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Renal Dysfunction after Off-Pump Coronary Artery
Bypass Surgery- Risk Factors and Preventive Strategies
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Summary

Postoperative renal dysfunction is a relatively common and one of the serious complications of cardiac surgery.
Though off-pump coronary artery bypass surgery technique avoids cardiopulmonary bypass circuit induced adverse
effects on renal function, multiple other factors cause postoperative renal dysfunction in these groups of patients.
Acute kidney injury is generally defined as an abrupt and sustained decrease in kidney function. There is no consen-
sus on the amount of dysfunction that defines acutekidney injury, with more than 30 definitions in use in the literature
today.Although serum creatinine is widely used as a marker for changes in glomerular filtration rate, the criteria used
to define renaldysfunction and acute renal failure is highly variable. The variety of definitions used in clinical studies
may be partly responsible for the large variations in the reported incidence. Indeed, the lack of a uniform definition for
acute kidney injury is believed to be a major impediment to research in the field. To establish a uniform definition for
acute kidney injury, the Acute Dialysis Quality Initiative formulated the Risk, Injury, Failure, Loss, and End-stage
Kidney (RIFLE) classification. RIFLE defines three grades of increasing severity of acute kidney injury – risk (class
R), injury (class I) and failure (class F) – and two outcome classes (loss and end-stage kidney disease). Various
perioperative risk factors for postoperative renal dysfunction and failure have been identified. Among the important
preoperative factors are advanced age, reduced left ventricular function, emergency surgery, preoperative use of
intraaortic balloon pump, elevated preoperative serum glucose and creatinine. Most important intraoperative risk
factor is the intraoperative haemodynamic instability and all the causes of postoperative low output syndrome com-
prise the postoperative risk factors. The most important preventive strategies are the identification of the preoperative
risk factors and therefore the high risk groups by developing clinical scoring systems. Preoperative treatment of
congestive cardiac failure and volume depletion is mandatory. Avoidance of nephrotoxic drugs and prevention of
significant hemodynamic events that may insult the kidneyare essential. Perioperative hydration, aggressive control
of serum glucose, haemodynamic monitoring and optimization of ventricular function are important strategies. Several
drugs have been evaluated with inconsistent results. Dopamine and diuretics once thought to be renoprotective has
not been shown to prevent renal failure. Mannitol is probably effective if given before the insult takes place. Some of
the newer drugs like fenoldopam, atrial natriuretic peptide, N-acetylcysteine, clonidine and diltiazem have shown
some promise in preventing renal dysfunction but more studies are needed to establish their role of renoprotection in
cardiac surgery.
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Introduction

Postoperative renaldysfunctionis arelatively com-
mon and one of the serious complications of cardiac
surgery. Renaldysfunction orfailure occurs nearly in
8% of all patients undergoing myocardial
revascularization1. It is multifactorial in origin2.Though

off-pump coronary artery bypass surgery (OPCAB)
technique avoids cardiopulmonary bypass (CPB) cir-
cuit induced adverse effects on renalfunction,multiple
otherfactors causepostoperative renaldysfunction in
these group of patients3-5.Each year,600,000 patients
worldwide undergo coronary artery bypass surgery1.
With an increasingnumberof elderly populations com-
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ing for coronary artery bypass surgery, clinicians will
continually be challenged to mitigateperioperative re-
nalfailure. Compared with patients who do not have
postoperative renaldysfunction, patients with renal
dysfunction(who do not needdialysis) remain twice as
long in both the intensive careunit and hospitalwards
and have significantly highermortality rate (1% com-
pared with 19%)1,6,7.Furthermore, approximately 1 in
6patients with renaldysfunction willneeddialysis and
two third ofthem willnot survivetheir hospitalization8-

11. Many more patients suffer from occult, subclinical,
andtransient renalinjury without requiringhemodialy-
sis. Despite advances in surgical techniqueand better
understanding of thepathophysiology ofacute renal
failure (ARF), mortality and morbidityassociated with
ARFhave notmarkedly changed in the last decade8-16.
These datahighlight the importance of identifying the
risk factors associated with cardiacbypass surgery and
implementing specific therapies that are based on the
knowledgeof welldesigned clinicaltrials. The lack of
progress, though disappointing, offers an opportunity
to ascertain why wehave notbeen successful.

Definitions and Incidence

Although serum creatinine (Cr) is widely used as
amarker forchanges inglomerular filtration rate (GFR),
the criteria used to define renaldysfunction and acute
renal failure (ARF)is highly variable-1-4,12-15.Depend-
ingupon thedefinition, the incidence varies across the
studies.Some studies used theabsolute serumCr value
alone and others used widely differingrelative change
criteria, thisyielded incidenceof renaldysfunction rang-
ing from 3% to 29%4,6,8,12-15. To establish a uniform
definition foracute kidney injury, theAcute Dialysis
Quality Initiative formulated the Risk, Injury, Failure,
Loss, and End-stage Kidney (RIFLE) classification.
RIFLE defines three grades of increasing severity of
acutekidney injury – risk(class R), injury (class I) and
failure (class F) – and two outcome classes (loss and
end-stage kidney disease). A unique feature of the
RIFLEclassification is that it provides threegrades of
severity for acute kidney injury based on changes in
eitherserum creatinineorurineoutput fromthebaseline

condition. This allows classification of patients with
acute kidney injury into one of the threeRIFLE sever-
ity. Until recently,no consensus existed about howto
bestdefine, characterize,and study acute renal failure.
This lack of astandard definition has been amajor im-
pediment to the progress ofclinical andbasic research
in this field.

When usingRIFLE criteria for assessmentof re-
naldysfunction, two large retrospectivestudies indi-
cate the incidence of acute kidney injury (AKI) after
cardiac surgery is about 15% to 20%17,18. Most of the
authors definerenalfailureby theneed fordialysis after
surgery.Though serumCris used as amarkerfor GFR,
it is seen that, GFR may be a more accurate parameter
than serum Cr to predict long-term outcome 7,19.

Perioperative risk factors associated with
ARF

Several studies have examined the risk factors
associated with thedevelopment of postoperative re-
nal failure. Most patients at increased risk for postop-
erative renaldysfunction can be identified before their
surgicalprocedures.Certain preoperative risk factors
have been repeatedly associatedwith an increased risk
of ARF1,19-23.These include female gender, advanced
age, reduced left ventricular function or presence of
congestiveheart failure,diabetes mellitus, chronic ob-
structive pulmonary disease, peripheralvascular dis-
ease, need for emergent surgery, preoperative use of
intraaortic balloon pump (IABP), elevated preopera-
tiveserum glucose,elevated preoperativeserum crea-
tinineor patients with preexistingrenaldisease.The in-
cidence ofpostoperativeARFapproximately doubles
with one preoperative risk factor and quadruples with
two risk factors1. Increased cardiopulmonary bypass
or aorticcross-clamp time(>2hrs) have been consid-
ered intraoperative riskfactors forpostoperative renal
dysfunction1. OPCAB(off-pump coronary artery by-
pass)obviously removes the intraoperative risk factors
associated with cardiopulmonary bypass circuit. But
thegreater hemodynamic instability secondary to ven-
tricular compression when theheart is manipulated in
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different positions to access the coronary arteries may
be an important contributingfactor in development of
postoperative renalfailure.Though one study24 showed
that the choice of operative techniques (OPCAB vs
on-pump CABG) was not associated with reduced
renalmorbidity, the bulk ofdata supported lower risk
ofARFin patients who underwent OPCAB25-28.Post-
operative riskfactors thatcritically affect renalfunction
are those that cause orare markers of low output syn-
drome -myocardial infarction,hemorrhage, patients
requiringIABP,patients with moderate to severe com-
promise in ventricularfunction congestivecardiac fail-
ure, or use of at least three inotropic drugs1. Low car-
diac output syndrome in the postoperativeperiod after
OPCAB is a high risk for developingARF as the vul-
nerable kidney is subjectedto marginalperfusion pres-
sures.Patients requiringan IABPhad anearly seven-
fold increase for postoperative renaldysfunction. Use
of at least three inotropic drugs is associated with an
increased risk for postoperative renal failure1.

Pathogenesis

The pathologic changes in the kidney of patients
with ARF following OPCAB are largely assumed to
be due to acute tubular necrosis which is usually con-
firmed bygranularcasts in theurine. Hypoxia-ischemia
is the predominant cause of perioperative ARF and
results from low renal blood flow due to a reduced
cardiac output; from regional factors reducing renal
blood flow; or from disturbances of intrarenal blood
flow related to inflammation, sepsis or toxin29. It was
demonstrated that the transmembrane gradient for
glomerularultrafiltrationwas significantlydiminishedand
there is a back-leak of glomerular ultrafiltrate across
theinjured epithelium.ARF begins with an early phase
of vasomotornephropathy in which there is associated
alterations in vasoreactivity and renalperfusion leading
to prerenalazotaemia andeventually cellularATPdeple-
tion.These ultimately lead to mitochondrialdysfunc-
tion and accumulation of intracellularsodium, calcium
and reactiveoxygen species.Subsequently, multiple
enzyme systems are activated and causedisruption of
thecytoskeleton, membranedamage, nucleicacid deg-

radation and celldeath.Vascular endothelialcell injury
induces vascular congestion,edema and infiltration of
inflammatory cells.Furthermore,elaborationsof inflam-
matory mediators lead to additionalcellular injury30-35.

Preventive strategies

Perioperative optimization of renal function

Prevention ofpostoperative renaldysfunction af-
ter OPCAB needs knowledge of identifying the pre-
operative risk factors. Severalgroups have developed
clinical scoring systems that help to predict the risk20-

23,36. The aim is to select patients who are at risk and
then to adopt strategies thatwould offer renal protec-
tion. Congestive cardiac failure and volume depletion
should be treated preoperatively so as to increase car-
diacoutput and therefore renalperfusion. Medications
such asnonsteroidalantiinflammatorydrugs (NSAIDs)
and other nephrotoxicagents should be discontinued.
Preventing significanthemodynamiceventswhich may
insult thekidney and meticulous postoperativecare in-
cludingoptimizingventricular function,aggressivecon-
trolofserum glucoseand closemonitoring offluid and
renal status,perioperative hydration and useof hemo-
dynamicmonitoring and inotropic agents to optimize
cardiac outputare of important strategies1.

Pharmacologic Interventions

Several drugs have been tried in attempting to
reduce postoperative renaldysfunction with inconsis-
tent results.Loop diuretics increase renalcorticalblood
flow37.However, several studies have shown no ben-
efit and possibly even harm from perioperative diuretic
therapy in cardiacsurgicalpatients 37-40.Therefore, there
is insufficientevidence tosupport theroutineuseof loop
diuretics as specific renoprotective agents. Mannitol,
an osmotic diuretic,has beenevaluated inseveralstud-
ies of cardiac surgical patients41,42. In addition to the
lackofbeneficialeffecton thekidney,studieshave iden-
tified a nephrotoxicpotentialofhigh doseof mannitol
especially in patients with preexisting renal insuffi-
ciency43. Nevertheless, it is probably effective in de-
creasingthe severity of thedecline in GFR ifgiven be-
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fore the insult takes place but once the damage is es-
tablished there is no evidence of therapeutic benefit44.
Dopamine at low doses certainly interacts with vascu-
lardopaminergic receptors and stimulates diuresis and
natriuresis45. However, use in high risk patients has
failed to show benefits46 and it may have widespread
adverse effects47. So, while dopamine and diuretics
were once thought to be renoprotective, neither has
demonstrated efficacy to prevent renal failure48.
Fenoldopam, a selective D1 receptorantagonist, has
shown somepromise in the prevention of contrast-in-
duced nephropathy49,50though randomized controlled
studies are very few evaluatingthe efficacy in postop-
erative renal dysfunction after cardiac surgery. Few
studies showed reduction of renaldysfunction in pa-
tients aftercardiac surgery51-53, while other studies54,55

failed toshowany renoprotectiveeffectof fenoldopam.
Therefore,more studies are needed to establish its role
forrenoprotection in cardiac surgery.AtrialNatriuretic
Peptide (ANP) increases natriuresis by increasingGFR
as well as by inhibiting sodium reabsorption by the
medullary collecting duct56. In a multicentric trial,
anaritide, a25- amino acid synthetic form ofANPwas
administered to criticallyill patients to treat acute tubu-
larnecrosis.Whether patients received anaritideor not,
dialysis freesurvivalwasthesameforboththe groups57.
In other study, recombinant humanANP(rhANP)was
used to treat ARF after cardiac surgery with a signifi-
cant reduction in the incidence of dialysis at day 21
after thestart of the treatment58.N-acetylcysteine (N-
AC) has been shown to block oxidant stress on car-
diac surgery patients59and may hold promiseas apro-
tective measure.Although it has been used in the pre-
vention of contrast-induced nephropathy, two meta-
analysis concluded that research on N-acetylcysteine
andthe incidenceofcontrast-induced nephropathy are
too inconsistent to warrantany definitiveconclusion on
its efficacy60,61. Studies of N-AC to prevent postop-
erative dysfunction following cardiac surgery did not
show any benefit62,63. In a recent study of N-AC to
prevent acutekidney injuryin cardiacsurgery patients
with pre-existingmoderate renal insufficiency, N-AC
did notcause astatistically significant improvement in
postoperative estimated GFR;nonetheless its treatment

effectwas consistentwith a plausible smallto moder-
ate benefit64. Therefore, N-AC should definitely be
evaluated in large randomized trial.Activation of sym-
pathetic system during and after cardiacsurgery may
lead to impairmentof renalfunction. Twoclinical trials
usingclonidine (an alpha2 agonist) has been used to
attenuate theseeffects and have shown some promise
in preventingdeterioration ofrenal function after car-
diac surgery65,66. Thecalcium channelblocker diltiazem
has been evaluated as a renoprotective agent in car-
diac surgery due to its renalvasodialatory effects67. In
onestudy, perioperative infusion ofdiltiazem for36hrs
has been shown to increase GFR significantly though
tubular functionwas not influenced68.Anotherstudywith
24hrs diltiazem infusion has shown no differences in
postoperative serum creatinine levels69.Hyperglycemia
is common in cardiacsurgery and increasedserum glu-
cose in pre or intraoperative period is independently
known to cause ARF after cardiac surgery1. Though
there is no study of insulin as renoprotectiveagent for
human cardiac surgery, ischemia-reperfusion injury
models in rats showed significant benefit of insulin if
used before the renal insult occured70. Prophylactic
hemodialysis has also been attempted in a study in pa-
tients with highest risk for acute kidney injury which
showed a reduction in postoperativeARF requiring
dialysis than in the controlgroup71.Stillmorerandom-
ized trials areneeded to support the invasive approach
before it can bebroadly recommended.

The development of renal dysfunction after car-
diac surgery is an independent predictor of poor out-
come.We mustdevelop astandard definition of ARF
that is sensitive and specific to determine the true inci-
dence of this complication,permit an accurate assess-
ment of ARF on outcomes,and allowcomparison of
patients across centers.Early preventivemeasures may
bea way of reducingpostoperativeARF.Thus, sensi-
tive markers of renal injury are desirable for early in-
tervention to diminish and minimize the perioperative
renalinsults.Some recentstudies demonstratethat sen-
sitive markers of tubular injury may be altered much
earlier than arise in serum creatinineand may allow us
to define the time points wheninjury occurs72,73.How-
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ever, thestudies onkidney-specificproteinsvary widely
with regard to themarker used, the study period, and
thekind of patients and because different ‘gold stan-
dards’ of kidney dysfunction wereused, neithera sys-
tematic review nor a meta-analysis is possible at
present74.Therefore, futurestudies should be designed
to identify high-risk individuals based on a score and
provide timely interventions for prevention or amelio-
ration ofrenal injury to obtain optimaloutcomes.
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