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Abstract
The second part of this in-depth clinical review focuses on
drugs used in the prevention of AKI in the patient at risk
and/or in the management of the patient with incipient AKI.
Among the drugs used to maintain a normal renal perfusion
pressure, norepinephrine and vasopressin are most com-
monly used in hypotensive critically ill patients. The most
recent RCT did not find a difference between low-dose va-
sopressin plus norepinephrine and norepinephrine alone in
patients with septic shock, suggesting that either approach
is reasonable. However, vasopressin may be beneficial in
the less severe septic shock subgroup. Loop diuretics may
convert an oliguric into a non-oliguric form of AKI that may
allow easier fluid and/or nutritional support of the patient.
Volume overload in AKI patients is common and diuretics
may provide symptomatic benefit in that situation. How-
ever, loop diuretics are neither associated with improved
survival, nor with better recovery of renal function in AKI.
Among the renal vasodilating drugs, the routine adminis-
tration of dopamine to patients for the prevention of AKI
or incipient AKI is no longer justified. On the other hand,
although additional studies may be warranted, fenoldopam
may appear to be a likely candidate for the prevention of
AKI, particularly in critically ill patients, if the positive re-
sults obtained in some recent studies are confirmed. Trials
with natriuretic peptides were in general inconclusive but
despite the fact that nesiritide is currently approved by the
FDA only for the treatment of heart failure, this vasodila-
tor may in the future play a role in the prevention of AKI,
particularly in association with heart failure and cardiac
surgery. The most recent trials seem to confirm a poten-
tial positive preventive effect of N-acetylcysteine (NAC),
particularly in contrast-induced nephropathy (CIN), NAC
alone should never take the place of IV hydration in patients
at risk for CIN; fluids likely have a more substantiated bene-
fit. At present, initiation of statin therapy for the prevention
of CIN cannot be recommended, but these drugs should not
be stopped before a radiological intervention in patients
on chronic statin therapy. Rasburicase is very effective in
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the prevention of acute tumour lysis syndrome. Erythropoi-
etin (EPO) has tissue-protective effects and prevents tissue
damage during ischaemia and inflammation, and currently
trials are performed with EPO in the prevention of AKI
post-cardiac surgery, CIN and post-kidney transplantation.
From this review it becomes clear that single-drug ther-
apy will probably never be effective in the prevention of
AKI and that multiple agents may be needed to improve
outcomes. In addition, drugs should be administered early
during the course of the disease.
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Maintaining renal perfusion pressure with
vasoactive drugs

An excellent review on the different vasoactive drugs aimed
at maintaining renal perfusion pressure has recently been
published [1].

In the acute setting, the two most significant threats to re-
nal perfusion pressure are systemic arterial hypotension and
increased intra-abdominal pressure (including so-called ab-
dominal compartment syndrome). Given the rather scarce
available evidence, specific recommendations to maintain
renal perfusion are difficult to make. The following gen-
eral recommendations apply. First, vasopressor medications
(e.g. norepinephrine) should be used only to treat arterial
hypotension once intravascular volume has been restored.
In practice, vasopressors are often started as volume loading
is underway and discontinued if no longer required, once
hypovolaemia has been reversed [2].

Secondly, there is no evidence from clinical studies
or appropriately designed animal experiments [3,4] that
norepinephrine is associated with increased risk of AKI
when used to treat arterial hypotension. Indeed, a large ob-
servational study [5] and small RCTs [6,7] suggest that
other vasopressors, like dopamine, may be less effica-
cious and possibly associated with lower survival. Thirdly,
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specific arterial pressure targets for titration of therapy
to avoid renal hypoperfusion are not known. Many clin-
icians and clinical protocols target a mean arterial pres-
sure of 60–65 mmHg. However, patients with long-standing
hypertension and/or renal vascular disease may require sub-
stantially higher pressures to maintain renal perfusion. In-
deed, in many hospital patients, including the setting of
critical illness, absolute hypotension (defined as a systolic
blood pressure <90 mmHg) has been shown to be asso-
ciated with the development of AKI [8–20]. However, in
many patients with AKI such an episode of absolute hy-
potension is absent or at least undetected and this form
of AKI has been called ‘normotensive acute renal failure’
[21]. A recent study in mainly elderly, non-critically ill
ward patients but with multiple co-morbidities, found that
there is still an association between blood pressure and AKI
[22]. A decrease in systolic blood pressure rela-
tive to a pre-morbid value (so-called relative systolic
hypotension) was a significant independent predictor of
the development of AKI. Whether therapeutically in-
duced return of these patients’ blood pressure to pre-
morbid levels may be beneficial is speculative but the
‘usual’ targets for blood pressure treatment in patients with
AKI should probably be more focusing on correction of
relative hypotension than on absolute blood pressure
values.

