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12.1 General Principles

Acute kidney injury (AKI) is a frequent complication of cardiac surgery, affecting
up to 30% of patients [1, 2]. Patients who experience AKI after cardiac surgery
have a higher risk for postoperative morbidity, as well as increased short-term and
long-term mortality [1, 2]. The important prognostic implications of postoperative
AKI have prompted extensive research in the quest to find treatments to reduce
mortality in this population. Despite these efforts, there remains a paucity of inter-
ventions proven to prevent AKI after cardiac surgery. Most assessed interventions,
such as diuretics, low-dose dopamine, and mannitol, have shown minimal, if any
benefit, in small randomized controlled trials [3]. A few other interventions (e.g.,
fenoldopam, off-pump cardiac surgery) showed promise in initial small trials [4, 5]
but then failed to confirm these benefits in larger multicenter trials [6, 7].
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12.2 Pharmacologic Properties

AKI after cardiac surgery is likely multifactorial in etiology, with several different
underlying mechanisms of injury [8]. These mechanisms include ischemic renal injury,
reduced nitric oxide activity, and oxygen-free radical injury due to ischemia-reperfusion,
cardiopulmonary bypass, nephrotoxins, or reduced plasma glutathione concentration.
N-acetylcysteine (NAC) has the potential to inhibit several of these mechanisms [9], in
that it directly scavenges free radicals, improves blood flow through nitric oxide-
mediated pathways, and functions as a precursor for glutathione synthesis.

While there is physiological rationale for NAC being able to prevent postopera-
tive AKI, it is likely that the major impetus for its application in cardiac surgery was
due to the initial promising data in the setting of contrast-induced nephropathy. In
2000, Tepel and colleagues [10] published a small placebo-controlled randomized
trial on 83 participants in which prophylactic oral administration of NAC signifi-
cantly reduced AKI rates in patients with chronic renal failure receiving intravenous
radiographic contrast agents. Their initial promising results led to numerous subse-
quent studies that evaluated the effects of different doses and formulations of NAC
in the prevention of contrast-induced nephropathy. Despite the early enthusiasm, the
benefits of NAC for preventing contrast-induced nephropathy were not consistently
replicated in subsequent small trials [11], meta-analyses of such trials [12], or a
single large multicenter trial involving 2308 participants [13]. Furthermore, doubts
have been raised about the artifactual effect of NAC on biochemical assays for cre-
atinine, which may have explained the positive results seen in some trials [14].

12.3 Main Evidence

Analogous to the evolution of evidence for the efficacy of N-acetylcysteine to pre-
vent contrast-induced nephropathy, conflicting results have also emerged from
research into its efficacy for preventing perioperative AKI in cardiac surgery
patients. In general, research to date has identified no major consistent clinical ben-
efits of NAC in cardiac surgery.

A recent meta-analysis (see Table 12.1) showed that the perioperative use of
NAC has no proven benefit for clinically important outcomes in patients undergoing
cardiac surgery, such as death or need for renal replacement therapy (RRT) [15]. In
meta-regression analyses, treatment effects on AKI were not related to the dose of
N-acetylcysteine. In addition, no significant differences were found between the
NAC and placebo groups with respect to the risks of increase in serum creatinine
concentration by 25 % or greater above baseline, acute myocardial infarction, atrial
fibrillation, stroke, infection, intra-aortic balloon pump (IABP) support, vasopres-
sor or inotropic support, prolonged mechanical ventilation, length of mechanical
ventilation, intensive care unit (ICU) stay, or hospital length of stay [15].

Consistent with the findings of this meta-analysis, a recent web-based interna-
tional consensus conference issued only a weak recommendation for NAC as a
treatment to improve survival in patients undergoing cardiac surgery [16].
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Table 12.1 Summary of a recent meta-analysis regarding the use of N-acetylcysteine in cardiac
surgery [15]

Total Clinical outcomes

number

of

patients

Number | included
of in the Incidence

Characteristics of| studies | meta- | Median dose of | of acute All-cause
studies included | included | analysis | N-acetylcysteine | renal failure| mortality | Side effects
Adult patients 15 1407 9425 mg No No No
undergoing (range significant | significant |evidence of
cardiac surgery 2400- difference | difference | significant
Randomized 34,950 mg) between between side effects
allocation to groups groups from
N-acetylcysteine N-acetylcys
or placebo teine was
groups reported
Reporting at
least one
relevant clinical
or economic
outcome

