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ABSTRACT

Objective: To assess the efficacy of staging criteria (Renal Angina Index-
RAI & Acute Kidney Injury Network-AKIN), and biomarker Cystatin-C in
predicting acute kidney injury (AKI) following congenital cardiac surgery.

Methods: Study included 52 consecutive patients undergoing congenital
heart surgery at our hospital between March-May 2023. AKIN criteria, RAI
score and serum Cystatin-C level were assessed within 24-48 hours of surgery.
Chi-square/ Fisher's exact test, and Student’s ‘t’ test analysed variable
association. Receiver operating characteristic (ROC) curve determined the

predictive value for RAl and Cystatin-C.

Results: The mean age was 2.42 = 2.6 years, 24 (46%) were male. RAl was
positive (score = 8) in 25 (48.08%) patients postoperatively. 92% with AKI
by RAl had Stage 1 AKIN and 8% had Stage 2 & 3 AKIN. AKI by RAI and
AKIN staging correlated with each other (p = 0.227). Preoperative creatinine
level predicted AKI by RAI (p= 0.024).

Serum Cystatin-C levels were significantly associated with AKI (h=4) (p=0.001).
The Area under the curve for RAI for predicting AKl was 0.81 (0.57 -1) (p=
0.046) and the cut-off value for predicting AKl was > 9, with a diagnostic
accuracy of 87.8%. The Area under the curve for Cystatin-C for predicting
AKl was 0.93 (0.85 -1) (p=0.004) and the cut-off value for predicting AKI
was > 1.3 mg/dl, with a diagnostic accuracy of 95.1%.

Conclusions: Preoperative creatinine and postoperative Cystatin-C predict
postoperative AKI. RAl and AKIN criteria are comparable in predicting AKI.
Cystatin-C has a higher diagnostic accuracy for AKI than RAI.

Keywords: Acute kidney injury; Congenital cardiac surgery; Renal Angina

Index; Acute Kidney Injury Network; Cystatin C
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Glossary of Abbreviations:

AKI Acute Kidney Injury

AKIN Acute Kidney Injury Network

CPB Cardiopulmonary Bypass

GFR Glomerular Filtration Rate

KDIGO | Kidney Disease- Improving Global
Outcomes

ICU Intensive Care Unit

RACHS | Risk-Adjusted Classification for
Congenital Heart Surgery

RAI Renal Angina Index

ROC Receiver Operating Characteristic

Introduction

Congenital heart disease is the most common
congenital anomaly, occurring with an incidence of
1% of all live births, and is the most common cause
of newborn death among birth abnormalities.’
Acute kidney injury (AKI) is a common complication
of congenital cardiac surgery that affects 20-65% of
high-risk kids.>> Even in individuals with very slight
changes in creatinine, AKl is linked to longer periods
of mechanical ventilation, inotropic support, and
ICU admission, as well as higher mortality. The fluid
overload caused by AKl is, additionally, related to

worse clinical outcomes and even death.

Understanding the epidemiology of acute kidney
injury with the modifiable and non-modifiable risk
factors, recognizing the illness earlier, and assessing
the incidence and severity of acute kidney injury
would prevent short-term and long-term adverse
outcomes in children undergoing cardiac surgery for

congenital heart diseases.®”?

Renal angina index (RAIl), which is derived from
variations in renal function, is used to stratify critically
ill children who are at high risk of AKI. It is believed
that the RAI may be used as a biomarker to identify
early indicators of persistent AKL."® The RAl is an idea
that seems appealing, but it hasn't been proven to

work or validated in non-Western populations like

Asian nations. 12

The National Institute of Health and the American
Society of Nephrology called for the development of
more efficient diagnostic tools for acute kidney injury.
Three procedures could be used to identify high-
risk individuals to prevent cardiac surgery-associated
acute kidney injury: biomarker analysis, clinical risk
factor assessment, and identification of preoperative,
intraoperative, and postoperative risk factors.
Additionally, following the treatment guidelines
provided by Kidney Disease: Improving Global
Outcomes (KDIGO) may lower the risk of AKI.™31°

In this study, we aimed to compare Acute Kidney
Injury Network (AKIN) criteria'® and Renal Angina
Index (RAI)™ for early prediction of severity of acute
kidney injury in congenital heart disease patients
undergoing cardiac surgery. We also aimed to
ascertain the role of serum Cystatin C level and various
risk factors in predicting acute kidney injury among

these children.

