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Foreword 
 
 

Acute kidney injury (AKI) is a sudden onset of loss of kidney 

function which is indicated by an acute rise in serum creatinine level.(1) 

Post-operative AKI is not an uncommon complication following coronary 

artery bypass grafting (CABG). About 2.3% of isolated CABG cases is 

vulnerable to AKI, and the incidence is higher (14%–15%) in patients 

with preoperative chronic kidney disease (CKD).(2)  Studies have shown 

that even a small increase in serum creatinine, as a marker of AKI, 

following CABG is an independent risk factor for increased 

mortality.(3),(4),(5)  And in case of progression acute kidney injury to 

stage 3 most patients need renal replacement therapy/dialysis. Stage 3 

AKI is associated with in-hospital mortality of 50-70%. (6),(7) 

That is why evaluation of renal pathophysiology during cardiac 

surgery interventions, looking at causes of kidney injury as well as 

methods of renal protection, stays an important question of clinical 

investigations.  

The main objectives of the present study are 

(I) to uncover the factors that contribute to acute kidney injury with 

particular reference to off-pump coronary bypass surgery (OP-CABG) 

(II) to define any genetic predisposition to renal injury in OP-CABG 

(III) to suggest renal protective strategies that may be applicable to OP-

CABG.  
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Renal Physiology and Cardiac Surgery: 

 

The kidneys contain approximately two million nephrons.  Each 

of the nephron consists of a glomerulus and a tubule, which leads into a 

collecting duct. The microscopic anatomy of the nephron is presented at 

the Figure 1B. The nephron is a functional unit of the kidney that helps to 

maintain a remarkably stable internal environment despite large 

fluctuations  

 

in fluid and solute intake.  Kidneys not only excrete products of 

metabolism and drugs but also take active part in regulation of 

intravascular volume, osmolality, and acid-base and electrolyte balance. 

Three important functions of renal nephrons contribute to the formation 

of urine. These processes are glomerular ultrafiltration, tubular 

reabsorption and tubular secretion. In addition to the above functions, the 

 

Figure 1. Kidney structure and function. A – Kidney cross section; B – 

Nephron; B1 – afferent arteriole; B2 – efferent arteriole; B3 – glomerular 

capsule; B4 – urine outflow; B5 – peritubular capillary network; B6 – loop 

of nephron; B7 – venule; B8 – proximal convoluted tubule. 
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kidney secretes renin, prostaglandins, kinins and erythropoietin and is 

involved in production of 125-dihydroxycholecalciferol which is important 

for bone metabolism.  Renin, prostaglandins and kinins are hormones 

that contribute to fluid homeostasis. Erythropoietin acts directly on red 

blood cell (RBC) progenitors and precursors in the bone marrow to 

control proliferation, differentiation, and maturation of RBCs. 

 

The Glomerulus  

The glomerulus consists of at least five distinct components: 

capillary endothelium, glomerular basement membrane, visceral 

epithelium (which together make up the filtration barrier), parietal 

epithelium (Bowman capsule), and mesangium (interstitial cells).(8,9)The 

glomerular tuft is a highly convoluted series of capillary loops that is 

perfused by the afferent arteriole and drains into the efferent arteriole.  

The parietal epithelial sac of the renal tubule is a blind pouch, 

and it surrounds the capillary tuft as Bowman capsule. It joins the 

visceral epithelium at the vascular pole of the glomerulus. Bowman 

space, between the visceral and parietal layers of the capsule, continues 

as the lumen of the proximal tubule at the urinary pole of the glomerulus, 

and the parietal endothelium unites with the cuboidal cells of the 

proximal tubule.  

The cells in the interstitial mesangium are specialized pericytes 

equipped to perform numerous functions such as structural support, 

matrix elaboration, and phagocytosis. They possess threads of actin and 

myosin, which contract in response to vasoactive substances such as 

angiotensin II to restrict blood flow to fewer capillary loops. The 

mesangial cells control the glomerular permeability by regulation of the 

effective glomerular surface area for filtration. 
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Renal autoregulation 

The solute and water content of the organism maintained within 

the normal range despite wide fluctuations of arterial blood pressure by a 

process called ‘autoregulation’. Urinary flow rate is determined by tubular 

water reabsorption and related to the hydrostatic pressure in the 

peritubular capillaries. A decrease in blood pressure, whether intentional 

or inadvertent, results in decreased urinary flow rate that improves only 

when the arterial blood pressure is restored. In 1951, Shipley and 

Study(10) demonstrated that the kidney maintains a constant renal blood 

flow and glomerular filtration rate (GFR) through an arterial pressure 

range of 80 to 180 mm Hg. 

There are at least two important mechanisms for renal 

autoregulation namely the myogenic and the tubuloglomerular feedback. 

If the mean arterial pressure decreases, renal vascular resistance 

decreases and renal blood flow is maintained i.e., the arterioles dilate in 

response to decreased arterial pressure and vice versa. This is the 

myogenic response. Tubuloglomerular feedback via the juxtaglomerular 

apparatus acts as a negative feedback control mechanism. It uses 

information concerning distal tubular fluid flow rate to control the renal 

blood flow. This control mechanism plays a vital role by modulating blood 

flow and glomerular filtration rate in response to changes in blood 

pressure(11–13) 

 

Evaluation of renal function 

Urine output 

The commonest and most easily available parameter that is in 

the clinical evaluation of renal function remains the urine output. In 

physiological conditions, urine output should be in a range of 0.5 – 1.5 

mL/kg/h. However, in the perioperative period, oliguria - urine flow rate 

<0.5 mL/kg/h is almost inevitable, whether induced by hypotension, or as 

a manifestation of the physiologic response to surgical stress(14). 
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Normal urinary flow resumes when arterial blood pressure and 

intravascular volume are restored to normal levels at the end of surgery.  

Currently, urinary flow rate together with changes in serum 

creatinine are included in the consensus definitions of AKI known as the 

RIFLE (risk, injury, failure, loss, end-stage renal disease) criteria(15) and 

the AKIN (Acute Kidney Injury Network) criteria(16). In both definitions, 

the first three stages of AKI (risk, injury, failure in RIFLE; stages 1, 2, and 

3 in AKIN) are categorized based on oliguria (<0.5 or <0.3 mL/kg/h) of 

increasing duration. 

 

Blood Urea Nitrogen 

Urea is an end product of hepatic metabolism of ammonia. Urea 

is a small molecule that is uncharged and hence not protein bound; it is 

rapidly cleared from the blood by glomerular filtration. However, urea 

then undergoes reabsorption by the tubules. This explains why the blood 

urea nitrogen (BUN) does not correlate directly with glomerular filtration 

rate (GFR)(17). The normal values BUN ranges from 5 to 10 mg/dL (1.8 - 

3.6 mmol/l). The normal ratio of BUN to serum creatinine is about 10:1. 

An increase in this ratio to 20:1 or higher implies the existence of a 

prerenal syndrome (prerenal azotemia). For example, elevation of BUN 

out of proportion to decreases in GFR occurs whenever there is 

increased protein catabolism and formation of urea nitrogen. This 

scenario occurs with absorption of blood from the gastrointestinal tract, 

steroid therapy, major trauma, and sepsis.  

 

Creatinine and Creatinine Clearance 

Creatinine, the endogenous end product of creatine phosphate 

metabolism, is normally generated from muscle at a very uniform rate 

and is handled by the kidney in a manner similar to that of inulin. 

Creatinine is soluble and freely distributed through the total body water.  

Creatinine production rate depends on muscle mass, physical activity, 
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protein intake, and catabolism.  In a steady state the serum creatinine 

concentration represents an equilibrium between creatinine generation 

rate, which is dependent on muscle mass and catabolic activity, and 

creatinine excretion, which is dependent on (and reflective of) the GFR. 

Increases in serum creatinine from baseline are used to define 

the first three categories of the RIFLE and AKIN criteria for AKI (baseline 

× 1.5, 2 to 3, and >3 respectively).(15,16)  The importance of small 

increases in serum creatinine is recognized by the AKIN criteria, which 

define stage 1 AKI by an increase of as little as >0.3 mg/dL (≥26.4 

μmol/L). Indeed, there is evidence that this criterion alone predicts 

outcomes after AKI (hospital length of stay, dialysis, and mortality) as 

accurately as do the full AKIN criteria.(18) 

Limitations to Serum Creatinine as a parameter for GFR are: 

(a) Serum creatinine is usually measured by the Jaffé reaction, a 

chromogenic assay based on the red color of the creatinine 

complex with alkaline picrate. It also picks up other normally 

occurring chromogens, such as glucose, protein, ketones, and 

ascorbic acid, which represent about 14% of total creatinine when 

renal function is normal, although substantially less when serum 

creatinine is elevated (17) Similarly, ketoacidosis, barbiturates, and 

cephalosporin antibiotics cause false elevation of creatinine(19)  

(b) N-acetylcysteine, an antioxidant advocated by some as a 

renoprotective agent in contrast nephropathy,12 decreases serum 

creatinine levels, which may in part account for its apparently 

beneficial effect on renal function.13 

(c) The relationship between serum creatinine and GFR as measured 

by creatinine clearance is reciprocal and exponential. Doubling of 

the serum creatinine corresponds to halving of the GFR.(17) 

Because these changes occur at a GFR >50 mL/minute, the 

impairment induced by aging is not reflected by the serum 



16 

 

creatinine. The implication is that a 20-year-old and 80-year-old 

patient may have an identical serum creatinine within the normal 

range, but compared with the younger, the older patient has half the 

GFR and renal reserve.  

(d) The creatinine generation rate is relatively consistent in a given 

individual, but it varies with muscle mass, rate of catabolism, 

physical activity, and protein intake.14 In a cachectic patient with 

very low muscle mass, creatinine generation may be so feeble that 

the serum creatinine remains “normal” (<0.9 mg/dL) even in the 

face of a GFR <25 mL/minute.15The GFR declines progressively 

and predictably with age, from about 125 mL/minute in a healthy 

20-year-old to about 60 mL/minute in an 80-year-old .(17)  

(e) The level of creatinine in plasma water is determined not only by its 

urinary clearance and by its rate of production but also by its 

volume of distribution in the body.(20) Creatinine level in plasma 

can decrease due to dilution by the 10% to 15% increases in total 

body water that occur with fluid administration and retention during 

major surgery. It is not uncommon for serum creatinine to be 

decreased from baseline on the first postoperative day. 

Subsequently, when total body water is decreased by fluid 

mobilization and diuresis, the serum creatinine increases. This 

change in creatinine concentration does not necessarily imply AKI, 

but may simply represent hemoconcentration and a re-equilibration 

to baseline.  

The creatinine clearance is far more accurate in tracking rapid 

alterations in GFR than the serum creatinine alone. Creatinine clearance 

rate (CCR) provides a simple, inexpensive bedside estimate of GFR. A 

single blood sample is drawn at the midpoint of a carefully timed urine 

collection, and urine and plasma creatinine (UCR, PCR) with urinary flow 

rate in mL/minute (V) are used to calculate GFR: 
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GFR = CCR = UCR×V/PCR (1) 

where, 

GFR - glomerular filtration rate; CCR - creatinine clearance; UCR - urine 

creatinine; PCR - plasma creatinine 

 

It is clearly seen from the equation (1) that changes in GFR 

occur immediately after alterations in creatinine excretion rate, which is 

incorporated into the equation. However, this method has its own 

limitations. Bedside use of creatinine clearance was formerly restricted 

by the belief that a prolonged (12- to 24-hour) urine collection is 

necessary to eliminate errors induced by residual urine in the bladder 

neck after spontaneous voiding. This practice is tedious and 

cumbersome, and it is inaccurate when renal function is rapidly 

changing. For example, if serum creatinine increases from 1 to 2 mg/dL 

from the beginning to the end of a 24-hour urine collection, clearance 

calculated on a serum creatinine drawn at the midpoint of the collection 

would mask the rapid deterioration in true GFR. 

 

Assessment of Glomerular Filtration Rate/Estimated GFR 

The glomerular filtration rate (GFR) is the most accurate 

representation of renal function. However, estimating the GFR using a 

24-h urine creatinine clearance test is troublesome and time-consuming 

in acute situations when immediate treatment decisions are needed. 

Thus, most recent definitions use urine output and serum creatinine 

levels as surrogates of renal function because of their easy-to-measure 

characteristics. However, as was mentioned above, the serum creatinine 

concentration affected by factors other than creatinine filtration. 

Appropriate interpretation of the estimated GFR (eGFR) requires 

understanding of the principles of physiology, laboratory medicine, 

epidemiology and biostatistics.  
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Several formulas have been suggested to decrease the 

inaccuracy of GFR estimations. One of the most commonly used formula 

for estimation of GFR is one proposed by Cockcroft and Gault.(21)  

 

CCr = {((l 40–age) x weight)/(72xSCr)}x 0.85 (if female) (2) 

Where, 

CCr - creatinine clearance in mL/minute; 

Age  in years, weight in kg, SCr (serum creatinine) in mg/dL. 

 

 

In this equation, the body weight may substantially alter the 

derived GFR. In obese or edematous patients, the total body weight is 

much greater than the lean body mass from which creatinine derived. In 

this case, GFR is overestimated(22). Also in cachectic patients with 

depleted lean body mass, GFR could be overestimated if creatinine 

production is so low that serum creatinine is less than 1.0 mg/dL 

(88.4µmol/L). Using ideal body weight and the corrected serum 

creatinine concentration in the Cockcroft-Gault equation results in more 

accurate predictions of glomerular filtration rate in critically ill patient.(23) 

The 1999 MDRD Study equation was developed from data in the 

baseline period of the MDRD Study, a randomized trial studying the 

effects of dietary protein restriction and lower blood pressure on CKD 

progression.  The original equation included 6 variables: serum 

creatinine level, age, sex, race (African American vs white and other), 

and serum urea nitrogen and albumin concentrations.(24)  

In 2006 the equation was re-expressed for use with standardized serum 

creatinine assays as a 4-variable MDRD equation(25)  

 

eGFR (mL/min/1.73m2) = (175×serum creatinine mg/dl)-1.154 ×     

age−0.203   × (0.742 if female) × (1.210 if African-American)                               

(3) 
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The 2006 MDRD Study equation was found to be more accurate 

compared to the Cockcroft-Gault equation (26) The MDRD-derived 

eGFR is the basis of the National Kidney Foundation classification of 

chronic kidney disease (CKD).(27) 

The main limitations to the MDRD Study equation were a 

systematic bias to underestimate measured GFR at higher levels and 

imprecision throughout the range (28) 

The 2009 CKD-EPI creatinine equation was developed to 

overcome the shortcomings of the 2006 MDRD equation(29).The final 

equation includes the same variables as those in the MDRD Study 

equation, but the form of the variables and the coefficients differ.  

Evaluation in the validation population showed lesser bias of the 

CKD-EPI than the MDRD equation, especially at eGFR of 60 

mL/min/1.73 m2, but only moderate improvement in overall accuracy and 

drug dosage adjustment. Importantly, the  performance of both equations 

was not as good in regions outside North America, Europe, and 

Australia, presumably reflecting differences in creatinine generation due 

to racial, ethnic, and regional variations in muscle mass and diet that are 

not captured by the race coefficients (28). One more caveat is that in 

case of a rapid changing renal function, eGFR based on serum 

creatinine is subject to the same limitations as serum creatinine itself. 

 

 

Biomarkers of Renal Injury 

In contrast to serum creatinine, which is used as an indirect 

indicator of renal function or dysfunction (i.e., GFR), biomarkers are 

molecules or compounds that indicate direct tubular injury. Traditional 

biomarkers include β2 Microglobulin and N-acetyl-β-d-glucosaminidase. 

Their widely acknowledged limitations in the early and accurate detection 

of evolving renal injury have fostered an increasing interest in a new 

generation of biomarkers. Functional genomics and proteomics have  
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Table 1. List of biomarkers of renal injury/dysfunction. 

Filtration-Based 

Markers of 

Renal 

Dysfunction  

 

Biomarkers 

Reflecting Renal 

Tubular Cell 

Damage (Tubular 

Enzymuria)  

Biomarkers 

Reflecting Renal 

Tubular Cell 

Dysfunction 

(Tubular 

Proteinuria) 

Biomarkers 

Reflecting 

the Renal 

Stress 

Response  

 

Cystatin C 

Proatrial 

natriuretic 

peptide (1-98) 

Tryptophan 

glycoconjugate 

α-Glutathione S-

transferase, 

π-Glutathione S-

transferase, 

β-N-Acetyl-β-D-

glucosaminidase, 

γ-Glutamyl 

transpeptidase, 

Alkaline 

phosphatase, 

Lactate 

dehydrogenase, 

Ala-(Leu-Gly)-

aminopeptidase, 

Proximal renal 

tubular epithelial 

antigen, 

Urinary sodium 

hydrogen 

exchanger isoform. 

α1-Microglobulin, 

β2-Microglobulin, 

Albumin, 

Adenosine 

deaminase 

binding protein, 

Renal tubular 

epithelial 

antigen-1, 

Retinol binding 

protein, 

Lysozyme, 

Ribonuclease, 

IgG, 

Transferrin, 

Ceruloplasmin, 

Lambda and 

kappa light 

chains, 

Urinary total 

protein. 

Neutrophil 

gelatinase-

associated 

lipocalin, 

Urinary 

interleukin-

18, 

Platelet-

activating 

factor, 

Kidney 

injury 

molecule-1, 

Cysteine-

rich protein 

61 
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created the possibility of identifying potential injury biomarkers with a 

precision and specificity not previously possible, and numerous 

candidate biomarkers are currently at various stages of clinical 

investigation. However, to replace serum creatinine in clinical practice, 

new biomarkers of renal injury must reliably identify patients at risk for 

adverse outcomes across a range of clinical populations, a goal that has 

not yet been achieved. The list of substances that have been put forward 

in the literature as markers of kidney injury is presented in Table 1. 

 

Cystatin C 

There is a great interest in defining endogenous plasma markers 

that provide a more reliable, early indicator of changing GFR; especially 

in AKI.(27)One that has received attention is cystatin C, a cysteine-

protease inhibitor that is released into the circulation at a constant rate 

by all nucleated cells. Given the short half-life of cystatin C 

(approximately 2 hours), it should be anticipated that it will increase more 

rapidly than serum creatinine after an acute change in GFR.(30,31) 

Furthermore, cystatin C is completely filtered by the glomerulus and 

neither secreted nor resorbed by the tubular epithelium and its serum 

levels bear a close relationship to serum creatinine and GFR.(32)Also, 

serum cystatin C is less subject to nonrenal variables such as muscle 

mass, age, or gender and in certain clinical situations appears to be a 

more accurate predictor of low GFR than serum creatinine.(33,34), 

However, more recent studies suggest that the relationship between 

serum cystatin C and GFR is affected by various factors. This 

relationship is affected by cigarette smoking, inflammation (elevated C-

reactive protein), corticosteroid use, and immunosuppressive 

therapy.(35,36)As a consequence, cystatin C remains an investigational 

marker that has no added information to serum creatinine as a marker of 

kidney dysfunction in clinical practice. 
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Beta-2 Microglobulin 

Microglobulin is present on the surface of almost all cells. It is a 

small protein component of the major histocompatibility complex. It is 

filtered by the glomerular apparatus and then is subjected to partial 

tubular reabsorption. The ratio of β2-microglobulin between serum and 

urine may help distinguish glomerular from tubular injury, although the 

relationship between increased urinary β2-microglobulin and subsequent 

acute tubular necrosis (ATN) has not been established. In glomerular 

injury, serum β2-microglobulin levels increase and urine levels decrease. 

This assessment has been used as an early sign of rejection in renal 

transplantation.(37) 

 

Urinary N-acetyl-β-d-glucosaminidase 

N-acetyl-β-d-glucosaminidase (NAG) is a lysosomal enzyme, 

which is found abundantly in proximal tubular epithelial cells. NAG is a 

well-established method of detecting subclinical tubular injury. Urinary 

NAG levels, or the ratio of its isoenzymes, have been used in the early 

detection of rejection in transplant patients and to follow the course of 

chronic renal disease, such as lupus nephritis.(38) However, a 

relationship between elevations in urinary NAG and histopathologic 

changes, increasing serum creatinine, or adverse clinical outcomes has 

not been established. Therefore, the perioperative interpretation and 

clinical utility of NAG remains uncertain.(35) 

 

Neutrophil Gelatinase−Associated Lipocalin 

Neutrophil gelatinase−associated lipocalin (NGAL) is a small 25-

kDA polypeptide expressed in distal tubular cells and collecting ducts, 

whose mRNA undergoes dramatic up-regulation after ischemic tubular 

injury.(39)Up-regulation can be detected within minutes of ischemia-

reperfusion injury; it increases three- to fourfold within 2 to 3 hours and 



23 

 

up to 10000-fold by 24 hours (Fig-7). NGAL is protease resistant and is 

readily detected in tiny (nanogram/mL) amounts of urine almost 

immediately after renal injury, preceding the appearance of NAG and β2-

microglobulin. However, the diagnostic performance of NGAL for AKI has 

varied widely and dramatically across clinical studies for reasons that 

remain unclear.  

