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ABSTRACT ARTICLE HISTORY
Background: Acute kidney injury (AKI) is a common complication associated with cardiac Received 6 January 2021
surgery with cardiopulmonary bypass (CPB) with a deleterious effect on morbidity and mor- Revised 15 January 2021
tality. The current study aimed to determine the efficacy of preoperative creatine kinase-MB Accepted 26 January 2021
(CK-MB) level for the prediction of occurrence and severity of AKI. KEYWORDS

Settings and Design: This study was a prospective cross-sectional observational study. Congenital cardiac surgery;

Methods: The study was carried out on 74 pediatric patients aged less than 18 years scheduled acute kidney injury; CK-MB;
for elective congenital cardiac surgery using CPB. The prevalence of AKI within 72 hours was NGAL
defined according to the three-stage Acute Kidney Injury Network (AKIN) criteria. Logistic
regression analysis was done and adjusted odds ratio (OR) and confidence intervals at 95%

(95% