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ABSTRACT

Acute renal failure (ARF) is s a major complication after cardiac surgery and its prevalence still remains high.
Even minor changes in serum creatinine are related to an increase morbidity and mortality.

Recently two consensus conferences have suggested new diagnostic criteria to define acute kidney injury and
risk scores to better identify patients who will probably develop ARF after cardiac surgery. In fact a prompt
recognition of high risk patients could allow a more aggressive therapy at a reversible stage of an incoming
AREF. To date prophylactic strategies of renal function preservation during surgery include the avoidance of
nephrotoxic insult and the prevention or correction of renal hypoperfusion. Although there are still no phar-
macological agents able to prevent the perioperative ARF, several trials are investigating new pharmacological
approaches.

When prophylactic strategies fail and severe ARF occurs, renal replacement therapy becomes mandatory. The
timing and the kind of renal replacement therapy remain an open issue.

Further randomized case-control studies with adequate statistical power are needed to have more conclusive
data. Aim of this paper is to start from the acute renal injury physiopathology to analyze the most common

prophylactic and pharmacological strategies.
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Acute renal failure (ARF) still remains a
major complication after cardiac surgery.
Even minor changes in serum creatinine
are related to an increase morbidity and
mortality. As recently shown by Chertow et
al. (1), ARF “per se” is an independent de-
terminant of mortality as much as cardiac
arrest.

The true incidence of acute renal failure in
patients undergoing cardiac surgery is still
unknown because different authors have
used different nomenclature to define ARF.
To sort out this lack of uniformity in 2004
the Acute Dialysis Quality Initiative Group
(ADQI) published the Rifle criteria (2).
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RIFLE is the acronym of 3 severity grades
(Risk, Injury and Failure) identified on the
basis of the creatinine serum variation or
urine output (the worst between them is
considered), and 2 outcomes (Loss and End-
Stage Kidney Disease) related to the length
of loss of kidney function (Table 1).

The 3 classes of severity have a higher sen-
sitivity than specificity, on the other hand
the 2 categories related to the lengh of the
kidney function loss have a low rate of false
negative.

In September 2004 the ADQI group, the
representatives of three nephrology soci-
eties, and the European Society of Inten-
sive Care Medicine in Vicenza, Italy have
introduced the concept of acute kidney in-
jury (AKI) including the entire spectrum
of ARF. In the same meeting they created
the Acute Kidney Injury Network (AKIN)
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Table 1 - The RIFLE scale, modified by Bellomo et al. (2).

GRF criteria Urine output criteria
Risk Serum creatinine increased 1.5 times or GFR < 0.5 ml/kg/h for 6 h
decrease >25%
Injury Serum creatinine increased 2.0 times or GFR < 0.5 ml/kg/h for 12h
decrease >50%
Failure Serum creatinine increased 3.0 times orGFR < 0.3 ml/kg/h for 24 h or anuria
decrease >75% or creatinine >4 mg/dl (Acute rise | for 12 h
> 0.5 mg/dl)
Loss Persistent acute renal failure; complete loss of kidney
function for longer then 4 weeks
End-stage renal | End stage renal disease for longer than 3 months
disease

as independent multidisciplinary collabora-
tive network formed by experts selected by
the participating societies (3) (Table 2).
As in the Rifle score, in the AKI system the
main criteria to classify the renal failure
stage are the creatinine serum variation
and/or the urine output. Major advantages
of the new staging system classification for
acute kidney injury are:

1) a more flexible interim classification of
the renal failure (a patient on RRT is
classified as stage 3 regardless of the se-
verity class at the time of the start of the
RRT) and

2) a more accurate detection of the AKI.

Using the RIFLE criteria the incidence of

AKI after cardiac surgery is considerably

higher than previously reported incidence

of ARF (15-20%) in 2 large studies (4, 5).

ACUTE RENAL INJURY
PHYSIOPATHOLOGY

Acute renal injury can result from:

1) decreased renal perfusion without cellu-
lar injury;

2) ischemic, toxic, or obstructive insult of
the renal tubule;

3) a tubule-interstitial process with inflam-
mation and edema;

4) primary reduction of the glomerulus fil-
tering capacity.

In terms of etiology the acute renal failure

is pre-renal, renal, or post-renal, unfortu-

nately, the critically ill patients recognize a

combination of multiple factors and gener-

ally a worst outcome. Anyway we have to

keep in mind that the AKI is not a “yes or

no” phenomenon, but a continuum process

Table 2 - Classification/staging system for acute kidney injury (AKI). Modified from Metha et al. (3).

Stage Serum creatinine criteria

Urine Output Criteria

1

Increase in serum creatinine of more than or
equal to 0.3 mg/dl or increase to more than or
equal to 150% to 200 % (1.5-to 2-fold) from
baseline

Less than 0.5 ml/kg per hour for more than 6
hours

(> 3-fold) from baseline (or serum creatinine of
more than or equal to 4.0 mg/dl with an acute
increase of at least 0.5 mg/dl)

2 Increase in serum creatinine to more than 200 % | less than 0.5 ml/kg per hour for more than 12
to 300 % (> 2-to3-fold) from baseline hours
3 Increase in serum creatinine to more than 300 % | Less than 0.3 ml/kg per hours for 24 hours or

anuria for 12 hours
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which ranges from mild changes in markers
of renal function, (i.e. creatinine and urea),
until the complete renal failure.

In particular elderly patients are vulnerable
to prerenal azotemia because of their pre-
disposition to hypovolemia and high preva-
lence of renal-artery atherosclerotic dis-
ease. In this kind of patients, who are often
affected by large-vessel or small-vessel renal
vascular disease, the therapy itself plays an
important role, in fact, a combination of
angiotensin-converting-enzyme inhibitors
and diuretics can worse the renal failure
increasing the hypovolemia.

The low cardiac output syndrome can lead
to kidney ischemia after cardiac surgery ei-
ther decreasing the renal flow or changing
the renal physiology.

During the CBP the non pulse blood flow,
the macroembolic and microembolic in-
sults to the kidney (organic and inorganic
debris), the release of catecholamines and
inflammatory mediators such as the free
hemoglobin from traumatized red blood
cells increase the renal vascular resistances
and decrease the glomerular filtration rate
of the 25-75 % compare to the perioperative
period.

Often the ischemic renal injury is revers-
ible after the correction of the underlying
causes, but if the ischemia is severe the cor-
tical necrosis is irreversible.

However the kidney can restore its struc-
ture and function also after severe ischemia
by the spreading and dedifferentiation of
viable cells.

From the clinical point of view the early
post cardiac surgery AKI is strongly associ-
ated with two major factors: reduced func-
tional reserve and renal ischemia. Chertow
has defined the renal ischemia occult, be-
cause asymptomatic, silent, unlike myo-
cardial and cerebral ischemia. For these
reasons the development of scores able to
predict the ischemic AKI becomes manda-
tory (6).

PREDICTIVE SCORES

The Continuous Improvement in Cardiac
Surgery Program (CICSP) score is a good
predictor of AKI in a cardiac surgery popu-
lation (6). The CICSP risk-stratification al-
gorithms has been developed and validated
in 43 Department of Veterans Affairs medi-
cal centers between the 1987 and the 1994.
It includes the following risk factors: low
ejection fraction <35% (2 points); valvu-
lar surgery (3 points); chronic obstructive
pulmonary disease (2 points); NYHA func-
tional class IV (2 points); peripheral vascu-
lar disease (2 points); preoperative use of
an intra-aortic balloon pump (5 points);
prior heart surgery (3 points); pulmonary
rale (2 points); systolic blood pressure >160
mmHg and CABG surgery (3 points); sys-
tolic blood pressure <120 mmHg and val-
vular surgery (2 points); and creatinine
clearance 80 to 100 mL/min (2 points), 60
to 80 mL/min (3 points), 40 to 60 mL/min
(5 points), <40 mL/min (9 points).

Table 3 - The Thakar score (Minimum score 0;
maximum score 17). Modified from Thakar et al. (7).

Risk factor

Female gender 1

Points

Congestive heart failure

Left ventricular ejection fraction <35 %

Preoperative use of TABP
CoPD

Insulin-requiring diabetes

Previous cardiac surgery

Emergency surgery

Valve surgery only (reference to CABG)
CABG + valve (reference to CABG)

Other cardiac surgery

[N NG R NC R U B G B B T (N AT N

Preoperative creatinine 1.2 to
2.1 mg/dl

Preoperative creatinine 5
>2.1
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More recently Thakar et al have developed
another clinical score to predict postopera-
tive ARF “weighing” the effect of ARF’s
major risk factors (7).

A total of 33,217 patients who underwent
open-heart surgery at the Cleveland Clinic
Foundation (1993 to 2002) have been stud-
ied.

The primary outcome was ARF requiring
dialysis. The score was a a good predictor of
ARF across all risk categories (Table 3).
These results allowed to identify high-risk
subgroups who could be involved in future
randomized trials with the aim to identify
strategies able to reduce the incidence of
AKTI after cardiac surgery.

PROPHYLACTIC STRATEGIES

The prophylactic strategies of the renal
function preservation during the surgery
traditionally emphasized two goals:

1) avoidance of nephrotoxic insult;

2) prevention or reversibility of the renal
hypoperfusion supporting the renal per-
fusion pressure by the cardiac outcome,
the arterial pressure and an adequate
intra-vascular volume state (8). Renal
injury in critically ill patients is wors-
ened by contrast agents and antibiotics
among others (Table 4).

Minimizing and avoiding the use of con-

trast agents perioperatively, especially in

patients at high-risk for contrast nephropa-
thy, helps to reduce renal injury. When pos-

Table 4 - Nephrotoxins
Contrast agents
ACE-inhibitors

Non-steroidal anti-inflammatory drugs

Pigments (hemoglobin, mioglobin )

Antibiotics (aminoglycosides, cephalosporins,
anphotericin B)

Chemiotherapeutic/immunosuppressive agents

sible, plasmatic nephrotoxic drugs concen-
trations must be measured daily.

The kidney performance is strictly bridged
to the cardiac performance in fact the kid-
neys, although their combined weight is
less than 1% of total body weigh, normally
receive the 20-25% of the cardiac output
(CO).

A low CO, during the surgery, decrease dra-
matically the renal perfusion pressure and
activates a number of renal vasoconstric-
tor systems (sympathetic nervous system,
renin angiotensyn system, and vasopres-
sin secretion) which damage indirectly the
kidneys. Marathias et al. have shown that
preoperative intravenous hydration has de-
creased the risk of irreversible renal dam-
age in patients with moderate-to-severe
renal insufficiency undergoing cardiac sur-
gery regardless of the kind of fluid adopted
(crystalloids or colloids) (9). Obviously, an
excessive perioperative fluid load should
not be administrated in order to avoid sev-
eral complications such as pulmonary oe-
dema.

Beyond an adequate CO and an intravascu-
lar volume status an optimal arterial pres-
sure is mandatory to ensuring an adequate
renal perfusion pressure. In the normal
mammalian kidney, loss of autoregulation
of RBF generally occurs at a mean arterial
pressure (MAP) of 75-80 mmHg. There
are no absolute MAP values to sustain the
renal perfusion pressure in fact, a MAP of
65 mmHg could be inadequate for renal re-
suscitation in elderly or diabetics patients,
while it could be high enough for patients
without co-morbidities. A blood pressure of
60 mmHg is likely to be inadequate in every
patient (10).

When the volume expansion is not suffi-
cient to achieve these goals in ICU patients,
the vasoactive drugs (many of which have
inotropic and vasopressor properties) could
be used. Anyway, to our knowledge no
randomized controlled studies have inves-
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tigated if the perfusion pressure affects the
renal outcome.

Recently Di Giantomasso et al. (11) in a
study on animals showed that 0.4 mcg/
kg/minute of norepinephrine (NE) in the
normal mammalian circulation increased
renal blood flow, urine output and creati-
nine clearance. Notably the effect of NE on
the renal function was safe in patients with
post-bypass hypotensive vasodilatation
(12). Although further studies are needed
to evaluate the effect of NE, in subject with
normal cardiac function or septic shock
there are no reasons to avoid NE adminis-
tration in patient with poor renal function.
To date, NE remains the vasopressor of
choice in hypotensive states with preserved
or increased cardiac output for its efficacy
in restoring the MAP.

PHARMACOLOGICAL STRATEGIES

Diuretics

The administration of loop diuretics in

AREF patients is common practice in ICUs.

Loop diuretics:

1) improve the tubular flow and the hy-
draulic pressure;

2) increase the production of vasodilating
prostaglandins increasing the cyclo-oxy-
denases’s activity;

3) reduce the efficacy of the Na-K-2Cl
co-transporter (NKCC2) decreasing the
sodium transport and the O2 consump-
tion;

4) preserve the vulnerable medullary tubu-
lus segments from the ischaemic dam-
age.

Mehta et al. showed that the use of diuret-

ics in critically ill patients with ARF is as-

sociated with an increased risk of death and
non recovery of renal function (13). The
following consideration should be done:

1) the use of diuretics by converting an
oliguric in a nonoliguric form could de-

lay the recognition of ARF, the severity
of the ARF and the institution of dialy-
sis;

2) the successful conversion of oliguria to
diuresis does not mean a milder form of
ARF;

3) the diuretics have no impact on the pa-
tient outcome.

In a double-blind randomized controlled

trial continuous infusion of furosemide has

been associated with the highest rate of re-
nal impairment in cardiac surgery patients

(14). The same authors have suggested the

use of mannitol to protect the renal func-

tion. In fact the mannitol;

1) induces an osmotic diuresis which pre-
vents the tubular obstruction;

2) decrease the epithelial and endothelial
cell swelling limiting the vascular con-
gestion and tubular obstruction;

3) is a free radicals scavenger;

4) increases the synthesis of intra-renal
prostaglandin generating an efficacious
renal vasodilation. Sides effects are vol-
ume depletion, and an increased med-
ullary consumption of O2. Despite of
these features, a small prospective ran-
domized clinical trial in cardiac surgery
patients without previous renal impair-
ment failed to show any significant dif-
ferences in renal outcome when manni-
tol was administrated with prophylaxis
purpose (15).

Steroids

In a randomized clinical trial, anti-inflam-
matory agents such as dexamethasone, ad-
ministrated before CPB, showed no protec-
tive effect on perioperative renal dysfunc-
tion in low-risk cardiac surgdical patients

(16).

Dopamine receptors agonists

When infused in so-called “renal doses,”
between 0.5 to 2 pg/kg body weight/min-
ute, dopamine increases renal plasma flow,
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GFR, and sodium excretion. In a double-
blind, randomized, controlled trial, 126
patients with preoperatively normal renal
function undergoing elective cardiac sur-
gery received a continuous infusion “renal
dose” dopamine (2 ng/kg/minute), furo-
semide (0.5 mg/kg/minute), or isotonic so-
dium chloride as placebo, at the beginning of
surgery for 48 hours or until the discharge
from the intensive care unit (14). The con-
tinuous infusion of dopamine was ineffec-
tive for renal protection and not superior to
isotonic saline in preventing postoperative
dysfunction. Also a larger randomized trial
in early ARF has failed to show any benefit
of the dopamine in preventing renal injury,
renal replacement therapy, or death (17).
Fenoldopam stimulates dopamine 1 (and
not dopamine 2) receptors, thus inducing,
theoretically, a greater vasodilation in the
renal medulla than in the cortex. Further-
more, fenoldopam has no alpha or beta
adrenergic activity and as evidenced by
Aravidan et al., in a rat model, fenoldopam
is able to reduce the ischemic-reperfusion
injury-induced inflammation involving NF-
kB pathway (18). In patients at high risk of
postoperative acute renal failure undergo-
ing cardiac surgery with cardiopulmonary
bypass, fenoldopam prophylaxis was an
independent protective factor for postop-
erative renal failure within the subgroup of
patients who suffered a postoperative low
output syndrome (19).

On the other hand Bove et al. in a pro-
spective single-center, randomized, dou-
ble-blind trial in a cardiac surgery setting
evidenced no significant difference in peak
postoperative serum creatinine level, need
of renal replacement therapy and intensive
care unit, hospital stay, and mortality be-
tween fenoldopam and placebo group (20).
Recently two interesting meta-analysis
showed fenoldopam efficacy in prevent-
ing renal damage (21, 22) in critically ill
patients or in those undergoing major sur-

gery. Anyway further large multicentric
randomized clinical trials are needed to
justify a widespread use of fenoldopam to
avoid renal impairment.

Radical scavengers

Because cardiopulmonary bypass and car-
dioplegic arrest are associated with forma-
tion of free radicals, which damage various
organs particullary the kidneys, radical
scavengers were hypothesized to protect
the renal function.

Oxidative stress could be attenuated by N-
acetylcysteine (NAC), which directly scav-
enges reactive oxygen species, regenerates
the glutathione pool, and reduces oxidative
stress during CPB. Nevertheless in a phase
II, randomized, controlled trial, Haase et al.
have shown that N-acetylcysteine has been
no more effective than placebo in attenuat-
ing cardiopulmonary bypass-related acute
renal failure in high-risk cardiac surgery
patients (23).