Fourthly, intra-abdominal hypertension is associated
with decreased renal perfusion and may result in AKI
[23–25]. Prompt recognition, often guided by urinary blad-
der pressure measurement, and surgical treatment offer the
best potential for recovery [23–25].

Recent guidelines on the management of septic shock
[26] have advocated the use of aggressive fluid resusci-
tation and, if hypotension persists, administration of ei-
ther norepinephrine or dopamine. However, catecholamines
such as norepinephrine and dopamine have adverse effects
and may occasionally induce mortality. Vasopressin levels
are reduced during septic shock, and exogenous admin-
istration of vasopressin has been associated with potent
vasopressor effects in several observational studies (for
review, see [27]). A recent well-conducted, randomized,
multicentre, controlled trial (VASST) involving 778 pa-
tients with septic shock [28] evaluated low-dose vasopressin
(0.01–0.03 U/min) added to norepinephrine as compared
with norepinephrine alone. No difference between the va-
sopressin and norepinephrine groups in the primary end
point of 28-day or 90-day mortality was found. The study
further suggested that patients with less severe septic shock
(those with a requirement for 5–14 µg of norepinephrine
per minute at baseline) had a significant reduction in mor-
tality with vasopressin therapy. It is of note that the overall
incidence of new cases of renal failure was similar in both
treatment groups (66.5% versus 67.5%). However, in the
patients who were in the RIFLE ‘at-risk’ class, the va-
sopressin treated patients (n: 53) compared to the nore-
pinephrine patients (n: 53) had significantly reduced 28-day
and 90-day mortality and these differences remained signif-
icant after adjustment for potential confounders. The at-risk
patients treated with vasopressin were also less likely to de-
velop renal failure over the 28-day study period compared
to the at-risk patients treated with norepinephrine (21.2%

versus 41.2%, P < 0.02) [29]. Thus, the VASST did not
find a difference between low-dose vasopressin plus nore-
pinephrine and norepinephrine alone suggesting that ei-
ther approach is reasonable. However, vasopressin may
be beneficial in the less severe septic shock subgroup
(those patients on <15 µg/min norepinephrine at baseline)
and possibly for patients at risk for renal failure. As de-
scribed above, in part 1 the timing of vasopressor and other
therapy, rather than the specific agent, is more decisive in
this situation.

Loop diuretics

Oliguria is generally recognized as a bad prognostic sign
in patients with incipient or established AKI [12,30,31].
The temptation to increase urine output in patients with or
at risk for AKI is therefore great. A recent observational
study in the USA reported that 59% of the patients with
ARF received diuretics at the time of nephrology consulta-
tion [32]. A multinational, multicentre survey of intensivists
and nephrologists [33] revealed that the use of furosemide
was most common (67.1%), was delivered primarily intra-
venously (71.9%) and by bolus dosing (43.3%). Pulmonary
oedema was a prime indication for diuretic use (86.3%).
Similarly, in a small single-centre prospective evaluation of
patients with sepsis-induced AKI, Van Biesen et al. [34]
found that 72% had received diuretic therapy, mostly with
furosemide. Clearly, most ICU clinicians are familiar with
the administration, pharmacology and adverse effects of
furosemide [33]. Despite this ubiquitous use, it is not clear
whether loop diuretics, besides increasing urine output,
have also a beneficial effect on renal function in AKI. Two
recent meta-analyses [35,36] and one recent review [37]
concluded that loop diuretics were neither associated with
improved survival benefit in AKI nor with better recovery
of renal function despite reduction in the oliguric period.
Furthermore, Mehta et al. [32] found that diuretic use was
associated with significantly increased risk of death or non-
recovery of renal function. Most of the increased risk was
seen in patients unresponsive to high doses of diuretics, im-
plying they had more severe disease [38]. A multinational,
multi-centre, observational study [39] found that although
diuretic use was not significantly associated with increased
mortality, there was no evidence of benefit either. Loop di-
uretics may, however, convert an oliguric into a non-oliguric
form of AKI that may allow easier fluid and/or nutritional
support of the patient. Volume overload in AKI patients is
common and diuretics may provide symptomatic benefit in
that situation.

