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Objective: To assess the preventive effect of the antioxidant
N-acetylcysteine on postoperative acute renal failure in patients
with renal insufficiency undergoing cardiac surgery.

Design: Randomized, placebo-controlled, prospective study.

Setting: University cardiology center.

Patients: Two hundred fifty-four consecutive patients with
chronic renal insufficiency (estimated creatinine clearance <60
mL/min) undergoing elective cardiac surgery.

Interventions: Patients were randomized to receive N-acetyl-
cysteine (n = 129) or placebo (n = 125). Patients of the N-ace-
tylcysteine group received four boluses of intravenous N-acetyl-
cysteine (1200 mg every 12 hrs, starting immediately before
cardiac surgery).

Measurements and Main Results: The incidence of postoper-
ative acute renal failure (>25% increase in serum creatinine from
baseline) and the in-hospital clinical course were evaluated.

Acute renal failure occurred in 46% of patients and was associ-
ated with increased in-hospital mortality (7% vs. 0.7%; p = .024).
It occurred in 52% of control patients and 40% of N-acetylcys-
teine-treated patients (p = .06). In-hospital mortality and need for
renal replacement therapy were not affected by N-acetylcysteine,
but a lower percentage of N-acetylcysteine-treated patients re-
quired mechanical ventilation prolonged for >48 hrs (3% vs. 18%;
p < .001) and had an intensive care unit stay >4 days (13% vs.
33%; p < .001).

Conclusions: Intravenous administration of N-acetylcysteine
does not clearly prevent postoperative acute renal failure in
patients with renal insufficiency undergoing cardiac surgery. (Crit
Care Med 2008; 36:81-86)

Kev Worbs: N-acetylcysteine; acute renal failure; chronic renal
insufficiency; cardiac surgery; cardiopulmonary bypass

cute renal failure (ARF) is a
common complication of car-
diac surgery and is associated
with significant morbidity and
mortality rates and prolonged intensive
care unit (ICU) and hospital stay. This is
true for ARF necessitating renal replace-
ment therapies (1, 2) as well as for ARF
not requiring dialysis and even for pa-

*See also p. 338.
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tients with minimal increases in serum
creatinine after surgery (3-5). Although
several risk factors for postoperative ARF
have been entertained, the most consis-
tent are preexisting renal insufficiency,
advanced age, history of congestive heart
failure, diabetes mellitus, prolonged car-
diopulmonary bypass (CPB), and recent
exposure to nephrotoxic agents, such as
contrast dye (1, 2, 6, 7). In patients with
renal insufficiency, both short- and long-
term mortality rates have been shown to
increase in parallel with the increasing
severity of the preoperative renal impair-
ment (8-10). Acute renal dysfunction
also has an important impact on nonre-
nal morbidity. Indeed, patients who de-
velop ARF after cardiac surgery have
higher incidences of gastrointestinal
bleeding, respiratory infections, and sep-
sis (4, 11).

As high-risk patients can be easily
identified before cardiac surgery, the in-
stitution of prophylactic measures is the
best opportunity to prevent ARF, and
many pharmacologic strategies, includ-
ing dopamine, fenoldopam, calcium

channel antagonists, furosemide, atrial
natriuretic peptide, and angiotensin-
converting enzyme inhibitors, have been
proposed (12-14). However, most of
them have shown conflicting or even
negative results. Recently, N-acetylcyste-
ine (NAC), an agent that buffers a variety
of oxygen-derived free radicals and im-
proves renal vasodilation through an en-
dothelium-dependent mechanism, has
been shown to confer protection against
contrast-induced renal dysfunction (15),
and preliminary data suggest that NAC
ameliorates renal ischemia-reperfusion
injury (16, 17) and preserves renal func-
tion from several nephrotoxic insults (18,
19). One of the final common pathways of
ischemia-reperfusion injury involves re-
lease of oxygen free radicals; agents that
buffer free radicals may be of benefit in
limiting the reperfusion insult (16, 17).
We therefore designed a prospective,
randomized, controlled trial to evaluate
the effect of NAC administration, com-
pared with placebo, in patients with renal
insufficiency undergoing cardiac surgery.
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MATERIALS AND METHODS