 

Interleukin-18 (IL-18) 

Synthesized as an inactive 23-kDa precursor by several cell 

types, including proximal tubular epithelial cells, macrophages, and 

monocytes, IL-18 is a proinflammatory cytokine. Multiple studies 

demonstrate increased urinary IL-18 levels in association with acute 

kidney injury.(40–42)However, results have been inconsistent with 

limited data addressing a relationship with adverse clinical outcomes and 

its potential role as a diagnostic marker in clinical practice remains 

uncertain. 

 

Other Candidate Biomarkers 

Multiple other potential biomarkers of acute kidney injury have 

been identified. Liver fatty acid–binding protein (L-FABP), a component 

of the cytoplasm of proximal tubular cells, binds fatty acids for transport 

to mitochondria. It is released early into the urine following tubular injury, 

and there is some evidence that it may be more specific than NGAL.(43) 

In a study on 85 patients undergoing cardiac surgery, AKI was defined 

by stage 1 of the AKIN criteria. Urinary L-FABP was increased 

significantly earlier and to a greater extent than urinary NGAL.(44)  

Hepcidin is a peptide hormone produced in the liver that 

regulates iron homeostasis. Its synthesis appears to be up-regulated by 

CPB and urinary hepcidin increases in patients with normal renal 

function. In the presence of AKI, 24-hour urinary hepcidin and hepcidin-

to-creatinine ratios decrease and provide high sensitivity and specificity 
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for its diagnosis.(3,45)The true role of the previously mentioned 

biomarkers, as well as others such as retinol-binding protein and multiple 

forms of glutathione-S-transferase, awaits larger multicenter studies to 

characterize their validity and potential clinical utility. It may be practical 

to consider a panel of biomarkers that together define the course of AKI 

over time. 

An emerging approach is the integration of serum creatinine (an 

indicator of renal function) with biomarkers (evidence of tubular injury). 

But, at this point in time, an increased serum creatinine concentration, 

despite all the limitations enumerated earlier, remains the gold standard 

in the definition of AKI that is consistently and reliably associated with 

adverse clinical outcomes.(46–49) 

 

 

Etiology of acute kidney injury and Renal Protection during 

Cardiac Surgery. 

 

Cardiac Surgery and Cardiopulmonary Bypass 

The incidence of acute renal failure requiring renal replacement 

therapy after uncomplicated cardiac surgery in patients with previously 

normal renal function is infrequent (<2%).(50)However, the incidence of 

AKI defined by consensus definitions is much higher and about 20% to 

30%.(51,52)Furthermore, tubular enzymuria and microalbuminuria is 

consistently observed during cardiopulmonary bypass.(53) Urinary NGAL 

increases significantly within 2 hours of CPB in pediatric or adult 

patients. These patients develop a 50% increase in postoperative serum 

creatinine, with a peak delayed until 1 to 3 days after surgery.(54,55) 

It is important that regardless of the pathogenesis, even milder 

forms of AKI are consistently associated with increased mortality, length 

of stay, and hospital costs.(47,49,52) 
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Multiple risk factors have been identified, including preoperative renal 

dysfunction, hypertension, diabetes, impaired cardiac function, 

preoperative anemia, perioperative erythrocyte transfusion, combined 

surgical procedures, prolonged cardiopulmonary bypass, and advanced 

age.(56,57) 

Chronic kidney disease (CKD) is a major risk factor.  In cardiac 

surgery, the odds ratio for perioperative mortality increases to 1.18, 2.23, 

and 4.39 for preexisting CKD stages 3, 4, and 5, respectively.(58)  

Preoperative hypertension is recognized as another major risk 

factor for AKI after cardiac surgery. This risk is increased by preexisting 

systolic (wide pulse pressure) hypertension. The risk of AKI increases by 

nearly 50% for every 20 mm Hg in pulse pressure above 40 mm Hg.(59) 

Several perioperative factors directly or indirectly are associated 

with the occurrence of AKI after cardiac surgery. Most patients before 

cardiac surgery will have undergone contrast angiography in preparation 

for surgery. The time interval between this contrast infusion and surgery 

has been suggested as a potential contributory factor to perioperative 

AKI.(60) 

Cardiopulmonary bypass (CPB) and consequent changes in 

homeostasis are recognized as a main risk factor contributing to the 

development of AKI in cardiac surgical patients. CPB is notorious to 

release particulate, gaseous, micro- or macroscopic emboli that may be 

involved in the genesis of AKI in some patients undergoing cardiac 

surgery. (17) 

Acute anemia (hemoglobin <9 g/dL) during cardiopulmonary bypass is 

associated with an increased risk of AKI, but so is red cell transfusion 

when hemoglobin is >8 g/dL(61).  

Although much effort has centered on the minimum arterial 

pressure needed to maintain renal perfusion during CPB, this tends to be 

contradictory. Animal studies of cardiopulmonary bypass have shown 

that renal blood flow (RBF) is dependent on renal perfusion pressure, 
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and infusion of dopamine does not increase RBF during low pressure 

states.(15)This suggests that autoregulation may be impaired during 

cardiopulmonary bypass. Decreased mean arterial pressure during CPB 

appears to be well tolerated, unless it is associated with anemia.(51) 

Also, was demonstrated that maintaining a high level of MAP (on 

average) during normothermic CPB does not reduce the risk of 

postoperative AKI.(62)  

On the other hand, it is recognized that systemic blood pressure 

has a major role in the maintenance of renal function. When MAP drops 

below the optimal autoregulation threshold renal blood flow is 

decreased.(63) Furthermore, the longer the period with MAP is below 

50mmHg or 60mmHg during CPB, the more likely acute renal injury 

(AKI) will arise(51)(64) Kanji and colleagues also found that a drop in 

MAP bigger than 26 mmHg during CPB compared to pre-bypass MAP 

was associated with AKI.(65) Increased variability of intraoperative blood 

pressure also appears to be a risk factor of postoperative AKI.(66) 

In animal and human studies, pulsatile perfusion during CPB 

enhances renal cortical blood flow and decreases circulating 

catecholamines, endothelin, and cytokine activation(67,68)Plasma renin 

activity is suppressed by pulsatile perfusion; however, evidence of 

glomerular injury (in this case, β2-microglobulinuria) persists.(69) The 

absence of an effect of pulsatile flow on the frequency of postoperative 

AKI was confirmed by a large (1820 patients) non-randomized 

observational study.(70)Also, in a randomized prospective study on 215 

pediatric patients undergoing repair of congenital heart disease, the use 

of pulsatile flow during CPB was not associated with a difference in 

serum creatinine. However, pulsatile perfusion in this study resulted in 

decreased inotropic drug requirement, shorter ICU and hospital lengths 

of stay, and increased urine output.(71)There is evidence that pulsatile 

flow achieved with intra-aortic balloon counter pulsation attenuated the 
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decline in GFR, but there was no difference in urine output or renal 

outcome.(72) 

Overall, results of clinical studies of pulsatile perfusion on CPB 

are inconsistent and further complicated by the absence of a precise and 

widely accepted definition of what constitutes pulsatile flow on CPB. 

Current evidence appears to be insufficient to allow recommendations 

either for or against the routine use of pulsatile perfusion on CPB to 

decrease the risk of renal injury.  

Acute renal failure has been associated with persistent elevation 

of plasma renin levels(73) leading to activation of renin-angiotensin 

system. Norepinephrine concentrations increase progressively during 

bypass(74)Activation of renin-angiotensin system as well as 

thromboxane, released from activated platelets, and vascular elaboration 

of endothelin could add to renal vasoconstriction during extracorporeal 

circulation.(17)  

Inflammatory cascades initiated by surgery may be further 

amplified in response to CPB. Red blood cells in a CPB system, release 

free hemoglobin, an established nephrotoxin, into the plasma.63 Another 

consequence of hemolysis is the release of labile free iron that 

contributes to activation of reactive oxygen species, inflammation, and 

AKI.(75) A number of the tubular biomarkers released in AKI are 

associated with iron metabolism: NGAL participates in iron transport, L-

FABP is a high-affinity heme binding protein, and hepcidin (which 

appears to be protective) sequesters free iron.(76)This may be a 

causative factor for renal dysfunction in cardiac surgery.  In a study 

specifically examining hemolysis during CPB for repair of thoraco-

abdominal aortic aneurysms, there was a direct association among peak 

plasma free hemoglobin, NAG, and perioperative AKI.(77)  

The individual response to CPB varies greatly and may be also 

the consequence of variable genetic polymorphisms that regulate the 

response to inflammatory and vasomotor processes.(78) 
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Unfortunately, despite all the putative mechanisms described 

above, it remains unclear how much CPB itself contributes exactly to AKI 

during cardiac surgery. In addition, the severity of postoperative AKI and 

its outcome correlated with the severity of cardiac dysfunction after 

cardiopulmonary bypass.(79) 

 

It is important to realize the multi causal nature of postoperative 

AKI and that a combination of patients’ and procedural factors may have 

a cumulative effect that results to postoperative AKI in cardiac surgical 

patients. 

 

Avoidance of CPB 

The benefit to renal function of off-pump coronary artery bypass 

(OPCAB) remains equivocal. Although OPCAB is associated with less 

evidence of acute kidney injury, as manifested by lower levels of serum 

creatinine, cystatin C, microalbuminuria, and NAG, a clear benefit to 

renal outcome, morbidity, or mortality has not been demonstrated.(80,81) 

In patients with a low risk, little difference has been observed in the 

incidence of acute kidney injury, regardless of whether CPB is used.(82) 

However, a recent meta-analysis of randomized trials, found evidence to 

support a reduction in AKI with off-pump surgery but with no 

demonstrable benefit in terms of reduction in requirement for dialysis or 

mortality (83). 

We need additional high-quality evidence that addresses 

clinically relevant end points to clarify the potential renal benefit of off-

pump cardiac surgery. 

 

Dopaminergic and diuretic Drugs 

In a study comparing equipotent inotropic doses of dopamine 

and dobutamine after cardiac surgery, the two agents had similar effects 

on GFR, RBF, renal vascular resistance, and filtration fraction, but 



29 

 

dopamine caused greater urine flow rate, natriuresis, fractional excretion 

of sodium, and potassium excretion, indicating a diuretic effect 

independent of changes in RBF and GFR.(84) However, there is no 

evidence that the prophylactic administration of low-dose dopamine has 

a protective role during CPB in patients with previously normal(85,86)or 

impaired renal function.(87) Furthermore, in a study on normal 

volunteers, McGregor and colleagues found a 30-fold intersubject 

variability in plasma dopamine levels.(88) Some subjects, given an 

infusion of low-dose dopamine, had plasma levels consistent with those 

associated with doses in the high, α-adrenergic range. Even at small 

doses it can cause unwanted tachycardia, and its postoperative infusion 

is associated with a more frequent incidence of supraventricular and 

ventricular arrhythmias.(89)  

In contrast to dopamine, a renoprotective effect occurs from an 

infusion of low-dose fenoldopam infusion (0.1-0.3 mcg/kg/minute) during 

cardiac surgery(90). Echocardiographic studies using the Doppler 

technique have demonstrated a dose-dependent increase in renal blood 

flow, especially in the cortical zones, when fenoldopam is administered in 

this dose range.(91) A meta-analysis of 13 randomized and case-

matched studies on 1059 patients found that fenoldopam infusion is 

associated with a significant decrease in dialysis requirement, ICU length 

of stay, and in-hospital mortality. However, most studies with fenoldopam 

have been relatively small and have identified improved serum creatinine 

and creatinine clearance rather than renal outcome(92,93). The most 

convincing evidence thus far comes from a randomized, double-blinded 

study in 193 high-risk patients by Cogliati and colleagues.(94) Patients 

who received fenoldopam had a decreased incidence of acute kidney 

injury (12.6 versus 27.6%, P = 0.02) and requirement for dialysis (0 

versus 8.2%, P = 0.004).  

It may be noted that prophylactic administration of diuretics 

during CPB may actually be harmful. (70,95)  



30 

 

Thus, there is no convincing evidence to demonstrate the benefit 

of dopaminergic or diuretic drugs for renal benefit in cardiac surgery. 

 

Natriuretic Peptides 

There has been considerable interest in the ability of infused 

anaritide to reverse established acute renal failure (“renal rescue”). 

Animal studies of ischemic and nephrotoxic acute tubular necrosis, 

(96,97) as well as preliminary clinical studies,(98) indicate usefulness of 

atrial natriuretic peptide (ANP).  

A large prospective study demonstrated significantly increased 

dialysis-free survival with anaritide infusion in oliguric acute renal failure, 

but in nonoliguric acute renal failure, survival actually worsened.(99)  

Subsequently, a randomized, double-blind, placebo-controlled 

trial in 222 patients with oliguric acute renal failure found no differences 

in dialysis requirement, dialysis-free survival, or 60-day mortality 

between anaritide and placebo.(100) However, patients receiving 

anaritide had significantly more frequent incidence of hypotension during 

infusion of the study drug. Exogenous administration of anaritide (human 

recombinant atrial natriuretic peptide, ANP) decreases systemic arterial 

blood pressure through arterial and venous dilation.  

Infusion of anaritide has been studied also during CPB.(101) 

Compared with control, patients who received anaritide had significantly 

lower plasma levels of renin, angiotensin II, and aldosterone and higher 

GFR and urine output. A recent Cochrane review of ANP therapy 

concluded that although there was some evidence supporting a 

beneficial effect of low-dose ANP as a preventive strategy to reduce the 

risk of AKI requiring dialysis, the evidence is insufficient to make any 

strong recommendations.(102)  

Nesiritide (human recombinant brain Natiuretic peptide, BNP) is 

approved by the FDA for the parenteral treatment of advanced 

decompensated congestive heart failure. It decreases increased cardiac 
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preload and afterload, enhances cardiac function, and promotes diuresis 

and relieves symptoms related to pulmonary congestion and 

edema.(103) The major adverse effect is dose-related hypotension, 

which if excessive, can impair renal function.(104) A meta-analysis of 

studies of nesiritide infusion in patients with advanced decompensated 

heart failure indicated increasing serum creatinine levels.(105) However, 

a large prospective placebo-controlled study demonstrated no worsening 

of renal function in patients with advanced decompensated heart 

failure,(106) and similar results have been found when comparing 

nesiritide to nitroglycerin(98) or nitroprusside.(100) Perioperative infusion 

of low-dose (0.01 mcg/kg/minute) nesiritide in high-risk patients 

undergoing cardiac surgery may have a renoprotective effect.(101) In a 

prospective, randomized, blinded study of 279 patients with left 

ventricular dysfunction (EF <40%) undergoing coronary revascularization 

or mitral valve surgery, patients who received nesiritide had increased 

urine output, an attenuated postoperative increase in serum creatinine, 

and improved survival 6 months after surgery. A meta-analysis of 15 

trials of infusions of ANP or BNP in cardiovascular surgery found 

consistent benefits, including increased urine output and GFR, 

decreased diuretic use, decreased peak postoperative serum creatinine 

and requirement for dialysis, and decreased ICU and hospital length of 

stay.(102) These findings have yet to be confirmed by a large, 

multicenter, prospective randomized controlled trial. 

 

N-Acetylcysteine 

N-acetylcysteine is an antioxidant that directly scavenges 

reactive oxygen species, and it has been widely used to prevent 

radiocontrast nephropathy. However, the data about effectivity of N-

acetylcysteine in prevention of postoperative kidney injury in cardiac 

surgery patients are contradictory. Along with studies that shows that 

intravenous infusion of NAC could prevent postoperative AKI especially 
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in patients with preexisting renal failure(107)there are multiple studies 

which do not support perioperative NAC administration as a mean to 

reduce the risk of AKI(108–110) In two prospective, blinded, randomized 

studies, neither intermittent injection(103) nor continuous infusion(104) of 

N-acetylcysteine had any impact on renal function or outcome after 

cardiac surgery. A study on 254 patients with chronic renal insufficiency 

(GFR <60 mL/minute) was similarly unable to demonstrate any 

significant benefit from intermittent injection of N-acetylcysteine.(105) 

Most recently, a randomized controlled study on more than 2300 patients 

undergoing coronary or peripheral vascular angiography failed to show 

any benefit associated with N-acetylcysteine administration.(111)  

Further research is required to identify CABG patients at risk for 

postoperative renal events who could possibly benefit from intravenous 

infusion of NAC for prevention of kidney injury during cardiac surgery. 

 

Urinary Alkalinization 

As described above, hemolysis is a common occurrence during 

CPB, the release of labile free iron may play a role in inducing activation 

of reactive oxidation species, and AKI in this situation could be 

considered a form of pigment nephropathy.(112) Under these 

circumstances, urinary alkalinization could prevent formation of 

methemoglobin and tubular casts, decrease endocytic hemoglobin 

uptake, and attenuate proximal tubular necrosis; bicarbonate may 

scavenge free iron-mediated reactive oxygen species such as hydroxyl 

ions and peroxynitrite.(75) Indeed, in a small, randomized, double-blind 

trial in 100 patients undergoing cardiac surgery who were at increased 

risk of perioperative AKI, urinary alkalinization by a 24-hour infusion of 

sodium bicarbonate was beneficial: the infusion of sodium bicarbonate in 

this study decreased the incidence of postoperative increase in Serum 

Creatinine by 25%  with a concomitant decreased urine NGAL.(106) 
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These are preliminary observations and their impact on outcome remain 

to be confirmed by larger prospective studies. 
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Abstract 

 

Background: Despite the success of on-pump coronary artery bypass 

grafting (CABG), potential risk of renal dysfunction (RD) related to cardio 

pulmonary bypass (CPB) is well documented. Recently, several studies 

have demonstrated that off-pump CABG can be performed safely with 

results similar to on-pump CABG. Hence renal function in two groups 

was evaluated to aid in assessment and prevention of acute RD. 

Methods: Study group consisted of 60 patients (30 on-pump, mean age 

51.9±8.9 years and 30 off-pump, mean age 56.3±10.1 years) who 

underwent elective primary CABG. Blood samples were collected pre-

operatively and at 6, 24 and 48 hours post-operatively for estimation of 

serum creatinine and thereby assessment of creatinine clearance. 

Results: 46.66% and 20% of patients developed RD in on-pump and off-

pump CABG respectively. Creatinine clearance decreased from a pre-

operative value of 81±19.7 ml/min to a postoperative (24hours) value of 

72.9±20.5 ml/min in off-pump and from preoperative value of 78.8±24.3 

ml/min to a postoperative (24 hours) value of 62.7±18.2 ml/min in on-

pump. Creatinine clearance remained significantly depressed for 48 

hours in on-pump group where as it was well preserved in the off-pump 

patients. Decrease in creatinine clearance in on-pump group was 

significant at 24 hours post-operatively (p=0.045), thus suggesting that 

renal function was impaired in on-pump group. Hypertension, diabetes 

and ejection fraction <40% have not influenced significantly in 

developing RD during on-pump or off-pump CABG. We also found that 

there was a negative correlation of creatinine clearance with age 

suggesting that increased age proves to be a risk factor for developing 

RD in on-pump group. Conclusions: Renal function is better preserved 

in patients undergoing off-pump CABG than on-pump CABG. Increased 

age proves to be a risk factor for patients undergoing on-pump CABG 

and hence elderly people have to be preferably allocated to off-pump 

than on-pump CABG. 

 

Keywords 

Renal dysfunction, CABG, Creatinine Clearance 
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Introduction 
 
Post-operative acute renal insufficiency continues to be a significant 

cause for morbidity and mortality after cardiac operations, despite 

advances and improvements in cardiopulmonary bypass (CPB) 

technology, anesthesia, intraoperative hemodynamic monitoring, 

intensive care and antibiotic therapy1,2,3. The etiology of this condition is 

multifactorial and includes factors relating to conduct and management 

of CPB, such as bypass time, use of vasopressors before CPB, systemic 

inflammatory response, hypoperfusion and loss of pulsatile perfusion4. 

Since CPB has pathophysiologic sequelae, recently there has been a 

revival of interest in performing coronary artery bypass grafting (CABG) 

on beating heart1, where, advocates of off-pump CABG have proposed 

that theoretical advantages of avoiding CPB are decreased incidence of 

neurologic dysfunction, postoperative myocardial infarction, bleeding, 

renal failure and respiratory failure5. Since no data is available 

suggestive of renal function following off-pump CABG from a prospective 

randomized study of patients who had elective operations, renal function 

in the two groups was evaluated to aid in assessment and prevention of 

acute renal dysfunction. 

