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ABSTRACT

Background: Acute kidney injury (AKI) following cardiac
surgery with cardiopulmonary bypass (CPB) is relatively
common and has serious implications for morbidity and
mortality. This study aimed to compare the incidence, risk
factors, and early detection of acute kidney injury in cardiac
surgery patients involving CPB, using both conventional and
novel biomarkers. Patients and Methods: A prospective,
randomised, and clinical study was conducted after ethical
approval and informed consent from sixty-four patients.
Blood and urine samples were collected before and after
anaesthesia. Serum creatinine (SCr), serum cystatin C
(SCysC), and urine N-acetyl-3-D-glucosaminidase (UNAG) to
indicate renal tubular damage were concurrently assayed.
Results: The pre-to-post-op alterations between SCr (73.50
vs 72.50, p=0.166) and SCysC (51.69 vs 54.84, p=0.100)
and the incidence of AKI by KDIGO and TRIBE were 9.4%
and 18.8%, respectively. The statistically significant risk
factors of postoperative AKI were high BMI, New York
Heart Association (NYHA) Class > Il, Left Ventricular Ejection
Fraction (LVEF) < 35%, prolonged cardiopulmonary bypass
time > 3 hrs, prolonged cross-clamp time, insulin-dependent
diabetes, high baseline creatinine, and high Cleveland Risk
Score. A binomial logistic regression was performed to
ascertain the effects of the pre-op biochemical profile
on the likelihood of AKI by SCr. The logistic regression
model was statistically significant for SCysC. Increasing SCysC
was associated with an increased likelihood of AKI by SCr.
Conclusions: The incidences of acute kidney injury detected
with SCysC were 18.8% compared to SCr of 9.4%, and a
Kappa of 0.62 suggests moderate agreement between the
SCr and SCysC AKI definitions. However, they could also
result from non-renal influences on SCysC levels, such as
inflammation due CPB or medication effects, highlighting

both the strengths and limitations of this biomarker.

KEYWORDS: Acute kidney injury, Cardiac surgery,
Serum creatinine, Serum cystatin C, Urine N-acetyl-/3-D-
glucosaminidase

INTRODUCTION

Acute kidney injury (AKI) is a recent nomenclature used
for acute renal failure (ARF). In 1918, William McNider
was the first to use the term AKI in the case of mercury
poisoning. [ However, in an acute dialysis quality initiative
(ADQI) study, it became evident that AKI does not always
progress to renal failure, as previously emphasised. Thus,
AKI is indicative of the potential reversibility of an acute
renal condition. [? Perioperative AKI depicts a sudden
and sustained decrease in baseline renal function during
surgery or the instantaneous postoperative period. [
This is associated with many perioperative events such as
haemodynamic instability, cardiopulmonary bypass (CPB),
mechanical ventilation, coagulopathy, transfusion-related
injuries, anaemia, and sepsis. [ The Society of Thoracic
Surgeons defines AKl as a 3-fold increase in serum creatinine,
creatinine more than 4 mg/dL, or initiation of dialysis after
cardiac surgery. D! Perioperative -AKl is also designated
as surgery-associated AKI because it predominantly occurs
among patients in surgical settings.

Hobson et al. reported that perioperative events remain
the leading cause of AKlI among hospitalised patients
and vary between 18-47%. ®! Another meta-analysis
observational study of cardiac surgery patients reported
an AKI rate in coronary artery bypass graft (CABG) surgery
(19.0%) compared to those who underwent valve surgery
(27.5%). U The development of AKI is associated with worse
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short- and long-term mortality and longer hospital length
of stay. This was confirmed in a retrospective study of
cardiac surgery patients that reported a mortality of 58.6% in

patients requiring postoperative renal replacement therapy.
[8]

Time-honoured kidney function tests are based on the
increase in serum creatinine (SCr) and decrease in urine
output (Uo) as validated by the Kidney Disease Improving
Global Outcomes (KDIGO). ) Cheruku et al. considered
them insensitive pointers of acute changes in perioperative
kidney function due to the obligatory delay between the
onsets of AKI and its diagnosis. ['°! Translational Research
in Biomarker Endpoint (TRIBE) consortium, a multi-centre,
prospective observational study focused on improving out-
comes and safety in cardiac surgery by investigating novel
biomarkers for the early detection of AKI. Nine North Amer-
ican sites participated in this study, both adults and children
undergoing cardiac surgery were enrolled. Kidney injury
biomarkers peaked earlier than serum creatinine and were
associated with AKI in their population. "9 Qur study
focused on the identification of novel biomarkers, serum cys-
tatin C (SCysC), and urine N-acetyl- 3-D- glucosaminidase
(uUNAG) and identified whether they rule out perioperative
ARI earlier than traditional biomarkers SCr and Uo in this
population.

SCysC is a 13-kDa non-glycosylated cysteine protease
inhibitor constantly synthesised by all cells with a nucleus. It
has evolved as an easily measurable filtration index of renal
function in some clinical areas %121 and unlike creatinine,
itis less influenced by race, age, gender and muscle mass and
also eliminated solely by glomerular filtration. Practically,
cystatin C’s half-life is one-third of SCr, enhancing its prompt
passage in an equilibrated state compared to creatinine. 3]

uNAG is a lysosome-located enzyme in the proximal
tubular epithelial cells, validated by some studies as a strong
diagnostic index of AKI and an achingly sensitive pointer to
renal tubular damage. ¥ The primary benefits of utilising
urinary uNAG relate to its ease of quantitation as well as
the enhanced sensitivity. Increased concentration of renal
directly correlates with the degree of tubular injury.