Study Population. This prospective, ran-
domized, controlled trial was conducted at the
Centro Cardiologico Monzino at the University
of Milan between January 1, 2005, and July 30,
2006. All consecutive patients scheduled for
cardiac surgery and having at least moderate
(stage 3 nephropathy) renal insufficiency were
enrolled (20). Patients were included if their
creatinine clearance, as calculated by the
Cockcroft-Gault formula, was =60 mL/min
(21). Patients in chronic peritoneal or hemo-
dialytic treatment, those with known allergy
to NAC, and those having received NAC for
contrast-induced nephropathy prevention in
the previous 7 days or contrast agents in the
previous 72 hrs (in elective cases) were ex-
cluded. Patients undergoing emergency car-
diac surgery were also excluded. The study was
approved by the Ethics Committee of our in-
stitute, and written informed consent was ob-
tained from all patients.

Study Protocol. Eligible patients were ran-
domly assigned in a 1:1 ratio to receive NAC
(NAC group) or placebo (control group). Allo-
cation was based on random, computer-
generated numbers. Patients of the NAC group
received an intravenous bolus of 1200 mg of
NAC (Acetilcisteina HEXAL 300 mg/3 mlL;
Agrate Brianza, Italy) immediately before in-
duction of anesthesia, followed by three addi-
tional boluses administered at 12-hr intervals
in the ICU (total dose of NAC = 4800 mg).
Controls received a similar volume (12 mL for
each bolus) of isotonic saline solution. Pa-
tients and physicians were blinded to treat-
ment assignment.

Perioperative Management. Patients re-
ceived their routine cardiac medication except
for antiplatelets and angiotensin-converting
enzyme inhibitors agents until the day of sur-
gery. Premedication consisted of morphine
(0.1 mg/kg) and atropine (0.05 mg/kg) 1 hr
before surgery. A prophylactic intravenous an-
tibiotic (cefazoline, 1.5 g/8 hr during the first
24 hrs) was given, starting just after the posi-
tioning of a venous access. Anesthesia was
induced with thiopental (4—6 mg/kg), sufen-
tanil (1 pg/kg), and succinylcholine (1 mg/kg)
and maintained with inhaled Sevorane and
incremental doses of pancuronium to facili-
tate muscle relaxation. Patients were moni-
tored with five-lead electrocardiogram, central
venous catheter, radial artery catheter, Foley
catheter, and nasopharyngeal and rectal tem-
perature probes. A pulmonary artery flotation
catheter was inserted through the right inter-
nal jugular vein for hemodynamic monitoring
in case of left ventricular ejection fraction
<30% or when a multiple surgical procedure
was planned. Nonpulsatile CPB was conducted
in moderate hypothermia (34°C) using a roller
pump with a membrane oxygenator and a mi-
cron arterial filter. The circuit was primed
with 1 L of Normosol R, 500 mL of glucose
5%, an ampoule of 18% sodium bicarbonate
solution, and a 100-mL bolus of mannitol 18%
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given just before the opening of aortic cross-
clamp. The flow rate was titrated to ensure a
mean arterial pressure between 55 and 80 mm
Hg but =2.4 L/min/m?, and norepinephrine
was injected if necessary. Additional Ringer’s
lactate solution was added to maintain the
level in the venous reservoir, and hemodilu-
tion to a minimum hemoglobin level of 7 g/dL
was allowed. Myocardial protection was
achieved by means of intermittent antegrade
and retrograde cold blood cardioplegia. After
weaning from CPB, the entire content of the
circuit was collected and slowly returned to
the patient.

