Indian Journal of Anaesthesia 2009; 53 (4):401-407 Review Article

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

Gaur ab M aitrat, Ahsan Ahmed?, AmitavaRudr&’,
Ravi Wankhede?, Saikat Sengupta®, Tanmoy Das®

Summary

Postoperativerenal dysfunction isarelatively common and one of the seriouscomplications of cardiac surgery.
Though of f-pump coronary artery bypasssurgery techniqueavoids cardiopulmonary bypass circuit induced adverse
effects on renal function, multiple other factors cause postoperative renal dysfunction in these groups of patients.
Acutekidney injury is generdly defined asan abrupt and sustained decrease in kidney function. Thereisno consen-
suson theamount of dysfunction that defines acutekidney injury, with morethan 30 definitionsinusein theliterature
today. Although serum creatinineiswidely used as amarker for changesin glomerular filtration rate, the criteriaused
to define renal dysfunction and acute renal fallureishighly varigble. The variety of definitionsused inclinical gudies
may be partly responsiblefor thelarge variationsin thereported incidence. Indeed, thelack of auniform definition for
acutekidney injuryis believed to beamajor impediment toresearch in the field. To establish auniform definition for
acute kidney injury, the Acute Dialysis Quality Initiative formulated the Risk, Injury, Failure, Loss, and End-stage
Kidney (RIFLE) classification. RIFLE definesthree 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). Various
perioperativerisk factorsfor postoperativerenal 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 isthe intraoperative haemodynamic instability and all the causes of postoperative low output syndrome com-
prise the postoperative risk factors. The most important preventive strategies are theidentification 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 kidney are essential. Perioperative hydration, aggressive control
of serum glucose, haemodynamic monitoring and optimization of ventricular function areimportant strategies. Several
drugs have been evaluated with inconsistent results. Dopamine and diuretics once thought to be renoprotective has
not been shown to prevent rend failure. Mannitol is probably effective if given beforethe insult takes place. Some of
the newer drugs like fenoldopam, atrial natriuretic peptide, N-acetylcysteine, clonidine and diltiazem have shown
some promisein preventing renal dysfunction but more studies are needed to establish their role of renoprotection in
cardiac surgery.

Key words  Off-pump CABG, Renal dysfunction, Risk factors, Preventive strategies

Introduction off-pump coronary artery bypasssurgery (OPCAB)

technique avoidscardiopulmonary bypass(CPB) cir-

Postoperaiverend dysfunctionisarelatively com-
mon and oneof the serious complicationsof cardiac
surgery. Renal dysfunction or failure occurs nearly in
8% of all patients undergoing myocardial
revascularization®. It ismultifactorid in origin®. Though

cuit induced adverse effectson rend function, multiple
otherfactors causepostoperativerena dysfunctionin
thesegroup of patients>®. Each year, 600,000 patients
worldwide undergo coronary artery bypasssurgery.
With anincreasing number of ederly populationscom-
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ing for coronary artery bypass surgery, clinicians will
continudly be challenged to mitigateperioperativere-
nal failure. Compared with patientswho do not have
postoperative rena dysfunction, patientswith renal
dysfunction(who do not needdidysis) remaintwice as
long in both theintensve careunit and hospital wards
and have significantly higher mortdity rate (1% com-
pared with 19%) 187, Furthermore, gpproximately 1in
6 patientswith rend dysfunction will need dialysisand
twothird of themwill not survivetheir hospitalization®
1. Many more patientssuffer from occult, subdlinicd,
andtrangent renal injury without requiringhemodiay-
sis. Despite advancesin surgical techniqueand better
understanding of thepathophysiology of acute renal
failure(ARF), mortdity and morbidity associated with
ARF have not markedly changedin thelast decade®®.
These datahighlight theimportance of identifying the
risk factorsassociated with cardiac bypasssurgery and
implementing specifictherapiesthat arebased on the
knowledgeof well designed clinical trials. Thelack of
progress, though disappointing, offersan opportunity
to ascertain why wehave not been successful.