Patients & Methods

ETHICS STATEMENT

The JNMC Institutional Ethics Committee of KLES
Academy of Higher Education and Research approved
this study on 27.09.2022 and individual patient
consentwas obtained (Ref. No. MDC/JNMCIEC/100).

PATIENTS

This is a cross-sectional study that included 52
consecutive patients, aged 1 month to 12 years, with
congenital heart defects presented to our hospital
and operated on for congenital heart surgery,
between March 2023 and May 2023. All children with
congenital heart defects planned for surgical repair
were included except for those with chronic renal
failure and acquired heart disease. Also, patients
>12 years of age were excluded from the study.

DEFINITION OF AKI
The Kidney Disease: Improving Global Outcomes
(KDIGO) criteria was used to diagnose and stage

cardiac surgery-associated acute kidney injury."”
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¢ Arise in serum creatinine level by = 0.3mg/dl
(=26.5pmol/l) within 48 hours of surgery.

* A rise in serum creatinine level to =1.5 times
the baseline levels, which is known or presumed
to have occurred within the prior 7 days.

e Urine volume <0.5ml/kg/hr for 6hr.

METHODS

Informed and written consent was obtained from
each of the children’s parent/guardian. Subjects
were recruited according to the inclusion criteria. A
detailed history was followed by a physical
examination of the patient. Infants and children
who have been diagnosed with acute kidney injury
following congenital heart surgery were assessed
with AKIN criteria and Renal Angina Index (RAI) within
24 hours to 48 hours of surgery.

RAI'®is calculated by assessing risk strata and injury
strata. The risk strata include admission to intensive care
unit (Score 1), solid organ or stem cell transplantation
(score 3), and mechanical ventilation and/or vasoactive
support (score 5). The injury strata for RAl include an
increase in serum creatinine level above the baseline
and the percentage of fluid overload. Decrease or no
change in serum creatinine with < 5% fluid overload
has score 1; >1x—1.49x timesincrease in creatinine
with 5- 10% fluid overload has score 2; 1.5x — 1.99x
times increase in creatinine with 10- 15% fluid overload
has score 4; and = 2x times increase in creatinine
with >15% fluid overload has score 8.

AKIN'™ includes serum creatinine criteria and urine
output criteria. Stage 1 involves increase in serum
creatinine of = 0.3 mg/dl or an increase to =150 to
200% from baseline, and urine output < 0.5ml/kg/hr
for 6 hours. Stage 2 involves an increase in serum
creatinine to >200 to 300% from baseline, and urine
output < 0.5ml/kg/hr for 12 hours. Stage 3 involves
an increase in serum creatinine to > 300% from
baseline or serum creatinine of = 4.0 mg/dl with an
acute increase of at least 0.5 mg/dl, and urine output
< 0.3ml/kg/hr for 24 hours or anuria for 12 hours.

In secondary analysis, serum Cystatin C levels were

measured in these patients within 24 hours of cardiac

surgery to assess its predictive value and correlate
it with that of RAL.

STATISTICAL ANALYSIS

Data was entered in a Microsoft Excel sheet and
analyzed using Statistical Package of Social Science
(SPSS) software version 21. Numerical variables were
represented in the mean and standard deviation.
Categorical variables were represented in frequencies
and percentages. Renal Angina Index (RAI) was
categorized with a cut-off of 8 signifying more than
8 suggestive of acute kidney injury. The association
between the RA index scoring and AKIN staging
was analyzed using the Chi-square test. Fisher's exact
test was used when more than 20% of the cell values
had an expected value of less than 5.

When a categorical variable was associated with RA
index and AKIN staging, the chi-square test was used
to test the significance. Fisher's exact test was used
when more than 20% of the cell values had an expected
value of less than 5. When a continuous variable was
associated with RA index and AKIN staging, the
variable was represented by mean (+ standard
deviation) and the significance of the difference
between the means was tested by the Student’t’ test.

The validity of the RA index and Cystatin C in
predicting AKl was represented as sensitivity,
specificity, and positive and negative predictive
values. The cut-off value was determined using the
receiver operating characteristic (ROC) curve. p-value
less than 0.05 was considered statistically significant.