After surgery, patients were transferred to
the ICU, sedated, and intubated; propofol was
used for sedation until complete rewarming.
Patients were weaned from mechanical venti-
lation as soon as they reached hemodynamic
stability and consciousness with adequate pain
control. The hemodynamic management con-
sisted of maintaining the mean arterial pres-
sure at =65 mm Hg with adequate vascular
filling with crystalloids and colloids (gelatin-
based plasma expanders were allowed), and
dopamine or norepinephrine infusion were
used, if necessary. If urinary output was <1
mL/kg/hr, incremental doses of 20 mg of fu-
rosemide, followed by continuous infusion of
0.02-0.04 mg/kg/hr in case of no effect, were
given.

Study End Points. The primary end point
of the study was the occurrence of ARF, de-
fined as an increase in serum creatinine con-
centration >25% from baseline to the maxi-
mum value obtained within the 72-hr period
following cardiac surgery. Creatinine was
measured the day before surgery, and every
day for the following days, until discharge
from the hospital.

Secondary end points included the maxi-
mal change in calculated creatinine clearance,
doubling of serum creatinine according to the
RIFLE (Risk of renal dysfunction, Injury to the
kidney, Failure of kidney function, Loss of
kidney function, and End-stage kidney dis-
ease) definition for acute kidney injury (22),
and the occurrence of major postoperative
clinical events, including need for renal re-
placement therapy, acute myocardial infarc-
tion, prolonged (>48 hrs) mechanical venti-
lation, prolonged (>4 days) ICU stay, and
death.

Definitions. Postoperative acute myocar-
dial infarction was defined by the development
of either pathologic Q waves lasting =40
msecs in at least two contiguous electrocar-
diographic leads or an increase in the creatine
kinase MB isoenzyme level of more than five
times the upper limit of normal at any time
postoperatively. Renal replacement therapy
(either hemofiltration or hemodialysis) was
performed in case of ARF with prolonged (>24
hrs) oligo-anuria despite adequate continuous
intravenous infusion of loop diuretics. It was
performed earlier in the case of concomitant
overt heart failure, severe hyperkalemia, or
metabolic acidosis. Blood transfusion was per-

formed when hemoglobin levels were <8 g/dL
or were <9 g/dL in the presence of acute
myocardial ischemia.

Statistical Analysis. The planned enroll-
ment of 206 patients (103 in each group) pro-
vided a statistical power of 80%, with an «
error of .05, to detect a 40% reduction in the
rate of primary end point (from 50% in con-
trols to 35% in the NAC-treated patients). This
assumption was based on preliminary, unpub-
lished results from our database showing a
50% incidence of >25% postoperative creati-
nine increase in patients with chronic renal
insufficiency and from previous studies re-
porting a reduction in the incidence of con-
trast-induced nephropathy in patients treated
with NAC (23). Continuous data are reported
as mean =+ sp. Categorical data are presented
as absolute values and percentages. The clini-
cal characteristics of the two groups were
compared using analysis of variance or the
Mann-Whitney test for continuous variables
and chi-square test or Fisher’s exact test for
categorical variables. A p value <.05 was con-
sidered to indicate statistical significance. Rel-
ative risks and 95% confidence intervals were
used to compare groups with regard to major
clinical end points. Data were stored electron-
ically and analyzed with the aid of the SAS
software package (version 8.02; SAS Institute,
Cary, NC).

RESULTS

During the study period 1,646 patients
undergoing cardiac surgery were screened,
and 254 (15.4%) patients with preoperative
renal insufficiency were randomly assigned
to receive either NAC (n = 129) or placebo
(n = 127) and were then included in this
study (Fig. 1). The demographic, clinical,
and perioperative characteristics of the two
study groups are given in Table 1. There
were no significant differences in age, gen-
der, baseline indexes of renal function, left
ventricular ejection fraction measure, indi-
cation to cardiac surgery or EuroSCORE
(24), and the number of patients undergo-
ing cardiac surgery with CPB. Intraopera-
tive data were also well balanced between
the two groups.