Definitionsand Incidence

Although serum creatinine (Cr) iswidely used as
amarker for changesinglomerular filtrationrate (GFR),
the criteriaused to definerend dysfunction and acute
renal failure (ARF) is highly variable-+42%5, Depend-
ingupon thedefinition, theincidence variesacrossthe
studies. Some studies used theabsolute serum Cr vaue
aloneand others used widdy differingrelative change
criteria, thisyielded incidenceof rena dysfunction rang-
ing from 3% to 2994581215 To establish a uniform
definition for acutekidney injury, theAcuteDialysis
Quiality Initiative formulated the Risk, Injury, Failure,
Loss, and End-stage Kidney (RIFLE) classification.
RIFLE definesthree grades of increasing severity of
acutekidney injury —risk (classR), injury (classl) and
failure (dassF) —and two outcomeclasses(lossand
end-stage kidney disease). A unique feature of the
RIFLEdassification isthat it providesthreegrades of
severity for acutekidney injury based on changesin
ether serum creatinineor urineoutput fromthebaseline
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condition. Thisallowsclassification of patients with
acutekidney injury into one of thethreeRIFLE sever-
ity. Until recently,no consensus existed about how to
best define, characterize, and study acuterend falure.
Thislack of astandard definition hasbeen amajor im-
pediment to the progress of clinical andbasicresearch
inthisfied.

When using RIFLE criteriafor assessment of re-
nal dysfunction, two large retrospectivestudies indi-
catetheincidence of acutekidney injury (AKI) after
cardiac surgery isabout 15% to 20%'8, Most of the
authorsdefinerenal failureby theneed for didysis after
surgery. Though serum Crisused asamarker for GFR,
itisseenthat, GFR may beamore accurate parameter
than serum Cr to predict long-term outcome ™°.

Perioperative risk factors associated with
ARF

Several studies have examined therisk factors
associated with thedevelopment of postoperative re-
nd falure. Mot patientsat increased risk for postop-
erativerend dysfunction can beidentified beforetheir
surgical procedures. Certain preoperativerisk factors
have been repestedly associatedwith anincreased risk
of ARF*Z Theseincludefemalegender, advanced
age, reduced left ventricular function or presence of
congestiveheart falure, diabetes melitus, chronic ob-
structive pulmonary disease, peripheral vascular dis-
ease, need for emergent surgery, preoperative use of
intraaortic balloon pump (IABP), elevated preopera
tiveserum glucose, elevated preoperativeserum crea-
tinineor patientswith preexistingrend disease. Thein-
cidence of postoperative ARF goproximately doubles
with one preoperative risk factor and quadrupleswith
two risk factorst. Increased cardiopulmonary by pass
or aorticcross-clamp time(>2hrs) have been consid-
eredintraoperativerisk factorsfor postoperdtive renal
dysfunction. OPCAB (off-pump coronary artery by-
pass) obvioudy removestheintraoperativerisk factors
associated with cardiopulmonary bypasscircuit. But
thegreater hemodynamicinstability secondary to ven-
tricular compression when theheart ismanipulated in



M aitra Gaurab et al. Renal dysfunction and off-pump CABG

different positionsto accessthe coronary arteries may
be animportant contributingfactor in development of
postoperativerend failure. Though one study? showed
that the choice of operative techniques (OPCAB vs
on-pump CABG) was not associated with reduced
renal morbidity, the bulk of data supported lower risk
of ARFin patientswho underwent OPCAB*2. Pogt-
operativerisk factorsthat criticaly affect renal function
arethosetha cause or are markersof low output syn-
drome - myocardial infarction, hemorrhage, patients
requiring | ABR, paientswith moderate to severe com-
promisein ventricular function congestivecardiac fail-
ure, or useof at least threeinotropic drugst Low car-
diac output syndromeinthe postoperativeperiod after
OPCAB isahigh risk for developing ARF asthe vul-
nerable kidney is subjectedto margind perfusion pres-
sures. Patientsrequiringan IABPhad anearly seven-
foldincreasefor postoperative renal dysfunction. Use
of atleast threeinotropic drugsis associated with an
increased risk for postoperativerenal failure*.