Novel biomarkers can assist in detecting AKI as early as
an hour after an injury. Y These biomarkers indicate that
their concentration in the operating theatre during surgery
allows clinicians to identify patients at risk of developing
clinically apparent postoperative AKI, predict outcomes, and
tailor specific early therapies. Unfortunately, the literature
is scarce regarding studies that have evaluated SCysC and
uNAG compared to traditional markers in cardiac surgery
involving CPB. Therefore, the present study provides clinical
insights into the use of several novel biomarkers alongside
conventional markers among patients undergoing elective
cardiac surgery in which CPB was part of the surgical plan.
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MATERIALS AND METHODS
Study Objective

The primary objective was to analyse the incidence
of AKI associated with cardiac surgeries involving CPB
in our patient population, using conventional and novel
biomarkers. Secondary objectives were to identify the risk
factors for AKl in this setting and to compare the time to AKI
detection using conventional versus novel biomarkers.

Definitions and Clinical Outcomes

The primary outcome of interest was the incidence of
AKl as detected by SCr and SCysC within 48 hours after
cardiac surgeries involving CPB. The cumulative incidence of
SCr and SCysC predicted post-surgical AKI was evaluated by
the number of cases observed, denominated by the total
number of AKI at-risk patients followed in 48 h x 100%.
Recognition of SCr-detected AKI was based on the 2012
KDIGO consensus criteria as a relative increase in SCr level
within 48h of renal insult evidenced by >50% or 0.3 mg/dL
(>26.5 umol/L) from the baseline. !

To predict SCysC AKI, the KDIGO practice guideline was
used, employing a postoperative SCysC rise that is >25%
from the preoperative baseline, as previously reported from
the TRIBE study. 213 The duration of kidney injury
was adjusted from the period between the last normal
SCr concentration to the first 48-hour postoperative period
where the said elevations in the measured analytes were
observed.

The intraoperative time to event of AKI was defined as
the interval between the start of CPB and the occurrence of
SCr and SCysC-detected AKI. 2} Furthermore, the presence
of renal tubular cell injury was determined by a two-fold
rise from baseline in the absolute concentrations of urine N-
acetyl- 5-D- glucosaminidase (UNAG), as previously reported
by clinical chemistry and laboratory medicine. 4

Study Objective

The primary objective was to study the incidence of AKI
associated with cardiac surgeries involving CPB in this study
population. Secondary objectives were to describe the risk
factors of AKI with renal tubular damage and the time to an
acute injury event using old and novel biomarkers.

Study Design

A prospective, randomised, and clinical study conducted
between July 2023 and June 2024 in the Department of
Anaesthesiology and Intensive Care after approval from the
Ethical Clearance Committee on Human Research (Number:
CAU/274/j/2023) SAMSRI, Lucknow, as per the Helsinki
declaration and revised guidelines of 2013. Informed
consent was obtained from sixty-four patients.
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Inclusion Criteria for the study were the American Soci-
ety of Anaesthesiologists (ASA) physical status (PS) Ill and
IV male and female adults between 18-60 years scheduled
for cardiac surgery under GA. Patients in whom cardiopul-
monary bypass (CPB) was part of the surgical plan were
approached for consent. Exclusion criteria were cardiac
surgery in those below 18 or above 60 years, preopera-
tive deranged kidney function or disease requiring dialy-
sis, preoperative period requiring extracorporeal membrane
oxygenation (ECMO), or patient refusal. For patients with
multiple surgeries in a single hospitalisation, analyses were
restricted to the first surgery.

Demographic data and baseline variables were recorded
as well as risk factors used to calculate the Cleveland Risk
Score (CRS) tool. [15] This included gender, type of surgery,
heart failure (congestive heart failure symptoms defined as
New York Heart Association class (NYHA) > Il 181 [eft ven-
tricular ejection fraction (LVEF < 35%), chronic obstructive
pulmonary disease (COPD) on treatment, previous cardiac
surgery, preoperative intra-aortic balloon pump require-
ment, insulin-dependent diabetes, and baseline serum cre-
atinine concentration. [**! Baseline estimated glomerular
filtration rate (via the Chronic Kidney Disease Epidemiol-
ogy Collaboration equation) and Euro-score were also cal-
culated. 171 The eGFR was determined from the most
recent preoperative SCr with a modified Cockcroft- Gault (C-
G BSA) formula adjusted for the body surface area (1.73 m?x
GFR-Cockcroft- Gault); where the GFR -Cockcroft-Gault is in
ml/min, and the body surface area is calculated in meters
squared using the Dubois-Dubois equation. The Larsson for-
mula for SCysC-based GFR was also used. Larsson formula:
eGFR = 77.24 X cystatin C (mg/l)-1.2623. 18l

Biochemical Parameters

Blood (5 ml) and fresh urine samples (15 ml) were
obtained at baseline (immediately following urinary catheter
placement), on CPB (every 30 minutes), post-CPB period
(immediately after off-CPB at the end of surgery) and then
when the patients were transferred to the CCU at 4, 12, 24,
and 48 hours after the surgery. Samples were subdivided
into 2 ml aliquots and frozen for later analysis.