 

Material and Methods 
 

Patients  
A prospective study was performed in 60 patients (30 on-pump 

and 30 off-pump), undergoing elective primary CABG in an ultra-modern 

cardiac hospital. Patients were randomly allocated to either on-pump 

(group 1) or off-pump (group 0) group. Patients who were allocated to 

off-pump CABG were not crossed over to on-pump CABG at any time 

and thus the randomization sequence was strictly adhered to. Patients 

with serum creatinine levels > 1.3 mg/dl, history of acute renal failure in 

past and any cardiac surgeries in the past were excluded from the study. 
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Data collected includes age, gender, weight, history of diabetes, 

hypertension, ventricular ejection fraction. 

 

Anesthetic Technique 
Anesthesia was induced with pentothal sodium, fentanyl, 

midazolam and maintained with Isoflurane and Fentanyl as required. 

Muscle relaxation was achieved with pancuronium. Standard 

postoperative protocol for the patient management was employed. 

 

Surgical procedure 
For off-pump: Median sternotomy was performed with 

simultaneous harvesting of radial artery/saphenous vein and left internal 

mammary artery. Injection Heparin (200 units/kg) was administered. 

Heart was stabilized with an Octopus tissue-stabilizing device. During 

distal grafting, mean arterial pressure (MAP) was maintained above 

70mm of Hg using phenylephrine and inotropes (dopamine, dobutamine 

or adrenaline) when required. Heparin was neutralized with protamine 

after the grafting procedure. Hemostasis was attained. Sternotomy was 

repaired after placing one-mediastinal and left pleural drains.  

For on-pump: Median sternotomy was performed with 

simultaneous harvesting of radial artery/saphenous vein and left internal 

mammary artery. Standard bypass techniques were employed. After 

systemic heparinization (heparin 400units/kg), CPB was instituted and 

patients were cooled to 28°C. CPB was set up using two-stage right 

atrial cannulation with arterial return on to ascending aorta. Aorta was 

crossclamped and tepid blood cardioplegic arrest was achieved. Heparin 

was neutralized with protamine after the grafting procedure. While on 

CPB, MAP was maintained between 60-80mm of Hg and an 

extracorporeal flow was maintained at 2.2-2.4 lt/sq.m/min. All patients 

were cooled to 28°C. Post CPB inotropes were used as required. Urine 

output was maintained >1ml/kg/hr during CPB. 
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In both the groups, during postoperative period, urine output was 

maintained more than 0.5ml/kg/hr. Diuretics were used as necessary. 

Hemodynamic parameters like heart rate, mean arterial and central 

venous pressures were monitored and recorded intraoperatively and 

post-operatively. 

 

Sample collection 
Single arterial blood samples were collected for measurement of 

serum creatinine. It was done preoperatively and at 6, 24 and 48 hrs. 

post-operatively in the intensive care unit. All samples were analyzed 

immediately after collection. 

 
Laboratory Methods 

Serum creatinine values were determined with a commercial 

reagent kit (Creatinine Flex Ô reagent cartridge, Dimension clinical 

chemistry system, Dade Behring). Creatinine clearance was determined 

by using the standard formula – COCKROFT GAULT EQUATION10. 

 

Creatinine clearance = (140-age in years) x Body weight in kgs. / 72 x 

Serum creatinine in mg/dl 

For females, the obtained result was multiplied by 0.85. 

 

Statistical Analysis 
Data are presented as mean ± standard deviation. To compare 

the means of 2 independent groups, the independent sample (Student’s 

t- test) was employed. T-test with modified degrees of freedom (df) and 

2-tailed F max test were used whenever and wherever applicable. 

Comparison between the groups was performed with Mann-Whitney U 

test, Z corrected for ties. To compare the means of dependent variables 

whose values were obtained from the same individual at different points 

in time, repeated Measures Multivariate Analysis of Variance 

(RMANOVA) was used. Comparison of proportions of qualitative 
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variables across 2 or more groups was affected using the Chi-square 

test with Yates' continuity correction. Correlations between quantitative 

variables were performed using Pearson’s product moment correlation 

co-efficient. Differences were considered significant if p < 0.05. 

 

Results 
The demographic characteristics of the patients studied are 

shown in table 1. The groups 0 and 1 were compared with respect to  

 

age, weight, number, hypertension, diabetes, ejection fraction, number of 

grafts, number of days angiogram was done before surgery, CPB time, 

and aortic cross clamping time. Hemodynamic parameters like heart 

rate, mean arterial and central venous pressures are presented in table2. 

In our studies, overall incidence of renal dysfunction was 

33.33%. 46.66% of patients developed renal dysfunction in on-pump 

group and 20%of patients developed renal dysfunction in off-pump 

group. Serial serum creatinine levels of patients are presented in table 3. 
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Analysis of creatinine levels with respect to time in 2 groups was 

made. Serum creatinine levels increased progressively in both groups 

from preoperatively to 24hrs post-operatively and thereafter decreased 

 by 48hrs post-operatively. The 2 groups did not differ statistically with 

respect to the changes in serum creatinine values. Serial serum 

creatinine clearance is presented in table 4. Creatinine clearance 

decreased in both groups from preoperatively to 24 hours post-

operatively. At 24 hours post operatively the creatinine clearance in on-

pump group was significantly lower than the off-pump group. After 24 

hours an increase in creatinine clearance was seen in both groups. The 

creatinine clearance reached towards preoperative levels in off-pump, 

but did not reach to preoperative levels in on-pump group. Overall there 

was a significant decrease in creatinine clearance across time from pre-
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operatively to 24 hours post-operatively followed by a small increase to 

48 hrs postoperatively. 

 

 

 

Analysis of renal function among patients with hypertension and 

diabetes (isolated and combined) was assessed using 4-way repeated 

measures multivariate analysis of variance (Table 5). Age as a risk factor 

for renal dysfunction was analyzed. By applying Pearson’s product 

moment correlation co-efficient, comparison between 2 groups were 

made. A negative correlation with age was found, which was stronger in 

group 1 than in group 0. Renal function in patients whose ejection 

fraction was less than 40% and more than 40% was compared. Renal 

function was equally preserved in both the groups. 

 

Discussion 
 

Post-operative renal dysfunction is a known complication 

following cardiac surgeries, the cause for which is multi-factorial, but 

primarily attributed to factors relating to renal hypoperfusion, occurring 

due to insult to the kidney before, during or after CPB7. The other factors 

contributing to it are bypass time, infection, low cardiac output, use of 

IABP, excessive blood loss, use of vasopressors before CPB, 

perioperative myocardial infarction, emergency operation, excessive 

transfusion, chronic renal disease. Free plasma haemoglobin, elastase & 
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endothelin. Free radicals including superoxide, hydrogen peroxide and 

the hydroxyl radicals can be generated during CPB & can induce injury in 

the renal brush border membrane1. An inadequate flow during CPB is 

associated with sympathetic & hormonal mediation of vasomotor activity 

which may adversely influence postoperative cardiac & renal function7. 

Despite the success of CABG with CPB, the deleterious effects 
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of CPB are well documented because of the following hazards it 

produces –i) Stroke and neurocognitive effects ii) immunosuppression iii) 

systemic inflammatory response with bleeding complications secondary 

to platelet dysfunction, renal insufficiency and pulmonary insufficiency. 

Hence the newly introduced surgical procedure off-pump CABG can be 

considered the best model of pulsatile perfusion and also which avoids 

the use of CPB and its side effects. Recent study by Omerglu et al has 

shown that, CABG, which provides good long term graft patency can be 

performed on the beating heart as a viable alternative to conventional 

CABG i.e. on-pump8. Multiple side effects on every organ system 

including brain, lungs, liver and kidney which are mainly because of CPB 

can be avoided, by applying off-pump CABG which is its important 

advantage. 

According to Howard et al, severe acute renal insufficiency 

occurs in 2% to 5% of patients whereas mild acute renal insufficiency 

may be seen in as many as 25% of patients undergoing cardiac 

surgeries9. In our studies the incidence of acute renal insufficiency 

defined as serum creatinine >1.3mg/dl, was 46.66% & 20% in on-pump 

and off-pump groups respectively but since we wanted to assess the 

renal function accurately, we calculated the creatinine clearance by 

Cockroft-Gault equation. Ideally creatinine clearance should have been 

calculated by the formula- creatinine clearance=U.V/P (U=urine 

creatinine concentration, V= urine volume, P=plasma creatinine 

concentration). Here the P value is inversely proportional to the 

creatinine clearance, which implies that a small rise in value of P, leads 

to a great decrease in creatinine clearance. Hence, although we actually 

did not find any significant difference in creatinine values in between on-

pump and off-pump statistically over time, we have got a significant 

difference in the creatinine clearance values over time in both the 

groups. This is substantiated by our observation as follows: - 
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There was a significant decrease in the creatinine clearance in 

the on-pump group from pre-operatively to 24 hours post-operatively and 

further there was a gradual increase from 24 to 48 hrs. post-operatively, 

which did not reach the preoperative levels in the on-pump group while, 

the creatinine clearance values decreased progressively from pre-

operatively to 24 hrs. post-operatively which reached almost to the 

normal preoperative values by 48 hours post-operatively in the off-pump 

group. We also found that, there was a statistical significance of serial 

creatinine clearance values between the two groups at 24 hrs. 

postoperatively (p=0.045). Though there was no difference in creatinine 

levels, the creatinine clearance decreased significantly in the on-pump 

group, which indicates renal dysfunction in on-pump group and there 

was a significant difference between the 2 groups. Hence on pump group 

is more prone to develop renal dysfunction after CABG. 

We did not find any significance with diabetics and non-diabetics 

differing wholly in their creatinine and creatinine clearance. Even 

diabetics did not produce different results in groups 0 and 1. By the 

results obtained by applying Pillai’s test and Fisher’s test, diabetes did 

not influence change in creatinine and creatinine clearance across time 

and also in the effect of group on creatinine and creatinine clearance 

values across time. The same result was obtained in patients having only 

hypertension and in patients having both diabetes and hypertension, 

producing no significant changes.  
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According to the previous studies done by Abel et al and Bhat 

JG et al, age seems to be a risk factor for acute renal insufficiency after 

open heart surgeries. In our study, we found that there was negative 

correlation of creatinine clearance with age (table–6); Statistically, 

creatinine clearance correlation seems to be stronger in group 1 than 

group 0 with respect to age, which indicates that the elderly people under 

going on-pump CABG are more prone to develop acute renal 

dysfunction. 

We also compared the group of patients; whose ejection fraction 

was ≤ 40 % and whose ejection fraction was >40% as to know whether 

the group with ejection fraction ≤ 40% varied significantly from the other 

with respect to creatinine and creatinine clearance values. But it was not 

statistically significant. Hence according to our study, the group with 

ejection fraction ≤ 40% fared equally well as the group with ejection 

fraction >40%. Contrast material used for angiogram has significant 

importance in causing renal insufficiency. However, in our study there 

were no patients who had undergone angiogram within 2 - 3 days, prior 
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to surgery. Hence, it is unlikely that contrast material has influenced the 

results. 

 

Conclusion 
 

By our study, we conclude that, renal function is better preserved 

in patients undergoing off-pump coronary revascularisation when 

compared to patients undergoing on-pump coronary revascularisation. 

Increased age proves to be a risk factor for patients undergoing on-pump 

CABG & hence elderly people have to be preferably allocated to off-

pump than on-pump coronary revascularisation. However, it should be 

noted that the investigated groups are relatively small and prospective 

randomized studies involving larger groups will be necessary to clarify 

whether off-pump CABG is to be recommended preferentially in the 

elderly group to prevent renal dysfunction or not. 
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Abstract 

 

Background: Acute renal injury requiring renal replacement therapy 

after cardiac surgery develops in 1%–5% of patients, and is strongly 

associated with perioperative morbidity and mortality. The prognostic risk 

factors for development acute renal injury requiring renal replacement 

therapy are identified in this study. Methods: 2585 adult patients who 

underwent cardiac surgery during a 1-year period (November 2010 to 

October 2011) were studied. The patients who developed acute renal 

injury requiring renal replacement therapy were compared with matched 

controls. Logistic regression analysis was applied to determine the 

predictors of acute renal injury requiring renal replacement therapy. 

Results: 44 patients developed acute renal injury requiring renal 

replacement therapy following cardiac surgery. On multivariate logistic 

analysis, the following factors independently predicted acute renal injury 

requiring renal replacement therapy (p<0.05): preoperative critical state, 

pre-existing renal dysfunction, preoperative diastolic dysfunction, and 

combined cardiac surgery. Conclusion: The risk of acute renal injury 

requiring renal replacement therapy can be fairly accurately predicted 

and quantified on the basis of available preoperative and intraoperative 

data. These predictors may be used by physicians to estimate the risk 

and target high-risk groups for interventions that prevent, reduce, or 

ameliorate the occurrence of renal failure needing acute renal 

replacement therapy. 

 

 

Keywords 

Acute kidney injury, cardiac surgical procedures, postoperative 

complications, renal dialysis, risk assessment 
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Introduction 
 

Acute renal failure after cardiac surgery continues to be a 

devastating complication that is associated with multiorgan dysfunction, 

increased resource utilization, high cost, and increased morbidity. 

Annually, one million patients worldwide undergo coronary 

revascularization with the use of cardiopulmonary bypass (CPB), and 

approximately 77,000 patients a year develop postoperative acute kidney 

injury (AKI), of which 14,000 require renal dialysis for the first time. Of 

the 1% to 3% of patients sustaining AKI severe enough to require renal 

replacement therapy (RRT) or dialysis after cardiac surgery, up to 60% 

die before hospital discharge, and many of the survivors require 

continuing dialysis or are left with chronic kidney disease.(1) Although 

acute tubular necrosis is a potentially reversible illness, most patients 

who develop renal dysfunction requiring RRT, succumb before recovery 

as a result of complications of acute tubular necrosis, underlying 

pathology, or multiorgan failure. Even during cardiac procedures 

involving the use of CPB, in which there is no evidence of AKI by serum 

creatinine, more subtle markers often demonstrate renal tubular injury.(2) 

Greater degrees of AKI after cardiac surgery are associated with poorer 

outcomes, increased costs, and more short- and long-term resource 

utilization(3–5)The degree of AKI also predicts poorer long-term survival 

in patients discharged home.(6–8) Notably, the long-term risk of mortality 

and other adverse outcomes is strongly linked to the magnitude of the 

injury; incomplete return of renal function occurs in up to one-third of 

these patients. (6–8)  We analyzed the outcome of patients undergoing 

cardiac surgery in terms of the incidence of AKI requiring RRT. 

 

Patients and methods 
 

We reviewed data collected from 2585 adult patients who 

underwent cardiac surgery at this institution from November 2010 to 
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October 2011. Of these, 44 developed acute renal failure needing RRT, 

and their data were analyzed. Patients who were on maintenance 

dialysis prior to surgery were excluded from the analysis. The study 

group was compared with randomly selected controls of same number, 

who did not develop renal failure during the same period. Table 1 shows 

the demographic and  

preoperative data of the RRT and the control groups. The incidences of 

diabetes mellitus, acute coronary syndrome, left ventricular dysfunction, 
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and diastolic dysfunction were significantly higher in patients who 

developed AKI needing RRT. Definitions of the terminology are given in 

Table 2. Anesthetic premedication consisted of an anxiolytic and 

preoperative cardiac medication, with the exception of angiotensin-

converting-enzyme inhibitors. 

Anesthesia was induced with a combination of midazolam, 

fentanyl, and propofol. Endotracheal intubation was performed using 

pancuronium bromide. Anesthesia was maintained with isoflurane in an 

air oxygen mixture. Hemodynamics were maintained within 20% of 

baseline values. Anticoagulation was achieved using heparin to maintain 

the activated coagulation time at 5480 s during CPB. A standardized 
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perfusion protocol was employed, which included nonpulsatile CPB and 

maintenance of mean arterial pressure at 60–80mmHg during CPB. 

Heparin was neutralized with protamine after separation from CPB. 

Patients were electively ventilated after surgery until the criteria for 

tracheal extubation were met. Data recorded included demographic 

information, preoperative clinical variables, operation-related factors, and 

postoperative variables. The preoperative clinical variables were cardiac-

related factors (unstable angina, left ventricular ejection fraction, 

previous cardiac surgery, active endocarditis, diastolic dysfunction, 

critical preoperative state, post-infarction septal rupture), history of 

chronic pulmonary disease, extracardiac arteriopathy, neurological 

dysfunction, renal dysfunction, diabetes mellitus, and pulmonary 

hypertension. 

Operation-related factors recorded were emergency status, a 

major cardiac procedure other than or in addition to coronary artery 

bypass grafting, operations on the ascending, arch, or descending aorta; 

number of grafts; coronary artery bypass grafting; CPB time; aortic cross 

clamp time; deep hypothermic circulatory arrest time; inotropics used 

during surgery; and usage of blood and blood products. Postoperative 

data recorded were duration of inotropic infusion, incidence of 

arrhythmias, time to extubation, use of an intraaortic balloon pump 

(IABP), need for pacing, reexploration for bleeding, perioperative 

myocardial infarction, sternal or leg wound infection, septicemia, 

cerebrovascular accident, tracheostomy, bed sore, renal dysfunction 

needing dialysis, psychological complications, multiorgan dysfunction, 

duration of intensive care unit and hospital stay, and hospital death. 

Criteria for the initiation of RRT were 2 or more of the following: oliguria 

(urine output <200mL per 12 h), anuria (urine output: 0–50mL per 12 h), 

blood urea >200 mg.dL-1, creatinine >3.6 mg.dL-1, Kþ >6.5 mmol.L-1 or 

rapidly rising, pulmonary edema unresponsive to diuretics, 
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uncompensated metabolic acidosis (pH<7.1), Naþ<110 and >160 

mmol.L-1, temperature>400C, and uremic encephalopathy.  

The statistical software SAS version 9.2, SPSS 15.0, Stat 10.1, 

Medical 9.0.1, Systat 12.0, and Renvironment 2.11.1 were used for 

analyses of the data. The results of continuous measurements are 

presented as mean ± standard deviation, and categorical measurements 

are given in number and percentage. Significance was assessed at the 

5% level. The various tests used were Student’s t test (2-tailed and 

independent) to find the significance of study parameters on continuous 

scales or between 2 group on metric parameters, the test for 

homogeneity of variance, the chi-squared test, or Fisher’s exact test to 

find the significance of study parameters on categorical scales among 2 

or more groups, and multivariate logistic regression analysis. The goal of 

logistic regression was to predict the category of outcome for individual 

cases, using the most parsimonious model. To accomplish this goal, a 

model was created that included all predictor variables; stepwise 

regression was analyzed. A p valve of <0.05 was considered significant. 

 

Results 
 

Of the 2585 patients who underwent cardiac surgery during one 

year, 44 developed acute renal failure of sufficient severity to indicate the 

institution of RRT; thus, the observed overall frequency of AKI requiring 

RRT in the study was 1.7%. Table 3 shows the intraoperative and 

postoperative data. Using univariate analysis, the duration of 

postoperative ventilator support, inotropic support, use of IABP, 

temporary pacing, and re-exploration for bleeding were significantly 

higher in the RRT group. The requirement for IABP support and duration 

of inotrope usage are indicators of low cardiac output status in the RRT 

group. Obviously, prolonged postoperative ventilator support and 

requirement for tracheostomy were responsible for longer intensive care 

unit and hospital stays in the RRT group. Similarly, the incidence of 
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septicemia, bed sores, neuropsychiatric complications, and multiorgan 

dysfunction were significantly higher in the RRT group. Hospital mortality 

(within 30 days of surgery) in the study group was 61.4% (n=27), which  

 

was highly significant. Figure 1 shows the values of serum creatinine in 

the 2 groups; the values were >1.5 mg.dL-1 throughout in the study 

group, whereas they were <1.2 mg.dL-1 in the control group. On 

multivariate logistic regression analysis, the factors that were highly 

predictive of renal dysfunction and requirement for RRT after cardiac 

surgery were preoperative critical status, preoperative renal dysfunction, 

preoperative diastolic dysfunction (grades 1, 2 and 3), and major cardiac 

surgery with or without coronary artery bypass grafting. 

 

 



77 

 

 

 

 

Discussion 

Acute kidney injury after cardiac surgery is a recognized 

complication that becomes devastating if RRT is required. RRT strikingly 

increases the risk of postoperative death. Despite improvements in 

surgical and anesthetic techniques and advances in dialysis, the risk of 

death due to renal failure persists. Preoperative renal risk stratification 

provides an opportunity to develop strategies for early diagnosis and 

intervention. In this  
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report, preoperative correlates of AKI necessitating RRT included 

baseline renal dysfunction, diastolic dysfunction, combined or major 

cardiac surgery, and preoperative critical status in the form of a need for 

ventilation or inotropic or IABP support, and prolonged ICU stay.  