ARF occurred in 118 (46%) of the 254
patients and required renal replacement
therapy in 16 (6%). As expected, develop-
ment of ARF was associated with longer
ICU stay and increased mortality rate,
particularly for patients treated with re-
nal replacement therapy (Fig. 2). No sig-
nificant difference in the incidence of
ARF was observed in several possible
high-risk subsets of patients, as defined
by age, gender, diabetes, reduced (=40%)
left ventricular ejection fraction, and car-
diac surgery with CPB (Fig. 3). Figure 4
shows the maximal changes in creatinine
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Assessed for eligibility (n=1646)

Excluded (n=1390)
- did not meet inclusion criteria (n=1386)
- refused to participate (n=4)

Randomized (n=256)

Allocated to
control group
(n=127)

Lost to follow-up (n=0)
Patients died during surgery (n=2)

Analyzed (n=125)
Excluded from analysis (n=0)

Allocated to
NAC group
(n=129)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analyzed (n=129)
Excluded from analysis (n=0)

Figure 1. Flow of participants through each stage of the trial. NAC, N-acetylcysteine.

Table 1. Preoperative and operative characteristics of the study patients

Controls (n = 125) NAC Group (n = 129) p Value
Age, yrs 72 *+6 736 18
Men, n (%) 60 (48) 65 (50) .70
Weight, kg 65 * 12 66 = 11 48
Diabetes mellitus, n (%) 26 (21) 26 (20) 97
Hypertension, n (%) 99 (79) 102 (79) .89
Previous cardiac surgery, n (%) 11 (9) 7 (5) 42
LVEF, % 54 + 12 56 + 12 .18
Serum creatinine, mg/dL 1.24 + 0.4 1.27 + 0.3 49
Creatinine clearance, mL/min 46 £ 9 46 =7 1.00
EuroSCORE 73 +3.2 6.9 +2.4 .26
CPB, n (%) 112 (90) 116 (90) .93
CABG, n (%) 54 (43) 51 (40) .64
Aortic or mitral valve repair, n (%) 42 (34) 47 (36) 73
Combined CABG and valve repair, n (%) 19 (15) 13 (10) .29
Combined mitral/aortic valve repair, n (%) 10 (8) 18 (14) 18
Urgent surgery, n (%) 8 (6) 8 (6) 94
CPB time, mins 111 + 42 120 + 58 .15
CPB >3 hrs, n (%) 7(6) 13 (10) 0.18

NAC, N-acetylcysteine; LVEF, left ventricular ejection fraction; CPB, cardiopulmonary bypass;

CABG, coronary artery bypass graft surgery.

and calculated creatinine clearance val-
ues in the two groups during the ICU
stay. When the maximal creatinine in-
crease vs. baseline was considered, re-
gardless of the time of occurrence, a
mean value of 34 * 44% was found in
patients treated with NAC and 39 = 50%
in controls (p = .39).

Table 2 shows the major postoperative
clinical complications and mortality rates
in the two study groups. The rates of ARF
were 52% (n = 65) in the control group
and 40% (n = 52) in the NAC group (p =
.06). The relative risk of ARF in the con-
trol group, compared with the NAC
group, was 1.60 (95% confidence interval

Crit Care Med 2008 Vol. 36, No. 1

0.98-2.63; p = .06). In NAC-treated pa-
tients, a lower percentage of patients re-
quired prolonged (>48 hrs) mechanical
ventilation (3% vs. 18%; relative risk
6.67; 95% confidence interval 2.32-
19.08; p < .001) and a prolonged (>4
days) ICU stay (13% vs. 33%; relative risk
3.22; 95% confidence interval 1.72-6.01;
p < .001) (Table 2). ICU length of stay
and ventilation time were significantly
correlated (r = .51; p < .0001) among
the entire population. When the effect of
NAC on the primary study end point was
analyzed in different subsets of patients, a
significant benefit, in terms of ARF inci-
dence, was observed in patients undergo-

ing cardiac surgery with CPB (40% of
ARF in NAC-treated patients vs. 54% in
controls; p = .03). No positive effect of
NAC was observed in patients who did not
require CPB (46% of ARF in NAC-treated
patients vs. 31% in controls; p = .41). No
significant interaction was found between
NAC effect and kind of operation (chi-
square 0.6; p = .89).