Results

The minimum required sample size was determined

by the following formula-

n= Z2P(100 —P)'®
d2

n is the sample size required

Z is the required value corresponding to the level
of confidence

P is the percentage occurrence of the condition
(prevalence)

d is the percentage maximum error

© 2025 European Society of Medicine 3



Considering that about 15% of children will have
acute kidney injury in congenital heart disease
children post cardiac surgery at our department
(considering the frequency of complex congenital
heart surgery), at a 95% confidence level and 10%

maximum error, the sample size was given by,

n= 1.96?x 15(100 — 15)
102

= 48.98

DEMOGRAPHIC CHARACTERISTICS

There were 52 patients included in this study, with
amean age of 2.42 = 2.6 years. 24 (46%) were male
children and 28 (54%) were female children. Common
congenital heart defects present in these patients
were ventricular septal defect 20 (38.46%), atrial
septal defect 15 (28.85%), patent ductus arteriosus
6 (11.54%), tetralogy of Fallot 4 (7.69%), and total
anomalous pulmonary venous connection 3 (5.77%).
Figure 1 describes the spectrum of diagnoses in this

study group.
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Figure 1- A bar diagram showing the spectrum of congenital heart diseases with their frequency of occurrence. ASD
Atrial septal defect; DORV Double outlet right ventricle; VSD Ventricular septal defect; PDA Patent ductus arteriosus;

PS Pulmonary stenosis; TAPVC Total anomalous pulmonary venous connection; TGA Transposition of the great arteries;

TOF Tetralogy of Fallot.

The mean pre-operative urea was 22.05 (= 8.22)
mg/dl, ranging from 10 to 52 mg/dI, the mean pre-
operative creatinine was 0.33 (= 0.11) mg/dl, ranging
from 0.14 to 0.68 mg/dl and the mean pre-operative
estimated glomerular filtration rate (eGFR) was
98.62 (+ 30.56) ml/min ranging from 38 to 188.8
ml/min. Among the subjects, 18 (34.62%) received
oral diuretics preoperatively as a part of treatment

for congestive heart failure.

Among the patients who were subjected to
cardiopulmonary bypass for surgical repair (45;
86.5%), the mean aortic cross-clamp time was 52.19

(+ 28.45) min, ranging from 18 to 165 min, and the
mean bypass time was 80.15 (+ 32.84) min, ranging
from 36 to 207 min.

The mean postoperative urea was 23.92 (+ 6.6) mg/dl,
ranging from 16 to 41 mg/dl, the mean postoperative
creatinine was 0.38 (= 0.19) mg/d|, ranging from 0
to 1.5 mg/dl, and the mean postoperative eGFR was
87.12 (£ 22.11) ml/min ranging from 37.5 to 132.1
ml/min. The mean values of postoperative urine
output at 24 hours, 48 hours and 72 hours have
been depicted in Figure 2. Among the subjects, 18
(34.62%) had 1 day, 20 (38.46%) had 2 days, 9

© 2025 European Society of Medicine 4
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(17.31%) had 3 days, 3 (5.77%) had 4 days and 2
(3.85%) had 5 days of mechanical ventilation
postoperatively. All patients received 48 hours of

antibiotics, and variable duration of inotropes,
diuretics, and non-steroidal anti-inflammatory drugs

postoperatively.

Urine output (ml/kg/hr)
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Figure 2- A bar diagram showing the mean urine output in ml/kg/hour postoperatively at 24-hour intervals.

RENAL ANGINA INDEX & AKIN STAGING

Renal Angina Index (RAI)"® was positive (score > 8)
in 25 (48.08%) patients postoperatively. Among the
subjects, 27 (51.92%) had RA index score of 6, 22
(42.31%) had score of 12 and 3 (5.77%) had score of
24 out of 40. After considering AKIN staging,' 50
(96.15%) patients had Stage 1 injury, 1 (1.92%) had
Stage 2 injury and 1 (1.92%) had Stage 3 injury.

92% of the patients with AKI by RA index had Stage
1 AKIN and 8% had Stage 2 & 3 AKIN. All the
subjects with an RA index less than 8 had Stage 1
AKIN. The association between AKl by RA index and

AKIN staging was not statistically significant (p =
0.227) which suggests that AKI by RA index and
AKIN staging had no difference and correlated with
each other. (Table 1).