The basis for even a weak recommendation was a small single-center random-
ized controlled trial that found a survival benefit with NAC treatment in 177 cardiac
surgery patients with moderate preexisting renal failure [17]. In this study,
Wijeysundera and colleagues evaluated a high-dose intravenous N-acetylcysteine
regimen (100 mg/kg bolus in 30 min after induction of anesthesia, followed by
20 mg kg! h™! infusion until 4 h after cardiopulmonary bypass) in a randomized
placebo-controlled trial where the primary outcome was the percent change in esti-
mated glomerular filtration rate (GFR) during the first 72 postoperative hours [17].
While the authors found no significant effect on the primary outcome, they reported
a significant reduction in all-cause mortality among individuals randomized to
NAC. These findings should be viewed cautiously since all-cause mortality was a
secondary outcome, and there were only seven mortality events in the trial.
Furthermore, as indicated previously, these benefits with respect to mortality were
not confirmed in subsequent trials and meta-analyses [16].

The absence of consistent benefit has also been observed in recent small random-
ized trials published after the previously described meta-analysis [15] and consensus
conference [16]. For example, in a trial that assessed NAC for preventing AKI in 117
high-risk patients undergoing off-pump coronary artery bypass surgery, Song and col-
leagues [18] showed no significant benefits of this treatment as compared to placebo.
Conversely, Santana-Santos and colleagues [19] reported that high-dose intravenous
NAC (150 mg/kg bolus followed by 50 mg/kg infusion for 6 h) reduced the risk of
AKI, abolished oxidative stress, and mitigated the negative effect of cardiopulmonary
bypass on renal function in 70 patients with chronic kidney disease undergoing
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coronary artery bypass graft surgery. In contrast to some of the previous studies,
Santana-Santos and colleagues offered evidence that NAC abolishes the increase in
circulating reactive oxygen species observed in the control group, thus confirming a
plausible mechanistic explanation for the observed nephroprotective effect.

12.4 Therapeutic Use

N-acetylcysteine can be administered orally or intravenously. The bioavailability
after oral administration is approximately 6-10 %. Renal clearance constitutes 30 %
of total body clearance, and the elimination half-life is 2.3 h. Several dosing regi-
mens of NAC for patients undergoing cardiac surgery have been described in the
literature. Some protocols included oral administration before and/or after surgery,
with doses of 600 mg twice a day for different durations of time (3—7 days, starting
preoperatively). Intravenous regimens typically involved a bolus (50-150 mg/kg)
before the beginning of surgery, followed by subsequent boluses (600 or 1200 mg
every 12 h until 24 or 36 h postoperatively) or infusion of varying doses (from
approximately 2-20 mg kg~! h™!) and duration (from until the end of surgery to 48 h
postoperatively). The abovementioned recent meta-analysis reported that the
median perioperative total dose used in previous studies of NAC in cardiac surgery
was 9425 mg (range 2400-34,950 mg) [15].

In general, there are no contraindications to use NAC in cardiac surgery. It is not
associated with major adverse effects. High-dose intravenous use, typically exceed-
ing 150 mg/kg, carries the potential risk of anaphylactoid reactions [18]. Chronic
systemic NAC administration has been shown to cause pulmonary hypertension in
an experimental murine model [16], but no similar effects have been described to
date in clinical or acute administration settings. Notably, both Wijeysundera and
colleagues [20] and Naughton and colleagues [12] described the potential for NAC
to be associated with increased blood loss and blood products transfusion in cardiac
surgery patients with preexisting moderate renal failure. Nonetheless, further
research did not confirm these findings, with the meta-analysis by Wang and col-
leagues [15] concluding that NAC had no significant impact on postoperative chest
tube drainage, surgical re-exploration, reoperation for bleeding, and red blood cell
transfusion requirements.

To date, no major consistent clinical benefits of N-acetylcysteine have been iden-
tified in the setting of cardiac surgery. There is weak to no evidence for recommend-
ing it as a treatment to improve survival in this patient population.
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