Loop diuretics in the setting of impaired renal func-
tion are not without hazards. Transient episodes of tinnitus
and/or vertigo and very rarely deafness may be present
if high doses are administered intravenously in <6 h.
Furosemide dosage should not exceed 1000 mg/day. Co-
prescription of aminoglycosides with diuretics increases
the risk of ototoxicity and should be avoided.

Based on these data, it can be concluded that there is
no evidence to support the use of loop diuretics in the
prevention of ARF.
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Mannitol

As discussed above, mannitol has potential beneficial ef-
fects in rhabdomyolysis by stimulation of the diuresis and
lowering the intracompartimental pressure in the affected
crushed limbs [40–42].

A second situation where mannitol can be considered is
perioperative renal protection particularly in cardiovascu-
lar surgery, where it is often added to the cardiopulmonary
bypass pump prime to reduce the incidence of renal dys-
function; however, the studies are not very convincing [43].
A recent double-blind RCT in cardiac surgical patients with
pre-operative SCr < 130 µmol/L found, however, no dif-
ferences between the mannitol and control patients for any
measured variable of renal function [44].

Several small trials have investigated the effect of manni-
tol added to fluids in the prevention of CIN. In one trial, 78
patients with stable chronic renal failure about to undergo
coronary angiography were randomly assigned to one of
three regimens [45]. One of the regimens added mannitol
to half-isotonic saline. The incidence of AKI (defined as
a rise in the SCr of at least 0.5 mg/dL) was lowest in the
group treated with saline alone, and mannitol was of no
added benefit.

In another study [46], patients were randomly assigned
to receive saline or one of three renal vasodilator/diuretic
drugs [dopamine (2 µg/kg/min), mannitol (15 g/dL in a
one-half isotonic saline solution given at 100 mL/h) or atrial
natriuretic peptide (ANP)]. Dopamine, mannitol and atrial
natriuretic peptide were associated with a much higher in-
cidence of renal dysfunction in diabetic subjects.

The only setting, besides rhabdomyolysis and post-
cardiovascular surgery, where mannitol is probably protec-
tive is renal transplantation [47–49]. The sparse controlled
data available have shown that 250 mL of mannitol (20%)
given immediately before vessel clamp removal reduces the
incidence of post-transplant AKI, as indicated by a lower
requirement of post-transplant dialysis. However, 3 months
after transplantation no difference is found in kidney func-
tion compared with patients who did not receive mannitol
[50].

Some precautions should be taken when mannitol is used,
including careful monitoring of the urinary losses because
mannitol can lead to both volume depletion and hyperna-
traemia. Mannitol administered in very high doses, or to
patients with reduced renal excretion, can cause hyperos-
molality, volume expansion and hyperkalaemia because of
passive movement of potassium out of the cell. AKI may
occur if patients are treated with >200 g of mannitol per
day [51]. Mannitol should be discontinued if the osmolal
gap during therapy rises above 55 mosmol/kg and when no
diuretic response occurs.

Renal vasodilators

Dopamine

In experimental animals and healthy human volunteers, re-
nal dose dopamine (<5 µg/kg of body weight/min) in-
creases RBF and, to a lesser extent, GFR. According to sev-

eral meta-analyses dopamine was unable to prevent or alter
the course of ischaemic or nephrotoxic AKI [52–58]. Fur-
thermore, dopamine, even at low doses, can induce tachy-
arrhythmia’s, myocardial ischaemia, and extravasation out
of the vein can cause severe necrosis [57]. Thus, the routine
administration of dopamine to patients for the prevention
of AKI or incipient AKI is no longer justified.

