or lengths of stay. On the other
hand, there could be another several possible reasons
why we did not observe a treatment effect in the late period.
The dose for prevention of CBP-induced nephropathy
which we used in this study may be inadequate to
counteract the hypoxic-ischemic insults to renal tubular
injury. Timing of the initial dose may be important. The
last, renal dysfunction observed following CABG
surgery is multifactorial. Due to this characteristic of renal
dysfunction may not be amenable to the antioxidant and
vasodilatory effects of NAC.

In summary, our study demonstrated that administration
of NAC intraoperatively failed to produce any beneficial
renoproductive effects sustained in the postoperative
period in patients with no known preoperative renal
injury. Future studies should be designed to include large
numbers of patients with similar baseline renal function
receiving the alternative dosing and timing regimen of
NAC.

Yazisma Adresi (Correspondence):

Dr. Banu AYHAN

Hacettepe Universitesi Tip Fakiiltesi Anesteziyoloji ve
Reanimasyon Anabilim Dali

06100 Sihhiye / ANKARA

E-posta (e-mail): banu.ayhan@ gmail.com

REFERENCES

1. Chertow GM, Levy EM, Hammermeister KE, Grover F, Daley J.
Independent association between acute renal failure and mortality
following cardiac surgery. Am J Med 1998 Apr;104(4):343-8.

2. Conlon PJ, Stafford-Smith M, White WD, Newman MF, King S,
Winn MP, Landolfo K. Acute renal failure following cardiac
surgery. Nephrol Dial Transplant 1999;14(5):1158-62.

3. Antunes PE, Prieto D, Ferrdo de Oliveira J, Antunes MJ. Renal
dysfunction after myocardial revascularization. Eur J Cardiothorac
Surg 2004;25(4):597-604.

165



Journal of Anesthesia 2012; 20 (3): 159 - 167

11.

12.

14.

15.

17.

19.

Del Duca D, Igbal S, Rahme E, Goldberg P, de Varennes B. Renal
failure after cardiac surgery: timing of cardiac catheterization and
other perioperative risk factors. Ann Thorac Surg 2007;84(4):
1264-71.

Stallwood MI, Grayson AD, Mills K, Scawn ND. Acute renal
failure in coronary artery bypass surgery: independent effect of
cardiopulmonary bypass. Ann Thorac Surg 2004;77(3):968-72.

Chukwuemeka A, Weisel A, Maganti M, Nette AF, Wijeysundera
DN, Beattie WS, Borger MA. Renal dysfunction in high-risk patients
after on-pump and off-pump coronary artery bypass surgery: a
propensity score analysis. Ann Thorac Surg 2005;80(6):2148-53.

Grayson AD, Khater M, Jackson M, Fox MA. Valvular heart
operation is an independent risk factor for acute renal failure. Ann
Thorac Surg 2003;75(6):1829-35.

Thakar CV, Worley S, Arrigain S, Yared JP, Paganini EP. Influence
of renal dysfunction on mortality after cardiac surgery: modifying
effect of preoperative renal function. Kidney Int 2005;67(3):1112-9.

Tiirker H, Donmez A, Zeyneloglu P, Sezgin A, Ulucam M. Effects
of enalaprilat infusion on hemodynamics and renal function
in patients undergoing cardiac surgery. Anadolu Kardiyol Derg
2004;4(4):296-300.

. Loef BG, Henning RH, Epema AH, Rietman GW, van Oeveren

W, Navis GJ, Ebels T. Effect of dexamethasone on perioperative renal
function impairment during cardiac surgery with cardiopulmonary
bypass. Br J Anaesth 2004;93(6):793-8.

Caimmi PP, Pagani L, Micalizzi E, Fiume C, Guani S, Bernardi
M, Parodi F, Cordero G, Fregonara M, Kapetanakis E, Panella M,
Degasperis C. Fenoldopam for renal protection in patients undergoing
cardiopulmonary bypass. J Cardiothorac Vasc Anesth 2003;17(4):
491-4.