Various studies have looked into patient factors associated with 

the development of AKI following cardiac surgery. In a multivariable 

model, the preoperative patient characteristics most strongly associated 

with postoperative severe renal insufficiency included advanced age, 

female sex, white blood cell count >12,000/mm3, previous coronary 

artery bypass, history of or ongoing congestive heart failure, peripheral 

vascular disease, hypertension, diabetes, and preoperative IABP.(9) In 

our study, all factors of a preoperative critical state (defined in Table 2) 

were significant risk factors for development of AKI requiring RRT after 

cardiac surgery. Such patients invariably have decreased renal perfusion 

as a result of systemic and renal vasoconstriction, which is worsened by 

the impact of surgery and anesthesia. In another study, multivariable 

predictors of RRT were preoperative estimated glomerular filtration rate, 

diabetes mellitus requiring medication, left ventricular ejection fraction, 

previous cardiac surgery, urgency of surgery, and preoperative 

IABP.(10) The incidence of postoperative renal compromise was 4.8%; 

independent and significant risk factors were age >75 years, 

preoperative congestive heart failure, prior myocardial infarction, pre-

existing renal disease, intraoperative use of multiple inotropics, 

intraoperative IABP insertion, cardiopulmonary bypass >2 h, and 

preoperative pulse pressure such that for every additional 20-mm Hg 

increment in pulse pressure >40 mmHg, there was a measurable risk of 

renal failure. Patients with pulse pressure hypertension >80mmHg were 

3-times more likely to suffer a renal-related death compared to those 

without these complications (3.7% vs. 1.1%).(11) 
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Despite concern for almost half a century over the gravity of 

renal dysfunction as a complication,(3,12–14) AKI persists as a prevalent 

and major predictor of early mortality after cardiac surgery.(15) Although 

some of the damage associated with AKI simply reflects its association 

of other serious complications (e.g. sepsis) as an ‘‘epiphenomenon’’, 

there is also compelling evidence that AKI itself contributes to 

unfavorable outcome.(16–21) Accumulation of uremic toxins other than 

urea and creatinine have widespread adverse effects on most organ 

systems.(16,17,22)Although mostly studied in chronic renal disease, 

inadequate clearance of uremic toxins adversely affect survival.(23) 

Even when postoperative dialysis is avoided, the powerful relationship of 

AKI with adverse outcome continues to stimulate the search for 

treatment options to protect the kidney. Although we practice avoidance 

of the numerous recognized renal insults, and follow well established 

protocols to reduce AKI rates, the search for renoprotective strategies 

have been somewhat disappointing. Lack of progress in this area has 

fueled strategic research into the pathogenesis of AKI, with a consensus 

that serum creatinine is the only marker commonly employed, but 

accumulation takes 48–72 h. This is in contrast to conditions such as 

acute myocardial infarction in which advances have been made in terms 

of biomarkers of cellular injury. 

Acute renal failure necessitating the use of RRT is a rare but 

serious complication after cardiopulmonary bypass. Multivariate 

regression analysis reveals that predictors of AKI after cardiac surgery 

include prior renal dysfunction, a critical preoperative state, diastolic 

dysfunction, and combined or major cardiac surgery. The therapeutic 

strategy may be directed towards preventing the occurrence or 

worsening of renal function in this group of patients. 
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Introduction  
 

Acute kidney injury (AKI) is not an uncommon clinical 

consequence in patients undergoing coronary artery bypass graft 

(CABG) surgery(1) occurring between 5-30% in hospitals around the 

world(2–4) AKI is one of major causes of the hospital morbidity and 

mortality following CABG. Mortality is up to 60% when renal replacement 

therapy is needed post cardiac surgery. Previous genome wide 

association studies (GWAS) done in Caucasians have identified up to 9 

genetic polymorphisms in CABG patients developing AKI(5). In this study 

we evaluated the genetic predisposition to AKI using GWAS in patients 

from the Indian subcontinent undergoing elective off-pump CABG.   

Objectives of the Study: 

This study aims to explore the genetic predisposition(s) to Acute 

Kidney Injury (AKI) in patients undergoing off-Pump coronary artery 

bypass graft in the Indian subcontinent population, leading to the 

identification of the genetic polymorphism that have an impact on the 

disease. 

Specific objectives:  

1. To identify genomic profile (genomic-biomarkers) that will help 

to assess/predict the pre-operative risk to acute kidney injury  

2. To identify genomic variations that make our population 

predisposed to pre-mature renal dysfunction. 

3. To identify genomic variants associated with Coronary Artery 

Disease. 

 

Methods 
 

After ethical clearance, consenting patients/healthy controls 

presenting to a tertiary care cardiac hospital were recruited. Study 

participants were categorized into four cohorts as follows: (A) patients 

with normal renal function undergoing off-pump CABG ( serum creatinine 
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< 1.3mg/dl and/or eGFR>60ml/min/m2); (B) patients with renal 

dysfunction ( serum creatinine >1.3mg/dl and/or eGFR<60ml/min/m2; not 

needing dialysis) undergoing off-pump CABG; (C) patients with renal 

dysfunction with no symptomatic/known heart disease (D) age-matched 

healthy control population (with normal kidney function, without 

symptomatic/known heart disease). Informed consent was obtained from 

the patients participating in the study. Peripheral blood samples were 

collected from these patients before the surgery. A detailed clinical 

history including information about nativity, mother tongue, body weight, 

height, serum creatinine, GFR, clinical diagnosis, family history was 

obtained from each of the participants. DNA was isolated from these 

blood samples and quantified to check the purity and integrity.  

Table 1: AKI Categories in the study 

Categories Description 

A 
Patients with normal renal function pre-surgery undergoing 

off-pump CABG. 

B 
Patient with renal dysfunction (not needing dialysis) 

undergoing off-pump CABG. 

C 
Patients with renal dysfunction with no symptomatic heart 

disease  

D 
Patient with renal dysfunction with diabetes only and no 

symptomatic heart disease 

 

 

Global Screening Array (GSA): 
The Infinium Global Screening Array (GSA) BeadChip is an 

advanced genotyping array that provides a cost-effective solution for 

population-scale genetic studies, variant screening, and precision 

medicine research. Using the proven iScan™ System, integrated 
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analysis software, and Infinium high-throughput screening (HTS) Assay, 

this high-density, 24-sample BeadChip provides optimized content for a 

broad range of applications. The number of common markers between 

Infinium GSA chip version 1 and version 2 is 613,467.  

Figure 1: Flowchart of AKI association analysis       

 

*Kidney Disease Improving Global Outcomes. 

 

The Infinium Global Screening Array product files were taken from 

http://sapac.support.illumina.com/array/array_kits/infinium-global-

screening-array/downloads.html 

SNP Genotyping was performed for each of the samples using Infinium 

Global Screening Array (GSA), Illumina. A summary of the markers is 

given in Table 2. The GSA process involves amplification, fragmentation, 

precipitation, and resuspension of the DNA. The resuspended DNA is 

hybridized to the bead chips. These chips are then stained after single-

base extension and scanned using iScan system. The resulting raw data 

files were analyzed using Genome studio 2.0 software. Automated 

genotype calling was done using Genome Studio v2.0. The data 

generated thereafter was stored and then exported using Plink 1.9. 

Quality check of the exported GSA data was done through custom 
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Bioinformatics Pipeline using Vcftools v0.1.13, R packages (R version 

3.3.2), gdsfmt 1.1.0 and SNPRelate 1.12.2. Principal Components 

Analysis (PCA) was performed to analyze genome-wide single-

nucleotide polymorphism (SNP) data, for detecting population structure 

and potential outliers. 

A total of 493 individuals were genotyped using Illimuna Infinium 

GSA v1 & v2 platforms (in part). The raw images were exported from the 

Illumina iScan machine and the IDAT files were converted to genotypes 

using methods recommended by Illumina Inc. Further common positions 

between GSA v1 and v2 were extracted (610780 markers) and 

performed QC. The sample level genotyping rate thresholds was set to 

0.95 and removed one sample, which was below the threshold. Further 5 

samples were found to have extreme low heterozygosity rate, and were 

removed from subsequent analysis. The overall genotyping rate post-QC 

is found to be 0.994. 

Table 2: Common markers in Infinium version 1 and 2 beadchips: 

Feature Description 

No. of markers in Version 1  642,824 

No. of markers in Version 2 665,608 

No. of markers common between V1 and V2 613,467 

Capacity for Custom Markers 50,000 

Number of Samples per Bead Chip 24 

DNA Input Requirement 200ng 

Assay Infinium HTS 

Instrument Support iScan 
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Genotype association was assessed between groups given in 

Table 1. These categories were based on the post-operative serum 

creatinine. Patients under AKI_A were those of Category A who 

developed kidney dysfunction after CABG, while those under No_AKI_A 

did not develop any kidney dysfunction after CABG. So was for AKI_B 

and No_AKI_B. Association were tested using plink tool (version 1.9) in 

between the groups : Association groups given in Table 1 were formed 

and association analysis was performed using 610780  markers with 

Bonferroni corrected p.value threshold of 0.05. The results of association 

analysis is summarized in Attached Excel file.  

 

Results 
 
Sample collection and clinical details  

Table 3: Demographics and clinical details 

  A 

(n=108) 

B 

(n=111) 

C 

(n=72) 

D 

(n=201) 

Age (Mean ± 

STD) 

55.14±9.76 61.03±8.1

7 

51.75±9.49   54.17±6.87 

Sex(M/F) 99/9 104/7 68/4 148/53 

Body Weight 

(Mean ± STD) 

67.20±10.62 66.52±8.5

1 

71.60±14.77 70.70±13.11 

BMI 

(Mean±STD) 

24.59±3.22 25.25±3.0

7 

26.26±4.52 27.04±4.22 

DM 0.51±0.50 0.64±0.48 0.31±0.46  0.36±0.48 

HTN 0.61±0.49 0.72±0.45 0.61±0.49  0.29±0.46 

COPD 0 0 0 0 

PVD 0 0 0 0 

CVA/ 

neurological 

disease 

0 0 0 0 
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previous 

cardiac surgery 

0 0 0 0 

Serum 

creatinine 

(Mean ± STD) 

0.96±0.14 1.43±0.29 2.49±2.38 0.82±0.15 

eGFR (Mean ± 

STD) 

81.96±14.22 51.33±9.3

1 

47.37±23.40 102.34±23.49 

Recent  MI         

LVEF 40.50±4.20 43.33±2.3

6 

57.50±2.50 0 

Euroscore 

(Average) 

~2 ~3 0 0 

 

 

Table 4: Sample summary 

Categories Number of samples 

A 108 

Post CABG-AKI- A 8 

Post CABG NO AKI A 100 

B  111 

Post CABG-AKI B 9 

Post CABG NO AKI B 102 

C 72 

D 201 
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Table 5: Results of association analysis 

 

Comparison Group I Group II 
Number 
of 
markers  

List of significant 
markers identified 

1 AKI_A+ AKI_B 
NoAKI_A + 
NoAKI_B 

38 

JHU_X.111764052, 
GSA-rs78432535, 
JHU_X.4629846, 
JHU_X.33249089, 
GSA-rs115265748, 
rs76603121, 
JHU_X.2948039, 
rs4149859, GSA-
rs117998885, GSA-
rs62296417, GSA-
rs62346589, GSA-
rs72861264, GSA-
rs10056406, GSA-
rs111834033, GSA-
rs118025773, GSA-
rs1592079, GSA-
rs17821532, GSA-
rs62477650, GSA-
rs71534672, GSA-
rs76740047, GSA-
rs139883763, 
rs5935359, GSA-
rs62344594, GSA-
rs78775059, 
rs73192445, GSA-
rs73184486, 
rs7049535, GSA-
rs12894624, GSA-
rs34163134, GSA-
rs115203545, GSA-
rs6575881, 
rs12600453, GSA-
rs4251959, GSA-
rs74722110, GSA-
rs74758155, GSA-
rs78913616, 
rs76748392, GSA-
rs62290342 

3 A B 1 JHU_X.122359432 

4 
AKI_B + 
AKI_A 

C 3 JHU_X.43887938 
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    rs5935359 
    JHU_X.111764052 
5 A+B+C D 7 JHU_X.128495449 
    JHU_X.122359432 
    JHU_X.93803894 
    JHU_X.141720852 
    kgp22817822 
    rs16990116 
    rs16990114 

 
 
Discussion 
 

Cardiovascular disease is a leading cause of morbidity and mortality in 

India causing over 25% of all deaths. Annually 1 million patients 

worldwide undergo coronary artery bypass graft (CABG) surgery as a 

major intervention for coronary artery disease. Approximately 77,000, 

develop postoperative acute kidney injury, out of which 14,000 require 

renal dialysis. This increases morbidity, mortality, hospital costs and 

consumes precious resources. Although the exact mechanism of post-

operative AKI development is still unknown, clinical predictors and 

biomarkers of AKI may be used to assess the risk of AKI in CABG but 

identification of genetic factors may influence the therapeutic strategy in 

dealing with these patients at high risk of developing AKI. A systematic 

review of TRIBE-AKI consortium screened 7273 citations that concluded 

that the polymorphism of APO-E had a significant impact on incidence of 

AKI in CABG(5). Isbir et al. have shown that ACE I/D bar and APO-E 

gene polymorphism to be associated with development of AKI in cardiac 

surgery(6).  All reports in cardiac surgery and AKI relate to the use of 

cardiopulmonary bypass during CABG. Our study was aimed to 

determine influence of genetic polymorphism in patients undergoing off-

pump CABG. We found 18 genes associated with patients who 

developed AKI post CABG when compared to those who did not. We find 

markers associated with the X chromosome. However, female to male 

ratios varies largely across groups. This may lead to false identification 
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of marker, especially in sex chromosome which may not be true 

association with AKI. These findings have to be confirmed in a larger 

population to make a definitive conclusion. 
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Abstract 

 

Background: Acute kidney injury (AKI) following cardiac surgery is a 

major complication resulting in increased morbidity, mortality and 

economic burden. In this present study, we assessed the usefulness of 

estimating serum neutrophil gelatinase-associated lipocalin (NGAL) as a 

biomarker in predicting acute kidney injury (AKI) in patients with stable 

chronic kidney disease (CKD) and undergoing off-pump coronary artery 

bypass grafting (OP-CABG).  

Materials and Methods: We prospectively studied 60 non-dialysis 

dependent CKD patients with estimated glomerular filtration rate (eGFR) 

<60 ml/min/1.73m2 who required elective OP-CABG. Patients were 

randomized into two groups, group-D received dopamine infusion at 2 

µg/kg/min following anesthesia induction till the end of the surgery, 

group-P did not receive any intervention. Serum creatinine, NGAL, brain 

natriuretic peptide (BNP) and troponin-I were estimated at specified 

intervals before, during and after surgery. The results of the study 

patients were also compared to a simultaneous matched cohort control 

of 30 patients (group-A) without renal dysfunction who underwent OP-

CABG.  

Results: No patient required renal replacement therapy and no mortality 

was observed during perioperative and hospitalization period. Six 

patients from control group (n=30), 10 patients from placebo group 

(n=30) and 12 patients from dopamine group (n=30) developed stage-1 

AKI. However, we did not observe any stage-2 and stage-3 AKI among 

all the groups. There was a significant increase in serum NGAL levels at 

the end of surgery and 24 h postoperatively in placebo and dopamine 

groups as compared to the control.  

Conclusion: The measurement of NGAL appears to predict the 

occurrence of AKI after OP-CAB surgery. However, large multicentric 

studies may be required to confirm the findings of this study. 

 

Keywords: Acute kidney injury, Coronary artery bypass grafting, Cardiac 

surgery, Neutrophil gelatinase-associated lipocalin (NGAL), Creatinine, 

Dopamine. 
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Introduction 
 

Acute kidney injury (AKI) after cardiac surgery continues to be a 

major devastating complication because it can result in multi-organ 

dysfunction, death, increased resource utilization and high cost.(1) 

Globally 800,000 patients undergo coronary revascularization annually 

with the use of cardiopulmonary bypass (CPB). Approximately 77,000 

patients in a year develop postoperative AKI, among which 14,000 

require dialysis for the first time(2)Up to 30% of patients undergoing 

coronary artery bypass grafting (CABG) sustain sufficient renal injury to 

meet the threshold criteria, i.e., a creatinine increase of >0.3mg% or by 

50% of the baseline value  within 48 h of surgery. The reported incidence 

of AKI after cardiac surgery varies according to the definition of kidney 

injury as well as the institution reporting the results. Additionally, the 

current models poorly predict the likelihood of AKI. As many as 3% of 

patients sustaining AKI following CABG require dialysis and as many as 

60% of these patients die before hospital discharge and the survivors 

continue with chronic renal disease with or without the need for dialysis. 

Serum creatinine reflects the balance between the synthesis of 

creatinine and its excretion by the kidney. Creatinine production in the 

body varies with muscle mass, physical activity, protein intake and 

catabolism while creatinine excretion is dependent on the glomerular 

filtration rate (GFR). The serum creatinine and GFR are inversely and 

exponentially related. Halving of GFR implies that there will be doubling 

of creatinine concentration.(2)There are several limitations for creatinine 

as a marker of kidney injury in acute perioperative situations. However, it 

has a poor, predictive accuracy for kidney injury, particularly in the early 

stages of AKI.(3) 

Neutrophil gelatinase-associated lipocalin (NGAL) is an iron-

transporting glycoprotein which accumulates in the kidney tubules and 

urine after nephrotoxic and ischemic insults.(4) This glycoprotein 

increases 3-4-fold within 2-3 h and up to 10,000-fold by 24 h of renal 
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insult. NGAL has been proposed as an early, sensitive, noninvasive 

biomarker for AKI.  NGAL measured in the immediate postoperative 

period is an excellent predictor of AKI following pediatric cardiac surgery 

(5) and adult cardiac surgery.(6) To the best of our knowledge, there is 

scant literature looking at NGAL as a biomarker for predicting AKI in OP-

CABG receiving dopamine infusion.  In this study, we measured both 

NGAL and serum creatinine to predict renal adverse outcomes in 

patients with stable chronic kidney disease (CKD) and not on dialysis 

undergoing elective OP-CABG. In addition, we also studied whether 

dopamine infusion during OP-CABG is beneficial in reducing renal injury 

in this group of patients.  

 

 

Patients and Methods 
 

After an approval from the institutional ethical committee and 

review board, we prospectively enrolled 60 patients who underwent an 

elective off pump CABG at Narayana Institute of Cardiac Sciences, 

Bangalore, between January-2012 and October-2016. The eligibility 

criteria included the presence of stable CKD (not on dialysis) and 

estimated glomerular filtration rate (eGFR) ≤ 60 ml/min/ 1.73 m2 or 

creatinine ≥ 1.4mg% prior to the surgery.  Preoperative eGFR was 

estimated by using modification of diet in renal disease (MDRD) formula, 

eGFR of <60ml/min/1.73m2 was taken as indicative of renal impairment. 

Patients scheduled for OP-CABG were examined a day before the 

surgery, and all the base line investigation were noted. Demographic 

data (age, sex, height and weight), preoperative risk factors and 

preoperative surgical and anesthetic management were recorded for all 

the patients. 

Patients scheduled for on–pump CABG, emergency surgery, 

redo operations, end-stage renal disease, chronic inflammatory 

disease/immune-suppression, corticosteroid therapy, age<18 years, 
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enrolled in a conflicting research study, patients on renal replacement 

therapy (RRT) and renal transplanted patients were excluded from the 

study. All patients received a standard anesthetic which consisted of 

midazolam, propofol, isoflurane, fentanyl, vecuronium or atracurium, 

endotracheal intubation and mechanical ventilation to achieve 

normocarbia. Following median sternotomy and heparinization, the 

surgeons conducted distal coronary anastomosis on the beating-heart 

using ‘octopus’ (Medtronic Inc, Minneapolis, MA, USA) suction device 

tissue stabilizer for immobilization of the local heart muscle. 

Hemodynamic care included a targeted mean arterial pressure 

of at least 70 mmHg, central venous pressure of 8-12 mmHg, stroke 

volume variation (SVV) of ≤12% using either Flotrac (Vigileo,I PX 1, 

Edward Lifesciences, Irvine, USA) or Lidco rapid (model POC-125, 

ADVANTECH, Taiwan) and cardiac index of ≥2.5 L/min/m2. Epinephrine 

at 0.01-0.05 μg/kg/min and nitroglycerine 0.05-0.1 μg/kg/min were used 

as an inotrope / vasodilator at the discretion of the anesthesia care team. 

All patients were electively ventilated postoperatively until the criteria for 

separation from ventilator and tracheal extubation were met. 

Postoperative analgesia was provided with fentanyl infusion at 0.5-1.0 

µg/kg/hr until removal of chest tubes and then a combination of oral 

tramadol and paracetamol. No nephrotoxic agents were used and non-

steroidal anti-inflammatory drugs were avoided in all patients. 