Fenoldopam

Fenoldopam is a highly selective dopamine type 1 agonist
that preferentially dilates the renal and splanchnic vascu-
lature. Many, but often underpowered clinical trials have
shown inconsistent results, potentially related to the fact
that fenoldopam can cause a dose-dependent hypotension
and can thus aggravate rather than protect the kidney by
decreasing renal perfusion pressure [59]. A recent system-
atic review [60] of 13 studies in patients undergoing car-
diovascular surgery showed that fenoldopam significantly
reduced the need for RRT (odds ratio = 0.37) and in-
hospital death (odds ratio = 0.46). The dose of fenoldopam
in these studies ranged from 0.03 to 0.1 µg/kg/min and
was administered between 2 and 72 h of surgery. This
meta-analysis besides containing a heterogeneous mix of
abstracts, and randomized and non-randomized studies in-
cluded a number of recent single-centre studies [61,62];
a correct interpretation of all these studies becomes diffi-
cult. One prospective, multiple-centre RCT in critically ill
patients with incipient renal dysfunction randomized pa-
tients to receive 2 µ/kg/min dopamine or 0.1 µg/kg/min
fenoldopam mesylate as continuous infusion over a 4-day
period [63]. Fenoldopam produced a more significant re-
duction in creatinine values compared with dopamine after
2, 3 and 4 days of infusion and the maximum decrease in
creatinine compared with baseline was significantly greater
in the fenoldopamp group. This study thus suggests that
in the setting of acute early renal dysfunction, and before
severe renal failure occurs, the attempt to reverse renal hy-
poperfusion with fenoldopam is more effective than with
low-dose dopamine.

A single-centre study [64] using a longer duration of
fenoldopam (mean, 10 days) at a dose of 0.09 µg/kg/min in
critically ill septic patients also showed a reduction in AKI.

Fenoldopam has failed to prevent CIN in patients with
chronic renal insufficiency. In a large RCT, patients with
creatinine clearance <60 mL/min were randomized to
fenoldopam or placebo [65]. The primary end point of CIN
(25% increase in SCr within 96 h after the procedure) oc-
curred equally in both groups.

Overall, it can be concluded that additional studies may
be warranted and, if the positive results obtained in some
recent studies are confirmed, fenoldopam may appear to be
a likely candidate for the prevention of AKI, particularly in
critically ill patients.

Natriuretic peptides

Natriuretic peptides are hormones secreted by the heart
in response to volume overload with increased cardiac
stretch and other stimuli. ANP is a 28-amino acid peptide
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synthesized by atrial myocytes. Brain natriuretic peptide
(BNP) is a 32-amino acid peptide synthesized in the brain
and in the heart.

ANP and BNP are systemic and renal vasodilators; they
inhibit renal tubular sodium reabsorption, attenuate the ac-
tivation of the renin–angiotensin–aldosterone system and
lower the oxygen requirements in several nephron segments
(for recent overviews and reviews, see [66–69]).

Synthetic analogues of ANP have shown promise in the
management of AKI in the laboratory setting. To date, this
promise has failed to translate into clinically apparent ben-
efit, and a large multicentre, prospective RCT of anaritide,
a synthetic analogue of ANP, could not show clinically sig-
nificant improvement in dialysis-free survival or overall
mortality in patients with AKI [70].

Ularitide (urodilantin) is a natriuretic pro-ANP fragment
produced within the kidney. In a small randomized trial,
ularitide did not reduce the need for dialysis in patients
with AKI [71].

Interestingly, a small, single-centre RCT [72] studied
61 patients after cardiac surgery using a continuous infu-
sion of low-dose (50 ng/kg/min) human recombinant ANP
(rhANP). This trial, unlike the larger studies in the past,
showed a decreased use of dialysis and improved dialysis-
free survival in treated patients compared to placebo. Al-
though the results of this small study are interesting, further
larger RCTs are necessary in the cardiac surgical population
with low-dose rhANP before recommending it for routine
clinical use.