The overall in-hospital mortality in
our population was 3.5% (n = 9) and was
not affected by NAC. Indeed, four (3%)
patients died in the control group and
five (4%) patients died in the NAC group
»=.77).

DISCUSSION

Our study confirms that ARF is a fre-
quent complication of cardiac surgery oc-
curring in almost 50% of patients with
moderate and severe renal insufficiency, as
defined by a calculated creatinine clearance
<60 mL/min. In agreement with previous
studies (1-6), a close association between
postoperative ARF development and in-
creased morbidity, mortality, and pro-
longed ICU stay was also found. Indeed, a
10-times higher mortality rate was ob-
served in patients developing this compli-
cation, increasing >30 times for patients
requiring renal replacement therapy.
Therefore, prevention of ARF in patients
with preexisting renal insufficiency is
needed and is a stimulating opportunity for
development of new pharmacological ap-
proaches to such a costly injury. Notably,
patients with renal insufficiency repre-
sented 15% of patients referred to our in-
stitute for cardiac surgery.

Although the pathogenesis of postop-
erative ARF remains poorly understood,
it probably includes a broad pattern of
mechanisms such as hemodynamic fac-
tors, effects of nephrotoxic drugs, sys-
temic inflammatory reaction and vaso-
constrictor compound release induced by
CPB, and the interactions of blood com-
ponents and artificial membranes (12,
25). All these mechanisms may contrib-
ute to vasoconstriction and renal isch-
emia and result in formation of oxygen
free radicals.

NAC has direct vasodilating effects in
the kidneys, contributing to improved re-
nal hemodynamics; it may attenuate en-
dothelial dysfunction; and, more impor-
tant, it is able to scavenge oxygen-free
radicals, thus preventing direct oxidative
tissue damage (26, 27). Recent attention
has been focused on the use of NAC as a

83

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



P<0.001
P=0.025

P<0.001

No ARF
(n=136)

ARF
(n=118)

ARF-RRT
(n=16)

ICU Length of Stay (days)
5 w EN ° IS
In-hospital mortality (%)

- — 9 )

o 5 b 8 B

P<0.001

P=0.01

2

25%

0
No ARF
(n=136)

ARF
(n=118)

ARF-RRT
(n=16)

Figure 2. Length of stay in the intensive care unit (/CU; left) and in-hospital mortality (right) in
patients without acute renal failure (no ARF), those with acute renal failure (ARF), and those with
acute renal failure requiring renal replacement therapy (ARF-RRT).
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Figure 3. Incidence of postoperative acute renal failure in various subgroups of patients. CPB,
cardiopulmonary bypass; DM, diabetes mellitus; LVEF, left ventricular ejection fraction.
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measure to attenuate renal toxicity due to
contrast agent exposure (15, 23, 26-30).