The identified 60 patients with impaired renal function not 

requiring dialysis were scheduled for elective OP-CABG. We randomly 

allotted the patients to two groups. Group-D; received dopamine 2 

µg/kg/min following anesthesia induction till the end of the surgery and 

standard care. Group-P; this was the placebo group that received 0.9% 

sodium chloride infusion and standard care. In addition, there was an 

age-matched control group of 30 patients (group-A) who had no renal 

dysfunction (preoperative serum creatinine of ≤1.4mg/dl and 

eGFR≥60ml/min/1.73m2).  Anesthesia and surgery were similar in all 
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groups, mean arterial pressure and intravascular volume status was 

maintained with appropriate clinical measures during the course of 

surgery in all patients. Serum creatinine, NGAL, brain natriuretic peptide 

(BNP) and troponin-I were measured at specified intervals i.e. at the 

beginning of surgery after anesthetic induction, at the end of surgery, 

and 24 h after surgery. Thereafter, serum creatinine was estimated at 24 

h intervals until 96 h. The rationale for inclusion of estimation of BNP was 

based on the GALLANT trial which looked into prognostic utility of 

plasma NGAL in patients with acute heart failure assessed utility of 

NGAL alone and in combination with BNP as an aid to risk assessment 

of heart failure related adverse outcomes.[8] The study demonstrated that 

NGAL is a powerful predictor of outcomes and this was stronger than 

BNP. Additionally, combination of high BNP/ high NGAL had the worst 

outcomes. While risk in low BNP/ high NGAL was significant, high BNP/ 

low NGAL group had outcomes similar to when both markers were low. 

This was explained by the fact that even though BNP was high, it 

represented 'dry' but not the 'wet' BNP. 

The diagnosis of AKI postoperatively was made using ‘kidney 

disease improving global outcomes’ (KDIGO) criteria in terms of increase 

in serum creatinine on any of the first 3 postoperative days. Stage 1 AKI 

was defined as rise in serum creatinine by 0.3 mg/dL or by an increase 

≥1.5 fold from the reference value, stage 2 AKI classified by a 2 -2.9-fold 

increase in serum creatinine and stage 3 AKI by ≥3.0-fold increase in 

serum creatinine.  

CABG related myocardial infarction was defined by elevation of 

cardiac biomarker troponin-I values (≥10x99th percentile URL) in patients 

with normal baseline cardiac troponin (cTn) values along with either (i) 

new pathological Q waves or new left bundle branch block (LBBB) or (ii) 

angiographic documented new graft or new native coronary artery 

occlusion, or (iii) imaging evidence of new loss of viable myocardium or 

new regional wall motion abnormality. 
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Results 
 

In a total of 90 patients who underwent OP-CABG, 60 patients 

suffered from   stable CKD prior to surgery and 30 patients had normal 

renal function.  Basic demographics and baseline clinical details of 

patients are given in Table 1. The numerical Euroscore was higher in the 

group-D and  

 

Table-1:  Basic demographics and clinical data of patients undergoing 

off-pump coronary artery bypass grafting 

Variable 
Group –A 

Control (n=29) 

Group -P 

Placebo 

(n=30) 

Group-D 

Dopamine 

(n=30) 

Age in Years (mean±)SD 57.1± 9.5 61.1 ± 7.6 60.7 ± 5.9 

Male/Female 27/3 27/3 30/0 

Diabetes mellitus 17 (56%) 20 (66%) 24 (80%) 

Hypertension 17 (56%) 22 (73%) 26 (87%) 

Euro Score 2.30 ± 1.9 4.48 ± 2.4** 6.27 ± 1.8** 

Pre-operative eGFR 

(ml/min/1.73m
2

) 

84.65 ± 16.6 49.05 ± 10.9** 43.20 ± 10.4** 

Pre-operative Creatinine 

(mg%) 
0.99 ± 0.2 1.32 ± 0.2** 1.81 ± 0.5** 

*p<0.05; **p<0.001 comparison between groups. eGFR= estimated 

glomerular filtration rate; 

 

group-P compared to the control group-A. One patient in group-A, was 

converted to on-pump CABG due to surgical reasons, this patient’s data 
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were excluded in the final analysis. There was a significant increase in 

serum NGAL and BNP levels at the end of surgery and at 24 h after 

surgery in placebo and dopamine groups compared to normal group. 

One patient from each group needed intra-aortic balloon pump (IABP) for 

cardiac support. The details of renal function postoperatively are 

displayed in Table 2 and Figure 1. Neither stage-3 nor stage-2 AKI was 

observed from our 

Table 2: Serum creatinine, NGAL, troponin and BNP levels  

 
Group-A 

Control (n=29) 

Group-P 

Placebo 

(n=30) 

Group-D 

Dopamine 

(n=30) 

p value 

Serum Creatinine (mg%) (mean±SD) 

Immediate Pre-

operative 
0.99 ± 0.16 1.56 ± 0.43** 1.69  ± 0.61** <0.001 

Immediate 

Post-operative 
1.01 ± 0.27 1.60 ± 0.47** 1.67 ± 0.58** <0.001 

Post operative 

24 h  
1.04 ± 0.16 1.62 ± 0.52** 1.76 ± 0.51** <0.001 

Post operative 

48 h  
1.03 ± 0.17 1.64 ± 0.52** 1.78 ± 0.54** <0.001 

Post operative 

72 h  
0.96 ± 0.15 1.53 ± 0.35* 1.89 ± 0.64** <0.001 

NGAL (ng/mL) (mean±SD) 

Pre-operative 84.4 ± 35 
183.5 ± 

250** 
156.3 ± 99* 0.011 

Immediate 91.2 ± 52 168.4 ± 132 203.4 ± 148 * <0.001 
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Post-operative ** 

Post operative 

24 h  
135.2 ± 90 

249.95 ± 

262**ǂ 

274.7 ± 

223**ǂ 
0.002 

Troponin (ng/mL) (mean±SD) 

Pre-operative 0.04 ± 0.1 0.18 ± 0.4 0.03 ± 0.1 0.605 

Immediate 

Post-operative 
2.15 ± 6.2 5.69 ± 12.5 29.6 ± 74.2 0.006 

Post operative 

24 h  
6.71 ± 15.2 3.69 ± 5.6 12.1 ± 17.2 0.017 

Brain Natriuretic Peptide (pg/mL) (mean±SD) 

Pre-operative 89.8 ± 85 121.0 ± 137 91.4  ± 88 0.875 

Immediate 

Post-operative 
105.3 ± 166 

202.7 ± 

243** 
85.4 ± 67 0.226 

Post operative 

24 h  
349.9 ± 483ǂ 

250.8 ± 

234ǂ 

547.5 ± 

466**ǂǂ 
0.062 

*p<0.05; **<0.001 comparison between groups; ǂp<0.05, ǂǂ<0.001 

comparison within groups. NGAL- neutrophil gelatinase associated 

lipocalin; BNP- brain natriuretic peptide; 

 

study groups. However 6 patients from control group  had an elevation of 

serum creatinine  by 0.3mg% from pre-operative to post-operative 

(1.0±0.12mg% vs 1.44±2.4mg%) with corresponding increase in the 

NGAL from 108±46 ng/ml to 212±95 ng/ml. Ten out of 30 patients in 

placebo group had an elevation of serum creatinine from 1.45±0.15mg% 

to 2.16+0.49 mg% with a corresponding increase in NGAL 141.7±55 

ng/ml to 349±350 ng/ml. Twelve patients in dopamine group (out of 30 

patients) showed an elevation of serum creatinine from 1.7±0.61 mg% to 
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2.4±0.65/mg% preoperative and postoperative respectively with 

corresponding NGAL value of 179±116 ng/ml to 390±291 ng/ml. There 

was no difference in other variables with infusion of dopamine as 

compared to non-intervention group (ANOVA p>0.05 for all variables) 

(Table 3). There was no requirement for RRT and no mortality in any of 

the groups. 

 

Figure 1. Comparison of serum creatinine and neutrophil gelatinase-

associated lipocalin between study groups 

 

Table 3: Renal function following OP-CABG (p ≥ 0.05 by ANOVA 

between groups) 

Group Group-P 

Placebo(n=30) 

Group-D 

Dopamine (n = 30) 

Group-A 

Normal (n=29) 

Need for 

†RRT 

0 0 0 

***Stage 3 AKI 0 0 0 

**Stage 2 AKI 0 0 0 

*Stage 1 AKI 10 12 6 

Postoperative  Urine output (ml) 

Day 1  2510 ± 569 2183.86 ± 659 2069.76 ± 679 

Day 2  2845.70 ± 904 3184.77 ± 787 3350 ± 466 
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Day 3  2881.25 ± 928 3101.25 ± 673 2720.78 ± 812 

P≥0.05 by ANOVA between groups. *serum creatinine elevation by 

0.3mg%; **serum creatinine increase by more than 2-2.9 fold; ***serum 

creatinine elevation of >3.0 fold; †RRT = renal replacement therapy 

 

 

 
Discussion 
 

The present study was designed to evaluate the usefulness of 

NGAL measurement during OP-CABG for predicting AKI in patients with 

stable CKD. In addition, we examined the possible beneficial effects of 

dopamine infusion during OP-CABG in the same group of patients.   AKI 

after cardiac surgery is not an uncommon complication, and AKI is 

associated with increased morbidity, mortality and hospital costs. Even 

when renal replacement therapy is avoided, milder forms of AKI are 

associated with adverse outcomes and degree of AKI correlates 

negatively with long term survival despite successful hospital discharge. 

Renal dysfunction after cardiac surgery is multi-factorial in origin and 

there are multiple risk factors that contribute to the development of AKI. 

Serum creatinine was used as a marker of renal function; despite the fact 

that it is not completely reliable and delayed indicator of renal injury in 

acute setting. Biomarkers such as NGAL are detectable in urine and 

blood within 2-4 hours of injury and proven to be better indicator of renal 

insult in acute settings. Initial studies reported a strong relationship 

between NGAL and renal outcomes.(5–7) However, recent studies found 

a variable relationship between NGAL and renal outcomes.(8–12)Recent 

insights into the molecular nature of NGAL suggest that it might be 

released not only by tubular renal cells but also by neutrophils activated 

by systemic inflammatory triggers, such as cardio pulmonary bypass 

(CPB).(13–17)These studies were performed on patients who underwent 

OP-CABG to determine if NGAL is a marker of renal injury in this form of 
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cardiac surgery. In our study, there was no incidence of stage 2 and 

stage 3 AKI in all the three groups. However, stage 1 AKI was seen in all 

the 3 groups. Six (20%) patients in the normal group, 10 (33%) patients 

in placebo group and 12 (40%) patients in dopamine group had elevation 

of serum creatinine post operatively compared to preoperative values. 

Correspondingly NGAL values also increased in all these patients. 

In a study published on 2004, there was a significant reduction in 

postoperative renal failure (17% vs 9%; P =0.022) and need for new 

dialysis (10% vs 3%; P = 0.022) when CPB was eliminated for coronary 

revascularization strategy (OP-CABG) in patients with preexisting renal 

dysfunction. Avoidance of CPB results in (i) a reduction in the incidence 

of postoperative renal failure, (ii) a reduction in the need for new dialysis 

and (iii) improved in-hospital and midterm survival.(18) 

In a meta-analysis of 22 randomized controlled trials (4819 

patients), the weighted incidence of AKI in the on-pump CABG group 

was 4.0% (95% confidence interval [CI] 1.8%, 8.5%), dialysis 

requirement 2.4% (95% CI 1.6%, 3.7%), and mortality 2.6% (95% CI 

1.6%, 4.0%). But off-pump CABG was associated with 40% lower odds 

of postoperative AKI (OR 0.60; 95% CI 0.43, 0.84; P=0.003) and a non-

significant 33% lower odds for dialysis requirement (OR 0.67; 95% CI 

0.40, 1.12; P=0.12). Within the selected trials, off-pump CABG was not 

associated with a significant decrease in mortality. The authors 

concluded that off-pump CABG may be associated with a lower 

incidence of postoperative AKI but may not affect dialysis requirement, a 

serious complication of cardiac surgery. (19) This meta-analysis did not 

evaluate the usefulness of NGAL measurement in predicting AKI after 

OP-CABG. 

NGAL has good sensitivity and specificity for diagnosis of AKI, 

with a significantly earlier rise following injury when compared to 

creatinine. NGAL began to rise within two hours after renal insult, while 

creatinine rise occurred over a period of one to three days.(20) Our study 
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also demonstrated the similar findings. NGAL values rose before the 

creatinine climb up. Hence, NGAL can be used as an early biomarker for 

detection of post-reparative AKI. NGAL value at 4 h in patients who 

developed AKI was significantly higher than in those patients who did not 

develop AKI (P < 0.05). It was not clear whether the degree of rise in 

NGAL levels was associated with more severe form of AKI or not. 

Furthermore, the rise in urine NGAL levels at 4 h in these patients was 

not uniform. One patient who developed AKI had 100-fold rise in urine 

NGAL levels at 4h while the other six had a lesser degree of elevation of 

urine NGAL at 4 h. Six patients who developed AKI had a normal serum 

creatinine value at 4 h postoperatively. Serum creatinine levels rose only 

at 24h or more in all these six patients. However, urine NGAL levels at 4 

h were significantly high in the patients who developed AKI. They 

concluded that urine NGAL as an early biomarker of acute kidney injury 

in patients undergoing OP-CABG surgeries.(4) In our study, we have 

noted significant increase (p<0.05) in NGAL values immediately after 

surgery in dopamine and placebo groups (Table 4).   

A meta-analysis of 58 studies including 17 randomized clinical 

trials, showed that dopamine did not prevent mortality, (relative risk, 0.90 

[0.44–1.83]; p = 0.92), onset of acute renal failure (relative risk, 0.81 

[0.55–1.19]; p=0.34), or need for dialysis, (relative risk, 0.83 [0.55–1.24]; 

p =0.42). There was sufficient statistical power to exclude any large 

(>50%) effect of dopamine on the risk of acute renal failure or need for 

dialysis. They concluded that the use of low-dose dopamine for the 

treatment or prevention of acute renal failure cannot be justified on the 

basis of available evidence and should be eliminated from routine clinical 

use.(21) Our findings were also similar to that of existing study. We did 

not find any improved outcome with the use of dopamine in the patients 

with underlying renal dysfunction undergoing OP-CABG. Both the study 

groups (placebo and dopamine) had pre-existing renal dysfunction. None 

of the patients required renal replacement therapy and none 
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demonstrated stage 2 or stage 3 AKI following surgery. There was an 

increase in serum creatinine from 1.45±0.15 to 21.6±0.49 and 1.77±0.61 

to 2.45±0.65 in placebo and dopamine group respectively in the 

occurrence of stage 1 AKI, which was statistically not significant, and the 

group without preexisting renal dysfunction had a lesser incidence of 

stage I AKI. Use of dopamine at 2µ/kg did not decrease the incidence of 

stage 1 AKI in patient with stable CKD undergoing OP-CABG. 

Dopamine may be particularly useful in patients with 

compromised systolic function but causes more tachycardia and may be 

more arrhythmogenic than norepinephrine.(22) It may also influence the 

endocrine response via the hypothalamic pituitary axis and have 

immunosuppressive effects. However, information from five randomized 

trials (n=1993; patients with septic shock) comparing norepinephrine to 

dopamine does not support the routine use of dopamine in the 

management of septic shock.(23–25) 

Table 4: Highest serum creatinine (mean ± SD) and highest NGAL 

(mean ± SD) values of patients who developed stage 1 AKI in three 

groups. 

Group 

Creatinine (mg %) NGAL (ng/ml) 

Base line 

Maximum 

post-

operative 

value 

Base line 

Maximum 

post-

operative 

value 

Group-A 

Six patients 

(n=29) 

1.0±0.12 1.35±0.24* 108.5±46.5 202±95.32* 
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*P>0.05. Figures in parenthesis represent the total number in that group.  

 

A large randomized trial and meta-analysis comparing low-dose 

dopamine to placebo found no difference in either primary outcomes 

(peak serum creatinine, need for renal replacement, urine output, time to 

recovery of normal renal function) or secondary outcomes (survival to 

either ICU or hospital discharge, ICU stay, hospital stay, 

arrhythmias).(21,26)Thus, the available data do not support 

administration of low doses of dopamine solely for the purpose of 

maintaining renal function. 

 

Conclusion 
 

Our study findings suggest that, the monitoring of neutrophil 

gelatinase associated lipocalin values could be beneficial for predicting 

AKI in patients with stable CKD and undergoing off-pump coronary artery 

bypass grafting.  The use of dopamine during off-pump coronary artery 

bypass grafting is controversial, since our study did not show any 

reduction in the risk of acute kidney injury in patients with pre-existing 

renal dysfunction. We do not support administration of low doses of 

dopamine solely for renal preservation on OP-CABG. However, large 

multicentric studies may be needed to strengthen our findings.  

Group-P 

Ten patients 

(n=30) 

1.45±0.15 2.16±0.49* 141.7±55.18 340.2±350.3* 

Group-D 

Twelve 

patients 

(n=30) 

1.77±0.61 2.41±0.65* 179.36±116.4 390±291.07* 
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Limitations of the study 
 

One of the important limitations of our study is small number of patients 

(n = 90) tested. 
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Abstract 

 

Background and Objective: Coronary artery bypass graft surgery in 

high-risk patients may be associated with 

postoperative renal dysfunction. N-Acetylcysteine is a powerful 

antioxidant and has been used to prevent contrast-induced renal 

dysfunction. The efficacy of N-acetylcysteine in preventing 

postoperative renal dysfunction following off-pump coronary artery 

bypass graft surgery was studied. Methods: A prospective, randomized, 

controlled study was conducted in patients undergoing off-pump 

coronary artery bypass graft. The study group (37 patients) received N-

acetylcysteine in the perioperative period, whereas the control group (37 

patients) did not. The data obtained were analyzed using the 

independent sample t-test (Student’s t-test) and χ-test. Results: There 

was no significant difference in the incidence of renal dysfunction 

between the two groups. Three patients (8.6%) in the N-acetylcysteine 

group and four (11.4%) in the control group developed renal dysfunction 

(P value was 1.00). Conclusion: N-Acetylcysteine does not have any 

beneficial effect on renal function in high-risk patients undergoing off-

pump coronary artery bypass graft. 

 

 

Keywords: cardiovascular; complications; failure; kidney; renal; surgery 
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Introduction 
 

Renal dysfunction is one of the important postoperative 

complications following coronary artery bypass grafting.(1) The potential 

risk factors are advanced age and presence of comorbid conditions such 

as hypertension, diabetes mellitus, cardiac failure and preexisting renal 

disease.(2,3) These factors may collectively contribute to renal hypoxia 

and ischemia. Hypoxic ischemic insults result in direct toxic effects within 

renal tubular epithelial cells with depletion of local antioxidants and the 

formation of reactive oxygen species (ROS). Off-pump coronary artery 

bypass grafting (OP-CABG) has revolutionized the surgical approach for 

the treatment of coronary artery disease by avoiding extracorporeal 

circulation. 

Recently, several meta analyses and randomized controlled 

trials have demonstrated that N-acetylcysteine (NAC) attenuates 

contrast-induced declines in renal function because of its antioxidant and 

ROS scavenger properties.(4–6) If NAC proves to be effective in 

preventing the deterioration of renal function following OP-CABG, it 

would be a highly cost-effective strategy, as NAC is inexpensive and 

rarely associated with any toxicity. 

 

Methods 
 

This was a randomized, prospective, open-label study with two 

parallel groups. The study was carried out between January 2006 and 

June 2007. After approval by the ethics committee of the hospital, 

patients admitted for elective OP-CABG surgery and deemed high risk 

(as defined by the presence of one or more of the criteria listed for 

inclusion) for postoperative renal dysfunction were included in the study.  
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The inclusion and exclusion criteria are as follows. 

1. Inclusion criteria: 

1. age older than 70 years, 

2. diabetes mellitus, 

3. Hypertension, 

4. baseline serum creatinine level higher than 133 μmol 

l−1 (1.5 mg dl−1) and 

5. Ejection fraction less than 35%. 

2. Exclusion criteria: 

1. known allergy or hypersensitivity to NAC, 

2. use of nephrotoxic drugs and nonsteroidal anti-

inflammatory drugs, 

3. history of current or previous dialysis, 

4. prior renal transplant, 

5. conversion to cardiopulmonary bypass during surgery, 

6. patients needing intra-aortic balloon pump (IABP), 

7. patients on large doses of inotropes and 

8. Pregnancy. 

Seventy-four patients were enrolled after obtaining written 

informed consent. This study was confined to patients undergoing OP-

CABG and hence four patients were excluded from the study because of 

conversion to on-pump coronary artery bypass surgery. These patients 

were followed up in the postoperative period. Random numbers were 

generated from a random number of table and patients were assigned to 

either the NAC group or the control group according to the numbers. The 

NAC group (37 patients) received oral NAC 600 mg twice a day on the 
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preoperative day and intravenous NAC 600 mg prior to the induction of 

anaesthesia on the day of surgery. This was followed by intravenous 

NAC 600 mg twice a day until the second postoperative day (total dose 

of NAC administered was 4.8 g). The control group comprising 37 

patients did not receive NAC or placebo. All the patients were assessed 

preoperatively and baseline parameters (Table 1) were collected by the 

first author. 

