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SYNOPSIS 

 
BACKGROUND – Incidence of Acute Kidney injury in patients undergoing cardiac surgeries 

was 20 to 50%. Post-operative AKI can increase the risk of mortality up to 60%.Thus predicting 

the patient at risk of AKI is an important strategy for improving the care of such patients, during 

intra-operative and post -operative periods.  

          Renal near infrared spectroscopy (NIRS) is a promising tool to predict development of 

AKI after cardiac surgery .The ultrasound assessment of renal artery flow has been shown to 

be highly sensitive & specific in early detection of AKI after cardiac surgery. On the basis of 

doppler measurements of renal artery velocities, renal resistive index (RRI) is calculated. 

We hypothesed  that there will be a positive correlation between Renal Doppler parameters and 

Renal NIRS, thereby increasing the chance of predicting post-operative acute kidney injury in 

patients undergoing coronary artery bypass grafting. 

 

METHODOLOGY –  This study included 43 subjects undergoing elective coronary artery 

bypass grafting with CPB,  Prospective observational study conducted in a Single centre 

tertiary care hospital. Patients with CKD, moderate/severe LV dysfunction, Diabetes mellitus 

(duration > 10 years),Hypertension (duration> 10 years) have been excluded from the study. 

Intraoperatively Renal resistance index/ Mean renal arterial pressure (during patient on cardio-

pulmonary bypass), rSO-2 (both right and left renal) were collected. In post-operative period  

Blood urea, serum creatinine, eGFR were collected and AKI was assessed based on KIDGO 

criteria.  
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RESULTS –  In analysis 43 percent of study participants who had developed AKI between 

days 1 to 3. Mean value of RRI among patients developed AKI was 0.7+/-0.09 with p value of 

0.006. Mean value of rSo-2 in patients developed AKI was 74.62+/-2.57. Mean value of RRI 

among patients with no AKI was  0.6+/-.09.  

 

CONCLUSION –  Renal resistance index used in the intra-operative period was a reliable 

predictor of AKI in patients undergoing CABG with CPB.  
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   In the current era, patients undergoing coronary artery bypass grafting (CABG) have 

increased significantly. Acute kidney injury (AKI) is one of the major complication affecting 

the outcome of patients undergoing CABG with cardio-pulmonary bypass (CPB) (1).Incidence 

of cardiac surgery associated AKI is reported to be between 20 % and 50%(1). Hence identifying 

the risk of developing cardiac surgery associated AKI in the early perioperative period is 

important in predicting and preventing the severity of AKI. The mortality of patients with AKI 

requiring renal replacement therapy is around 40-70% (1).  

The following table displays major risk factors of cardiac surgery associated acute kidney 

injury (CSA AKI). It can be broadly divided into three major factors  as follows. 

TABLE -1   RISK FACTORS FOR CARDIAC SURGERY ASSOCIATED – AKI (1) 

Patient  Operative  Physiologic 

Age 

Female gender 

Hypertension 

Chronic kidney disease  

Liver disease  

Diabetes mellitus 

Anaemia  

Smoking 

 

Surgical complexity 

CPB duration  

Inability to separate from 

CPB 

Low hematocrit during CPB 

Prolonged Aortic cross 

clamp time  

Hypotension  

Inotrope exposure  

Hypovolemia  

Venous congestion  

Blood transfusion  

Cardiogenic shock  

Diuretic usage  
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   Diagnosing AKI in the early stages is of paramount importance because we can implement 

preventive strategies before the progression of the disease.   The available pre-operative 

predictors of post-operative AKI after cardiac surgery are age, obesity, female gender, valve 

replacement surgeries, myocardial infarction, low cardiac output syndrome, blood transfusion, 

prolonged CPB time, high inotropic support and IABP support. The available renal biomarkers 

such as urinary IL-8, N-GAL, Blood urea nitrogen, serum creatinine, Cystatin and Netrin-1 can 

diagnose the AKI only after it has occurred (2).  

Renal near infrared spectroscopy (NIRS) was reported to be a good predictor for diagnosing 

the onset of AKI after cardiac surgery in neonates(3). It continuously measures the renal oxygen 

saturation (rSO2) by near infrared spectroscopic technique. It utilizes the oxy-haemoglobin & 

deoxy-haemoglobin to provide an estimate of regional tissue oxygen saturation. Any reduction 

in NIRS values was associated with hypoperfusion and tissue ischemia. The rSO2 < 65% or 

drop in 20% from the baseline value indicates tissue hypoxia(4). 

        The ultrasound assessment of renal artery flow has been shown to be highly sensitive & 

specific in the early detection of AKI after cardiac surgery(5). Renal resistive index (RRI) as 

characterized by pulsed wave doppler ultrasonography, was a good predictor of AKI in the 

early stages. The value of RRI is mainly determined by the three parameters: 1. ratio of systolic 

to diastolic blood pressure, 2. intra-renal vascular compliance, 3. combination of venous 

pressure and interstitial pressure. Since the renal resistance index reflects decreased compliance 

and increased intra-capsular pressure, it offers a novel approach to the early diagnosis of AKI. 

      Transoesophageal echocardiography (TEE) is an important imaging modality in the 

intraoperative period for cardiac surgery(6).  TEE is useful in  evaluation of native & prosthetic 

heart valves, in patients undergoing coronary artery bypass grafting surgeries, management of 

catheter-based intracardiac procedures such as atrial septal defect closure, transcatheter valve 

procedures. Apart from the regular usage of TEE for above mentioned procedures, the TEE 



 

  19 

role now have been expanded in analysing renal doppler parameters. TEE technique to locate 

Renal and monitor perfusion was first published by Bandyopadhyay (5) . Till now studies 

conducted on monitoring renal perfusion & calculating RRI are done using transcutaneous 

ultrasound, which is not feasible to perform in cardiac surgery during the intraoperative period. 

Hence, using TEE as an alternative is need of an hour.  Based upon renal doppler parameters 

(RRI) evaluated intra-operatively, the probability of predicting AKI becomes better.   

         There were no studies published up to date correlating renal NIRS and RRI in predicting 

AKI in patients undergoing CABG with CPB. Therefore, we conducted this study to evaluate 

the correlation between renal NIRS and RRI in predicting AKI in the peri-operative period in 

patients undergoing cardiac surgeries.  
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AKI was a major complication associated with cardiac surgery(1). Cardiac surgery associated 

AKI was associated with higher risk of morbidity and mortality, prolonged length of hospital 

stay. Diagnosing cardiac surgery associated AKI is of vital importance. Three major criteria 

are  available to diagnose AKI are as follows 1. Risk, injury, failure, Loss, end stage kidney 

disease (RIFLE)  criteria 2. Acute kidney injury network (AKIN) criteria 3. Kidney disease : 

improving global outcomes (KDIGO) criteria.  