SIGNIFICANT PREDICTORS FOR AKI

Considering AKIN Staging, postoperative urea and
creatinine levels were significantly high among stage
2 & 3 subjects compared to stage 1 subjects. eGFR
had no statistically significant difference between
AKIN stages. Urine output was significantly higher
in stage 1 subjects at 24 hours, 48 hours and 72
hours compared to stage 2 & 3 subjects. (Table 2)

Table 1- Association of RA Index & AKIN Staging

AKIN Stagin Fish t O
AKI by RA index 99 Total sherexactp
Stage 1 Stage 2 & 3 value
Yes 23 (92%) 2 (8%) 25 (100%)
No 27 (100%) 0 (0%) 27 (100%) 0.227
Total 50 (96.15%) 2 (3.84%) 52 (100%)

AKI Acute Kidney Injury; AKIN Acute Kidney Injury Network; RA Renal Angina

© 2025 European Society of Medicine




Table 2- Characteristical significance between stages of AKIN

AKIN p-value by ‘t’
CHARACTERISTIC test
Stage 1 (n=50) Stage 2 & 3 (n=2)
Preoperative Characteristics
Age (years) 2.32 (£ 2.53) 4.75 (= 4.6) 0.198
Gender (Males) 22 (91.7%) 2 (8.3%) 0.208
Body Surface Area 0.4(x0.17) 0.7 (x0.42) 0.495
Pre-op diuretics 18 (100%) 0 (0%) 0.423
Pre-op Urea (mg/dl) 21.92 (+ 7.96) 25.5(+ 17.68) 0.550
Pre-op Creatinine (mg/dl) 0.34(x0.11) 0.3 (£ 0.08) 0.610
Pre-op eGFR (ml/min) 99.12 (+ 29.51) 86.1 (x 68.02) 0.560
Intraoperative Characteristics
Intra-op Bypass time (min) 80.62 (+ 33.14) 68.5 (x 30.41) 0.614
Aortic cross clamp time (min) 52.6 (= 28.61) 42 (= 31.11) 0.610
Postoperative Characteristics
Post-op Urea (mg/dl) 23.54 (+ 6.26) 33.5(x 10.61) 0.035
Post-op Creatinine (mg/dl) 0.35(= 0.1) 1.04 (= 0.65) 0.001
Post-op eGFR (ml/min) 87.56 (+ 21.04) 76.25 (= 54.8) 0.819
24hrs Urine output (ml/kg/hr) 3.2(x1.28) 1.7 (£ 0.28) 0.009
48hrs Urine output (ml/kg/hr) 3.54 (= 1.4) 1.85 (£ 0.21) 0.001
72hrs Urine output (ml/kg/hr) 3.65 (+ 1.53) 1.3@E0) 0.036

AKIN Acute Kidney Injury Network; eGFR estimated Glomerular Filtration Rate; Intra-op Intraoperative; Post-op Postoperative;
Pre-op Precperative

Preoperative creatinine level was significantly high (Table 3). Also, preoperative use of diuretics did

among subjects with AKI by RAl scoring. None of the not predict occurrence of AKI (Fisher exact p value
other characteristics showed significant differences 0.31).

among the positive and negative RA index groups

© 2025 European Society of Medicine 6



Table 3- Characteristical significance between positive and negative RA Index groups

RA index p value by ‘t’ test

CHARACTERISTIC (*- Chi sq. test)