Pathogenesis

Thepathologic changesinthekidney of patients
with ARFfollowing OPCAB arelargely assumed to
bedueto acutetubular necrosiswhich isusually con-
firmed by granular castsin theurine. Hypoxiaiischemia
isthe predominant cause of perioperative ARF and
results from low renal blood flow dueto areduced
cardiac output; from regional factorsreducing renal
blood flow; or from disturbances of intrarenal blood
flow rdated toinflammation, sepsisor toxin®. It was
demonstrated that the transmembrane gradient for
glomerular ultrafiltrationwas significantly diminished and
thereisaback-leak of glomerular ultrafiltrate across
theinjured epithdium. ARF beginswith an early phase
of vasomotor nephropathy inwhich thereis associated
dterdionsin vasoresctivity and rend perfusion leading
to prerenal azotaemiaand eventudly cdlular ATPdeple-
tion. These ultimately lead to mitochondrial dysfunc-
tion and accumulation of intracellular sodium, calcium
and reactiveoxygen species. Subsequently, multiple
enzymesystemsare activated and causedisruption of
thecytoskeeton, membranedamage, nudeicacid deg
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radation and cell death. Vascular endothelial cell injury
inducesvascular congestion, edemaand infiltration of
inflammeatory cdlls. Furthermore, daborationsof inflam-
matory mediatorslead to additional cdlular injury =,

Preventive strategies

Perioper ativeoptimization of renal function

Prevention of postoperativerend dysfunction af-
ter OPCAB needsknowledgeof identifyingthe pre-
operdiverisk factors. Several groupshave developed
clinicd scoring systemsthat helpto predict the risk®
2336, Theaim isto select patientswho are at risk and
then to adopt strategies that would offer rend protec-
tion. Congestive cardiacfailure and volume depletion
should betreated preoperatively soastoincrease car-
diac output and therefore rend perfusion. Medications
such asnongteroidd antiinflammatory drugs (NSAIDs)
and other nephrotoxic agents should be discontinued.
Preventing significant hemodynamic eventswhich may
insult thekidney and meticulous postoperativecarein-
cuding optimizingventricular function, aggressive con-
trol of serum glucoseand closemonitoring of fluid and
rend status, perioperative hydration and useof hemo-
dynamicmonitoring and inotropic agentsto optimize
cardiac output are of important strategiest.

Pharmacologic I nterventions

Several drugs have been tried in attempting to
reduce postoperativerenal dysfunction with inconsis-
tent results. Loop diureticsincreaserend cortica blood
flow*.However, several studies have shown no ben-
efit and possibly even harm from perioperative diuretic
therapy in cardiac surgical patients “°Therefore, there
isinsufficient evidenceto support theroutineuseof loop
diuretics as specific renoprotective agents. Mannitol,
an osmotic diuretic, has beenevaluated in several stud-
ies of cardiac surgical patients™#, In addition to the
lack of beneficid effect on thekidney, sudieshaveiden-
tified anephrotoxic potential of high doseof mannitol
especidly in patients with preexisting renal insuffi-
ciency®. Nevertheless, it isprobably effectivein de-
creasingthe severity of thedeclinein GFR if given be-



forethe insult takes place but oncethedamageis es-
tablished thereis no evidence of therapeutic benefit®.
Dopamineat low dosescertainly interactswith vascu-
lar dopaminergicreceptorsand stimulatesdiuresisand
natriuresis®. However, use in high risk patients has
failed to show benefits® and it may havewidespread
adverse effects". So, while dopamine and diuretics
were oncethought to be renoprotective, neither has
demonstrated efficacy to prevent renal failure®.
Fenoldopam, a sdective D1 receptor antagonist, has
shown somepromisein the prevention of contrast-in-
duced nephropathy***though randomized controlled
studiesarevery few evauatingthe efficacy in postop-
erativerenal dysfunction after cardiac surgery. Few
studies showed reduction of renal dysfunctionin pa-
tientsafter cardiac surgery®-=3, while other studies®*
failed toshow any renoprotectiveeffect of fenoldopam.
Therefore, more studiesare needed to establishitsrole
for renoprotection in cardiac surgery. Atrid Natriuretic
Peptide (ANP) increasesnariuresis by increasng GFR
aswell as by inhibiting sodium reabsorption by the
medullary collecting duct®. In a multicentric trial,
anaritide, a25- amino acid syntheticform of ANPwas
administeredto criticallyill patientsto treat acute tubu-
lar necrosis. Whether patientsreceived anaritideor not,
dialysisfreesurvivd wasthe samefor boththe groups”.
In other study, recombinant human ANP (rhANP) was
used totreat ARF after cardiac surgery with asignifi-
cant reduction in theincidence of dialysisat day 21
after thestart of the treatment. N-acetylcysteine (N-
AC) hasbeen shown to block oxidant stresson car-
diac surgery patients®and may hold promiseasapro-
tective measure. Although it has been used inthe pre-
vention of contrast-induced nephropathy, two meta-
analysisconcluded that research on N-acetylcysteine
andtheincidenceof contrast-induced nephropathy are
too incongistent to warrantany definitiveconcluson on
its efficacy®®L, Studies of N-AC to prevent postop-
erative dysfunction following cardiac surgery did not
show any benefit®2%, In arecent study of N-AC to
prevent acutekidney injury in cardiac surgery patients
with pre-existingmoderaterend insufficiency, N-AC
did not causeadtatistically sgnificantimprovement in
postoperdive estimated GFR; nonetheessitstreatment
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effect was consistent with aplausible small to moder-
ate benefit®. Therefore, N-AC should definitely be
evauated inlargerandomizedtrial. Activation of sym-
pathetic syssem during and after cardiac surgery may
lead to impairment of rend function. Twoclinical trials
usingclonidine (an apha2 agonist) hasbeen used to
attenuate these effects and have shown some promise
in preventingdeterioration of renal function after car-
diac surgery®®. Thecaddum channel blocker diltiazem
has been evaluated asarenoprotective agent in car-
diac surgery dueto its renal vasodialatory effects””. In
onestudy, perioperativeinfusion of diltiazem for 36 hrs
has been shown toincrease GFR significantly though
tubular functionwas not influenced™. Another study with
24 hrsdiltiazeminfusion hasshown nodifferencesin
postoperative serum creatininelevd s®. Hyperglycemia
iIscommon in cardiac surgery and increased serum glu-
cosein pre or intraoperative period isindependently
known to cause ARF after cardiac surgery*. Though
thereisno study of insulin asrenoprotectiveagent for
human cardiac surgery, ischemia-reperfusion injury
modelsin ratsshowed significant benefit of insulin if
used before the renal insult occured™. Prophylactic
hemodidysis hasdso been attempted inastudy in pa-
tientswith highestrisk for acutekidney injury which
showed areduction in postoperative ARF requiring
didysisthan inthe control group™. Still morerandom-
ized trials areneeded to support theinvasive approach
beforeit can bebroadly recommended.

Thedevdopment of rend dysfunction after car-
diac surgery isan independent predictor of poor out-
come. We must develop astandard definition of ARF
that issensitive and specific to determinethetrueind-
dence of thiscomplication, permit an accurate assess-
ment of ARF on outcomes, and allow comparison of
patientsacross centers. Early preventive measuresmay
beaway of reducing postoperative ARF. Thus, seng-
tivemarkersof renal injury aredesirablefor early in-
terventionto diminish and minimizethe perioperaive
rend insults. Some recent studiesdemonstratethat sen-
sitivemarkers of tubular injury may bealtered much
earlier than arisein serum creatinineand may dlow us
to definethetime pointswheninjury occurs?”, How-
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ever, thestudiesonkidney-specific proteinsvary widely
with regard to themarker used, the study period, and
thekind of patients and because different * gold stan-
dards of kidney dysfunction wereused, neither asys-
tematic review nor a meta-analysis is possible at
present™. Therefore, futurestudies should be designed
toidentify high-risk individuals based on ascore and
providetimely interventionsfor prevention or amelio-
ration of rena injury to obtain optimal outcomes.
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