TABLE -2  

KDIGO criteria  for the diagnosis of CSA-AKI(7)  

Stage Serum creatinine  Urine output  

1 Increase in serum creatinine 

1.5 – 1.9 fold from the 

baseline value 

< 0.5 ml/kg/hour for 6-12 

hours 

2 Increase in serum creatinine 

2.0-2.9 fold from the 

baseline value 

< 0.5 ml/kg/hour for > 12 

hours 

3 Increase in serum creatinine 

3.0 fold from the baseline 

value 

< 0.3 ml/kg/hour for > 24 

hours or anuria for > 12 

hours 
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Table - 3 

Risk, injury, failure, Loss, end stage kidney disease (RIFLE)  criteria(7) 

 

Class  Glomerular filtration rate 

(GFR)/ serum creatinine  

Urine output  

Risk Increase in serum creatinine 

1.5 times from baseline or 

decrease in GFR >25% 

< 0.5 ml /kg/ hour for 6 

hours  

Injury Increase in serum creatinine 

2 times from baseline  or 

decrease in GFR >50%  

< 0.5 ml /kg/hour for 12 

hours  

Failure  Increase in serum creatinine 

3 times from baseline or 

decrease in GFR > 75%  

< 0.3 ml/ kg/ hour for 24 

hours or anuria for 12 hours. 

Loss of kidney function  Complete loss of kidney 

function > 4 weeks  

 

End stage kidney disease  Complete loss of  kidney 

function >3 months  
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Table -4 

Acute kidney injury network (AKIN) criteria (7) 

Stage  Serum creatinine  Urine output  

1 Increase in serum creatinine 

1.5 times from baseline or > 

0.3 mg/dl increase from 

baseline  

< 0.5 ml/kg/hour for > 6 

hours  

2 Increase in serum creatinine 

2 times from baseline   

< 0.5 ml/kg/hour for > 12 

hours  

3 Increase in serum creatinine 

3 times from baseline or 

creatinine > 4 mg/dl with 

acute increase of at least 0.5 

mg/dl   

< 0.3 ml/kg/hour for 24 hours 

or anuria for 12 hours  

 

 

Intra-operative TEE and Renal resistance index 

Kajal et al(8) studied the intra-operative evaluation of renal resistance index with trans-

oesophageal echocardiography for the assessment of acute renal injury in patients undergoing 

CABG. Study was conducted in patients with age of more than 18 years who underwent CABG. 

Total 115 patients was studied out of which 39 patients had RRI value greater than 0.7 

remaining 76 patients had RRI value less than 0.7. They concluded the study with pre-operative 

RRI value of 0.68 has a sensitivity of 70% and specificity of 67% in predicting AKI 
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Cherry et al(9) studied the post-operative renal resistance index (RRI) using trans-esophageal 

echocardiography in the intra-operative period as early AKI bio-marker. It was a retrospective 

study. They have included 180 adult cardiac surgical patients. RRI was calculated during pre 

and post cardio-pulmonary bypass any values exceeding 0.74 are used to evaluate for an 

association with AKI, diagnosed using KDIGO criteria. Results are as follows in post cpb 

period 99 patients included 36 and 23 with values exceeding 0.74 and 0.79. Invariably all 

patients had acute kidney injury according to KDIGO, AKIN, RIFLE criteria. Authors 

concluded the study stating that Renal resistance index obtained intra-operatively in cardiac 

surgery patients was highly associated with AKI and its severity. Also correlating well with 

early detection of AKI. 

 

Alper kararmaz et al (10) main aim of this study was to assess the relationship between trans-

lumbar renal ultrasound derived RRI (RRI TLUSG) and trans-esophageal ultrasonography 

derived renal resistance index (RRI TEE). Study population were 60 patients undergoing cardiac 

surgery. Results are as follows there was a statistically significant correlation between the two 

RRI measurements. AUC of RRI TLUSG  and RRI TEE  was 0.85 and 0.82 respectively. So both 

parameters were comparable in detecting the post – operative acute kidney injury.  

 

Hertzberg et al (11) conducted whether an raised renal resistance index (RRI) predicts AKI in 

patients undergoing cardiac surgery. It was a prospective cohort study. Studied involved 

ninety-six patients and RRI was measured the day before surgery. A cut off value of RRI – 0.7 

is termed as elevated renal resistance index. In ninety-six patients 36% of patients developed 

AKI, had RRI value of > 0.7. authors concluded the study stating that elevated pre-operative 

RRI has increased risk of developing AKI.  
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Tugrul ormeci et al(12) studied correlation between cerebral renal near infrared spectroscopy 

and ipsilateral renal doppler ultrasonography parameters. Study was conducted in thirty-seven 

patients of age less than 3 months. Patients were divided into two groups based on the renal 

resistance index values. Group 1 patients had renal resistance index value greater than 0.8. 

Group 2 with patient’s renal resistance index value less than 0.8. Post – operative outcome was 

compared between two groups. Group -1 had lower post-operative mean urine output, higher 

lactate values and hospital stay compared to group -2.  

NIRS  

Gist et al (4) studied role renal NIRS in predicting the AKI in pediatric population they found 

that reduction in renal nirs was not associated with AKI instead they observed that reduction 

in renal nirs was associated with a longer duration of mechanical ventilation, longer intensive 

care length of stay, longer hospital length of stay. 

Flechet et al (13)studied NIRS based cerebral oximetry for prediction of severe acute kidney 

injury in critically ill children after cardiac surgery. It was a prospective observational study , 

Study population included critically ill children under 12 years, were monitored with cerebral 

NIRS, from PICU admission until they are successfully weaned from mechanical ventilation. 

Results as follows AUC of NIRS was around 0.68 and for clinical model which consists of 

baseline serum creatinine, blood pressure, heart rate frequency was 0.75. Authors concluded 

the study stating that combined clinical parameters with cerebral NIRS predicts the Acute 

kidney injury better than NIRS alone 

Choi et al (14) evaluate the usefulness of renal regional oxygen saturation (rSo-2) in predicting 

the risk of acute kidney injury after cardiac surgery. It was a prospective observational study 

sample size involving hundred patients undergoing cardiac surgery. They defined the AKI 

using RIFLE criteria. Of total ninety-five patients studied thirty four of them developed AKI. 
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They found total period of low rSo-2 levels below the threshold values were significantly 

longer in patients with AKI. ROC curve demonstrated rSo-2 values less than 55% predicts 

Acute kidney injury better. They concluded the study stating intra-operative renal oxygen 

desaturation less than 55% predicts post-operative acute kidney injury better in patients 

undergoing adult cardiac surgery.  

Matthew A Hazle et al (15) studied renal rSo-2 and biomarkers to predict ICU outcomes 

following cardiac surgery in infants under 6 months of age. They monitored the following 

biomarkers neutrophil gelatinase associated lipocalin (NGAL), interleukin – 18, kidney injury 

molecule -1, cystatin C. Renal rSo-2 was monitored twenty four hours post-surgery.  Total 

forty nine patients were enrolled in the study. Authors diagnosed AKI using AKIN/KDIGO 

criteria. Forty two patients developed acute kidney injury by using AKIN/KDIGO criteria. 