> 8 (n=25) < 8 (n=27)
Preoperative Characteristics
Age (years) 2.82 (x 3) 1.65 (= 1.37) 0.061
Gender (Males) 14 (58.3%) 10 (41.7%) 0.143*#
Body Surface Area 0.42 (£ 0.21) 0.39 (£ 0.13) 0.569
Pre-op diuretics 14 (77.8%) 4 (22.2%) 0.100#
Pre-op Urea (mg/dl) 22.64 (= 8.73) 20.94 (+ 7.25) 0.484
Pre-op Creatinine (mg/dl) 0.31 (= 0.08) 0.38 (= 0.14) 0.024
Pre-op eGFR (ml/min) 102.85 (= 31.59) 90.64 (+ 27.61) 0.173
Intraoperative Characteristics
Intra-op Bypass time (min) 70.97 (= 22.2) 97.5 (= 42.33) 0.051
Aortic cross clamp time (min) 44.56 (+ 20.26) 66.61 (+ 35.98) 0.057
Postoperative Characteristics
Post-op Urea (mg/dl) 24.4 (£ 6.64) 23.02 (= 6.63) 0.479
Post-op Creatinine (mg/dl) 0.39 (x 0.22) 0.37 (£ 0.09) 0.794
Post-op eGFR (ml/min) 88.56 (= 23.4) 84.41 (= 19.79) 0.525
24hrs Urine output (ml/kg/hr) 3.12 (= 1.3) 3.2(x1.3) 0.829
48hrs Urine output (ml/kg/hr) 3.56 (¥ 1.39) 3.31(x 1.47) 0.549
72hrs Urine output (ml/kg/hr) 3.47 (= 1.44) 3.73(=1.81) 0.582

eGFR estimated Glomerular Filtration Rate; Intra-op Intraoperative; Post-op Postoperative; Pre-op Preoperative; RA

Renal Angina

CORRELATION OF CYSTATIN C LEVELS AND RA
INDEX IN AKl

Serum Cystatin C levels (h= 41) had a mean value of
0.73 £ 0.32 mg/dl within 24 hours postoperatively.
Cystatin C was higher in 4 patients with AKI who
had the highest RAIl score, implying a significant
association between Cystatin C and AKI (p= 0.001).
The Area under the curve for RA index (Figure 3)
for predicting AKI was 0.81 (0.57 — 1), which was

significant (p= 0.046). The cut off of RA index for
predicting AKl was > 9 in our study, which had a
sensitivity of 50%, specificity of 91.8%, positive
predictive value of 40% and negative predictive
value of 94.4%, with a diagnostic accuracy of 87.8%.

© 2025 European Society of Medicine 7
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Figure 3- The area under the Receiver Operating Characteristic (ROC) curve for the RA index for predicting AKl was 0.81
(0.57 — 1), which was significant (p= 0.046). The cut-off of the RA index for predicting AKl was > 9 in our study, which had
a sensitivity of 50%, specificity of 91.8%, positive predictive value of 40%, and negative predictive value of 94.4%, with
a diagnostic accuracy of 87.8%.

The Area under the curve for Cystatin C (Figure 4) had a sensitivity of 50%, specificity of 100%, positive
for predicting AKI was 0.93 (0.85 - 1), which was predictive value of 100% and negative predictive
significant (p= 0.004). The cut off for Cystatin C for value of 94.8%, with a diagnostic accuracy of 95.1%.
predicting AKl in our study was > 1.3 mg/dl, which
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Figure 4- The area under the Receiver Operating Characteristic (ROC) curve for Cystatin C for predicting AKI was 0.93
(0.85 - 1), which was significant (p= 0.004). The cut-off for Cystatin C for predicting AKl in our study was > 1.3 mg/d|, which

had a sensitivity of 50%, specificity of 100%, positive predictive value of 100%, and negative predictive value of 94.8%, with
a diagnostic accuracy of 95.1%.
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Discussion

Acute Kidney Injury (AKI) is a common complication
in children undergoing congenital heart surgery and
is associated with prolonged ventilatory support,
prolonged intensive care unit stay, higher morbidity
and higher mortality.’”?' The KDIGO group has laid
down standard definition of AKI and its staging
according to the severity."

The primary mechanisms through which AK| develops
when associated with cardiac surgery include renal
ischemia, reperfusion injury, inflammation, and
cardiopulmonary bypass induced haemolysis. The
resulting inflammatory state, mediated by increased
cytokines and chemokines, further damages renal
tissue by recruiting neutrophils, lymphocytes, and
macrophages into the renal parenchyma. This
process can result in permanent renal damage due

to the consequent healing and fibrosis.?

The gold standards for diagnosing AKI are serum
creatinine level and hourly urine output monitoring.
Urine output following congenital cardiac surgery
is significantly manipulated by the use of intravenous
diuretics, with an intention to avoid decreasing output,
which is further thought to lead to renal dysfunction.
With this understanding, we aimed to determine
the correlation of staging criteria dependent on the
urine output (AKIN),'® and the one independent of
urine output (RAI),"® in predicting postoperative AKI
in these patients. We found that prediction of AKI
by RAI and AKIN had no significant difference and

they correlated with each other.