Determination of Sample Size

Variability in the study population and settings added to
the AKI reporting patterns accounts for an estimated AKI
prevalence of <1% to 66%. (78 A pilot study determined an
AKI prevalence of 15% in our institution. Required sample
size (n) = z2pq/d?, where z = z score corresponding to the
95% significance level, p = the estimated proportion = 1
minus p (as referenced in the previous study), and d =
the tolerated margin of error. Therefore, z=1.96, p=0.15,
g= (1-0.15), d=0.1. Substituting these values into the
above equation: n = (1.96) 2(0.15) (1 -0.15)/ (0.1) = 48.98
Considering a 30% dropout rate = 30/100 x (48.98) = 14.69.

www.pimr.org.in

The required sample size (n’): [estimated: 48.98 +

(dropout: 14.69)] = [63.67] = 64.

Determination of the Sampling Technique

The sampling technique was a simple random sampling
technique to give each eligible participant an equal chance
of enrolment. 64 participants who met the eligibility criteria
were identified each weekday from the registry of the
theatre manager’s surgical caseloads, and patients were
randomly selected using a computer-generated program till
the sample size of 64 was reached.

Conduction of Anaesthesia

A. Pre-anaesthetic assessment and sample collection:
On arrival at the preoperative holding unit, confirmation
of the patient and proposed surgical procedure was done.
Data collected included age, gender, and weight. The body
mass index (BMI) of each patient was computed as BMI=
weight (kg) / height (m?). A BMI >30 kg/ m? was considered
obese. As part of the routine pre-anaesthetic evaluation
at the pre-operative area, baseline parameters such as
non-invasive blood pressure (NIBP), mean arterial pressure
(MAP), electrocardiogram (ECG), pulse oximetry-SpO5, and
pulse were recorded. An ultrasound machine recorded
the inferior vena cava (IVC) diameter to calculate the vena
cava collapsibility index to assess the hydration status of
patients without invasive procedures and increasing patient
management costs in a low-resource setting. The duration
of preoperative fasting, indication for surgery, and the
proposed surgical procedure were recorded. A 15 mlvolume
of voided urine specimen was collected in an appropriately
labelled urine specimen container. A 16-G intravenous
cannula was inserted in the right hand on the dorsum
to collect five millilitres (5 ml) of a venous blood sample
into plain sample glass tubes. Samples collected were
immediately sent to the research laboratory. Dictated by the
patient’s hydration needs, an appropriate infusion was set
up to run using the same venous line where a sample was
collected.

B. Anaesthesia: Standard anaesthesia and surgery proto-
cols were used as per the study protocol and hospital guide-
lines. For pre-medication tablet diazepam 10 mg (oral) was
given on the night prior to surgery, and 5 mg in the morning
prior to anaesthesia was administered. After arrival at the
operation theatre (OT), monitoring of the electrocardiogram
(3 leads) with automated ST segment analysis, non-invasive
blood pressure, and pulse oximetry equipment was applied.
General anaesthesia was induced while the patient breathed
100% O by facemask, using a combination of fentanyl 2
mcg/kg, midazolam 100 mcg/kg, and a sleep dose of propo-
fol (1-2 mg/kg). Endotracheal intubation was performed
after administration of pancuronium bromide at a dose of
0.15 mg/kg, and mechanical ventilation to achieve normo-
carbia with end-tidal carbon dioxide (EtCO5) monitoring was
initiated. General anaesthesia was maintained with sevoflu-
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rane using a low-flow technique (fresh gas flow of 1.5 L/min)
using a circle system delivered by an anaesthesia machine.
Fentanyl and pancuronium were repeated as per require-
ments. An 18-G, 9-cm intra-arterial cannula was introduced
into the right femoral artery for monitoring the arterial pres-
sure and obtaining arterial blood for analysis. In the right
internal jugular vein, a central venous catheter triple lumen
7frx 20 cm was inserted. The temperature was recorded
using a nasopharyngeal probe. All the patients were subject
to mild hypothermia (32—35 °C). Blood pressure, heart rate,
EtCO,, end-tidal anaesthetic concentration (ETAC), arterial
oxygen saturation, and temperature were recorded as per
study protocols. Haemodynamic changes within the range
of £20% of initial values were controlled using appropriate
anaesthetic practice. At the end of the surgery, normoth-
ermia was maintained with a warming blanket, and warm
airflow at 35-37 °C (Bair Hugger system) was used. After
completion of the procedure, the patients were extubated
as soon as the criteria were met in the cardiac care unit
(CCU). Haemodynamic parameters, awakening conditions,
and drug usage were recorded. Blood and fresh urine sam-
ples were obtained as per study protocol.

C. Postoperative Period: Monitoring vital signs as part
of the general anaesthetic emergence standard operating
protocol (SOP) in the immediate postoperative period was
ensured and recorded until patients were transferred out of
the post-anaesthesia care unit to their respective surgical
wards. Blood and urine were sampled as per the study
protocol. In addition, patients were monitored for any
complications or dialysis needed within 48 hours after
surgery.