Infants with AKI had prolonged periods of  renal rSo-2 saturations less than 50%. They 

concluded the study stating patients with poor outcomes had prolonged periods of renal rSo-2 

desaturation.  

Colasacco colby et al (16) studied the role of renal rSo-2 in predicting AKI among infants after 

cardiac surgery. Authors monitored the renal rSo-2 continuously in intraoperative period, 

postoperative period day-1 and 2. They defined AKI as follows greater than forty  percent 

increase in serum creatinine level or oliguria for greater than four hours. Renal rSo-2 on post 

operative day one has a strong correlation with increase in creatinine values. Renal rSo-2 values 

less than eighty percent predicts AKI with a specificity of seventy five percent and a sensitivity 

of hundred percent.  

Gabe E Owens et al (17) studied the correlation between Renal rSo-2 with AKI in infants 

undergoing biventricular repair. It was a Prospective observational Study included forty 

patients with age less than twelve months. Renal rSO-2 data collected for forty eight hours 
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continuously in the postoperative period. Infants with low renal rSo-2 values had raise in serum 

creatinine levels and incidence of AKI was also higher. Infants with low renal rSo-2 also had 

more requirement of vasopressors and had increased lactate levels with prolonged duration of 

mechanical ventilation. Authors concluded the study stating that low renal rSo-2 values 

correlates with poor post operative outcomes with higher incidence of AKI.    

 

 

Trans lumbar ultrasound guided Renal resistance index  

Bossard et a l(2) studied the early detection of AKI using doppler renal resistance index as 

surrogate marker in the post -operative period in patients undergoing elective cardiac surgery 

with cardiopulmonary bypass. Study included 65 subjects aged more than 60 years. All patients 

had either one of the risk factors for AKI. Doppler resistance index was measured in the 

immediate post -operative period. Eighteen subjects developed AKI with RRI value of 0.79 +/- 

0.08. patient without AKI had RRI value of 0.68 +/- 0.06 with p value < 0.001.  They concluded 

as RRI used in the immediate post-operative period after cardiac surgery with CPB enabled 

prediction of delayed AKI.  

Satyen et al(18) studied association between the Renal resistance index and its association with 

post-operative acute kidney injury. This study included 69 subjects out of which 14 developed 

AKI with post-operative index value of 0.732 with 95% confidence interval. Author concluded 

the study with renal resistance index of 0.77 has sensitivity and specificity of 57% and 85.5% 

respectively. 

Ilaria et al (19)conducted an observational study relating Renal resistance index and acute 

kidney injury in aortic surgery. It is an prospective observational study. Study authors included 

53 patients undergoing aortic surgery. Results are as follows twelve out of fifty-three patients 
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developed acute kidney injury. Authors found that percentage of RRI was helpful in identifying 

the AKI early with 90 percent specificity. Authors concluded the study results as such 

percentage of RRI was the useful predictor for detecting the AKI in the early stage and useful 

in early implementation of renal protective strategy. 

Sebastien Ninet et al (20)  studied renal resistive index for prediction of renal dysfunction 

reversibility. Main objective of this meta-analysis was to find out the diagnostic performance 

of renal resistance index. Total of nine studies have been included in the study. 273 patients 

have been included in the study Total of 176 patients have elevated Resistive index, 146 

patients had persistent AKI. Raised renal resistive index or pulsatility index was associated 

with persistent acute kidney injury. Subsequently, the sensitivity and specificity were 0.83 and 

0.84 respectively. So, elevated renal resistive was a good predictor of persistent Acute kidney 

injury in critically ill patients.  

 

Descending thoracic aorta atheroma and AKI   

Martina nowak-machen et al (21) studied the combined effects of descending thoracic aorta 

calcification and intra-aortic balloon pump counter pulsation in cardiac surgery patients, its 

effect on peri-operative acute kidney injury and in hospital mortality – a case control study. 

Total of four fifty-four patients were studied. Patients were divided into the following groups 

-IABP/-DTA atheroma, +IABP/-DTA atheroma, - IABP/+DTA atheroma, +IABP/+DTA 

atheroma. In patients with +IABP/+DTA atheroma, AKI incidence was 12.1% & in hospital 

mortality was 20.2%. Authors concluded the study stating that presence of IABP and DTA 

atheroma, increases the risk of AKI & in hospital mortality significantly comparing the patients 

without IABP and DTA atheroma.  
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Victor g et al (22) studied the influence of atherosclerosis of ascending aorta as a predictor of 

post operative AKI after cardiac surgery. Total 978 patients were included in the study, with 

mean age of fifty years. Using epiaortic scanning severity of atherosclerosis was graded as 

follows normal to mild, moderate, severe and subsequently patients were divided into three 

groups. Based upon the multivariate analysis results authors concluded that on postoperative 

day one, presence of atherosclerotic ascending aorta was a independent risk factor for post 

operative AKI. 

Tomoko et al (23) role of aortic arch calcification as strong independent predictor of 

cardiovascular events in chronic haemodialysis patient. Aortic arch calcification was evaluated 

using chest x ray. Based upon the extended of calcification patients were graded into three 

subsets as grade 0, grade 1, grade 2. On analysis according to Kaplan – meier incidence of 

cardiovascular events were higher in grades two and three. Aortic arch calcification poses a 

significant risk of adverse cardio-vascular events especially in patients undergoing cardiac 

surgery.  

 

Inotropic score and acute kidney injury 

Kelong hou et al (24) evaluated the correlation between the vasoactive inotropic score with 

postoperative AKI in adult patients undergoing cardiovascular surgery. It was an 

retrospectively conducted study including 1935 adult patients. Vasoactive inotropic score was 

collected in the postoperative period in the first twenty four hours. Out of 1935 patients 291 

patients developed postoperative AKI. Logistic regression analysis showed that vasoactive 

inotropic score was associated with AKI in the postoperative period. Authors concluded the 

study stating that vasoactive inotropic score was an independent predictor of AKI in patients 
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undergoing cardiac surgery and it also improves the prognostic accuracy of society of thoracic 

surgeons scoring system.  

Michel G. Gaies et al (25) studied the role of vasoactive inotropic score in predicting the 

mortality and morbidity among infants after cardiopulmonary bypass. They had also studied 

the association between the vasoactive inotropic score and clinical outcome in infants. Study 

included total of 174 patients under six months of age. Out of which forty three percent were 

neonates. On analysis authors found high vasoactive inotropic score was associated with 

prolonged intensive care unit stay, prolonged duration of ventilation. Authors concluded the 

study stating that usefulness of vasoactive inotropic score has to be still further studied, proving 

its efficacy in this study.  