Ranucci M, Soro G, Barzaghi N, Locatelli A, Giordano G, Vavassori
A, Manzato A, Melchiorri C, Bove T, Juliano G, Uslenghi MF.
Fenoldopam prophylaxis of postoperative acute renal failure in
high-risk cardiac surgery patients. Ann Thorac Surg 2004;78(4):
1332-7.

. Piper SN, Kumle B, Maleck WH, Kiessling AH, Lehmann A,

Rohm KD, Suttner SW, Boldt J. Diltiazem may preserve renal tubular
integrity after cardiac surgery. Can J Anaesth 2003;50(3):285-92.

Sirivella S, Gielchinsky I, Parsonnet V. Mannitol, furosemide, and
dopamine infusion in postoperative renal failure complicating
cardiac surgery. Ann Thorac Surg 2000;69(2):501-6.

Yavuz S, Ayabakan N, Dilek K, Ozdemir A. Renal dose dopamine
in open heart surgery. Does it protect renal tubular function? J
Cardiovasc Surg (Torino) 2002;43(1):25-30.

. Koyner JL, Sher Ali R, Murray PT. Antioxidants. Do they have a

place in the prevention or therapy of acute kidney injury? Nephron
Exp Nephrol 2008;109(4):e109-17.

Jo SH. N-acetylcysteine for Prevention of Contrast-Induced
Nephropathy: A Narrative Review. Korean Circ J 2011;41(12):
695-702.

. Zaraca F, Wiedermann CJ, Ebner H. Contrast media-induced

nephropathy in patients undergoing angiography prior to or during
vascular surgery: a systematic review. Minerva Chir 2011;66(6):
553-60.

ACT Investigators (Berwanger O, Cavalcanti AB, Sousa AG et.
al) Acetylcysteine for prevention of renal outcomes in patients
undergoing coronary and peripheral vascular angiography: main
results from the randomized Acetylcysteine for Contrast-induced
nephropathy Trial (ACT). Circulation 2011;124(11):1250-9.

166

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Ayhan et al: Renal Functional Effects of N-Acetyl-Cystein

Michelsen LG, Holford NH, Lu W, Hoke JF, Hug CC, Bailey JM.
The pharmacokinetics of remifentanil in patients undergoing
coronary artery bypass grafting with cardiopulmonary bypass.
Anesth Analg 2001;93(5):1100-5.

Hynninen MS, Niemi TT, Poyhii R et al. N-acetylcysteine for the
prevention of kidney injury in abdominal aortic surgery: a
randomized, double-blind, placebo-controlled trial. Anesth Analg
2006;102(6):1638-45.

Bellomo R, Auriemma S, Fabbri A et al. The pathophysiology of
cardiac surgery-associated acute kidney injury (CSA-AKI). Int J
Artif Organs 2008;31(2):166-78.

Charlson M, Krieger KH, Peterson JC, Hayes J, Isom OW.
Predictors and outcomes of cardiac complications following elective
coronary bypass grafting. Proc Assoc Am Physicians 1999;
111(6):622-32.

Visweswaran P, Massin EK, Dubose TD Jr. Mannitol-induced
acute renal failure. J Am Soc Nephrol 1997;8(6):1028-33.

Kellum JA, M Decker J. Use of dopamine in acute renal failure: a
meta-analysis. Crit Care Med 2001;29(8):1526-31.

Dagenais F, Pelletier LC, Carrier M. Antegrade/retrograde
cardioplegia for valve replacement: a prospective study. Ann Thorac
Surg 1999;68(5):1681-5.

Carrier M, Pellerin M, Perrault LP, et al. Cardioplegic arrest with
L-arginine improves myocardial protection: results of a prospective
randomized clinical trial. Ann Thorac Surg 2002;73(3):837-42.