Statistical Methods

Data were analysed using Statistical Package for Social
Sciences (SPSS) 23.0; IBM, Armonk, NY. For continuous
data, normality was checked using Shapiro-Wilk’s test.
Normally distributed data were presented as mean =+
standard deviation (SD), percentage, and the significance
of the difference of markers was evaluated between the
presence and absence of AKI using paired t-tests. One-
way repeated measures analysis of variance (repeated
measures ANOVA) was used to test for the significance of
differences between groups. Multiple comparisons were
adjusted by using Bonferroni correction. Nonparametric
data were presented as median (interquartile ranges) and
the significance of differences of markers were evaluated
using Wilcoxon signed rank tests with continuity correction.
The level of agreement between the different AKI definitions
using SCr and SCysC was evaluated using the Kappa-statistic.
To determine potential factors associated with the presence
of AKI, binomial logistic regression analysis was performed
and a p-value < 0.05 was considered statistically significant.

Singh et al

RESULTS

In our study, 273 patients were assessed for the eligibil-
ity criteria, and 97 were found eligible for the study. The
computer-generated program randomly selected 64 individ-
uals for the study. There were no missing samples or attri-
tion.

In our study, 12 (18.75%) patients developed AKI after
surgery. There were no gross differences between the
groups with and without AKI in terms of age, weight, gender,
IVC diameter, Bubois BSA, CGBSA and Larsson eGFR. There
was a statistically significant higher BMI in patients with AKI
(p=0.008), as shown in Table 1.

Patients undergoing single valve (aortic) procedures had
a lower incidence of AKI. New York Heart Association
Class > Il, low ejection fraction, prolonged cardiopulmonary
bypass time, prolonged cross clamp time, insulin-dependent
diabetes, baseline serum creatinine, and Cleveland Risk
Score were all significantly associated with the development
of AKI, as shown in Table 2.

The demographic and clinical characteristics potentially
associated with AKI, based on SCysC, showed that female
gender was associated with increased odds of AKI (OR=1.71,
95% Cl: 0.19-15.39, p = 0.632). Increasing age also showed
elevated odds: 31-39 years (OR = 1.50, 95% Cl: 0.19-12.15,
p = 0.704); 40-49 years (OR = 3.60, 95% Cl: 0.56-23.24, p
= 0.178); 50-59 years (OR = 3.86, 95% Cl: 0.53-28.24, p =
0.184); and >60 years (OR = 1.80, 95% Cl: 0.13-24.16, p =
0.657). A general anaesthesia (GA) duration of >4 hours
was associated with reduced odds of AKI (OR = 0.54, 95%
Cl: 0.14-2.79, p = 0.541), while intraoperative MAP >70
mmHg had an OR of 1.19 (95% Cl: 0.23—-6.31, p = 0.838), also
statistically insignificant. Although variables such as female
gender, age groups, obesity, fasting duration, intraoperative
MAP, and GA duration were associated with changes in the
odds of AKI, none reached statistical significance, as shown

inS.

The demographic and clinical variables potentially asso-
ciated with AKI based on SCr included increasing age 31—
39 years: OR = 3.17, 95% Cl (0.26—38.85), p = 0.367; 50—
59 years: OR = 4.75, 95% Cl (0.38-60.15), p = 0.229; >60
years: OR =3.80, 95% Cl (0.20-72.00), p = 0.374—and intra-
operative MAP >70 mmHg (OR =1.17, 95% CI (0.12-11.05),
p = 0.891). Although these factors were associated with
increased odds of AKI, the associations were not statistically
significant, as shown in Table 3.

In Table 4, a Kappa of 0.62 indicates moderate agreement
between the KDIGO (SCr-based) and TRIBE (SCysC-based)
AKI definitions. The six SCysC only positive cases may reflect
cystatin C’s greater sensitivity to early or subclinical kidney
injury.
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Parameter | Study No AKI p-
popula- AKI(n=52)| (n=12) value
tion (mean
(n=64) + SD)

Age (yrs) 44.09 + 42,83+ | 4535+ |0.627
13.46 13.82 12.94

Weight (kg) | 71.92 + 7219+ |71.64+ |0.359
10.57 10.41 11.85

Height (cm) | 156 + 159 + 152 + 0.273
0.06 0.07 0.04

BMI 29.89 + 2852+ |31.26 + |0.008*

(kg/m?3) 3.89 3.84 3.95

Gender 8:56 7:45 1:11 0.059

(male : (12.5% : (13.46% | (8.33%:

female) 87.5%) : 91.67%)

percentage 86.54%)

%

IVC 20.83 = 20.71 = 20.94 + 0.624

diameter 0.89 0.82 0.86

(mm)

Bubois BSA | 1.73 + 1.74 + 1.72 + 0.827
0.15 0.12 0.11

CGBSA 114,56 + | 117.09 112.03 0.653
37.62 +36.42 | +£34.61

CGBasic 116.29 + | 118.63 113.95 0.495
32.58 +31.71 | £32.48

Larsson 0.53 0.54 0.52 0.538

eGFR (0.41 - (0.43 - (0.41-

0.62) 0.57) 0.58)
Data are presented as means + SD, ratio, and percentages. BSA- body

surface area, CG- Cockcroft- Gault, cm-centimetre, DM- diabetes mellitus,
GFR- glomerular filtration rate, IVC-inferior vena cava, kg- kilograms, mins-

minutes, m-metre.