  

Diuretic score and acute kidney injury  

Balakrishnan m et al (26) studied the reno - protective effect of low dose frusemide infusion in 

high risk cardiac surgery patients. It was a prospective randomized double blinded placebo 

controlled study. Study was conducted among adult patients undergoing high risk elective 

cardiac surgical procedure. Patients were randomized to either receiving saline at two millilitre 

per kilogram or frusemide at four milligram per kilogram. In study results neither of the group 

was Reno protective. Frusemide group resulting in having higher urine output, higher 

postoperative fluid requirement. In frusemide group there was slight increase in peak serum 

creatinine (98 + 33) level comparing placebo group (96 + 33) .  Both placebo and frusemide 

group had higher retinol binding protein/creatinine ratio. Authors concluded the study stating 

that frusemide infusion post-operatively had no reno protective effect. 
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Hypothesis  

We hypothesize that, 

By proving a positive correlation between renal Doppler parameters and renal NIRS, there will 

be an increased chance of early prediction of postoperative AKI in patients undergoing 

coronary artery bypass grafting. 

Study aims &objectives: 

Our Primary objectives were: 

1.   To evaluate the correlation between intraoperative renal Doppler parameters and 

intraoperative renal NIRS in predicting the post-operative AKI after cardiac surgery. 

          Our Secondary objective were: 

1. Incidence of postoperative AKI in patients undergoing coronary bypass grafting 

surgery with cardio-pulmonary bypass  

2. Correlation between renal rso-2 and delivery of oxygen (Do-2) during cardio-

pulmonary bypass 

3. Incidence of postoperative atrial fibrillation in patients developing AKI   

4. The incidence of AKI in patients with DTA atheroma 

5. Correlation between Diuretic score and AKI 

6. Correlation between Inotropic score and AKI 

7.  Need for Dialysis, ICU stay, hospital stay and mortality 
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MATERIALS AND METHODS – 

After obtaining approval from Technical advisory committee (SCT-/S/2020/1084), Institute 

ethics committee (SCT/IEC/1609/DECEMBER-2020), the study was registered under 

clinical trial registry (CTRI/2021/08/035942). This prospective observational study was 

conducted at Sree chitra tirunal institute for medical sciences and technology (SCTIMST), a 

single center tertiary care hospital performing around 1000 adult cardiac surgeries per year 

Inclusion criteria: 

a) Patients aged between 30 and 75 years, who underwent CABG using cardio-

pulmonary bypass without repair or replacement of cardiac valves. 

 

Exclusion criteria: 

a) Patients with moderate / severe LV dysfunction 

b) Diabetes mellitus (duration > 10 years) 

c) Hypertension (duration> 10 years) 

d) History of chronic kidney disease  

e) AKI prior to surgery 

f) Contraindications for TEE probe placement such as perforated viscus, 

esophageal stricture, esophageal tumor, esophageal perforation, esophageal 

diverticulum, active upper GI bleed.  

g) Emergency surgery 

h) Patient refusal 

i) Redo surgeries  
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Study protocol: 

                A total of 48 patients fulfilling the inclusion criteria were included in the study. 

Patients were educated about the study in the presence of a witness. Written informed consent 

was taken from the patient or the relative of the patient as per institute protocol. During the 

process of obtaining consent, witnesses were allowed to counter-question the patient whether 

he/she understood the proposed study.  

         In the operation room,  before induction of general anaesthesia, NIRS sensors were 

placed on the Morris parallelogram (surface marking for the placement of NIRS probe) of 

both right and left side (Figure 1). 

 

Figure 1 –  Showing characteristic features of Morris parallelogram ( surface marking 

for Right and Left Renal )  

 The baseline values of right and left renal rSO-2 were noted. After induction of general 

anaesthesia as per the institute protocol, an adult size real time three dimensional 

transoesophageal echocardiography (RT-3D TEE) probe was inserted and sequential 
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examination of the cardiac structures was performed using IE-33 ultrasound machine 

(Philips ultrasound, USA).  

The renal artery was visualized using TEE probe by the following technique described by 

Bandyopadhyay (5) 

TEE imaging of renal artery  

     Using multiplane TEE probe in vascular pre-set  

STEP - 1   - Mid-oesophageal four chamber view. 

 

FIGURE – 2  -  showing mid oesophageal four chamber view 
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STEP - 2   - Trans-gastric short axis Mid papillary view. 

 

FIGURE -3 -  showing Trans gastric midpapillary short axis view  

 

 

STEP - 3 – Then Probe was turned towards the left up to 90 – 270 degree until short axis view 

of descending aorta was imaged. 

 

FIGURE – 4 – showing descending thoracic aorta short axis view 
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STEP - 4 – Then probe was advanced 4-6 cm following the aorta & origin of the left renal 

artery and left kidney was visualized by using colour flow doppler 

 

FIGURE – 5 – showing renal with renal artery using colour flow doppler 

 

STEP- 5 – Probe was turned 90- 270 degree towards right from the trans – gastric short axis 

mid papillary view, then right kidney with right renal was visualized.  

The characteristic bilateral renal artery flow velocity patterns are recorded by applying pulsed 

wave doppler. Renal artery spectral doppler waveform has a systolic and diastolic peak 

indicating the respective peak velocities.  
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FIGURE – 6 – showing pulse wave doppler of renal artery demonstrating peak systolic 

velocity (+) and minimum diastolic velocity (x) 

 

FIGURE - 7 – showing mean renal velocity (+) measured during pre CPB and post CPB 

periods   



 

  40 

On the basis of doppler measurements of renal artery velocities, resistive index was calculated 

using the following formula – 

        RI = ( peak systolic velocity – minimum diastolic velocity ) / peak systolic velocity.  

When the patient was on cardio-pulmonary bypass, the renal mean velocity was measured 

from the continuous flow spectral waveform by the pulse wave doppler to the renal arteries. 

 

FIGURE – 8 showing mean renal velocity measured on CPB  

      

The following observations were made intra-operatively during the following time periods: 1.  

Pre CPB periods , 2. On CPB after aortic cross clamping, Half -an-hour after aortic cross 

clamping, 3. Post CPB (after protamine).    
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A. PRE CPB PERIOD - 

1. Mean arterial pressure, Cardiac output, 

2. Renal resistance index (both right and left renal), 

3. Mean renal arterial velocity, 

3. rSO-2 (both right and left renal),  

4. Haemoglobin,  

5. Left ventricle ejection fraction,  

6. Grade of descending thoracic aorta atheroma. 

B. ON CPB –  

Zero minutes (  after aortic cross clamping ) and thirty minutes after CPB 

1. Mean arterial pressure, Cardiac output, Delivery of oxygen (do-2) 

2. Mean renal arterial velocity  

3. rSO-2 (both right and left renal),  

4. Haemoglobin. 

C. POST CPB PERIOD – 

1. Mean arterial pressure, Cardiac output, 

2. Renal resistance index (both right and left renal), 

3. Mean renal arterial velocity, 

3. rSO-2 (both right and left renal),  



 

  42 

4. Haemoglobin,  

5. Left ventricle ejection fraction. 

 

 

 

In post-operative period following data were collected 

1. Urine output, Blood urea, serum creatinine, eGFR daily for three consecutive post-

operative days. 