Recombinant BNP (nesiritide) has the same amino acid
sequence as human B-type natriuretic peptide (BNP), which
is secreted by the ventricles in response to myocardial
stretch and is approved for treatment of symptomatic acute
decompensated heart failure. The role of nesiritide in
patients with left ventricular dysfunction (ejection frac-
tion ≤40%) undergoing coronary artery bypass graft-
ing (CABG) using CPB was recently determined [73].
The drug was administered as a 24- to 96-h infusion of
0.01 µg/kg/min. Compared with placebo, nesiritide was
associated with a significantly attenuated peak increase in
SCr and a smaller fall in eGFR during hospital stay or by
study Day 14, and a greater urine output during the initial
24 h after surgery. In addition, nesiritide-treated patients
had a shorter hospital stay and lower 180-day mortal-
ity. Although SCr increased in both groups, it returned
to baseline within 12 h in those treated with nesiritide
and remained elevated in the placebo group throughout
hospitalization. Renal protection was greatest in patients
with pre-existing renal dysfunction. Another recent RCT
[74] evaluated the impact of nesiritide on renal func-
tion in patients with acute decompensated heart failure
and baseline renal dysfunction. Subjects received either
nesiritide (0.01 µg/kg/min with or without a 2 µg/kg
bolus) or placebo (5% dextrose in water) for 48 h in
addition to their usual care. Both groups had similar base-
line parameters like age, blood pressure and SCr (1.82 ver-
sus 1.86 mg/dL). There were no significant differences in
the incidence of a 20% creatinine rise or in the change
in SCr. There were no significant differences in the sec-
ondary end points of change in weight, dose of intravenous
furosemide administered, discontinuation of the infusion

of nesiritide due to hypotension or 30-day death/hospital
readmission.

Although currently approved by the FDA only for the
treatment of heart failure, nesiritide may in the future also
play a role in the prevention of AKI in heart failure and
cardiac surgery.

Adenosine antagonists (theophylline)

Animal studies using theophylline pretreatment have
demonstrated attenuation of the intrarenal vasoconstriction
after the administration of radiocontrast media. The acute
reduction in GFR induced may therefore be theoretically
minimized or prevented in some patients by theophylline
or aminophylline (presumably via inhibition of the effect of
adenosine). A 2005 meta-analysis of nine controlled trials
of 585 patients [75] (theophylline versus controls) con-
cluded that theophylline may reduce the incidence of CIN
although the absolute benefit was small and patients stud-
ied were at relatively low risk (only one case required dialy-
sis). This meta-analysis found that findings are inconsistent
across studies. In contrast, concurrent administration of the
anti-platelet agent dipyridamole may increase contrast tox-
icity by enhancing the action of adenosine [76]. There is at
present little evidence to recommend theophylline for the
prevention of CIN.

Other vasoactive drugs

It is actually unclear if pharmacologic inhibition of renal
vasoconstriction with endothelin receptor blockers, nifedip-
ine, captopril and prostaglandin E protects patients at high
risk for developing AKI after contrast administration.

For example, a multicentre, double-blind randomized
trial [77] evaluating a non-specific endothelin receptor
blocker in high-risk patients undergoing coronary angiog-
raphy showed that compared with placebo, a significantly
higher percentage of patients who received active therapy
sustained CIN (56 versus 29%).

N-Acetylcysteine (NAC)

There is evidence that an increased renal free-radical pro-
duction may in part be responsible for the renal injury in
both post-ischaemic and nephrotoxic AKI. For reviews see
[78–83]. NAC, a thiol-containing antioxidant, ameliorates
ischaemic renal failure in animals [84] and has been used to
prevent AKI in patients with acetaminophen-induced liver
failure [85]. Based on these observations, several clinical
studies evaluated the efficacy of NAC, mainly in the pre-
vention of CIN and post-cardiac surgery AKI.

There exist great heterogeneity and conflicting results
in the available clinical trials and meta-analyses examining
the effectiveness of NAC in the prevention of CIN.

Before discussing the role of NAC in the prevention of
CIN, it is appropriate to briefly remind the problems associ-
ated with the definition of CIN. CIN is typically defined in
the recent literature as an increase in SCr occurring within
the first 24 h after contrast exposure and peaking up to
5 days afterwards. In most instances, the rise in SCr is
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expressed either in absolute terms (0.5–1.0 mg/dL) or as a
proportional rise in SCr of 25 or 50% above the baseline
value. The most commonly used definition in clinical tri-
als is a rise in SCr of 0.5 mg/dL or a 25% increase from
the baseline value, assessed at 48 h after the procedure
[86]. Most studies of contrast-induced nephropathy lack
controls to distinguish it from nephropathy due to other
causes. A recent study assessed the frequency and magni-
tude of SCr changes over 5 days in hospitalized patients not
receiving iodinated contrast material to compare with SCr
changes in publications regarding CIN [87]. Fluctuations
in SCr occurred frequently but among the 32 161 patients,
more than half showed a change of at least 25% and more
than two-fifths, a change of at least 0.4 mg/dL and these
increases in SCr were not different from the incidences of
CIN previously published in the literature. These results not
only suggest that the risk of contrast material in inducing
nephropathy may have been overestimated in many studies
in hospitalized patients but that prevention studies in CIN,
relying on small changes in SCr must be interpreted with
caution.