Table 1: Demographic and clinical characteristics of the
study population

77
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(Interquartile range)

Type of Surgery No AKI AKI P-
(n=52) (n=12) value

Isolated CABG, n (%) | 21(40.38) | 4(33.32) 0.585

Single Valve, n (%) 15(28.85) | 1(8.34) 0.043*

Single Valve + CABG, | 7(13.46) | 3(25) 0.316

n (%)

More than 1 Valve, n | 5(9.62) 2 (16.67) | 0.617

(%)

Other, n (%) 4(7.69) 2(16.67) |0.752

Risk Factors/Comor-

bidities

New York Heart 11(21.15) | 8(66.67) |<0.001*

Associate (NYHA)

Class >ll, n (%)

Left Ventricular 4 (7.69) 4 (33.34) | 0.012*

Ejection Fraction

(LVEF) <35%, n (%)

Duration of CPB time | 118 & 193 + <0.017*

in min 41.47 67.12

Duration of CC time 92 +35.29 | 113 + <0.021*

in min 48.46

Pre-operative 0(0) 1(8.33) 0.997

Intra-aortic Balloon

Pump, n (%)

COPD, n (%) 8 (15.38) 1(8.33) 0.251

Insulin Dependent 3(5.76) 3(25) 0.013*

Diabetes, n (%)

Redo sternotomy, n 14 (26.92) | 2(16.67) | 0.289

(%)

Baseline Creatinine 1.08 + 1.28 + 0.027*

(mg/dl), mean SD 0.41 0.37

Glomerular Filtration | 74 £+ 25 69 + 21 0.219

Rate

(ml/min/1.73m?3),

mean + SD

Cleveland Risk Score, | 3.6 + 1.5 50+1.4 |0.001*

mean + SD

Euro-score (%), 2.7 4.3 0.086

median (1.4-5.9) (3.2-8.6)

Comparisons were made using either a two-sample chi-square test
or Fisher’s exact test, as appropriate, for categorical variables and an
independent samples t-test or Wilcoxon rank sum test as appropriate for
continuous variables. CPB- cardiopulmonary bypass, CC- cross clamp, CABG
= coronary artery bypass grafting; COPD = chronic obstructive pulmonary
disease; SD = standard deviation.

Table 2: Type of surgeries and risk factors
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Variables AKI absent AKI present COR (95% Cl)

Sex SCysC

Male: n (%) 7 (10.94) 1(1.56) 1

Female: n (%) 45 (70.32) 11(17.18) 1.71(0.19-15.39) | 0.632
Age (yrs) SCysC

<31: n (%) 18 (28.13) 2(3.13) 1

31-39: n (%) 12 (18.74) 2 (3.13) 1.50 (0.19-12.15) | 0.704
40-49: n (%) 10 (15.63) 4 (6.25) 3.60 (0.56-23.24) | 0.178
50-59: n (%) 7 (10.93) 3 (4.68) 3.86 (0.53-28.24) | 0.184
>60: n (%) 5(7.82) 1(1.56) 1.80(0.13-24.16) | 0.657
BMI SCysC

Underweight: n (%) 2 (3.12) 0(0.0) na

Normal: n (%) 13 (20.32) 2(3.12) 1

Overweight: n (%) 22 (34.38) 2(3.12) 0.59 (0.07-4.71) | 0.619
Obesity class 1: n (%) 11(17.19) 7 (10.94) 4.14 (0.71-24.16) | 0.115
Obesity class 2: n (%) 4 (6.25) 1(1.56) 1.63(0.12-22.98) | 0.719
Fasting duration (hrs) SCysC

<8: n (%) 36 (56.26) 6(9.37) 1

>8: n (%) 16 (25) 6(9.37) 2.25(0.63-8.06) | 0.213
Intra OP MAP SCysC

<70: n (%) 10 (15.63) 2 (3.12) 1

>70: n (%) 42 (65.62) 10 (15.63) 1.19 (0.23-6.31) | 0.838
Duration of GA SCysC

<4 hr: n (%) 9 (14.06) 3(4.68) 1

>4 hr: n (%) 43 (67.18) 9 (14.06) 0.54 (0.14-2.79) | 0.541
Sex SCr

Male: n (%) 8(12.50) 0(0.0) na na
Female: n (%) 50 (78.13) 6 (9.37) 1

Age (yrs) SCr

<31: n (%) 19 (29.68) 1(1.56) 1

31-39: n (%) 12 (18.75) 2 (3.13) 3.17 (0.26-38.85) | 0.367
40-49: n (%) 14 (21.88) 0(0.0) na na
50-59: n (%) 8 (12.50) 2 (3.13) 4.75 (0.38-60.15) | 0.229
>60: n (%) 5(7.81) 1(1.56) 3.80 (0.20-72.00) | 0.374
BMI SCr

Underweight: n (%) 2(3.13) 0(0.0) na na
Normal: n (%) 15 (23.44) 0(0.0) na na
Overweight: n (%) 22 (34.37) 2 (3.13) 1

Obesity class 1: n (%) 15 (23.44) 3 (4.68) 2.20(0.33-14.79) | 0.417
Obesity class 2: n (%) 4 (6.25) 1(1.56) 2.75(0.20-38.01) | 0.450
Fasting duration (hrs) SCr