Table 1 Perioperative characteristics of the N-acetylcysteine and control 
group 
 

 
NAC (n=35) 

Control 
(n=35) 

Demographic variables   
    Age (years) 55.60 (10.24) 57.77 (9.36) 
    Sex, male [n (%)] 25 (71) 28 (80) 
    Height  [cm, mean (SD)] 

161.34 (8.56) 
161.09 
(10.33) 

    Weight [cm, mean (SD)] 67.71 (11.81) 64.57 (10.46) 
Medical variables   
 Comorbid diseases   
    Diabetes mellitus [ n (%)]  9 (28) 12 (34) 
    Hypertension  [ n (%)] 5 (14) 7 (20) 
    Diabetes mellitus and hypertension 
[ n (%)] 

14 (40) 13 (37) 

   Chronic obstructive pulmonary 
disease [ n (%)] 

- 2(6) 

   DM + COPD + hypertension [ n (%)]  1 (3) - 
   None [ n (%)] 6 (17) 1 (3) 
 History of smoking [ n (%)] 12 (34) 11 (31) 
 Left ventricular ejection fraction [%, 
mean (SD)] 

50.54 (9.47) 49.43 (9.34) 

 Coronary disease [ n (%)]   
   1 vessel 1 (3) 2 (6) 
   2 vessel 9 (26) 8 (23) 
   3 vessel 25 (71) 25 (71) 
 Previous myocardial infarction [ n (%)] 17 (51) 18 (51) 
Intraoperative variable   
 Number of grafts [ n (%)]    
   One 8 (23)  6 (17) 
   Two 13 (37) 15 (43) 
   Three 14 (40) 14 (40) 
 Blood/blood products transfused [ n 10 (29) 14 (40) 
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(%)] 
 Intravenous fluids infused [l, mean 
(SD)] 

2.10 (0.67) 2.19 (0.63) 

 Urine output [ml, mean (SD)] 419.71 
(219.52) 

419.29 
(170.37) 

Postoperative variables   
   Elective ventilation [h, mean (SD)] 14.83 (4.88) 14.17 (3.13) 
   Intensive care unit stay [days, mean 
(SD)]  

2.83 (1.04) 2.60 (0.65) 

   Hospital stay [days, mean (SD)] 14.54 (2.92) 13.91 (2.59) 

COPD - chronic obstructive pulmonary disease; DM - diabetes mellitus; 
NAC -  N-acetylcysteine 
 

Patients underwent coronary artery bypass surgery under 

general anaesthesia. On the day of surgery, the patients with normal 

ejection fraction were premedicated with diazepam 10 mg and atenolol 

50 mg orally. Atenolol 12.5 mg was administered to patients with an 

ejection fraction less than 35%. Induction was done using a combination 

of intravenous midazolam (0.1 mg.kg−1) and fentanyl (5–10 μg.kg−1), 

followed by paralysis with intravenous pancuronium (0.1 mg.kg−1). 

Anaesthesia was maintained with a gas mixture of isoflurane (1–2%) in 

oxygen. The five-lead electrocardiogram, peripheral oxygen saturation, 

end-tidal carbon dioxide, intra-arterial pressure, central venous pressure, 

nasopharyngeal temperature and urine output were continuously 

monitored. The patients were anticoagulated using intravenous heparin 

to maintain the activated clotting time (ACT) of more than 420 s during 

grafting as per the institutional protocol. At the end of the procedure, 

anticoagulation was reversed using protamine. The heart was stabilized 

with an ‘OCTOPUS’ suction device (Medtronic Inc., Minneapolis, 

Minnesota, USA, 2001; model-28400) to perform OP-CABG. 

Administration of intravenous fluids, blood products, inotropes and 

vasodilators were left to the discretion of the attending anaesthesiologist. 

Postoperatively patients were sedated and ventilated in the intensive 

care unit. 
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A postoperative increase in the serum creatinine level of more 

than 44 μmol.l−1 (0.5 mg.dl−1) or a rise in the creatinine level by 25% 

from the basal level was taken as the criterion for deterioration of renal 

function.  

Serum creatinine level and glomerular filtration rate (GFR) were 

measured preoperatively and postoperatively on the first, second and 

fifth day. This was the primary outcome measurement of the study. GFR 

was calculated using the Cockroft–Gault equation.(7) The secondary 

outcome measures included adverse reactions, duration of elective 

ventilation, duration of intensive care unit stay and duration of hospital 

stay. 

 
Statistical analysis 

A pilot study recruiting 20 patients (10 in each group) was done 

initially. The mean and standard deviation of serum creatinine and GFR 

values were calculated. Using these values, it was found that a sample 

size of 70 patients (35 in each group) would give a 95% confidence 

interval (5% level of significance) and a power of 80%. Independent 

sample t-test (Student’s t-test) and χ 2-test were employed to compare 

the two groups with respect to continuous and categorical variables 

respectively. Repeated measures analysis of variance was used to 

compare the creatinine values (as well as GFR) over the four 

assessment intervals between the groups. The level of significance was 

fixed at 0.05. Statistical Package for Social Sciences (SPSS, version 11; 

SPSS, Chicago, Illinois, USA) was used for data analysis. 

 
Results 
 

The results were analyzed for 70 patients (35 in each group). 

The anthropometric and demographic data were comparable in both the 

NAC and the control group (Table 1). The two groups did not differ 

significantly in the intraoperative characteristics (Table 1). 
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Serum creatinine and GFR were measured preoperatively and 

on first, second and fifth postoperative days (Table 2). There was no 

difference in the mean serum creatinine levels between the two groups 

(P value 0.798; F value 0.066). There was no difference in the mean 

GFR between the groups (P value 0.597; F value 0.283). Three patients 

in the NAC group and four patients in the control group developed 

postoperative renal dysfunction and the difference between the groups 

was not statistically significant (Table 3). There were no differences in 

the secondary outcome measures between the groups.In one patient in 

the NAC group, mechanical ventilation was reinstituted on the first 

postoperative day because of haemodynamic instability. Another patient 

from the same group underwent re-exploration surgery because of 

postoperative bleeding and subsequent hypotension, 6 h following OP-

CABG. Both the patients recovered uneventfully. One patient in the 

control group underwent sternal wound debridement 1 month following 

OP-CABG and recovered with no complications. 

 
Table 2.  Serum creatinine and glomerular filtration rate  
 

Parameter 
Assessments [ mean (SD)] 

Preoperative First 
p/o day 

Second 
p/o day 

Fifth 
p/o day 

F (P) 

Serum creatinine (μmol.l-1) 
NAC 86 (18) 85 (21) 86 (20) 83 (16) 0.066 

(0.798) Control 88 (19) 86 (21) 87 (22) 83 (21) 
GFR (ml.s-1) 

NAC 79 (29) 80 (27) 80 (31) 82 (31) 0.283 
(0.597) Control 73 (20) 77 (27) 76 (28) 80 (33) 

GFR - glomerular filtration rate. 
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Four patients who were excluded from the study neither 

developed renal dysfunction (as per the criteria chosen for the study) nor 

suffered any other complication. The secondary outcome measures were 

similar to those patients who were included for analysis. 

 

Discussion 
 

Occurrence of postoperative renal dysfunction remains one of 

the important complications following cardiac surgery and has a 

multifactorial etiology. In patients undergoing cardiac surgery on 

cardiopulmonary bypass (CPB), the duration of CPB, systemic 

inflammatory response, hypoperfusion and loss of pulsatile perfusion are 

thought to have a role in the development of postoperative renal 

dysfunction.(8) Preoperative, intraoperative and postoperative 

haemodynamic factors have a prominent role in the development of 

postoperative acute renal failure.(9) Circulatory failure during cardiac 

surgery can cause ischaemic and toxic injury to the kidneys, which leads 

to the depletion of local antioxidants and formation of free oxygen 

radicals.10 

It is a paradox that serum creatinine has limitations but despite 

this, serum creatinine is often used as a gold standard to compare novel 

biomarkers.37  

http://journals.lww.com/ejanaesthesiology/fulltext/2010/11000/N_Acetylcysteine_does_not_prevent_renal.11.aspx#R10-11
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Several drugs (dopamine, diuretics, atrial natriuretic peptide and 

fenoldopam) have been evaluated for preventing postoperative renal 

dysfunction with inconsistent results. NAC has anti-inflammatory and 

antioxidant properties, which can attenuate several mechanisms of renal 

injury (systemic inflammatory response, free radical injury and 

ischaemia(10)) during cardiac surgery. It may provide renal protection by 

acting as an antioxidant and vasodilator via the nitric oxide pathway.(11)  

This prospective randomized controlled study did not show any 

beneficial renal protective effect of NAC, in patients who are at high risk 

of developing postoperative renal dysfunction, following elective OP-

CABG. 

Similar results were seen in studies done by Burns et 

al.,(2) Hynninen et al.,(12) Ristikankare et al.,(13) Haase et al.,(14) 

Hamamsy et al. (15) and Wijeysundera et al. (16) in patients undergoing 

cardiac surgery. The studies conducted so far have been in patients 

undergoing cardiac surgery (CABG, valvular surgeries, aortic aneurysm 

repair) using cardiopulmonary bypass.(2,12–17) We studied the effect of 

NAC on renal dysfunction in patients undergoing off-pump CABG, as 

70% of coronary bypass graft operations are carried out using the off-

pump technique at our centre. 

It is proposed that OP-CABG has a less detrimental effect on 

renal function than CABG using cardiopulmonary bypass.(8,18) This 

finding was not confirmed by the studies conducted later.(19) The 

controversy regarding the beneficial effect of OP-CABG over CABG 

using cardiopulmonary bypass continues. We consider that the off-pump 

CABG is less invasive than the on-pump technique and hence we used a 

lower dose of NAC than in the studies done by Hynninen et 

al.,(12) Ristikankare et al.,(13) Haase et al.,(14) Hamamsy et al. (15) and 

Wijeysundera et al. (16)  

The dose of NAC used in this study is based on the dosing 

regimen adopted for preventing radiocontrast-induced 
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nephropathy.(4,6,11) Marenzi et al. (20) used NAC for two postoperative 

days to prevent renal dysfunction in patients undergoing angioplasty. 

Nitescu et al. (21) proposed that the repeated administration of lower 

doses of NAC may be as effective in attenuating renal ischaemic 

reperfusion injury as higher doses when given immediately following the 

ischaemic insult, as shown in their study in rats subjected to renal 

ischaemia reperfusion injury. Laisalmi-Kokki et al. (22) indicated a 

probable increase in the risk of remote renal injury with the use of NAC in 

the clinical setting of renal ischaemia/reperfusion. 

The primary outcome of this study was to determine the 

proportion of patients developing postoperative renal dysfunction by 

measuring serum creatinine and GFR in the postoperative period. In 

order to adjust creatinine values for age, sex and body weight, the GFR 

was calculated according to the Cockroft–Gault equation. Other studies 

have employed additional parameters like urinary N-acetyl-beta-D-

glucosaminidase (NAG)/creatinine,(12,13) urinary albumin/creatinine 

ratio(12) and serum cystatin C.(12–14) The effect of NAC on serum 

creatinine values and estimated GFR without any effect on serum 

cystatin C levels has been shown in volunteers with a normal renal 

function, indicating the need to consider the direct effects of NAC on 

serum creatinine levels and estimated GFR.(23)  

In our study, the incidence of renal failure was low in both the 

groups and a total of 10% patients developed postoperative renal 

dysfunction (as defined by a postoperative rise in serum creatinine level 

of more than 25% from the preoperative value). The incidence of renal 

dysfunction did not differ between the groups (Table 3). Thus, it is 

evident that NAC did not have any beneficial effect in preventing renal 

dysfunction. The study by Fischer et al. (17) showed a beneficial effect of 

using NAC in cardiac surgery. This study, however, is retrospective with 

a small sample size. The patients had normal preoperative renal function 

and there was no mention of preoperative comorbidities in the selected 
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patients. Barr and Kolodner(24) showed a renoprotective effect of 

perioperative NAC and fenoldopam in patients with chronic renal 

insufficiency undergoing cardiac surgery. 

Our study was prospective and randomized with a statistically 

significant sample size involving a homogeneous group of patients 

undergoing OP-CABG. So far, we are not aware of any study done on 

the effect of NAC in preventing renal dysfunction in OP-CABG patients. 

The groups of patients selected for the study were at high risk of 

developing postoperative renal dysfunction. The assessment of serum 

creatinine and GFR using the Cockroft–Gault equation has proven to be 

economical and reliable for estimating postoperative renal 

dysfunction.(25,26)  

The limitations of the present study are that the data were not 

analyzed with the intention-to-treat principle, the dose of NAC was low, 

which may not adequately prevent the antioxidant injury, and we used 

serum creatinine levels and the calculation of creatinine clearance 

(estimated GFR) to represent true GFR in the nonsteady state. 

Postoperative creatinine clearance values do not necessarily 

approximate directly measured GFR because creatinine concentration is 

not in a steady state. Timed measurements of creatinine clearance 

become inaccurate with decreasing GFR. However, other alternative 

measures of GFR using clearance of inulin or radiolabeled compounds 

are limited and not feasible. 
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ABSTRACT  

 

Background: Acute kidney injury (AKI) following cardiac surgery is a 

major complication resulting in increased morbidity, mortality, and 

economic burden. The mortality is between 40 and 60% when renal 

replacement therapy is required. This study was designed to determine 

the benefit sodium bicarbonate supplementation in stable chronic kidney 

disease (CKD) patients who undergo off-pump coronary artery bypass 

grafting (OP-CABG). Methods: We prospectively studied 60 non-dialysis 

CKD patients with GFR ≤60 ml/min/1.73m2 requiring elective OP-CABG. 

They were randomly allotted into two groups. One group received 

sodium bicarbonate (NaHCO3) infusion at 0.5 mMol/kg first hour followed 

by 0.2 mMol/kg/hr till the end of surgery and the other group received 

0.9% sodium chloride. The serum creatinine, was estimated at specified 

intervals at prior to surgery, immediately after surgery and post-operative 

day 1, 2, 3 and 4.  The study results were also compared to a 

simultaneous matched cohort of 30 patients without renal dysfunction 

underwent OP-CABG. Results: None of our study patients required 

renal replacement therapy and no mortality was observed in any of the 

groups during the perioperative and hospitalization period. Six (20%) 

patients in the control group, 10 (33.3%) patients in placebo group and 6 

(20%) patients in NaHCO3 group developed Stage-1 AKI. Conclusion: 

Perioperative infusion of NaHCO3 in OP-CABG reduced the incidence of 

Stage-1 AKI by about 40% when compared to the placebo group. And 

this incidence was similar in patients with normal renal function 

undergoing OP-CABG. A larger group of patients may be required to 

suggest a significance of renal protective benefit of NaHCO3 in patients 

undergoing OP-CABG.  

 

Keywords  Acute kidney injury; Coronary artery bypass grafting; Cardiac 

surgery; Sodium bicarbonate; Creatinine. 
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Introduction 
 

Acute kidney injury (AKI) after cardiac surgery continues to be a 

major devastating complication because it can result in multi-organ 

dysfunction, death, increased resource utilization and high 

cost.(1)Globally 800,000 patients undergo coronary revascularization 

annually with the use of cardiopulmonary bypass (CPB). Approximately 

77,000 patients in a year develops postoperative AKI, among which 

14,000 require dialysis for the first time.(2) Up to 30% of patients 

undergoing coronary artery bypass grafting (CABG) sustain sufficient 

renal injury to meet the threshold criteria, i.e., a creatinine increase of 

>0.3mg% or 50% of their baseline within 48 hours of surgery. The 

reported incidence of AKI after cardiac surgery varies according to the 

definition of kidney injury as well as the institution reporting the results. 

Additionally, the current models poorly predict the likelihood of AKI. 

About 3% of patients sustain AKI following CABG of sufficient severity 

requiring dialysis. As many as 60% of patients requiring dialysis after 

CABG die before hospital discharge and the survivors continue with 

chronic renal disease with or without the need for dialysis. 

Serum creatinine reflects the balance between the synthesis of 

creatinine and its excretion by the kidney. Creatinine production in the 

body varies with muscle mass, physical activity, protein intake and 

catabolism while creatinine excretion is dependent on the glomerular 

filtration rate (GFR). The serum creatinine and GFR are inversely and 

exponentially related. Halving of GFR implies that there will be doubling 

of creatinine concentration.(2) 

Maintenance of volume status along with pretreatment with 

sodium bicarbonate (NaHCO3) has been shown to be effective for 

prophylaxis for contrast for contrast induced nephropathy.(3) Alkalization 

reduces free radicals responsible for renal injury(4–7) and pretreatment 

with NaHCO3 has been demonstrated to be more protective than sodium 
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chloride (NaCl) in both doxorubicin and ischemia induced animal models 

of acute renal failure.(8–10) In a small, randomized, double-blind trial of 

100 patients undergoing cardiac surgery who were at increased risk of 

AKI, a 24 hour infusion of sodium bicarbonate decreased the incidence 

of acute renal dysfunction.(11) Present study was designed to determine 

the effect of  urinary alkalization with systemically administered NaHCO3 

in those patients have preexisting renal dysfunction but not on 

maintenance dialysis and scheduled for OP-CABG.  

 
Patients and Methods 
 

We have prospectively evaluated 60 consecutive patients who 

underwent elective off pump coronary artery bypass graft (OP-CABG) 

between January-2012 and October-2016 at a tertiary care cardiac 

center. This study was approved by ethics committee and institutional 

review board. All these patients were identified by the presence of stable 

chronic kidney disease (CKD); i.e., non-dialysis dependent renal 

dysfunction with eGFR ≤ 60 ml/min/1.73m2 or creatinine ≥ 1.4 mg% prior 

to OPCABG. Preoperative eGFR was estimated by using modification of 

diet in renal disease (MDRD) formula, eGFR of <60 ml/min/1.73m2 was 

taken as indicative of renal impairment.  

We have excluded those patients scheduled for on–pump 

CABG, emergency surgery, redo operations and if they had end-stage 

renal disease, chronic inflammatory disease/immune-suppression, 

corticosteroid therapy, age <18 years, enrolled in a conflicting research 

study, patients on renal replacement therapy and renal transplanted 

patients. All patients received a standard anesthetic consisting of 

midazolam, isoflurane, fentanyl, vecuronium or atracurium, endotracheal 

intubation and mechanical ventilation via an endotracheal tube to 

achieve normocarbia.  Following median sternotomy and heparinization, 

the surgeons conducted distal coronary anastomosi/es was done on the 

beating-heart using ‘octopus’ (Medtronic Inc, Minneapolis, MA, USA) 
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suction device tissue stabilizer for immobilization of the local heart 

muscle. Those requiring conversion to ‘on-pump’ (CPB) were excluded 

from the study. 

 

Surgical procedure 
Hemodynamic care included a targeted mean arterial pressure 

of at least 70 mmHg, central venous pressure of 8-12 mmHg, pulse 

pressure variation (PPV) of ≤12% using either Flotrac (Vigileo, I PX 1, 

Edward Lifesciences, Irvine, USA) or Lidco rapid (model POC-125, 

ADVANTECH, Taiwan) when not on IABP and cardiac index of ≥2.5 

L/min/m2. Epinephrine at 0.01-0.05 μg/kg/min and nitroglycerine 0.05 -

0.1 μg/kg/min were used as inotrope/ vasodilator at the discretion of the 

anesthesia care team. All patients were electively ventilated 

postoperatively until the criteria for separation from ventilator and 

tracheal extubation were met. Postoperative analgesia was provided with 

fentanyl infusion at 0.5-1.0 µg/kg/hr until removal of chest tube/s and 

then only paracetamol. No nephrotoxic agents were used and non-

steroidal anti-inflammatory drugs were avoided in all patients. 

The identified sixty patients with impaired renal function and not required 

dialysis and scheduled for elective OP-CABG were randomly allocated to 

two groups viz.: NaHCO3 group patients received NaHCO3 infusion at a 

rate of 0.5 mMol/kg/h during the first hour of surgery followed by 0.2 

mMol/kg/h till the end of surgery and standard care. The Placebo group 

patients received 0.9% sodium chloride infusion instead of NaHCO3 and 

standard care. In addition, there was an age-matched control group of 30 

normal patients who had no renal dysfunction i.e., patients undergoing 

OP-CABG with a preoperative serum creatinine of ≤1.4 mg/dl and eGFR 

≥60 ml/min/1.73m2.  Anesthesia and surgery were similar in all the 

groups, mean arterial pressure and intravascular volume status was 

maintained with appropriate clinical measures during the course of 

surgery in all patients. Blood samples were drawn at specified intervals 
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namely, at the beginning of surgery after anesthetic induction, at the end 

of surgery, and 24 hours after surgery, for measurement of serum 

creatinine, brain natriuretic peptide (BNP), troponin-T, and prior to, at the 

end of surgery and at 24 hours after surgery.  