After publication of the seminal study by Tepel et al.
[88], where NAC (600 mg orally twice daily) showed some
protection, a large number of studies, mostly with relatively
small sample sizes, have been published. The results have
been remarkably varied with some studies finding great
efficacy with NAC but many others finding no significant
benefit [89]. A recent, large, single-centre RCT [90] not
only found a clear protecting but also a dose- dependent
effect of NAC in CIN.

Subsequently, several meta-analyses have pooled the ex-
isting data and have consistently found that NAC along with
hydration decreases incidence of CIN compared to hydra-
tion alone [91–94] but with a significant heterogeneity in
NAC effect across studies. A very recent meta-analysis [95]
on the efficiency of drug prevention in CIN included all
RCTs that administered NAC, theophylline, fenoldopam,
dopamine, iloprost, statin, furosemide or mannitol to a
treatment group. In the 41 studies included, NAC reduced
the risk for CIN more than saline infusion alone, whereas
furosemide increased it. All the remaining agents did not
significantly affect risk. It was concluded that NAC is more
renoprotective than hydration alone. This meta-analysis, to-
gether with another recent in depth review on CIN [96], thus
suggests that the administration of NAC, together with fluid
loading may be useful, particularly in high-risk patients.

It has been suggested that NAC may decrease SCr with-
out affecting GFR [97] by activating creatinine kinase [98]
and possibly by increasing the tubular secretion of creati-
nine. However, a more recent study in which a ‘double-dose’
NAC was administered in the absence of iodinated contrast
media to patients with stable CKD showed no effect of NAC
on either serum creatinine or cystatin C levels [99].

The screening and emergency preventative measures
against CIN in critically ill patients, where the ‘routine
hydration’ and oral NAC administration cannot be applied,
raise a number of difficult problems [100]. In these pa-
tients, a modified preventative protocol should be applied.
An analysis [101] of seven randomized trials where pre-
vention was applied within 2 h pre-contrast (NAC in three,
theophylline in two and bicarbonate and ascorbic acid in

one trial) revealed that interventions (theophylline, bicar-
bonate and ascorbic acid) were appropriate to an emergency
department setting and decreased the risk of CIN. In this
analysis, the case for the effectiveness of NAC was less
certain. In this regard, a prospective multicentre RCT was
conducted [102] to test the hypothesis that a rapid protocol
of an intravenous dose of NAC [150 mg/kg in 500 mL saline
(0.9%)] over 30 min immediately before contrast exposure
and followed by 50 mg/kg in 500 mL saline (0.9%) over
the subsequent 4 h would be more effective at inhibiting
CIN in high-risk patients than prolonged saline hydration
alone. In the control group, saline was given at a rate of
1 mL/kg/h for 12 h pre- and post-procedure. CIN occurred
significantly less frequent in the NAC group compared to
the hydration group.

Although the most recent literature recommends the use
of NAC in high-risk patients for CIN given its potential
benefit, low cost and excellent side-effect profile, it should
never take the place of IV fluids, which likely have a more
substantial benefit.

NAC has also been investigated in the prevention of post-
cardiac surgery AKI [103]. Patients with CKD undergoing
heart surgery were randomized to either NAC 600 mg orally
twice daily or placebo for a total of 14 doses (three preop-
erative doses). This study showed that prophylactic periop-
erative NAC administration does not seem to prevent AKI
after cardiac surgery.

Statins

Pleiotropic effects of statins include improvement of en-
dothelial dysfunction, increased nitric oxide bioavailabil-
ity, antioxidant properties, inhibition of inflammatory re-
sponses and stabilization of atherosclerotic plaques. These
and several other emergent properties could act in con-
cert with the potent low-density lipoprotein cholesterol-
lowering effects of statins to exert early as well as lasting
cardiovascular protective and potentially reno-protective ef-
fects [104].