Tossios P, Bloch W, Huebner A et al. N-Acetylcysteine prevents
reactive oxygen species-mediated myocardial stress in patients
undergoing cardiac surgery: results of a randomized, double-blind,
placebo-controlled clinical trial. J Thorac Cardiovasc Surg
2003;126(5):1513-20.

Tepel M, van der Giet M, Schwarzfeld C, Laufer U, Liermann D,
ZidekW. Prevention of radiographic-contrast-agent-induced
reductions in renal function by acetylcysteine. N Engl J Med
2000;343(3):180-4.

El-Hamamsy I, Stevens LM, Carrier M et al.. Effect of intravenous
N-acetylcysteine on outcomes after coronary artery bypass surgery:
a randomized, double-blind, placebo-controlled clinical trial. J
Thorac Cardiovasc Surg 2007;133(1):7-12.

Birck R, Krzossok S, Markowetz F, Schniille P, van der Woude FJ,
Braun C. Acetylcysteine for prevention of contrast nephropathy:
meta-analysis. Lancet 2003;362(9384):598-603.

Isenbarger DW, Kent SM, O'Malley PG. Meta-analysis of randomized
clinical trials on the usefulness of acetylcysteine for prevention of
contrast nephropathy. Am J Cardiol 2003;92(12):1454-8.

Baker CS, Wragg A, Kumar S, De Palma R, Baker LR, Knight
CJ. A rapid protocol for the prevention of contrast-induced renal
dysfunction: the RAPPID study. J Am Coll Cardiol 2003;41(12):
2114-8.

Kshirsagar AV, Poole C, Mottl A et al. N-acetylcysteine for the
prevention of radiocontrast induced nephropathy: a meta-analysis of
prospective controlled trials. ] Am Soc Nephrol 2004;15(3): 761-9.

Miner SE, Dzavik V, Nguyen-Ho P et al. N-acetylcysteine reduces
contrast-associated nephropathy but not clinical events during
long-term follow-up. Am Heart J 2004;148(4):690-5.

Burns KE, Chu MW, Novick RJ et al. Perioperative N-acetylcysteine
to prevent renal dysfunction in high-risk patients undergoing
CABG surgery: a randomized controlled trial. JAMA 2005;294(3):
342-50.



Anestezi Dergisi 2012; 20 (3): 159 - 167

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Naughton F, Wijeysundera D, Karkouti K, Tait G, Beattie
WS. N-acetylcysteine to reduce renal failure after cardiac surgery:
a systematic review and meta-analysis. Can J Anaesth 2008;
55(12):827-35.

Kay J, Chow WH, Chan TM, et al. Acetylcysteine for prevention
of acute deterioration of renal function following elective coronary
angiography and intervention: a randomized controlled trial. JAMA
2003;289(5):553-8.

Diaz-Sandoval LJ, Kosowsky BD, Losordo DW. Acetylcysteine
to prevent angiography-related renal tissue injury (the APART trial).
Am J Cardiol 2002;89(3):356-8.

Shyu KG, Cheng JJ, Kuan P. Acetylcysteine protects against acute
enal damage in patients with abnormal renal function undergoing
a coronary procedure. J Am Coll Cardiol 2002;40(8):1383-8.

Buyukhatipoglu H, Sezen Y, Yildiz A et al. N-acetylcysteine fails
to prevent renal dysfunction and oxidative stress after noniodine
contrast media administration during percutaneous coronary
interventions. Pol Arch Med Wewn 2010;120(10):383-9.

Ashworth A, Webb ST. Does the prophylactic administration of
N-acetylcysteine prevent acute kidney injury following cardiac
surgery? Interact Cardiovasc Thorac Surg 2010;11(3):303-8.

Wang G, Bainbridge D, Martin J, Cheng D. N-acetylcysteine in
cardiac surgery: do the benefits outweigh the risks? A meta-analytic
reappraisal. J Cardiothorac Vasc Anesth 2011;25(2):268-75.