2. Inotrope score {calculated using following formula Dopamine dose (mcg/kg/min) + 

Dobutamine dose (mcg/kg/min) + 100 x epinephrine dose (mcg/kg/min)}  

3. Diuretic score  

4. Left ventricular ejection fraction, Cardiac output, Hemoglobin 

5. Acute kidney injury and its stage (KIDGO criteria) 

6. Incidence of atrial fibrillation, 

7. Duration of ICU stay, need of dialysis, duration of hospital stays, in-hospital mortality. 
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STATISTICAL METHODS: 

AKI was considered as primary outcome variable. RRI and renal NIRS were considered as 

primary explanatory variable. 

Descriptive analysis were done by using  mean and standard deviation for quantitative 

variables, frequency, and proportion for categorical variables. Median and interquartile range 

(IQR) were used for non-normally distributed quantitative variables. Data was  represented 

with appropriate bar diagram, pie diagram, box plots were ever necessary.  

Quantitative variables were checked for normal distribution within each category of 

explanatory variable by  visual inspection of histograms and normality Q-Q plots. Shapiro- 

wilk test was  conducted to assess normal distribution.  Shapiro wilk test p value of >0.05 was 

considered as normal distribution.  

Chi square test /Fisher's Exact test were used for comparison of categorical variables. For 

normally distributed Quantitative parameters the mean values were compared between study 

groups using independent sample t-test (2 groups). 

Univariate Binary logistic regression analysis was performed to test the association between 

the explanatory variables and study group. Odds ratio was unadjusted presented with 95% 

confidence interval.    

p value < 0.05 was considered statistically significant. Software used for statistical analysis 

was IBM SPSS version 22.  
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Sample size :   

Based up on the previous study   a sample size of 40 was required to detect a correlation 

of 0.43 between renal NIRS and renal Doppler parameters in predicting the post-

operative AKI with an alpha error of 0.05 and power of 80%(12).  
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RESULTS  
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Table 5: 

Demographic profile and preoperative clinical features of patients  

Total number of patients n = 43 

Age (years)  59.23 + 1.33 

sex Male 

Female 

36 (83.72%) 

7 (16.28%) 

Height (cm)  167.67 + 8.93 

Weight (cm)  65.50 + 9.78 

BSA (m2)  1.71 + 0.19 

Diagnosis  Double vessel disease  

Triple vessel disease  

11( 25.5%) 

32 ( 74.5%) 

NHYA class Class - II 

Class - III 

26 ( 60.46%) 

17  ( 39.53%)  

Rhythm   Sinus  43  

Abbreviations : BSA – Body surface area; NYHA – New York heart association.  

Table 1 shows that the average age of the study subjects involved in the study was 59.23 + 1.33 

years. Males were in a larger proportion ( 83.72%) compared to females (16.28%). Majority of 

the patients presented with NYHA class – II symptoms (60.46%), whereas 39.53% patients 

presented with NYHA class – III symptoms. All the 43 study subjects were in normal sinus 

rhythm.  
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Intraoperative details -  

Table 6:  

Descriptive analysis of Mean arterial pressure (MAP), Haemoglobin, Ejection fraction,  

Cardiac output, Delivery of oxygen in the study population (N=43) 

 

 

 

PRE CPB 

CPB   

   POST CPB   0 - minutes   30 - minutes 

Haemoglobin 13.54 + 1.64   8.44 + 1.21   9.01 + 1.11    12.64 + 1.54 

EF 60.54 +4.83          -          -    61.54 +5.93 

MAP 80.74 ± 9.73 60.74 ± 6.51 62.23 ± 4.44    81.44 ± 3.62 

Cardiac output 4.47 ± 0.86 4.67 ± 0.95 4.77 ± 0.86    5.27 ± 1.77 

Delivery of 

oxygen (Do-2) 

        - 

650.54 + 90.08  610 + 92.67 -  

 

(Abbreviations - MAP – Mean arterial pressure, EF – ejection fraction) 

Table – 6 showing mean arterial pressure was maintained within normal limits in Pre CPB, 

CPB, Post CPB periods. Mean Ejection fraction value was 60 percent. None of the patient had 

low cardiac output. Hemoglobin was maintained as per 2019 EACTA guidelines (27)  in all time 

periods .  
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Table -7 : 

Descriptive analysis of RRI, MRV, rSo-2 values  

 

 

PRE CPB 

CPB   

   POST CPB   0 - minutes   30 - minutes 

RRI   0.61 + 0.04           -            -   0.77 + 0.02 

MRV   22.51 ± 7.56   29.98 ± 7.35   34.61 ± 6.45   32.25 ± 5.59 

rSo-2   71.50 + 3.20    73.54 + 4.40   74.50 + 5.34   73.50 + 2.14 

 

(Abbreviations – RRI – Renal resistance index, MRV – Mean renal velocity, CPB – 

cardiopulmonary bypass) 

Table – 7 shows there was significant increase in RRI, MRV values comparing Pre CPB, Post 

CPB periods. There was no fall in rSO-2 values in any of the time periods. 
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Post operative details – 

Table – 8 –  

Descriptive analysis of Blood urea, serum creatinine, eGFR, urine output.  

 Day -1 Day-2  Day-3 

Blood urea     12.62 ± 2.46 13.41 ± 3.56 11.31 ± 4.74 

Serum creatinine     0.81 ± 0.43 0.71 ± 0.20 0.72 ± 0.36 

eGFR    95.51 ± 10.56 100.41 ± 7.68 98.41 ± 8.76 

Urine output    2234.41 ± 250.74 2333.51 ± 150.78 2114.78 ± 157.66 

 

(Abbreviations – eGFR – glomerular filtration rate)  

Table – 8 shows slight raise in creatinine levels in postoperative day -1, remaining all other 

values of blood urea, eGFR , urine output are within normal limits.  
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Table -9  

Descriptive analysis of Inotropic score, Diuretic score, Cardiac output, Ejection fraction, 

Haemoglobin. 