A large retrospective study demonstrated that patients
who continued on statins during cardiovascular procedures
including percutaneous coronary intervention (PCI) and
CAB grafting have lower rates of AKI [105]. A recent
prospective study [106] evaluated the influence of potential
benefit of pre-procedural statins on CIN and on the long-
term (4-year) cardiovascular outcome. CIN was defined as
a post-procedural increase in SCr of ≥0.5 mg/dL or >25%
from baseline. Statin-treated patients had a significantly
lower incidence of CIN (3% versus 27%, P < 0.0001). No
benefit was observed in patients with a pre-existing crea-
tinine clearance <40 mL/min. During the follow-up, CIN
was a predictor of poorer cardiovascular outcome, a well-
known observation of CIN [96]. These results may lend
further support to utilization of statins as adjuvant pharma-
cologic therapy before PCI.

In contrast, another recent propensity-based analysis
[107] showed that neither the presence nor timing of peri-
operative statin therapy was associated with improved renal
outcomes in patients undergoing a range of major vascu-
lar procedures. A possible exception is early postoperative
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re-initiation of statin therapy in chronic statin users. All
these discrepant results of the available literature preclude
a definitive statement on the use of statin therapy as a means
of preventing postoperative renal dysfunction. At present,
initiation of statin therapy for the prevention of CIN cannot
be recommended, but these drugs should not be stopped
before a radiological intervention in patients on chronic
therapy.

Ascorbic acid

Ascorbic acid has been tested in a multicentre, blinded,
placebo-controlled trial and been shown to reduce rates of
CIN. The dose of ascorbic acid (vitamin C over the counter)
used in this trial was 3 g orally the night before and 2 g orally
twice a day after the procedure [108]. However, a second
large well-designed trial (the REMEDIAL trial mentioned
above) [109] found that ascorbic acid did not provide added
benefit to a prophylactic regimen of isotonic saline plus
NAC among patients at high risk for CIN. In summary, data
are insufficient to support the use of ascorbic acid for the
prevention of CIN.

Prophylactic dialysis in CIN

It is known that contrast media can be effectively removed
from the blood of patients with chronic renal failure by
haemodialysis. Marenzi et al. [110] compared haemofil-
tration, with isotonic-saline hydration, in preventing CIN
in patients with renal failure, who were undergoing coro-
nary interventions. Haemofiltration (fluid replacement rate,
1000 mL/h without weight loss) and saline hydration were
initiated 4–8 h before the coronary intervention and were
continued for 18–24 h after the procedure was completed.
An increase in the SCr concentration of >25% from base-
line after the coronary intervention occurred less frequently
among the patients in the haemofiltration group compared
to control patients (5% versus 50%). Temporary RRT was
required in 25% of the control patients and in only 3% of
the patients in the haemofiltration group. In-hospital mor-
tality was 2% in the haemofiltration group and 14% in
the control group while the cumulative 1-year mortality
was 10% and 30%, respectively. A subsequent study by the
same authors confirmed these beneficial effects but sug-
gested that, not unexpectedly, the best results are obtained
by pre-haemofiltration [111].

Of course, continuous haemofiltration is a rather costly
and time-consuming procedure, which is not available in
every hospital. In this respect, intermittent haemodialysis
is simpler, less expensive and more available, but previous
studies on the prophylactic use of haemodialysis in CIN
showed controversial results.

Lee et al. [112] randomly assigned 82 patients
with chronic renal failure (residual creatinine clearance
<25 mL/min), and referred for coronary angiography, to re-
ceive either normal saline IV and prophylactic haemodialy-
sis or fluid supplements only. Haemodialysis was performed
with a polysulfone high flux dialysis membrane. Compared
with the dialysis group, the SCr concentrations in the con-

trol group were significantly higher at Day 4 and at peak
levels. Temporary RRT was required in 35% of the con-
trol patients and in only 2% of the dialysis group. Thirteen
percent of the control patients, but none of the dialysis pa-
tients required long-term dialysis after discharge. It was
concluded that prophylactic haemodialysis is effective in
improving renal outcome in these high-risk patients under-
going coronary angiography.

However, recent systematic reviews and meta-analysis
of several studies [113,114], including the one by Marenzi
et al. [110], found that peri-procedural extracorporeal blood
purification (haemodialysis or continous RRT) does not
reduce the incidence of CIN compared to standard medical
prevention and cannot at present be recommended.