<8: n (%) 37 (57.81) 5(7.81) 1

>8: n (%) 21(32.82) 1(1.56) 0.35(0.04-3.22) 0.356
Intra OP MAP SCr

<70: n (%) 11 (17.19) 1(1.56) 1

>70: n (%) 47 (73.44) 5(7.81) 1.17 (0.12-11.05) | 0.891
Duration of GA SCr

<4 hr: n (%) 12 (18.75) 0(0.0) 1

>4 hr: n (%) 46 (71.87) 6 (9.38) na na

Table 3: Demographic and clinical characteristics potentially associated with SCysC and SCr detected AKI

Data are presented as number (n), percentage (%) and crude odds ratio (COR). COR- crude odds ratio, Cl- confidence interval, hr-hour, MAP- mean arterial
pressure, GA- general anaesthesia.
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Variables TRIBE- TRIBE- Row
(SCysC)- (SCysC)-AKI | Total
AKI Negative
Positive

KDIGO- (SCr) AKI 6 0 6

Positive

KDIGO- (SCr) AKI 6 52 58

Negative

Column Total 12 52 64

*QObserved agreement (Po): 0.906, Expected agreement (Pe): 0.754, Kappa
(x): 0.62, Cl 95% for Kappa: (0.37 to 0.87)

Table 4: Contingency Table KDIGO (SCr) vs. TRIBE (SCysC
JAKI

The pre-op to post-op alterations between SCr 73.50
(62.0-89.50) vs 72.50 (59.25-83.75), p=0.166 and SCysC
51.69 (47.50-62.90) vs 54.84 (51.70-61.82), p=0.100, which
were statistically insignificant (Figure 1), the incidence of AKI
by Creatinine and TRIBE Cystatin C were 9.4% and 18.8%,
respectively. All patients with AKI by KDIGO were females
whereas, for TRIBE, there were 11 (17.2%) and 1 (1.6%)
females and males, respectively (Figure 2).

004 150 Groups
- p=0.166 p=0.100 B Pre Op
B Post Op

- -

Figure 1: Comparison of serum creatinine and cystatin C
between pre- and post-operation periods

Serurm Creatinine
=
8
Cystatin C

As shown in Figure 3 a comparison of haemodynamic
parameters between preoperative, intraoperative (after
CPB), and immediate postoperative periods. The pre-op
SBP was significantly higher compared to both intra-op
SBP (134.60+18.63 vs 116.164+16.51 mmHg, p<0.0001) and
post-op SBP (134.60+18.63 vs 120.24+15.31, p<0.0001).
There was no statistically significant difference between
intra-op and post-op SBP (p>0.05). Similar observations
were made for diastolic blood pressure (DBP) and had
similar results. The pre-op mean arterial pressure (MAP)
was significantly higher compared to both intra-op MAP

www.pimr.org.in

Incidence of AKI

Frequency

I i

KDIGO (SCr) TRIBE (SCysC)

AKI

mFemale m Male

Figure 2: Incidence of serum creatinine (SCr) and serum
cystatin C (SCysC ) AKI

(98.04+6.83 vs 80.64+4.76 mmHg, p<0.0001) and post-op
MAP (98.04+6.83 vs 93.1245.62, p<0.0001) (Figure 3).

p<0.001 p<0.0001 p<0.0001
p<00001 _ps 00001 _ns

‘ I

p<0.0001 __ns
175 o

150 7 +

125 0

Figure 3: Comparison of haemodynamic parameters
between preoperative, intraoperative after CPB and imme-
diate postoperative periods

Groups
B8 Pre Op

E3 Intra Op
B iPost Op

DBP (mmHg)

SBP (mmHg)
MAP (mmHg)

A binomial logistic regression was performed to ascertain
the effects of the pre-op biochemical profile on the like-
lihood of AKI by SCysC. The logistic regression model was
statistically significant for serum sodium levels; the model
explained 11.9% of the variance in AKI development and cor-
rectly classified 81.3% of cases. Increasing pre-op sodium
level was associated with reduced likelihood of AKI by SCysC,
a unit rise in sodium level reduces the odds of AKI based on
SCr by 15% (Table 5). A binomial logistic regression was per-
formed to ascertain the effects of the pre-op biochemical
profile on the likelihood of AKI by SCr. The logistic regres-
sion model was statistically significant for SCysC. The model
explained 18.10% of the variance in AKI development and
correctly classified 90.6% of cases. Increasing SCysC was
associated with an increased likelihood of AKI by SCr. Specifi-
cally, a unitincrease in SCysC increases the odds of AKl based
on SCr by 4% (Table 5).

Urinary NAG activity among studied subjects was not
significantly different between the pre-and post-op periods
(8.21 (7.79-8.64) vs 8.48 (7.69-9.05), p=0.131) (Figure 4).
NAG is a lysosome-located enzyme in the proximal tubular
epithelial cells, which was not significant in this study.
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Variables B SE COR (95% Cl) p-value
SCr 0.02 0.02 1.02 (0.98-1.06) 0.317
Urea -0.02 0.31 0.99 (0.54-1.82) 0.963
Uric acid -0.01 0.01 0.99 (0.98-1.00) 0.153
Sodium -0.17 0.08 0.85 (0.72-0.99) 0.033*
Potassium 0.67 0.46 1.95 (0.80-4.77) 0.141
ICA 0.82 1.35 2.28 (0.16-31.81) 0.541
Urine NAG 0.53 0.50 1.70 (0.64-4.50) 0.283
SCysC 0.04 0.02 1.04 (1.00-1.07) 0.032*
Urea -0.61 0.5 0.55 (0.20-1.47) 0.230
Uric acid 0.01 0.01 1.01 (0.99-1.02) 0.089
Sodium -0.14 0.1 0.87 (0.72-1.05) 0.143
Potassium -0.42 0.62 0.66 (0.20-2.22) 0.502
ICA -2.17 1.88 0.12 (0.003-4.55) 0.249
Urine NAG 0.05 0.63 1.06 (0.31-3.61) 0.931

*Nagelkerke R% was 0.119 with SCysC and 0.181 with SCr.