The use of NAC to prevent ARF in
patients undergoing cardiac surgery has
been recently investigated with conflict-
ing results (31-35). In the study by Burns
et al. (31), no difference in the proportion
of patients with postoperative ARF was
found (30% in NAC-treated patients and
29% in control group), nor was it found

84

in the proportion of patients requiring a
renal replacement therapy (0.7% vs.
2.1%, respectively). Furthermore, in-
hospital mortality was not affected by
NAC (3.4% vs. 2.7%, respectively). The
NAC dose used in this study was similar
to that initially proposed by Tepel et al.
(15) for the prevention of contrast-
induced nephropathy in patients under-
going a low-dose contrast exposure dur-

ing computed tomography (cumulative
dose of 2400 mg). Further studies have
clearly demonstrated that higher NAC
doses may be required when larger con-
trast volumes are used (28-30). NAC
dose-dependent preservation of renal
function was also recently demonstrated
after cardiopulmonary bypass in a rat
model (36). A recent study by Haase et al.
(35), using high doses of NAC (300 mg/
kg) in a small population of high-risk
cardiac surgery patients, also yielded neg-
ative results. However, in the studies by
Burns et al. (31) and by Haase et al. (35),
only a minority of patients (23% and
17%, respectively) had baseline renal in-
sufficiency. The renoprotective action of
NAC in patients with risk factors other
than renal insufficiency has never been
clearly established. Therefore, due either
to the nonhomogeneous population con-
sidered (31, 35) or to the small number of
patients included in previous studies (32,
35), the effects of NAC in patients with
baseline renal insufficiency undergoing
cardiac surgery remain undefined, partic-
ularly when significant clinical end
points are considered.

Only patients with baseline renal in-
sufficiency were included in our study,
and a greater cumulative dose of NAC
(4800 mg) than that previously used in
large studies was administered. Although
we observed a reduction in the incidence
of the primary end point, this reduction
did not reach statistical significance. The
requirement for renal replacement ther-
apy and the in-hospital mortality rate
were not influenced by the drug. There
are a number of possible explanations for
the lack of a clear clinical benefit from
NAC. We can speculate that given the
dose-dependent effects of NAC, an even
greater dose of NAC is required to prevent
kidney injury during surgery, or that
among the several mechanisms underly-
ing postoperative renal damage, oxidative
stress does not play a major role. The
negative results obtained by Haase et al.
(35) with higher doses than those used in
our study suggest that the second hy-
pothesis is probably the true one.

Despite the overall negative results of
our study, some interesting findings wor-
thy of further future investigation must be
emphasized. When only patients undergo-
ing cardiac surgery with CPB support were
considered (90% of our study population),
NAC-treated patients showed a significantly
lower incidence of ARF than controls (40%
vs. 54%; p = .03). It is possible that the
difference in ARF incidence reflects the
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Table 2. Perioperative clinical complications

Controls NAC Group

(n = 125) (n = 129) p Value
Acute myocardial infarction 5(4) 2(2) 234
Hypotension or shock requiring i.v. catecholamines 58 (46) 55 (43) .54
Cardiogenic shock requiring IABP 6 (5) 2(2) 13
Reoperation for any reason 7 (6) 10 (8) 49
Prolonged (>48 hrs) mechanical ventilation 22 (18) 4(3) <.001¢
Bleeding requiring blood transfusion 69 (55) 72 (56) 92
Acute renal failure (>25% increase in serum creatinine) 65 (52) 52 (40) .06
Acute kidney injury (increase in serum creatinine X2) 11 (9) 12 (9) .88
Acute renal failure requiring RRT 6 (5) 10 (8) 33
Time between ICU admission and start RRT, days 23*+05 22+0.4 .66
Need for high-dose furosemide (>250 mg/day) 22 (18) 18 (14) .56
Infections requiring nephrotoxic antibiotics® 17 (14) 21 (16) .55
ICU stay >4 days 41 (33) 17 (13) <.001
In-hospital death 4 (3) 5(4) e

NAC, N-acetylcysteine; i.v., intravenous; IABP, intra-aortic balloon pump; RRT, renal replacement

therapy; ICU, intensive care unit.