A practical algorithm summarizing the clinical approach
and possible preventative measures to be applied in patients
with progressively lower pre-contrast GFR is depicted in
Figure 1 taken from [86].

Anti-tumour lysis syndrome agents

Allopurinol and the recently introduced rasburicase, a re-
combinant urate oxidase preparation, decrease the synthe-
sis of uric acid in patients with rapidly growing tumours
like leukaemia and lymphoma and are prone to uric-acid
nephropathy and tumour lysis syndrome [115]. Rasburic-
ase is very effective in the prevention of this complication
[115]. The FDA-recommended dosing guidelines for ras-
buricase in paediatric patients are 0.15 mg/kg or 0.2 mg/kg
administered once daily for a maximum of 5 days. Treat-
ment beyond 5 days or for more than one course of therapy
is not recommended. The first dose of rasburicase should
be administered 4–24 h before starting chemotherapy. Ras-
buricase is given as an intravenous infusion over 30 min
and should not be given as a bolus infusion. Currently, in
the adult population, the dose often utilized in practice is
0.2 mg/kg.

Erythropoietin (EPO)

A growing body of evidence indicates that EPO has
tissue-protective effects and prevents tissue damage dur-
ing ischaemia and inflammation. Tissue protection after
ischaemia and injury has been found in the brain, heart and
kidney. It has been speculated that EPO has anti-apoptotic
effects in cardiovascular cells. These novel effects of EPO
seem to be independent of its erythropoietic activity (for
reviews [116,117]). Recent in vitro and in vivo studies have
demonstrated that EPO attenuates experimental renal is-
chaemic/toxic cell damage [118,119] and there is an exten-
sive physiological basis for using EPO also in clinical AKI
[120]. A recent major clinical trial in ICU patients with
EPO-α, however, did not reduce the incidence of red-cell
transfusion but showed a tendency to reduce mortality, in
particular in trauma patients [121]. This trial did not evalu-
ate AKI as outcome measure. A recent search of the clinical
trial website (www.ClinTrials.gov) revealed that currently
three trials are performed with EPO in the prevention of
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Fig. 1. Advanced algorithm for the management of patients receiving iodinated contrast media (taken from reference 86 after permission). ACS: acute
coronary syndromes; NAC: N-acetylcysteine; NSAIDs: non-steroidal anti-inflammatory drugs.

AKI post-cardiac surgery, CIN and post-kidney transplan-
tation, respectively.

Conclusions

The two parts of this review evaluate the efficacy of a
number of non-pharmacological and pharmacological pre-
ventative interventions in patients with risk for AKI.

The general prevention measures include the estimation
of several risk factors for AKI, and the avoidance or mini-
mization of nephrotoxic agents and, promising for the near
future, diagnostic parameters to detect incipient renal dam-
age before a measurable fall in GFR.

An important further preventative step, particularly in
critically ill patients, is paying attention to the volume sta-
tus and initiation of adequate fluid therapy. There is no con-
vincing evidence that fluids other than isotonic saline are to
be preferred. Maintenance of an adequate renal perfusion
pressure with fluids and vasopressors remains the main non-
pharmacological strategy to prevent AKI. Norepinephrine
remains the vasopressor of choice in the management of
hypotensive shock.

The many pharmacological interventions that have been
used in the prevention of clinical AKI include vasodilators,
diuretics, N-acetylcysteine, statins and vitamin C. Most
of the clinical trials with these drugs have been tested in
the prevention of radiocontrast-induced nephropathy and of
post-cardiovascular surgery AKI. Except NAC, none of the
other interventions were able to convincingly demonstrate
that they are effective.

Although the clinical treatment of patients with ARF is
still largely supportive, basic research continuously pro-
vides the clinician with many, albeit still unproved, ap-
proaches to future therapies. Additional experimental mod-
els that better reflect the multifactorial causes of clinical
ARF are needed. In view of the different pathophysiologic
processes involved during different stages in the initiation
and maintenance of post-ischaemic ARF, it is clear that
single-drug therapy will probably never be effective, and
that multiple agents may be needed to improve outcomes.
In addition, drugs should be administered early during the
course of the disease.

The medical community should not be discouraged by
the negative results of the many clinical trials, but should
continuously think and rethink the basic and clinical strate-
gies to improve the grim prognosis of this dreadful disease.

Conflict of interest statement. None declared.
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