Table 5: Preoperative biochemical parameters potentially associated with SCysC and SCr-detected AKI

p=0.131

04

Density
Urinary NAG)

00

6 7 8 9 10 Pre Op PostOp
Urine NAG

Figure 4: Assessment renal tubular cell injury by [3-N-
Acetyl-3-D-glucosaminidase

DISCUSSION

Approximately 2 million patients undergo on-pump car-
diac surgery each year, and an estimated 20 to 30% develop
acute kidney injury (AK1) 19, resulting in increased morbid-
ity, mortality and hospital costs. [7"29 The pathogenesis
of AKI during cardiac surgery is multifactorial, with haemo-
dynamic perturbations during and immediately after car-
diopulmonary bypass (CPB) playing a significant role. 21l

In this study, the incidence of postoperative AKI was 9.4%
based on the Kidney Disease Improving Global Outcomes
(KDIGO) serum creatinine (SCr) criteria and 18.8% based on
the Translational Research in Biomarker Endpoint (SCysC)

criteria within the first 24 hours postoperatively. Despite this
difference, there was no statistically significant change in the
pre- to postoperative levels of SCr and SCysC.

Meta-analyses published between 2006 and 2024 report
AKl incidences ranging from 10% to 40% (with an average of
22.1%) in cardiac surgery patients using SCr measurements
by the ninth postoperative day. This is comparable to the
pooled median incidence observed using SCysC in our study.
(191 These findings suggest that SCysC may offer a more
accurate and earlier assessment of renal function in the
perioperative period.

The lower AKI detection rate using SCr (9.4%) compared
to SCysC (18.8%) within 48 hours highlights SCr’s limitation
as a real-time marker. SCr levels typically rise only after
more than 50% of renal function is lost, reflecting a delayed
reduction in GFR. This lag usually 48 to 72 hours post-
injury can delay diagnosis and timely intervention. [10-22
In contrast, cystatin C, with a half-life approximately one-
third that of creatinine, equilibrates more rapidly in plasma,
offering a more immediate indication of renal function.

Emerging serum and urinary biomarkers, such as cys-
tatin C, are gaining attention for their ability to detect struc-
tural renal injury earlier than traditional creatinine-based
measures. 2231 The higher AKI incidence detected by
SCysC in this study likely reflects its favourable physiological
characteristics a short half-life, complete metabolism after
glomerular filtration, and a close correlation with both stable
and fluctuating GFR. Moreover, SCysC levels are unaffected
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by age, sex, muscle mass, or volume status. 2425 These
features support its potential as a reliable, early diagnostic
biomarker of GFR across a range of clinical settings.

Using investigational markers as predictors, the time
points for the onset of intraoperative AKI were stratified
by gender. From the Kaplan-Meier survival curve analysis,
males did not have any intraoperative AKI onset by SCr.
Contrarily, the onset of AKI for females increased with time;
about 9.37% developed AKI. Additionally, the intraoperative
onset of AKl as determined by SCysC among males and
females was 1.56% and 17.18%. Nevertheless, there was no
statistically significant difference between the two groups.
Our findings are consistent with the study of Karkouti,
suggesting that the female gender has a higher prevalence
of AKI when undergoing cardiac surgery. [26]

Identifying patients with other risk factors for cardiac
surgery—associated AKI may facilitate interventions to miti-
gate their risk throughout the perioperative period. Numer-
ous studies have assessed clinical and surgical risk factors for
cardiac surgery associated AKI. Still, to date, the variables
identified for risk prediction are most accurate for predict-
ing stage 3 AKI, which is renal failure associated with a 3-
fold increase in serum creatinine or requiring renal replace-
ment therapy. These models include the Cleveland Clinic
score, the Mehta score, and the Simplified Renal Index.
(15,17, 201 |y oyr study statistically significant risk factors for
postoperative AKI include high BMI, New York Heart Asso-
ciation (NYHA) Class > Il, Left Ventricular Ejection Fraction
(LVEF) <35%, prolonged cardiopulmonary bypass time > 3
hrs, prolonged cross clamp time, insulin-dependent dia-
betes, high baseline creatinine, and high Cleveland Risk
score. AKl was common among female patients undergoing
cardiac surgery but was not statistically significant.