 Day -1 Day-2  Day-3 

Inotropic score 10.60 ± 2.65 7.62 ± 2.46 4.62 ± 2.46 

Diuretic score 54.62 ± 9.76 42.46 ± 8.78 29.83 ± 7.58 

Cardiac output 4.62 ± 1.10 3.99 ± 1.76 4.00 ± 1.46 

Ejection fraction 60.64 ± 3.78 62.12 ± 5.37 59.94 ± 4.87 

Haemoglobin  13.62 ± 1.87 11.62 ± 2.57 12.73 ± 2.46 

 

Table – 9 shows fall in hemoglobin on day two, three post operative days due to increased drain 

output, there was progressive decrease in inotropic score, diuretic score due to a decrease in 

usage of inotropes and  diuretics in post operative day two and three.  
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Table 10 –  

Analysis of RRI values in AKI and NON - AKI groups during Pre CPB and Post CPB 

time periods   

RRI                                   AKI   

p – value   Yes No  

Pre CPB  0.61 + 0.04  0.63 + 0.03 0.2171 

Post CPB 0.77 + 0.05 0.69 + 0.03 0.0018 

 

(Abbreviations – CPB – cardiopulmonary bypass, RRI – renal resistance index) 

Table – 10 – RRI shows significant difference in post CPB time period with p – value less than 

0.05. In pre CPB time period there was no significant difference.  

Table 11 –  

Analysis of rSo-2 values in AKI and NON - AKI groups during Pre CPB and Post CPB 

time periods   

rSO-2                                 AKI   

p - value Yes No  

Pre CPB  72.50 + 2.20 72.43 + 3.47 0.0812 

Post CPB 73.67 + 2.47 74.50 + 4.67 0.0934 
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(Abbreviations – CPB – cardiopulmonary bypass) 

Table – 11 – There was no significant change in rSo-2 values in pre CPB and post CPB time 

periods. 

Table 12 –  

Analysis of MRV values in AKI and NON - AKI groups during CPB (0-MIN and 30-MIN 

after aortic cross clamping)   

MRV                                 AKI   

p - value Yes No  

CPB (0 – MIN) 29.98 ± 6.47 29.25 ± 4.88  0.4373 

CPB (30 – MIN) 34.61 ± 6.45 29.65 ± 6.55   0.016  

 

(Abbreviations – MRV – Mean renal velocity, CPB – cardiopulmonary bypass, MIN - minutes) 

Table – 12 – MRV shows significant difference in 30 – minutes after aortic cross clamping on 

CPB with p – value less than 0.05. In zero minutes after aortic cross clamping on CPB there 

was no significant difference.  
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Table 13 –  

Analysis of rSo-2 values in AKI and NON - AKI groups during CPB (0-MIN and 30-MIN 

after aortic cross clamping)   

 

 

rSo-2  

                                AKI   

p – value  Yes No  

CPB (0 – MIN) 71.50 + 4.47 70.40 + 5.48  0.091 

CPB (30 – MIN) 70.49 + 5.59 71.49 + 6.77 0.174 

 

Table – 13 – There was no significant change in rSo-2 values between zero minutes and thirty 

minutes after aortic cross clamping on CPB. 

(Abbreviations – CPB – cardiopulmonary bypass, rSo-2 – regional oxygen saturation, MIN - 

minutes) 
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Table- 14:  

Logistic regression analysis of Renal resistance index (RRI) and rSO-2 influencing Acute 

kidney injury in study population (N=43). 

This table shows odds ratio of renal resistance index was 0.000002 indicating ‘protective 

factor’ or useful in predicting acute kidney injury. For rSo-2 , odds ratio is around 0.874 

indicating no association with acute kidney injury, in the intra-operative period.  

 

Parameters 

                 AKI Odds ratio 

 (95% CI) 

P-value 

Yes (N=22)  No (N=21)  

RRI 0.75 ± 0.06 0.67 ± 0.09 

0.000002 

(0.000-0.034) 

0.780 

rSo-2 74.27 ± 2.73 72.9 ± 3.71 

0.874 

(0.719-1.062) 

0.175 

 

(Abbreviations – RRI – renal resistance index) 
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CORREALTION BETWEEN rSO-2 & RRI 

Scatter plot for correlation between RRI and NIRS in the study population (N= 43) 

 

Pearson correlation co-efficient showing R – VALUE of 0.11 showing weak correlation.  
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CORRELATION BETWEEN rSO-2 & mean renal velocity during CPB (0-min) 

 

Pearson correlation co-efficient showing R – VALUE of 0.02 showing no or negligible 

relationship.  
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CORRELATION BETWEEN rSO-2 & mean renal velocity during CPB (30-min) 

 

Pearson correlation co-efficient showing R – VALUE of - 0.07 showing no or negligible 

relationship.  
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CORRELATION BETWEEN rSO-2 & DO-2 

Scatter plot for correlation between DO-2 (Ml/Min) and Renal NIRS in the study population 

(N= 43) 

 

R- value – 0.15 Showing positive correlation between rso-2 and do-2. 
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Table-15:  

Descriptive analysis of atrial fibrillation in the study population (N=43). 

Among 43 study subjects only two of our subjects had atrial fibrillation. Incidence of atrial 

fibrillation in our study was 4.65%.  

Atrial fibrillation Frequency Percentage 

Yes 2 4.65% 

No 41 95.35% 

 

 

 

 

 

 

 

 

 

 

 



 

  62 

INCIDENCE OF ACUTE KIDNEY INJURY – 

Table-16:  

Descriptive analysis of Acute kidney injury in the study population (N=43). 

In our study incidence of acute kidney injury was 51.16 percentage.  

AKI Frequency Percentage 

Yes 22 51.16% 

No 21 48.84% 

 

(Abbreviations – AKI – Acute kidney injury) 
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DESCENDING THORACIC AORTA ARTHEROMA & ACUTE KIDNEY INJURY 

 

Table-17:  

Descriptive analysis of Descending thoracic aorta Atheroma in the study population 

(N=43). 

Among forty three study subjects nineteen patients had descending thoracic aorta atheroma 

contributing around 44.19 percentage.  

DTA Atheroma Frequency Percentage 

Yes 19 44.19% 

No 24 55.81% 

 

(Abbreviations – DTA – descending thoracic aorta) 
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Table-18:  

Comparison of Descending thoracic aorta atheroma and Acute kidney injury (N=43) 

The frequency of acute kidney injury among patients with descending thoracic atheroma was 

57.89 percentage.  

 

DTA Atheroma 

                              AKI 

Yes  No 

 
Yes (N = 19)  11 (57.89%)  8 (42.11%)  

No (N = 24)  11 (45.83%)  13 (54.17%)  

 

(Abbreviations – DTA – descending thoracic aorta, AKI – acute kidney injury) 

Bar Diagram showing incidence of AKI in patients having Descending thoracic aorta atheroma 

is higher comparing to patients who do not have atheroma   
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Table -19 

Frequency of AKI in different groups according to  katz grading  

Table – 19 - showing incidence of AKI was high among patients with intimal thickening (katz 

grade -2) proving the role of arterial stiffness in AKI. Katz grade 3 and 4 had less incidence of  

AKI comparing to katz grade -2. 

KATZ grading          AKI 

     1          Nil 

     2 5 (22.73%) 

     3 4 (18.18%) 

     4 2 (9.09%) 

     5         Nil 

 

(Abbreviations – Acute kidney Injury) 
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Table – 20 Analysis of Inotropic and diuretic score in patients with AKI and NON – AKI 

group.  