“By Fisher exact test; vancomycin, gentamicin, amikacin, imipenem. Values are n (%) except for
time between ICU admission and start RRT, which is given as mean * sp.

counteracting action of NAC on oxidative
stress, reperfusion injury, and systemic
inflammatory response associated with
CPB. Indeed, severe oxidative stress has
been reported to result from the extra-
corporeal circulation of blood (37), from
blood cardioplegia (38), and from reoxy-
genation injury (39). Moreover, off-pump
procedures have been shown to be asso-
ciated with lower degrees of oxidative
stress than on-pump cardiac surgery
(40). In addition to its antioxidant prop-
erties, NAC carries out an anti-inflamma-
tory action by suppressing cytokine ex-
pression/release and inhibiting adhesion
molecule expression and nuclear fac-
tor-xkB (41, 42). Pretreatment with NAC
has been found to reduce CPB-induced
oxidative stress and inflammatory re-
sponse and to preserve myocardial func-
tion after cardioplegic arrest (43, 44). At-
tenuation of myocardial dysfunction due
to ischemia-reperfusion during CPB
might in turn preserve renal perfusion
and result in a lower incidence of ARF.
This effect might be amplified in patients
with chronic renal insufficiency, a clini-
cal condition associated with increased
oxidative stress (45).

In our study, patients treated with
NAC were less likely to require mechan-
ical ventilation for a prolonged period
and, as a consequence, to have a long-
lasting ICU stay. This suggests a positive
effect of NAC on pulmonary function that
influences a patient’s clinical course.
During CPB there is no blood flow in the
pulmonary artery, and the lungs are made
partially ischemic. Reperfusion occurs
when the patient is weaned from extracor-
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poreal support. Ischemic reperfusion is ac-
companied by release of oxygen free radi-
cals, as well as an increase of several
parameters of inflammation, which have
been implicated as the main cause of
postischemic lung injury (46, 47). Several
studies have also demonstrated that after
CPB, endothelial function in the pulmo-
nary circulation is impaired and pulmo-
nary vascular permeability and lung wa-
ter are increased. These changes have
been associated with a parallel rise in
malondialdehyde levels, an important de-
composition product of lipid peroxidation
(48, 49). Moreover, wide experimental
and clinical evidence exists that antioxi-
dant agents, in particular NAC, reduce
lung reperfusion injury after CPB. In-
deed, NAC has been demonstrated to
maintain the endothelium-dependent va-
sodilatation in the pulmonary circulation
(50); to prevent, or attenuate, the deteri-
oration of lung mechanics and gas ex-
change in endotoxemic sheep (51); to im-
prove oxygenation and reduce ventilator-
days after acute lung injury in humans
(52); to attenuate lung water and malon-
dialdehyde increase in dogs (48); and to
lower the increase in postoperative arte-
rial-alveolar oxygen gradient, thus im-
proving systemic oxygenation in patients
undergoing elective coronary artery by-
pass surgery with CPB (53). All these po-
tential extrarenal properties of NAC
might explain the more favorable clinical
outcome observed in treated patients,
most of whom underwent on-pump car-
diac surgery. However, any inference
drawn about the efficacy of NAC on these
clinically meaningful end points should

be regarded as premature, albeit promis-
ing, and further data are needed before
any conclusion can be made.

A possible limitation of our study is
the definition of ARF. Although this def-
inition is widely used (14, 30-32, 35) and
clearly related to clinical outcome in our
study, it remains, at least in part, arbi-
trary. Additional studies should investi-
gate the relevance of renal effects of NAC
using a consensus definition of ARF (22),
and of its extrarenal effects (particularly
on respiratory function), in patients un-
dergoing on-pump cardiac surgery, as
well as their possible implications on
meaningful clinical outcomes. Indeed,
patients undergoing cardiac surgery with
CPB are those typically exposed to a sys-
temic tissue injury due to extensive isch-
emia and reperfusion, and they could
benefit the most from a prophylactic
strategy based on the administration of
antioxidant agents. Nevertheless, based
on results reported in the literature and
in our present study, no recommendation
on the use of NAC for the prevention of
ARF in all high-risk patients undergoing
cardiac surgery can be made at this time.
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