The diagnosis of AKI postoperatively made using ‘kidney 

disease; improving global outcomes’ (KDIGO) criteria13 in terms of 

increase in serum creatinine on any of the first 5 postoperative days: 

Stage-1 AKI was defined by rise in serum creatinine by 0.3 mg/dL or by 

an increase ≥1.5 fold from the reference value; stage-2 AKI by a 2 to 2.9 

fold increase in serum creatinine and stage-3 AKI by ≥3.0 fold increase 

in serum creatinine, serum creatinine  

 

Table1: Criteria used for initiating renal replacement therapy during the 

postoperative period 

Sl. Condition Description 

1 Oliguria ≤200 ml/12h 

2 Anuria Urine output 0-50 ml/12h 

3 Blood urea ≥ 35 mMol/L or ≥98 mg/dL 

4 Serum Creatinine ≥400 mMol/L or ≥4.5 mg/dL 

5 Uncompensated metabolic 

acidosis 

pH ≤ 7.1 

6 Serum Potassium ≥ 6.5 mMol/L or rapidly rising 

values 

7 Serum Sodium ≤110 and ≥160 mMol/L  

8 Pulmonary edema unresponsive to diuretics 

9 Uremic manifestations encephalopathy 
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increase to ≥4 mg/dL or initiation of renal replacement therapy. Renal 

replacement therapy was instituted based on the criteria for 

commencement of RRT as listed in Table 1.  

Coronary artery bypass grafting (CABG) related MI was defined 

by elevation of cardiac biomarker, i.e., troponin-C values (≤ 10 x 99th 

percentile URL) in patients with normal baseline cTn values along with 

either (i) new pathological Q waves or new left bundle branch block 

(LBBB) or (ii) angiographic documented new graft or new native coronary 

artery occlusion, or (iii) imaging evidence of new loss of viable 

myocardium or new regional wall motion abnormality. 

 

Statistical analysis 
The data was analyzed by SPPS (Version 15, SPSS Inc., 

Chicago, USA) and Microsoft excel. Standard statistical methods for 

assessment on proportions, percentages and measures of central 

tendencies (mean, SD, median and range) were used.  One-way ANOVA 

was used to determine the significance of variables between the groups.  

 
Results  
 

Basic demographics and clinical data of each group is described 

in Table 2. By design, the preoperative serum creatinine was significantly 

higher in the placebo group (group-P) and sodium bicarbonate group 

(group-B) correspondingly eGFR was significantly lower in both the 

group P and B when compared with group with normal renal function 

(group-A). The numerical Euroscore was higher in the groups P and B as 

compared to the group A. Two patients, one in group-A and one in 

group-B were converted to on-pump due to surgical reasons. One patient 

in each of the groups A and P needed IABP for cardiac support. The 

incidence of further deterioration in renal function postoperatively is 

displayed in Table 3. There was no difference in outcome between the 3 
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groups. None of the patients required re-exploration for bleeding or 

prolonged ventilation. All patients  

Table 2:  Demographic and clinical data of patients undergoing OP-

CABG in the study 

Variable 
Group-A§ 

(n=30) 

Group-P # 

 (n=30) 

Group-B¶ 

(n=30) 

P 

value 

 

Age (Years) 57.11± 9.5 60.87 ± 7.1 60.81 ± 9.2 0.239 

Male / Female 28/2 287/3 29/1  

Diabetes mellitus 17 (56%) 15 (65%) 14 (67%)  

Hypertension 17 (56%) 18 (78%) 15 (72%) 0.118 

Euro Score 2.30 ± 1.97 4.48 ± 2.39** 4.67 ± 2.22** <0.001 

Pre-op eGFR 

(ml/min/1.73m
2

) 

84.65 ± 16.63 49.05 ± 10.89** 50.44 ± 7.17** <0.001 

Pre-op Creatinine 

(mg %) 
0.99 ± 0.15 1.43 ± 0.15** 1.54 ± 0.33** 0.001 

§Group-A: Patients with normal renal function #Group-P: Patients with 

pre-existing renal dysfunction and received Sodium chloride; ¶Group-B: 

Patients with pre-existing renal dysfunction and received Sodium 

bicarbonate; eGFR - estimated glomerular filtration rate. 

 

were discharged from intensive care unit and hospital in a 

hemodynamically stable condition. There was no incidence of stage-3 

and stage-2 AKI   in any of the group. Stage-1 AKI was observed in 6 

patients out of 30 (20%) in the control group among the 30 patients. 

Serum creatinine was elevated by 0.3 mg% from preoperative to a 

postoperative value (mean±SD of 1.0±0.12 mg% and 1.44±2.4 mg% 

respectively). Ten patients out of 30 (33.3%) in placebo group had an 
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elevation of serum creatinine from 1.45±0.15 mg% to 2.16±0.49 mg%. 

Six patients out of 30 (20%) in NaHCO3 group had a rise of serum 

creatinine from 1.46±0.24 mg% to 2.1±0.5 mg%. There was no  

Table 3: Renal deterioration following OP-CABG (p ≥ 0.05 by ANOVA 

between groups) 

Group Group-P 

Placebo(n=30) 

Group-D 

Dopamine (n = 30) 

Group-A 

Normal (n=29) 

Need for †RRT 0 0 0 

***Stage 3 AKI 0 0 0 

**Stage 2 AKI 0 0 0 

*Stage 1 AKI 10 12 6 

Urine output (ml)    

Day 1 postoperative 2510 ± 569 2183.86 ± 659 2069.76 ± 679 

Day 2 postoperative 2845.70 ± 904 3184.77 ± 787 3350 ± 466 

Day 3 postoperative 2881.25 ± 928 3101.25 ± 673 2720.78 ± 812 

#Group-P: Patients with pre-existing renal dysfunction and received Sodium 

chloride; ¶Group-B: Patients with pre-existing renal dysfunction, received Sodium 

bicarbonate; §Group-A: Patients with normal renal function. *serum creatinine 

elevation by 0.3mg%; **serum creatinine increase by more than 2-2.9-fold; 
***serum creatinine elevation of >3.0 fold; †RRT = renal replacement therapy; 

eGFR= estimated glomerular filtration rate. 

 

difference in other variables with infusion of NaHCO3 as compared to 

placebo group (ANOVA p>0.05 for all variables). There was a significant 

increase in serum BNP levels at the end of surgery and at 24 hours 

postoperatively in groups P and B (Table 4). 
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Table 4: Data of creatinine, troponin and BNP in three groups of patients 

§Group-A: Patients with normal renal function #Group-P: Patients with pre-

existing renal dysfunction and received Sodium chloride; ¶Group-B: Patients with 

pre-existing renal dysfunction and received Sodium bicarbonate.  

BNP=brain natriuretic peptide; 1=prior to surgery, 2=at end surgery, 3=24hours 

after surgery; *=p<0.05;**=<0.001 for between group comparison; ǂ=p<0.05, 

ǂǂ=<0.001 for within group comparison. 

 

Variable 

Group -A§ 

(n=30) 

Group –P# 

 (n=30) 

Group -B¶ 

 (n=30) 

P  

Creatinine 1 0.99 ± 0.16 1.56 ± 0.43** 1.48 ± 0.41** <0.001 

Creatinine 2 1.01 ± 0.27 1.60 ± 0.47** 1.49 ± 0.42** <0.001 

Creatinine 3 1.04 ± 0.16 1.62 ± 0.52** 1.45 ± 0.48* <0.001 

Creatinine 4 1.03 ± 0.17 1.64 ± 0.52** 1.45 ± 0.59* <0.001 

Creatinine 5 0.96 ± 0.15 1.53 ± 0.35* 1.42 ± 0.53 <0.001 

Troponin 1 0.04 ± 0.1 0.18 ± 0.4 0.07 ± 0.1 0.605 

Troponin 2 2.15 ± 6.2 5.69 ± 12.5 8.57 ± 16.6 0.006 

Troponin 3 6.71 ± 15.2 3.69 ± 5.6 20.74 ± 44.4 0.017 

BNP 1 89.77 ± 85 121.00 ± 137 140.53 ± 188 0.875 

BNP 2 105.26 ± 166 202.71 ± 243** 154.01 ± 124* 0.226 

BNP 3 349.87 ± 483ǂ 250.85 ± 234ǂ 390.37 ± 217ǂ 0.062 
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Discussion 
 

Acute kidney injury after cardiac surgery is not an uncommon 

complication after cardiac surgery. AKI is associated with increased in 

morbidity, mortality and hospital costs. Even when renal replacement 

therapy (dialysis) is avoided, milder forms of AKI are associated with 

adverse outcomes and degree of AKI correlates negatively with long 

term survival despite successful hospital discharge. Renal dysfunction 

after cardiac surgery is multifactorial in origin and there are multiple risk 

factors that contribute to the development of AKI. 

Both the study groups (placebo and sodium bicarbonate) had 

pre-existing renal dysfunction. But none required renal replacement 

therapy and none demonstrated stage-2 or stage-3 AKI following the 

surgery. There was a 40% reduction in incidence of Stage-1 AKI in 

patients who received NaHCO3 compared placebo group (group P) in 

patients who suffered from pre-existing renal dysfunction. However, the 

incidence of Stage-1 AKI was similar in patients received NaHCO3 and 

patients with normal renal function. This is suggestive of possible renal 

protective effect of NaHCO3 infusion in patients undergoing OP-CABG 

with preexisting renal dysfunction.  

In a meta-analysis with a total of 1092 patients, the influence of 

alkalinization of urine with sodium bicarbonate was studied in patients 

undergoing cardiac surgery. The incidence of AKI, requirement for renal 

replacement therapy, duration of postoperative mechanical ventilation, 

length of ICU/hospital stay and death was determined using accepted 

methods. Though the treatment methodology varied a little in each of the 

studies, NaHCO3 was infused at a dose 0.5 mMol/kg/h for the first hour 

followed by 0.2 mMol/kg/h infusion. There was no significant difference in 

the occurrence of AKI, need for RRT, length of stay in ICU, and hospital 

mortality in the two groups namely with NaHCO3 and without 

NaHCO3.(12) Hemolysis is relatively common in extracorporeal 
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circulation which may predispose patients to AKI. Urinary acidity may 

enhance generation and toxicity of reactive oxygen species. In addition, 

activation of complement during cardiac surgery may precipitate AKI. 

Urinary alkalinization may protect the kidney from AKI induced by oxidant 

substrates, iron-mediated free radicals and tubular cast formation. In 

addition, urinary alkalinization could prevent generation of hemoglobin 

casts, inhibit endocytic hemoglobin uptake and attenuate tubular 

necrosis. Alkalinization of urine based on NaHCO3 infusion therapy has 

been reported to benefit patients with contrast-induced nephropathy.(3) 

This prospective randomized study showed the beneficial effect of 

NaHCO3 infusion in patients with stable CKD (with GFR ≤60 

ml/min/1.73m2) undergoing off-pump CABG. The fundamental issue in 

the maintenance of renal integrity revolves round maintenance of oxygen 

supply and demand especially to the renal medulla. The factors which 

maintain this supply-demand balance are the mean arterial pressure 

during CPB and the oxygen-carrying capacity. Many authors have 

proposed renal protective strategies to prevent AKI or at least detect 

deterioration in the renal function in a timely manner to permit early 

intervention while evaluating genetic influences that may predispose the 

patients to AKI during cardiac surgery. 

Our study findings are in disagreement with the results of 

another study reported recently by Kristeller JL. et al .However this 

prospective randomized study was done in patients undergoing cardiac 

surgery under cardiopulmonary bypass.(13)On the other hand, in a 

prospectively planned double-blind randomized controlled trial looking at 

sodium bicarbonate and renal function after cardiac surgery with 

individual patient data meta-analysis (IPDMA) on 877 patients, urinary 

alkalization using NaHCO3 did not decrease the overall incidence of AKI, 

but it reduced severe AKI and need for RRT in low-risk elective 

CABG.(14) Our study produced similar results showing a trend towards a 

reduction in stage-1 AKI with sodium bicarbonate infusion. The 
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avoidance of cardiopulmonary bypass may have also played a role in 

influencing renal outcomes but is unlikely as shown by a recent report by 

Hynes and associates.(15) 

 

Conclusion 

Our current study findings show that the perioperative 

administration of sodium bicarbonate infusion in OP-CABG reduces the 

incidence of Stage-1 AKI in patients with preexisting renal dysfunction. 

We feel that paying attention to standard parameters to ensure renal 

perfusion and avoidance of renal toxins are important and use of sodium 

bicarbonate may be beneficial to reduce the worsening of renal 

dysfunction in patients undergoing OP-CABG with preexisting renal 

dysfunction not on dialysis. However, a study on larger group of patients 

required to strengthen our findings. 
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Chapter 8  

General discussion. 
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Post-operative AKI is a common and major complication 

followed by coronary artery bypass grafting (CABG). About 2.3% of 

isolated CABG cases are vulnerable to AKI, and the incidence is higher 

(14%–15%) in patients with preoperative chronic kidney disease (CKD).1  

Despite the success of CABG with CPB, the deleterious effects of CPB 

are well documented(1–4) 

The recent success of beating heart coronary artery bypass 

grafting offered an opportunity to avoid CPB and its side effects. On the 

other hand, beating-heart surgery (off-pump surgery) demonstrated an 

overall early benefit, especially in patients traditionally considered at high 

risk for coronary artery bypass grafting. Recent studies confirmed that 

coronary grafting, on the beating heart is a viable alternative to 

conventional on-pump CABG and provides good long term graft 

patency.(5–7) 

In our studies, we confirm the better preservation of renal 

function in off-pump patients. The incidence of acute renal insufficiency 

defined as serum creatinine >1.3mg/dl (114.9 µmol/L), was 46.66% and 

20% in on-pump and off-pump groups, respectively. There was a 

significant difference in the creatinine clearance values between the two 

groups at 24 h postoperatively (p=0.045). Furthermore, in off-pump 

patients creatinine clearance reached, after a short decline at the first 24 

h, almost the normal preoperative values by 48 hours post-operatively 

(Chapter 2).  

According to previous studies(8) age, hypertension disease and 

diabetes mellitus belong to the group of risk factors for acute renal 

insufficiency after cardiac surgery. We found a negative correlation of 

creatinine clearance with age. Creatinine clearance correlation was 

stronger in on-pump than in off-pump patients with respect to age. This 

indicates that elderly people undergoing on-pump CABG are more prone 

to develop acute renal dysfunction. However, we could not find any 
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effects of hypertension and diabetes mellitus at the development of AKI 

in both groups in our study (Chapter 2). 

Acute renal failure necessitating the use of RRT is a rare but 

serious complication after cardiopulmonary bypass. This level of AKI 

(stage 3) develops in 1%–5% of patients, however, it is associated with 

an in-hospital mortality of 50-70%.(9–11)  

For this reason, determination of perioperative factors contributing to the 

development of stage 3 AKI early in the postoperative period is the main 

subject of many clinical studies. With this knowledge a therapeutic 

strategy towards preventing the occurrence or worsening of renal 

dysfunction in this group of patients might be determined. Multivariate 

regression analysis of data of 2585 adult patients who underwent cardiac 

surgery in the period November 2010 - October 2011 reveals that 

predictors of AKI after cardiac surgery include prior renal dysfunction, a 

critical preoperative state, diastolic dysfunction, and combined or major 

cardiac surgery (Chapter 3).  

However, clinical determinants explain only a portion of the risk 

for the individual. Another factor that likely affects risk is intrinsic genetic 

variability. Identification of genetic factors may influence the therapeutic 

strategy in dealing with these patients at a high risk of developing AKI. 

Previously, it was reported that ACE I/D bar and polymorphism of APO-E 

gene (12,13) are associated with development of AKI in cardiac surgery.  

Our study of genetics predisposing patients from the Indian population 

that underwent off-pump coronary bypass surgery, to acute kidney injury, 

discovered 18 genes associated with AKI post CABG (Chapter 4, Table 

5). However, previously identified genetic variants, known to be 

associated with AKI were not found to be significant in this analysis. 

Study in a larger cohort is required to validate our results in the Indian 

subcontinent.  
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A timely diagnostic of a possible kidney insult during cardiac 

surgery certainly is one of most important factors of preventing further 

deterioration of renal function. Early diagnostic may be facilitated by 

biomarkers. Biomarkers in this case are molecules or compounds that 

indicate direct tubular injury. Several AKI biomarkers have been 

identified, including neutrophil gelatinase–associated lipocalin (NGAL). 

Neutrophil gelatinase-associated lipocalin is an iron-transporting 

glycoprotein which accumulates in the kidney tubules and urine after 

nephrotoxic and ischemic insults.(14)[5]  Both urine and plasma NGAL 

can potentially exert an effect on the intrarenal molecular and cellular 

events that occur during AKI, and both have been used to predict the 

onset and course of AKI(15).However, recent insights into the molecular 

nature of NGAL suggest that it might be released not only by tubular 

renal cells but also by neutrophils activated by systemic inflammatory 

triggers, such as cardio pulmonary bypass (CPB).(16–20) In addition, the 

relationship between NGAL and renal outcomes was not consistent in a 

number of studies.(21–25) 

Our study in patients who underwent off-pump coronary bypass 

surgery demonstrated that NGAL increases in patients with AKI 

independently from cardiopulmonary bypass. NGAL in patients who 

developed AKI was significantly higher at 4 h after surgery than in those 

patients who did not develop AKI (P < 0.05). However, we could not 

confirm a previously reported(26) association between AKI progression 

and a rise in NGAL levels. Furthermore, the rise in urine NGAL levels at 

4 h in these patients was not uniform (Chapter 5). Additionally, 

evaluation of “renal-dose” dopamine for prevention of kidney insult during 

OPCAB did not show any beneficial effects (Chapter 5). 

Another, promising remedy for prevention of postoperative AKI is 

N-acetylcysteine. N-acetylcysteine is an antioxidant that directly 

scavenges reactive oxygen species, and it has been widely used to 
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prevent radiocontrast nephropathy. However, data about the 

effectiveness of N-acetylcysteine in prevention of kidney damage during 

cardiac surgery are conflicting. A recently published literature review 

demonstrated that intravenous infusion of NAC can prevent 

postoperative AKI in preexisting-renal-failure patients undergoing cardiac 

surgery (27). However, along with studies revealing positive effects of N-

acetylcysteine, there are reports about the absence of significant benefits 

from injection of N-acetylcysteine as well(28–30).Our prospective and 

randomized study of N-acetylcysteine for preventing postoperative renal 

dysfunction includes 74 patients who underwent coronary bypass 

surgery. So far, we are not aware of any study done on the effect of NAC 

in preventing renal dysfunction in off pump patients. In this group, we 

could not demonstrate beneficial effects of N-acetylcysteine infusion for 

inhibition of renal injury (Chapter 6). 

Previously, it was reported that maintenance of volume status 

along with pretreatment with sodium bicarbonate (NaHCO3) is effective 

for prophylaxis of contrast-induced nephropathy.(31) Alkalization reduces 

free radicals responsible for renal injury(32–35). Pretreatment with 

NaHCO3 has also demonstrated protective effect in animal models of 

acute renal failure.(36–38) 

Literature reports about the usefulness of alkalization in 

prevention of renal injury during cardiac surgery are contradictory. There 

are studies which have been demonstrated a beneficial effect of 

alkalization on the incidence of postoperative AKI(39–41).In parallel to 

these publications, other reports call for caution in using alkalization for 

the prevention of renal insults during cardiac interventions.(42) Our 

current study showed that the perioperative administration of sodium 

bicarbonate infusion in off pump CABG does reduce the incidence of 

Stage-1 AKI in patients with pre-existing renal dysfunction. We feel that 

paying attention to standard parameters to ensure renal perfusion and 
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avoidance of renal toxins are important and the use of sodium 

bicarbonate may be beneficial to reduce the worsening of renal 

dysfunction in patients undergoing off pump CABG with pre-existing 

renal dysfunction and who are not on dialysis (Chapter 7).  

Based on our studies we conclude that,  

a) Post-operative AKI in cardiac surgery is common and a major 

complication. Prediction and prevention is potentially possible. 

Renal function can be better preserved in patients undergoing 

off-pump CABG than in patients undergoing on-pump CABG.  

b) Age is an independent risk factor for post-operative AKI; hence 

elderly patients should be preferably allotted to off-pump CABG. 

Other predictors of AKI after cardiac surgery include prior renal 

dysfunction, a critical preoperative state, diastolic dysfunction, 

and combined or major cardiac surgery. In addition, there is 

evidence that some genetic factors predispose to postoperative 

AKI. 

c) Neutrophil gelatinase-associated lipocalin can be used as a 

biomarker for predicting acute kidney injury during off-pump 

coronary artery bypass surgery. 

d) The use of dopamine and N-acetylcysteine does not produce 

any beneficial effects in high-risk patients undergoing off-pump 

CABG. However, administration of sodium bicarbonate during 

off-pump coronary artery bypass surgery does reduce the 

incidence of acute kidney injury. 

  



156 

 

References 
 

1.  Elahi MM, Khan JS, Matata BM. Deleterious effects of 

cardiopulmonary bypass in coronary artery surgery and scientific 

interpretation of off-pump’s logic. Vol. 8, Acute Cardiac Care. 