By the definition of RAI,' the risk strata component
of RAl includes the ICU admission and mechanical
ventilation/ vasoactive support factors. These will
be always positive for patients who have undergone
congenital heart surgery. This means that the
minimum RAI score in this subgroup of paediatric
population undergoing congenital heart surgery will
be 6.° This was noticed in all 27 patients (51.92%)
without AKl in our study, as all had an RAl score of 6.
The injury strata of RAI scoring will then determine
whether their scores exceed the cut-off levels. The

major determinant of injury strata in RAl scoring is

serum creatinine level, which is consistently measured
for predicting and prognosticating postoperative
renal injury in these patients. The cut off score of the
RA index for predicting AKI was > 9 in our study.

Few researchers argue that serum creatinine and
urine output are late and insensitive predictors of
AKI and they correlate poorly with the onset and
progression of AKI.Z# This is supported by the fact
that congenital heart surgery, especially after
employing cardiopulmonary bypass, induces a
cascade of inflammatory processes which can affect
these gold standard markers. In addition, serum
creatinine level is influenced by several non-renal
variants like age, gender, muscle mass, and growth.?
Studies on newer biomarker analysis were aimed to
overcome these shortcomings to predict the
development of AKl early, and more accurately.?¢?’

Cystatin C is a 13 Kilo-Dalton proteinase inhibitor,
belonging to the cystatin superfamily of cysteine
protease inhibitors. Cystatin C is a key player in the
intracellular catabolism of proteins and peptides.?®
Serum Cystatin C is an easily measurable biomarker
of renal function as it is less influenced by the above-
mentioned non-renal variants and is exclusively
eliminated by glomerular filtration.?” Thus, in this
study, we also aimed to determine the correlation
between RAIl scoring and serum Cystatin C levels
in patients who have undergone congenital heart
surgery, to compare the gold standard criteria (RAI)
and the commonly used biomarker (Cystatin C). Our
analysis revealed that the cut off value of Cystatin
C for predicting AKl was > 1.3 mg/d|, with a better
diagnostic accuracy (95.1%) as compared to that of
RAI score (87.8%).

In a multicentre prospective study conducted by
Simon Li et al, 42% of children aged 1 month to 18
years experienced acute renal injury within 3 days
following their cardiac surgery. Prolonged mechanical
ventilation and an extended hospital stay were
independently linked to the development of AKI. Age
and cardiopulmonary bypass duration were found to
be the major determinants for development of AKI.*

© 2025 European Society of Medicine 9



In a retrospective chart review by Bilal Aoun et al,
among 150 children and infants who underwent
cardiac surgery, 14 patients (9.3%) developed AKI
using the KDIGO criteria. They observed that AKI was
more likely to occur in children with anaemia, lactic

acidosis, and presence of cyanotic heart disease.”

Sidharth Kumar Sethi, et al, studied the incidence,
risk factors, severity and outcomes of acute kidney
injury among children undergoing cardiac surgery.
They observed that 20 patients - (9.6%) (14 of them
were infants) had AKl. Age <1 year, cardiopulmonary
bypass time, prolonged ventilator requirement,
pump failure, sepsis and hematological complications
were identified as independent risk factors for any
degree for acute kidney injury.*

In a single centre observational study conducted by
Georgios Kourelis et al, they analysed the incidence,
risk factors, severity and outcomes of acute kidney
injury among children undergoing cardiac surgery.
They observed that 19.3% of the patients developed
AKI, amongst which the in-hospital mortality rate
was 21.4%. Postoperative AKl was linked to younger
age, lower weight, longer cardiopulmonary bypass
time, preoperative mechanical ventilation, and
cardiac diagnosis.®®