Parameters 

                 AKI 

        p-value 

     Yes      No   

Inotropic score     11.14 ± 1.75     7.20 ± 3.18             0.0062 

Diuretic score    41.22 ± 12.84   55.12 ± 11.34           0.0190 

 

Table – 20 showing patients with higher inotropic score and lower diuretic score has increased 

risk of AKI with p- value < 0.05. 
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Table –21 

Descriptive analysis of Hospital stay, ICU stay, need for dialysis in the study population 

(N=43). 

  

                AKI 

yes  no 

Hospital stay  6.00 ± 1.00  4.00 ± 1.00 

ICU stay  3.00 ± 1.00  2.00 ± 0.00 

Need for dialysis         0      0 

 

(Abbreviations – ICU – Intensive care unit) 

Table – 20 – showing there was no significant difference in two groups in terms of hospital 

stay, ICU stay. None of our patients required dialysis.  
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DISCUSSION –  

Cardiac surgery -AKI 

Incidence of AKI was high in cardiac surgery comparing other surgeries.  There are many 

reasons for high incidence such as patient underlying co-morbidities, intraoperative and 

perioperative care. The prevalence of AKI was especially higher in older age groups who 

require more complex surgeries. These established risk factors in addition to longer operations, 

procedures performed on cardiopulmonary bypass with aortic cross-clamping, supportive 

measures such as inotropes, fluid and blood administration, vasopressors and mechanical 

circulatory support all these factors combined increases the risk of AKI in patients undergoing 

cardiac surgery, especially with cardiopulmonary bypass (1).  

AKI – CPB 

Features of AKI associated with CPB are multifactorial. Four major factors playing an 

important role in the pathogenesis of AKI-CPB are as follows 1. Reduced renal perfusion 

pressures 2. Activation of proinflammatory mediators 3. Direct nephrotoxicity 4. Generation 

of micro emboli (28). Tumor necrosis factor, interleukin – 6, interleukin – 8 are key 

proinflammatory mediators studied in the AKI related to CPB. In a study published by okusa 

et al (29) shows that instituting CPB itself decreases renal perfusion pressure by 30%. Micro 

emboli generated during CPB can directly damage renal capillaries resulting in AKI. Studies 

conducted on off-pump coronary artery bypass grafting show decreased incidence of AKI 

compared on pump coronary artery surgeries, again highlighting the contribution of CPB in 

AKI (28) .  
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Risk factors for developing AKI-CPB (30)(31) 

Patient factors  Surgical factors  

Age  Hemodilution  

Female gender Intraaortic balloon pump use 

Preoperative renal insufficiency  Valve surgery and combined valve – CABG 

procedures  

EF < 40% CPB duration  

Emergency surgery   

Diabetes mellitus   

 

Intraoperative RRI and NIRS  

The incidence of CSA-AKI was reported to be 25 – 50% (1). It is important to develop newer 

diagnostic modalities for predicting patients with AKI. The renal resistance index was a 

valuable tool in assessing renal perfusion (19). Bossard et al (2) demonstrated the utility of RRI 

in predicting the AKI.   Another modality helpful in predicting AKI was Renal NIRS. Various 

studies done on intraoperative NIRS monitoring have shown its value in predicting 

postoperative AKI, especially among neonates and infants. Studies in adult cardiac surgical 

patients were sparse. Based on these aspects the present study was conducted to evaluate the 

correlation between intraoperative RRI and renal NIRS in predicting postoperative AKI in 

patients undergoing coronary artery bypass grafting with CPB.  
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In our study, the incidence of AKI was around 51.16 %. Previous studies conducted in cardiac 

surgery-associated AKI have shown the same results as seen in our study (1). The reason for this 

finding can be attributed to various risk factors associated with the patients in our study. Risk 

factors are as follows 1. The mean age group in our study was 59.23 + 1.33, 2. The frequency 

of DTA atheroma was 44.19%, 3. On CPB with aortic cross clamping, 4. Diabetes mellitus, 5. 

Hypertension. Above mentioned risk factors were seen in our study subjects contributing to an 

increased incidence of AKI in our study.  

 

RRI and AKI 

In our study, we included 43 patients out of which 22 patients developed AKI.  The mean RRI 

value of patients who developed AKI was 0.75 ± 0.06 and in non-AKI group RRI value was 

0.67 ± 0.09.  Previous studies done on RRI by satyen et al(18) have shown cutoff value for RRI 

was  0.71 with sensitivity & specificity of 70% & 80% respectively. Kajal et al(8) studied the 

role of pre-operative RRI, a value of 0.68 has good predictability of AKI in patients undergoing 

cardiac surgery. A study conducted by Bossard et al(2) showed that RRI predicts AKI with 85% 

sensitivity and 94% specificity. In contrast, Renal rso-2 is less sensitive 50% and highly 

specific 93%(14).  In our study patients with AKI in post cardio-pulmonary bypass period has 

an RRI value of 0.75, correlating well with all previously conducted studies in patients 

undergoing cardiac surgery.  

Mean renal velocity during CPB and AKI 

A study conducted by Da zhu et al (32) shows a normal value of mean renal velocity in pediatric 

patients was 30 centimeter per second. In our study, we measured mean renal velocity on CPB 

in two time periods (immediately after aortic cross-clamping, 30 minutes after cross-clamping). 
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Thirty minutes after cross-clamping our mean renal velocity among patients having AKI was 

34.61 ± 6.45,  patients who did not had AKI mean renal velocity was 29.65 ± 6.55. The 

difference in values between two groups was statistically significant. Showing the importance 

of measuring mean renal velocity in an intraoperative period in predicting AKI. 

NIRS and AKI 

There was no significant difference in the renal NIRS values between the AKI and non-AKI 

groups.  In the study conducted by Flechet M et al(33) postoperative renal rSo-2 values showed 

decreasing trend and subsequently, patients developed AKI.  Choi et al(14) described the cut-

off value of the rSo-2 level as 55%, below 55% there was an increased risk of developing acute 

kidney injury. In our study, we did not notice any such fall in rSo-2 values in patients who 

developed AKI.  Facts that may be attributed to the same value of rSo-2 are as follows – 

 1. All the studies done in renal NIRS predicting AKI were predominately studied in the 

pediatric age group with less muscle mass, whereas in adults thickness of muscle mass may 

impair depth of penetration of infrared waves leading to variation in projected value. 

 2. rSo-2 values were monitored only in the specific time period continuous trend of values was 

not recorded. 

3. Increase in a fraction of oxygen on cardiopulmonary bypass. 

4. In post cardiopulmonary bypass period increased cardiac index due to inotropes.      

Renal doppler parameters and renal NIRS 

There were no studies published in the literature showing the correlation between RRI and 

renal NIRS in patients undergoing cardiac surgery. We find no correlation between RRI and 

renal NIRS intraoperatively (R-value – 0.11). Patients with AKI had higher RRI values in 
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contrast there was no fall in NIRS (rSo-2 values). On performing regression analysis for RRI 

and rSo-2 values in association with AKI, results show renal NIRS was not a good 

intraoperative modality to predict AKI. As rSo-2 values only reflect the oxygenation of the 

renal neglecting the other factors that leads to AKI such as systemic inflammatory response 

syndrome (SIRS), nephrotoxic drugs and increased renal vascular resistance. Logistic 

regression analysis shows RRI as a reliable intraoperative predictor of AKI comparing NIRS.     

Correlation between mean renal velocity and NIRS immediately after aortic cross clamping 

shows positive correlation but after 30 minutes of aortic cross clamping period, correlation 

becomes slightly negative. The main factor contributing to this finding was an increase in mean 

renal velocity after a while on CPB. Causes for the increase in mean renal velocity are an 

increase in interstitial edema, CPB altering the vasomotor tone of renal arteries, microemboli 

generation on CPB (28). This finding also proves that prolonging CPB time also increases the 

risk of AKI in the post-operative period.  

At the same time, it also provides insight into acute kidney injury was multifactorial as it 

includes inotropes, leading to increased renal vascular resistance resulting in flow limitation 

resulting in AKI and an increase in interstitial edema also can add insult to the renal resulting 

in acute kidney injury. Other extra-renal factors such as cardiac index altering renal blood flow, 

SIRS (systemic inflammatory response syndrome) and usage of nephrotoxic drugs all 

contribute to renal injury.  
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DTA ATHEROMA AND AKI 

Patients with DTA atheroma in our study have high incidence of AKI, comparing patients with 

no atheroma. A study conducted by Nowak-Machen M et al (21) showed that descending 

thoracic atheroma has increased the risk of stroke, multiorgan failure and death. Another study 

conducted by Greenwood et al (34) shows an increase in arterial stiffness results in barotrauma 

to glomeruli resulting in decreased eGFR. Another important factor was atheroembolism to 

renal arteries as consequence leading to inflammatory reaction and endothelial overgrowth in 

7 to 10 days(22).  Our study results also showed an increased incidence of AKI in patients having 

katz grade – two (intimal thickening) proving the role of arterial stiffness in the 

pathophysiology of patients having AKI.    

Renal rSO2 and Delivery of oxygen (do-2) during CPB 

Renal rSo-2 & do-2 show positive correlation in our study. A study conducted by Yumiko et 

al (35) shows a positive correlation between rSO-2 and do-2. It was obvious as an increase in 

fio-2 increases do-2 and in turn rso-2 values.  

Atrial Fibrillation and AKI 

UpToDate literature shows Incidence of Atrial fibrillation in CABG was 5 – 40% (36) and the 

incidence of atrial fibrillation in AKI was 16 %(37). In our study incidence of atrial fibrillation 

was four percent, the incidence of atrial fibrillation among patients with AKI was nine percent.  

Incidence of Atrial fibrillation was very less since the study was conducted in patients with 

good left & right ventricular function. Patients with chronic kidney disease, autonomic 

neuropathy and chronic hypertension were excluded from the study. Most of the patients were 

on perioperative beta blockers eliminating the risk of atrial fibrillation in the postoperative 

period(38).   
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Inotropic score and AKI 

In study conducted by kelong hou etal (24) shows that higher the vasoactive inotropic score 

greater the risk of AKI. Patients receiving more inotropes suggest hemodynamic instability that 

exists in the patient. The presence of hemodynamic instability invariably results in post 

operative AKI as proven in previous studies (39) .  Our study results were also proving the higher 

the inotropic score greater the risk of postoperative AKI.  

 

Diuretic score and AKI 

Patients requiring a higher dose of a diuretic have an increased risk of developing postoperative 

renal dysfunction (40). Increased usage of diuretics results in activation of renin-angiotensin 

activating system as a consequence peripheral vascular resistance will increase resulting in 

impairment of renal perfusion (41). In a study conducted by Lombardi et al (42) shows an increase 

in usage of loop diuretics increases the risk of postoperative renal dysfunction. Our study 

results show patients with AKI has lower diuretic score (due to higher usage of diuretic) and 

patients without AKI has higher lower diuretic. Our Study results suggest lower the diuretic 

score greater the risk of AKI.   

There was no statistical difference in the duration of hospital stay between patients having AKI 

and patients not having AKI. Hospital stay was not prolonged in any of the patients. The 

duration of ICU stay was prolonged in two patients who had atrial fibrillation. Regarding the 

severity of AKI maximum number of patients with AKI had only stage -1 AKI according to 

KDIGO criteria. All patients had recovered from AKI with none of the patients requiring 

dialysis. We had no in-hospital mortality in our study population.  
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The novelty of the study lies in the correlation between rSO-2 values and Renal resistance 

index (RRI) in predicting AKI in cardiac surgery, to date no such studies have been published. 

The single examiner performed all Renal resistance index calculations; hence the bias of inter-

observer variability has been eliminated.   
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We Acknowledge that there are certain limitations to our study. Study subjects from single 

center probably a multi-center study involving more study participants would have given a 

more conclusive result. We did not continue the measurement of RRI and NIRS values in the 

postoperative period. And postoperative follow up period was limited for three days only.  

Long term outcomes such as recurrent AKI episodes, progression to chronic kidney disease, 

adverse cardiovascular events were not studied. The imaging of renal vessels by TEE is not 

described in any guidelines. So the imaging of renal vessels needs expertise and it cannot be 

performed by a novice echocardiographer. Renal NIRS measurements were monitored at 

certain time points and they were not monitored continuously throughout the intraoperative 

period. Since all the renal doppler measurements has been performed by an experienced 

echocardiographer, inter and intra observer variability was not performed. 
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CONCLUSION –  

1. In our study the Incidence of AKI associated with cardiac surgery was 49.5% which 

complies with the results of the multicentric studies published in the literature.  

2. Although intraoperative renal resistive index and mean renal velocities predicted the 

occurrence of post operative AKI after cardiac surgery, renal NIRS did not predicted the 

occurrence of postoperative AKI. Also, there was no correlation between the Renal doppler 

and renal NIRS values during CPB period and post CPB period. 

3. The incidence of AKI among patients having DTA Atheroma was 59 percent indicating 

that DTA atheroma is one of the risk factors for the occurrence of AKI in patients undergoing 

cardiac surgery with CPB. 

4. we found a positive correlation between renal rso-2 and do-2 (delivery of oxygen) during 

the cardio-pulmonary bypass period. It gave a conclusion that renal rso-2 value depends on 

the changes in the do-2 during the cardiopulmonary bypass time. 

5. In our study, the incidence of Atrial fibrillation in patients with AKI was 9%. The lower 

rate of atrial fibrillation occurrence in patients with AKI may be attributed to the less severe 

grade of AKI (stage -one) in all the patients. 

6. Higher inotropic score greater the risk of post operative AKI.  

7. Lower diuretic score suggests higher the risk of post operative AKI.  

Several studies needed in the perspective of therapeutic intervention such as maintaining higher 

renal perfusion pressures, higher hemoglobin targets, usage of selective renal vasodilators in 

patients with higher intra-operative RRI values.  
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