Patients with BMI > 30 kg/m? had a significantly higher
incidence of postoperative AKI, with obesity class | and I
increasing the risk of AKI two- to fourfold. This is supported
by multicenter and regional studies linking obesity to renal
impairment. 27:28 A study conducted in Ghana confirmed
that higher BMI is associated with renal compromise. It
is reasoned that obesity causes physiological disturbances
that lead to glomerular impairment and pose a periopera-
tive risk for AKI. 1281 The influence of central fat deposition
correlates with an increase in filtration fraction. However,
recent reports also highlight a direct pathophysiological link
between increased BMI and renal haemodynamic compro-
mise through mechanisms that fail to balance elevations in
glomerular filtration rate with renal plasma supply, resulting
in an increased filtration fraction and subsequent glomeru-
lar hyperfiltration and hypertension. These adverse renal
endpoints are reported among humans and observational
species. [2°

CPB duration was significantly longer in the AKI group
compared to the non-AKl group (193 vs. 118 minutes),
highlighting its strong association with postoperative AKI.
This is consistent with prior studies implicating prolonged

www.pimr.org.in

CPB as a risk factor due to ischemia-reperfusion injury,
non-pulsatile flow, and systemic inflammation. [7,2124]
However, it is important to note that the definition of
"prolonged” CPB varies widely across studies, with no
universally accepted cutoff. Many investigations have
dichotomised CPB duration at different thresholds, ranging
from 90 minutes to over 180 minutes, which can complicate
direct comparisons. Despite this heterogeneity, our findings
align with those of Mangano and colleagues, who reported
that a CPB time exceeding 3 hours (180 minutes) was an
independent predictor of AKI in patients undergoing cardiac
surgery. B9 Prolonged cross clamping time may liberate
atheroemboli to the kidneys, further exacerbating ischemia
and promoting inflammation. [21, 30] This reinforces the
relevance of CPB duration and cross clamping time as a
modifiable intraoperative factor and highlights the need for
tailored strategies to minimise bypass and cross clamping
time, particularly in high-risk patients.

There was a statistical difference between presurgical
serum sodium levels and postoperative AKI. While all studied
patients had normal presurgical serum sodium levels, the
study showed that a unit increase in sodium level decreases
the odds of SCr-determined postoperative AKI by 15% and
correctly classifies 81.3% of cases. A historical South African
study identified hypernatraemia as a significant risk for
mortality among surgical patients. 3U These studies confirm
the preventive, diagnostic, and prognostic role of sodium in
subjects with AKI. This is based on the current understanding
that renal haemodynamic control is closely linked to sodium
homeostasis to maintain GFR within renal autoregulatory
mechanisms. 3

In an American study aiming to determine biomarker
reference values among healthy individuals, a doubling
of the absolute concentration of uNAG was reported as
evidence of renal tubular damage. UNAG has relatively high
sensitivity and specificity. 32! Urinary NAG activity among
studied subjects was high in the post- to pre-op period
[8.48 (7.69-9.05) vs. 8.21 (7.79-8.64)], p=0.131, but was not
statistically significant in our study. The discordant reporting
was due to the mixed type of cardiac surgical cases, different
baseline characteristics, and study design adopted in each
study.

The definition of cardiac surgery-associated AKI remains
inconsistent across studies. We used the KDIGO creatinine-
only criteria to allow comparison with prior research, though
the full KDIGO definition includes both serum creatinine
changes and prolonged oliguria. 1 We performed a
sensitivity analysis that showed the biomarkers we tested
were stronger predictors of the creatinine-only criteria than
the full KDIGO definition for AKI. However, the prognostic
value of oliguria is unclear due to confounding factors such
as fluid shifts, diuretics such as mannitol, and anaesthesia-
related effects. 2% 26/33]

Our findings suggest that SCr, while widely used, may
not be the optimal real-time marker for AKI during cardiac
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surgery. Biomarkers such as SCysC, which respond earlier to
renal injury, offer promising alternatives for timely detection
and intervention.

CONCLUSION

The superior diagnostic utility of serum cystatin C relative
to serum creatinine as a sensitive AKI biomarker was
accentuated. A postoperative AKI incidence of 9.4% and
18.8% was reported for serum creatinine and serum cystatin
C detected AKI, respectively. A kappa of 0.62 suggests
moderate agreement, and the presence of six SCysC-only
positive cases may reflect cystatin C’s higher sensitivity to
early or subclinical AKI. Demographic and clinical factors that
predisposed patients to postoperative AKI were identified
as high BMI, New York Heart Association (NYHA) Class >ll,
Left Ventricular Ejection Fraction (LVEF) <35%, prolonged
cardiopulmonary bypass time > 3 hrs, prolonged cross clamp
time, insulin-dependent diabetes, high baseline creatinine,
and high Cleveland Risk Score. Furthermore, serum cystatin
C and serum sodium were the preoperative biochemical
parameters potentially associated with postoperative AKI.

LIMITATIONS

There are some limitations of this study, as this was a
single-centre study; generalisation of its findings is inher-
ently limited. The sample size was relatively small, restrict-
ing the ability to assess meaningful long-term outcomes.
While intraoperative elevations in biomarkers were associ-
ated with AKI within 48 hours postoperatively, they did not
correlate with the composite outcome of in-hospital mor-
tality or elevated serum creatinine at discharge. Despite
targeted screening for patients at increased risk of devel-
oping AKI, the overall incidence observed was low. This
may be explained by the exclusion of patients undergoing
urgent or emergent surgery, those with pre-existing kidney
dysfunction or dialysis dependence, and individuals requir-
ing extracorporeal membrane oxygenation (ECMO) in the
preoperative period, as populations known to be at high-
est risk for AKI. These exclusion criteria may have introduced
selection bias and reduced the applicability of our findings
to the broader surgical population. Further study of the
potential implications of elevated preoperative AKI biomark-
ers on perioperative surgical outcomes may be a worthwhile
endeavour.
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