Mahmoud KM, Ammar AS. Effect of N-acetylcysteine on cardiac
injury and oxidative stress after abdominal aortic aneurysm repair: a
randomized controlled trial. Acta Anaesthesiol Scand 2011;55(8):
1015-21.

Fischer UM, Tossios P, Mehlhorn U. Renal protection by radical
scavenging in cardiac surgery patients. Curr Med Res Opin 2005;
21(8):1161-4.

Bergstroem L, Kagedal B, Paulsen O. Pharmacokinetics of
N_acetylcysteine in man. Eur J Clin Pharmacol 1986;3182):217-22.

Sucu N, Cinel I, Unlu A et al. N-acetylcysteine for preventing
pump-induced oxidoinflammatory response during cardiopulmonary
bypass. Surg Today 2004;34(3):237-42.

Wijeysundera DN, Beattie WS, Rao V, Granton JT, Chan CT.
N-acetylcysteine for preventing acute kidney injury in cardiac
surgery patients with pre-existing moderate renal insufficiency.
Can J Anaesth 2007;54(11):872-81.

Ayhan ve ark: N-Asetil-Sistein’in Renal Fonksiyon Uzerine Etkileri

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

Haase M, Haase-Fielitz A, Bagshaw SM et al. Phase II, randomized,
controlled trial of high-dose N-acetylcysteine in high-risk cardiac
surgery patients. Crit Care Med 2007;35(5):1324-31.

Ristikankare A, Kuitunen T, Kuitunen A et al. Lack of renoprotective
effect of i.v. N-acetylcysteine in patients with chronic renal failure
undergoing cardiac surgery. Br J Anaesth 2006;97(5):611-6.

El-Halafawy YM. Comperative study between different routes of
N-Acetylcysteine administration for patients undergoing coronary
artery bypass grafting. EJCTA 2008;2(2):200-8.

Wang F, Dupuis JY, Nathan H, Williams K. An analysis of the
association between preoperative renal dysfunction and outcome
in cardiac surgery: estimated creatinine clearance or plasma creatinine
level as measures of renal function. Chest 2003;124(5):1852-62.

Walter J, Mortasawi A, Arnrich B et al. Creatinine clearance versus
serum creatinine as a risk factor in cardiac surgery. BMC Surg
2003;17(3):4.

de Moraes Lobo EM, Burdmann EA, Abdulkader RC. Renal function
changes after elective cardiac surgery with cardiopulmonary
bypass. Ren Fail 2000;22(4):487-97.

Kimmel M, Butscheid M, Brenner S, Kuhlmann U, Klotz U,
Alscher DM. Improved estimation of glomerular filtration rate by
serum cystatin C in preventing contrast induced nephropathy by
N-acetylcysteine or zinc--preliminary results. Nephrol Dial
Transplant 2008;23(4):1241-5.

Hamada Y, Kanda T, Anzai T, Kobayashi I, Morishita Y. N-acetyl-
beta-D-glucosaminidase is not a predictor, but an indicator of kidney
injury in patients with cardiac surgery. J Med 1999;30(5-6):329-36.

Turbat-Herrera EA. beta 2-Microglobulin and the kidney: an
overview. Ultrastruct Pathol 1994;18(1-2):99-103.

Dehne MG, Boldt J, Heise D, Sablotzki A, Hempelmann G.
Tamm-Horsfall protein, alpha-1- and beta-2-microglobulin as kidney
function markers in heart surgery. Anaesthesist 1995;44(8):545-51.

Vaidya VS, Ferguson MA, Bonventre JV. Biomarkers of acute
kidney injury. Annu Rev Pharmacol Toxicol 2008;48:463-93.

Adabag AS, Ishani A, Bloomfield HE, Ngo AK, Wilt TJ. Efficacy
of N-acetylcysteine in preventing renal injury after heart surgery:
a systematic review of randomized trials. Eur Heart J 2009;
30(15):1910-7.

167