2006. p. 196–209.  

2.  Murphy GJ, Angelini GD. Side effects of cardiopulmonary bypass: 

What is the reality? Vol. 19, Journal of Cardiac Surgery. 2004. p. 

481–8.  

3.  Paparella D, Yau TM, Young E. Cardiopulmonary bypass induced 

inflammation: pathophysiology and treatment. An update. Eur J 

Cardiothorac Surg [Internet]. 2002 Feb [cited 2019 Nov 

14];21(2):232–44. Available from: http://www.ncbi.nlm.nih.gov/ 

pubmed/11825729 

4.  Esper SA, Subramaniam K, Tanaka KA. Pathophysiology of 

cardiopulmonary bypass: Current strategies for the prevention 

and treatment of anemia, coagulopathy, and organ dysfunction. 

Vol. 18, Seminars in Cardiothoracic and Vascular Anesthesia. 

SAGE Publications Inc.; 2014. p. 161–76.  

5.  Omeroğlu SN, Kirali K, Güler M, Toker ME, Ipek G, Işik O, et al. 

Midterm angiographic assessment of coronary artery bypass 

grafting without cardiopulmonary bypass. Ann Thorac Surg 

[Internet]. 2000 Sep [cited 2019 Nov 14];70(3):844–9; discussion 

850. Available from: http://www.ncbi.nlm.nih.gov/ 

pubmed/11016321 

6.  Mack MJ, Pfister A, Bachand D, Emery R, Magee MJ, Connolly 

M, et al. Comparison of coronary bypass surgery with and without 

cardiopulmonary bypass in patients with multivessel disease. J 

Thorac Cardiovasc Surg. 2004;127(1):167–73.  

7.  Yadava OP, Kundu A. “On” or “off” pump coronary artery bypass 

grafting-Is the last word out? Vol. 65, Indian Heart Journal. 2013. 



157 

 

p. 187–90.  

8.  O’Neal JB, Shaw AD, Billings FT. Acute kidney injury following 

cardiac surgery: Current understanding and future directions. Vol. 

20, Critical Care. BioMed Central Ltd.; 2016.  

9.  Lassnigg A, Schmidlin D, Mouhieddine M, Bachmann LM, Druml 

W, Bauer P, et al. Minimal changes of serum creatinine predict 

prognosis in patients after cardiothoracic surgery: a prospective 

cohort study. J Am Soc Nephrol [Internet]. 2004 Jun [cited 2019 

Oct 15];15(6):1597–605. Available from: http://www.ncbi.nlm. 

nih.gov/pubmed/15153571 

10.  Rosner MH, Okusa MD. Acute kidney injury associated with 

cardiac surgery. Clin J Am Soc Nephrol [Internet]. 2006 [cited 

2019 Sep 18];1(1):19–32. Available from: http://www.ncbi. 

nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=

Citation&list_uids=17699187 

11.  Skarupskienė I, Adukauskienė D, Kuzminskienė J, Rimkutė L, 

Balčiuvienė V, Žiginskienė E, et al. Mortality prediction in patients 

with acute kidney injury requiring renal replacement therapy after 

cardiac surgery. Med. 2017 Jan 1;53(4):217–23.  

12.  Lu JCT, Coca SG, Patel UD, Cantley L, Parikh CR. Searching for 

Genes That Matter in Acute Kidney Injury: A Systematic Review 

for the Translational Research Investigating Biomarkers and 

Endpoints for Acute Kidney Injury (TRIBE-AKI) Consortium. Clin J 

Am Soc Nephrol. 2009;4:1020–31.  

13.  Isbir SC, Tekeli A, Ergen A, Yilmaz H, Ak K, Civelek A, et al. 

Genetic polymorphisms contribute to acute kidney injury after 

coronary artery bypass grafting. Heart Surg Forum [Internet]. 

2007 [cited 2019 Oct 15];10(6):E439-44. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/17921131 

14.  Page US, Washburn T. Using tracking data to find complications 

that physicians miss: the case of renal failure in cardiac surgery. 



158 

 

Jt Comm J Qual Improv [Internet]. 1997 Oct [cited 2019 Nov 

20];23(10):511–20. Available from: http://www.ncbi.nlm.nih.gov 

/pubmed/9383670 

15.  Alge JL, Arthur JM. Biomarkers of AKI: A review of mechanistic 

relevance and potential therapeutic implications. Clin J Am Soc 

Nephrol. 2015;10(1):147–55.  

16.  Nicoara A, Patel UD, Phillips-Bute BG, Shaw AD, Stafford-Smith 

M, Milano CA, et al. Mortality trends associated with acute renal 

failure requiring dialysis after CABG surgery in the United States. 

Blood Purif. 2009 Dec;28(4):359–63.  

17.  Kelly KJ. Distant effects of experimental renal ischemia 

/reperfusion injury. J Am Soc Nephrol [Internet]. 2003 Jun [cited 

2019 Nov 20];14(6):1549–58. Available from: http://www.ncbi. 

nlm.nih.gov/pubmed/12761255 

18.  Rabb H, Wang Z, Nemoto T, Hotchkiss J, Yokota N, Soleimani M. 

Acute renal failure leads to dysregulation of lung salt and water 

channels. Kidney Int. 2003;63(2):600–6.  

19.  Deng J, Hu X, Yuen PST, Star RA. Alpha-melanocyte-stimulating 

hormone inhibits lung injury after renal ischemia/reperfusion. Am 

J Respir Crit Care Med [Internet]. 2004 Mar 15 [cited 2019 Nov 

20];169(6):749–56. Available from: http://www.ncbi.nlm.nih.gov 

/pubmed/14711793 

20.  Kramer AA, Postler G, Salhab KF, Mendez C, Carey LC, Rabb H. 

Renal ischemia/reperfusion leads to macrophage-mediated 

increase in pulmonary vascular permeability. Kidney Int. 

1999;55(6):2362–7.  

21.  Wijeysundera DN, Karkouti K, Dupuis JY, Rao V, Chan CT, 

Granton JT, et al. Derivation and validation of a simplified 

predictive index for renal replacement therapy after cardiac 

surgery. J Am Med Assoc. 2007 Apr 25;297(16):1801–9.  

22.  Aronson S, Fontes ML, Miao Y, Mangano DT, Investigators of the 



159 

 

Multicenter Study of Perioperative Ischemia Research Group, 

Ischemia Research and Education Foundation. Risk index for 

perioperative renal dysfunction/failure: critical dependence on 

pulse pressure hypertension. Circulation [Internet]. 2007 Feb 13 

[cited 2019 Sep 20];115(6):733–42. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/17283267 

23.  Doberneck Rc, Reiser Mp, Lillehei Cw. Acute renal failure after 

open-heart surgery utilizing extracorporeal circulation and total 

body perfusion. Analysis of 1000 patients. J Thorac Cardiovasc 

Surg [Internet]. 1962 Apr [cited 2019 Nov 20];43:441–52. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/13886739 

24.  Abel RM, Beck CH, Buckley MJ, Austen WG. Renal Dysfunction 

Following Open-Heart Operations. Arch Surg. 1974;108(2):175–

7.  

25.  Yeh Tj, Brackney El, Hall Dp, Ellison Rg. Renal Complications Of 

Open-Heart Surgery:  Predisposing Factors, Prevention, And 

Management. J Thorac Cardiovasc Surg [Internet]. 1964 Jan 

[cited 2019 Nov 20];47:79–97. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/14113178 

26.  Koyner JL, Garg AX, Coca SG, Sint K, Thiessen-Philbrook H, 

Patel UD, et al. Biomarkers predict progression of acute kidney 

injury after cardiac surgery. J Am Soc Nephrol. 2012 

May;23(5):905–14.  

27.  He G, Li Q, Li W, Wang L, Yang J, Zeng F. N-Acetylcysteine for 

Preventing of Acute Kidney Injury in Chronic Kidney Disease 

Patients Undergoing Cardiac Surgery: A Metaanalysis. Heart 

Surg Forum. 2018 Dec 19;21(6):E513–21.  

28.  Mei M, Zhao HW, Pan QG, Pu YM, Tang MZ, Shen BB. Efficacy 

of N-Acetylcysteine in Preventing Acute Kidney Injury After 

Cardiac Surgery: A Meta-Analysis Study. J Investig Surg. 2017 

Jan 6;1–10.  



160 

 

29.  Ashworth A, Webb ST. Does the prophylactic administration of N-

acetylcysteine prevent acute kidney injury following cardiac 

surgery? Interact Cardiovasc Thorac Surg. 2010 Sep 

1;11(3):303–8.  

30.  Adabag AS, Ishani A, Koneswaran S, Johnson DJ, Kelly RF, 

Ward HB, et al. Utility of N-acetylcysteine to prevent acute kidney 

injury after cardiac surgery: A randomized controlled trial. Am 

Heart J. 2008 Jun;155(6):1143–9.  

31.  Tepel M, Van Der Giet M, Schwarzfeld C, Laufer U, Liermann D, 

Zidek W. Prevention of radiographic-contrast-agent-induced 

reductions in renal function by acetylcysteine. N Engl J Med. 

2000 Jul 20;343(3):180–4.  

32.  Shyu KG, Cheng JJ, Kuan P. Acetylcysteine protects against 

acute renal damage in patients with abnormal renal function 

undergoing a coronary procedure. J Am Coll Cardiol [Internet]. 

2002 Oct 16 [cited 2019 Nov 20];40(8):1383–8. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/12392825 

33.  Kay J, Chow WH, Chan TM, Lo SK, Kwok OH, Yip A, et al. 

Acetylcysteine for Prevention of Acute Deterioration of Renal 

Function Following Elective Coronary Angiography and 

Intervention: A Randomized Controlled Trial. J Am Med Assoc. 

2003 Feb 5;289(5):553–8.  

34.  Miller RD, Cohen NH, Eriksson LI, Professor F, Chair A, Wiener-

Kronish JP. Miller’s Anesthesia, 2-Volume Set. Elsevier; 2014. 

3576 p.  

35.  Pramodh K, Vani, Muralidhar K. Renal function following CABG: 

On-pump vs off-pump. Indian J Thorac Cardiovasc Surg. 

2003;19(4):169–73.  

36.  Zanardo G, Michielon P, Paccagnella A, Rosi P, Caló M, Salandin 

V, et al. Acute renal failure in the patient undergoing cardiac 

operation. Prevalence, mortality rate, and main risk factors. J 



161 

 

Thorac Cardiovasc Surg [Internet]. 1994 Jun [cited 2019 Nov 

20];107(6):1489–95. Available from: http://www.ncbi.nlm.nih.gov/ 

pubmed/8196394 

37.  Gormley SMC, McBride WT, Armstrong MA, Young IS, McClean 

E, MacGowan SW, et al. Plasma and urinary cytokine 

homeostasis and renal dysfunction during cardiac surgery. 

Anesthesiology. 2000;93(5):1210–6.  

38.  RGUHS University Library [Internet]. [cited 2019 Nov 20]. 

Available from: http://www.rguhs.ac.in/digitallibrary/Helinet about 

us.html 

39.  Bailey M, McGuinness S, Haase M, Haase-Fielitz A, Parke R, 

Hodgson CL, et al. Sodium bicarbonate and renal function after 

cardiac surgery: A prospectively planned individual patient meta-

analysis. Anesthesiology. 2015 Feb 2;122(2):294–306.  

40.  Huber W, Huber T, Baum S, Franzen M, Schmidt C, Stadlbauer 

T, et al. Sodium bicarbonate prevents contrast-induced 

nephropathy in addition to theophylline. Med (United States). 

2016 May 1;95(21).  

41.  Wetz AJ, Bräuer A, Quintel M, Heise D. Does sodium bicarbonate 

infusion really have no effect on the incidence of acute kidney 

injury after cardiac surgery? A prospective observational trial. Crit 

Care. 2015 Apr 22;19(1).  

42.  Schiffl H. Sodium bicarbonate infusion for prevention of acute 

kidney injury: No evidence for superior benefit, but risk for harm? 

Vol. 47, International Urology and Nephrology. Kluwer Academic 

Publishers; 2014. p. 321–6.  

  

  



162 

 

 

  



163 

 

Summary 

 

Post-operative AKI in cardiac surgery is a common major 

complication. This can be fairly predicted and can be controlled by 

certain precautious measures. Age is the independent risk factor for 

post-operative AKI. Other predictors of AKI after cardiac surgery 

include prior renal dysfunction, a critical preoperative state, diastolic 

dysfunction, and combined or major cardiac surgery. In addition, 

there is evidence that some genetic factors predispose to 

postoperative AKI. Also, perioperative changes of neutrophil 

gelatinase-associated lipocalin concentration state it as a biomarker 

for predicting acute kidney injury during off-pump coronary artery 

bypass surgery. 

There was demonstrated that renal function can be better 

preserved in patients undergoing off-pump CABG than on-pump 

CABG. Hence patients predisposed to development AKI should be 

preferably allotted to off-pump CABG. Unfortunately, we could not 

find evidence any beneficial effects of the use of dopamine and/or 

N-acetylcysteine in high-risk patients undergoing off-pump CABG. 

However, perioperative infusion of NaHCO3 in patients with GFR 

≤60 ml/min/1.73m2 reduced the incidence of Stage-1 AKI by about 

40% when compared to the placebo group.  

Conclusion.  

a) Renal function can be better preserved in patients undergoing 

off-pump than on-pump CABG.  

b) Age, prior renal dysfunction, a critical preoperative state, 

diastolic dysfunction, and combined or major cardiac surgery are 

an independent risk factors for development postoperative AKI. 

In addition, there is evidence that some genetic features 

predispose to postoperative AKI. 
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c) Neutrophil gelatinase-associated lipocalin can be used as a 

biomarker for predicting acute kidney injury during off-pump 

coronary artery bypass surgery. 

d) Administration of sodium bicarbonate during off-pump coronary 

artery bypass surgery does reduce the incidence of acute kidney 

injury. 
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Samenvatting 
 

Postoperatief acuut nierfalen (AKI) na hartoperaties komt vaak voor 

en geldt als een ernstige complicatie. Het optreden ervan kan redelijk 

worden voorspeld en de ernst ervan kan worden beperkt met bepaalde 

voorzorgsmaatregelen. Leeftijd is een onafhankelijke risicofactor voor 

postoperatieve AKI. Andere voorspellers van AKI na hartchirurgie zijn 

onder meer een eerdere nierfunctiestoornis, een kritieke preoperatieve 

toestand, diastolische disfunctie en gecombineerde of zware 

hartchirurgie. Bovendien zijn er aanwijzingen dat sommige genetische 

factoren predisponeren voor postoperatieve AKI. Ook stellen 

perioperatieve veranderingen van neutrofiel gelatinase-geassocieerde 

lipocaline (NGAL) concentratie het als een biomarker voor het 

voorspellen van acuut nierfalen tijdens off-pump coronaire 

bypassoperaties. 

Er werd aangetoond dat de nierfunctie beter behouden kan worden 

bij patiënten die CABG zonder  pompgebruik van de hartlong machine 

(off-pump) ondergaan; dan in geval van CABG met hartlong machine. 

Daarom moeten patiënten die vatbaar zijn voor de ontwikkeling van AKI 

bij voorkeur worden toegewezen aan off-pump CABG. Helaas konden 

we geen bewijs vinden van enige gunstige effecten van het gebruik van 

dopamine en/of N-acetylcysteïne bij hoog risicopatiënten die off-pump 

CABG ondergingen. Echter, perioperatieve infusie van NaHCO3 bij 

patiënten met GFR ≤60 ml/min/1,73 m2 verminderde de incidentie van 

stadium-1 AKI met ongeveer 40% in vergelijking met de placebogroep. 

De volgende conclusies konden worden getrokken: 

a) De nierfunctie kan beter worden behouden bij patiënten die een 

off-pump ondergaan dan bij een on-pump CABG. 

b) Leeftijd, eerdere nierfunctiestoornis, een kritieke preoperatieve 

toestand, diastolische disfunctie en gecombineerde of zware 

hartchirurgie zijn onafhankelijke risicofactoren voor de 
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ontwikkeling van postoperatieve AKI. Bovendien zijn er 

aanwijzingen dat sommige genetische kenmerken 

predisponeren voor postoperatieve AKI. 

c) Neutrofiel gelatinase-geassocieerde lipocaline kan worden 

gebruikt als een biomarker voor het voorspellen van acuut 

nierfalen tijdens een off-pomp CABG. 

d) Toediening van natriumbicarbonaat tijdens off-pump coronaire 

bypassoperaties vermindert de incidentie van acuut nierfalen. 
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Valorization 
 

The present thesis introduces and studies the frequency and 

causes of renal damage in cardiac surgery patients, with an emphasis on 

off pump coronary artery bypass grafting. Which is especially important 

for a country like India where as many as 90% of CABG is being done as 

an off-pump procedure.  

The incidence of renal damage associated with CABG surgery is 

rather high, and there is evidence that the rate of this complication 

increased during the last decade.  About 2.3% of isolated CABG cases is 

vulnerable to AKI, and the incidence is higher (14%–15%) in patients 

with preoperative chronic kidney disease.1  It has been shown that even 

a small increase in serum creatinine in the postoperative period, is an 

independent risk factor for increased mortality. 2-5  Not surprisingly the 

occurrence of renal dysfunction adds to the length of ICU say, hospital 

stay and the cost of treatment.6-8  

Better understanding of the etiology of renal complications and 

the development of methods how to prevent them will pave the way for 

better outcome in CABG surgery. Cardiopulmonary bypass (CPB) and 

consequent changes in homeostasis are recognized as a main risk factor 

contributing to the development of AKI in cardiac surgical patients. 

Hemodilution, emboli either particulate, or gaseous, or micro, or 

macroscopic, as well as intraoperative haemodynamic instability and all 

causes of postoperative low output syndrome, all  may be involved in the 

genesis of AKI in patients undergoing cardiac surgery.9-11  

Renal function is better preserved in patients undergoing off-

pump CABG than on-pump CABG. According to our data (Chapter 2) 

avoiding CPB leads to the more than 50% decrease in renal dysfunction 

in early postoperative period. Increased age proves to be a risk factor for 

patients undergoing on-pump CABG and hence elderly people have to 

be preferably allocated to off-pump rather than to on-pump CABG.  
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However, the causes which determine the occurrence of renal 

complications following CABG are not limited to the deleterious effects of 

CPB only. Among the important preoperative factors are advanced age, 

reduced left ventricular function, and emergency surgery, preoperative 

use of intraaortic balloon pump, elevated preoperative serum glucose 

and creatinine.9,12 Multivariate logistic analysis (Chapter 3), 

demonstrated that, in addition to the complexity of surgery, the following 

factors independently predicted acute renal injury requiring renal 

replacement therapy (p<0.05): preoperative critical state, pre-existing 

renal dysfunction, preoperative diastolic dysfunction, and combined 

cardiac surgery. The genetic predisposition for the development of renal 

injury after the surgery has been addressed also. Previous genome wide 

association studies (GWAS) done in Caucasians have identified up to 9 

genetic polymorphisms in CABG patients developing AKI.13 Evaluation of 

genetic polymorphism of Indian population uncovered 18 genes 

associated with the development postoperative AKI (Chapter 4). Further 

investigation in this area could result in discriminating specific 

pathophysiological mechanisms of renal injury and a more exact 

definition of the group of patients requiring special attention in renal 

protection during surgery.  

The pharmacological renal protection during cardiac surgery is 

one of the most discussed topics in literature.  In the past decades, many 

drugs such as dopamine agonists, sodium bicarbonate, N-acetylcysteine, 

antioxidants and atrial natriuretic peptide (to name but a few) were 

investigated for a possible nephroprotective action in both surgical and 

ICU patients, however, never with great results.14-16 In particular, no drug 

has been clearly proven to prevent the progression of AKI towards the 

need for RRT and, most disappointing, end-stage renal failure and 

‘chronic’ haemodialysis. 17 Unfortunately, our data (Chapter 6) also did 

not support the hope for the effectiveness of N-acetylcysteine in the 

prevention of renal dysfunction after off-pump coronary artery bypass 
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surgery. However, infusion of sodium bicarbonate in off-pump coronary 

artery bypasses grafting in patients with renal dysfunction did reduce the 

incidence of Stage-1 AKI by about 40% when compared to a placebo 

group (Chapter 7). 

To conclude, most of the questions discussed in this thesis are 

at the frontline of the quest for safer cardiac surgery, reducing the 

frequency and severity of renal injury. This thesis demonstrates the 

necessity in careful selection of patients prone to renal injury by 

comorbidities, age or even genetic factors. These patients require 

special attention in preoperative treatment, intraoperative support, and 

postoperative care. Using our results, we hope to be able to allocate all 

patients to their designated care modality and decrease the frequency of 

renal injury during cardiac surgery.  

And last, but not least, this thesis provides a clear definition of 

directions for further investigations in the prevention of AKI in patients 

undergoing off-pump CABG. 
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