Scott . Aydin et al, conducted a review, among 458
children aged less than 18 years. They studied the
incidence, risk factors, severity and outcomes of
acute kidney injury among children undergoing
cardiac surgery. They observed that the 234
individuals (51%) had AKI. The development of AKI
was linked to younger age, greater RACHS-1 (risk-
adjusted classification for congenital heart surgery)
category, longer cardiopulmonary bypass time,
higher preoperative blood urea nitrogen and lower

preoperative serum creatinine levels.®

In a recent systematic review performed by Cavalcante
CTMB et al, they analyzed the capacity to predict
AKl and poor outcomes of five biomarkers: Cystatin
C, Neutrophil gelatinase-associated lipocalin,
Interleukin-18, Kidney injury molecule-1, and Liver
fatty acid-binding protein. They concluded with a

need for further meta-analyses with the availability
of additional studies.®

In our study, 48% of the patients developed variable
degree of AKI following congenital heart surgery.
Preoperative creatinine level was the only significant
predictor of occurrence of AKl after surgery (Table 3).
Early prediction of AKl is essential and may improve
outcomes in kids undergoing congenital heart
surgery. This is a vulnerable population that has a
multifactorial impact on kidney function following
surgery due to variations in their age, cardiac
diagnosis, cardiac physiology, and nature of cardiac
repair. This makes it more complex to predict the
renal outcomes. We compared the urine output
dependent (AKIN) and independent (RAI) staging
criteria, which revealed no significant difference, and
they correlated with each other. We also analyzed
the correlation of creatinine-dependent staging
criteria (RAl) against the biomarker Cystatin C. They
both predicted AKI with Cystatin C having a higher

diagnostic accuracy (Figure 5).

Renal angina index is simple to calculate by assessing
the risk strata and injury strata components.’™ In our
study, RAI value cut-off of >9 had a diagnostic
accuracy of 88%. RAl would be more specific if the
cut-off values were increased. Further studies can
focus on the incorporation of biomarkers and other
risk factors into RAI, which would add to the validity
of early prediction of the development of AKI and
its prognosis. Further studies with increased sample
size of patients undergoing congenital heart surgery,
including patients in other settings such as primary
and secondary intensive care, will represent the
true usefulness of RAI for early prediction of the
development of AKI and its prognosis.

Limitations- Our study has some limitations. First,
this is a single institutional study with a smaller cohort
which limits generalizability. Preoperative levels of
Cystatin C were not measured, limiting comparison
to postoperative levels. Six patients with PDA were
operated on without cardiopulmonary bypass (CPB),
so CPB was not a uniform intraoperative factor, even
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though CPB time was not a significant predictor of
AKl in our study.

Role of Staging Criteria & Biomarker Analysis in Assessing Acute Kidney Injury Following
Congenital Cardiac Surgery
Methods Results

| RA index

AKIN

| Congenital Cardiac Surgery

Preoperative creatinine is

) g% 2 : 5 :
Y . g associated with postoperative AKI
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Figure 5- Graphical representation of the study design and outcomes involving staging criteria & biomarker analysis in
assessing acute kidney injury (AKI) following congenital cardiac surgery. AKIN Acute Kidney Injury Network; RA/ Renal
Angina Index; ROC Receiver Operating Characteristic.

Conclusions

Acute kidney injury is very common and is a major
adverse outcome following congenital heart surgery.
Preoperative creatinine level is an independent
predictor of AKI after surgery. Staging criteria- AKIN
& RAl are comparable in predicting the occurrence
of AKl signifying that urine output is important, but
not solely reliable. RAl scoring and Cystatin C levels
are strongly associated with AKI, while Cystatin C
has a higher diagnostic accuracy for AK| than RAI.
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AKI by AKIN
m Stage 1 ®mStage 2 & 3
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(48%) AKI by RA index (52%)

Correlation of Renal Angina Index (RAI) and Acute Kidney Injury Network (AKIN) criteria in predicting AKI following

congenital heart surgery

Central Message:

Acute Kidney Injury (AKI) is common after congenital
heart surgery, having an identical correlation with
Renal Angina Index (RAI) score and Acute Kidney
Injury Network (AKIN) criteria. Preoperative creatinine
and postoperative Cystatin C levels predict its

occurrence.

Perspective Statement:

Staging criteria dependent on urine output (AKIN),
and the one independent of urine output (RAI) have
a similar prediction of postoperative AKI following
congenital heart surgery. Preoperative serum
creatinine level independently predicts the incidence
of postoperative AKI. Both RAI score and serum
Cystatin C levels are strongly associated with AKI,
while Cystatin C has a higher diagnostic accuracy.
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