Arteriolar vasodilator

Natriuretic peptides showed to cause af-
ferent arteriolar vasodilation and efferent
arteriolar vasoconstriction, thereby in-
creasing GFR. They also block tubular re-
absorption of sodium chloride, re-distribute
renal medullary blood flow, disrupt TGF
and reverse endothelin-induced vasocon-
striction. In the NAPA trial, a prospective
double-blind clinical trial, the administra-
tion of nesiritide, a recombinant human
B-type natriuretic peptide, in patients un-
dergoing CABG with CPB was associated
with a better renal function and survival
outcome (24). Sackner-Berneistein et al. in
a recent metanalysis on the use of the nesir-
itide in acutely decompensated heart fail-
ure (ADHF) showed that nesiritide signifi-
cantly increases the risk of renal function
impairment although the worsening renal
function could reflect only hemodynamic
effects and no a true renal injury (25).
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Calcium channel blockers cause afferent
arteriole vasodilation and natriuresis. They
also reduce intracellular calcium influx and
act as a free radical scavenger. In a placebo-
controlled study led in patients undergoing
CABG, diltiazem has increased urine out-
put and creatinine clearances (26). How-
ever two more recent placebo controlled
clinical trials showed no effect on renal
function (27, 28).

Prostaglandins are involved in the afferent
arteriole vasodilatation such as the inhibi-
tion of pro-inflammatory cytockines during
cardiac surgery. A pilot study indicated that
low-dose of prostacyclin could preserve the
renal function in high-risk patients after
coronary bypass surgery (29).

On the hypothesis that the adenosine re-
ceptors are involved in modulating intra-
renal haemodynamics during ischaemia
theophylline was studied with a double-
blind, placebo-controlled trial in patients
with normal preoperative renal function
who underwent elective CABG (30). No
difference in the incidence of acute renal
failure has been found between cases and
controls.

Clonidine has been associated with a high-
er creatinine clearance in two randomized
double blind trial conducted by Myles et al.
and Kulka et al. (31, 32).

Optimization of renal function prior to the
surgery could reduce the risk of periopera-
tive ARF.

Durmaz et al. have performed an interest-
ing study to assess whether correcting fluid
and electrolyte abnormalities with dialysis
in patients with chronic renal insufficiency
prior to surgery would have reduced the in-
cidence of post-operative ARF and mortal-
ity (33).

The study showed a significant low inci-
dence of acute renal damage, death and a
shorter length of ICU and hospital stay be-
tween the patients who received hemodi-
alysis twice within 72 hours before the sur-

gery and who not. However the results can
not be conclusive because of a small size of
patients involved into the study.

RENAL REPLACEMENT
THERAPY

There is no agreement on the timing and

the kind of RRT in AKI. Bellomo et al. have

suggested these criteria to start the RRT

(34):

1) anuria or oliguria (urine output < 200
ml/12 h);

2) hyperkalemia (k > 6.5 mmol/1);

3) severe acidemia (pH < 7.1);

4) azotemia (urea >30 mmol/l);

5) clinically significant organ edema (par-
ticularly lung);

6) uremic encephalopathy, pericarditis, or
neuropathy/myopathy;

7) severe dysnatremia (Na>160 or< 115
mmol/1);

8) hyperthermia;

9) drug overdose with a dialyzable prod-
uct.

About the kind of RRT to use in ARF there

are no conclusive studies. In fact, although

the intermittent hemodialysis (IHD) re-

mains the most common treatment, contin-

uous renal replacement therapies (CRRT)

and slow, low-efficiency daily dialysis

(SLEDD) are becoming widely used. Each

technique carries its own set of advantages

and disadvantages.

CONCLUSIONS

In conclusion AKI is one of the most seri-
ous complications of cardiac surgery associ-
ated with increased morbidity and mortal-
ity. Ischemic injury of the kidney, exotox-
ins (antibiotics, anesthetic agent, contrast
media, diuretics), endotoxins (myoglobin),
and preexisting renal impairment are risk
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factors associated to acute postoperative re-
nal failure.

Maintenance of adequate intravascular vol-
ume perioperatively, optimization of pre-
operative renal function, and the avoidance
of nephrotoxic medications are currently
the keys to prevent perioperative AKI. Sev-
eral studies on the use of pharmacological
agents have failed to show any effect to pre-
vent the perioperative AKI. Further ran-
domized case-control studies with adequate
statistical power are needed to have more
conclusive data.

No conflict of interest acknowledged by the authors.
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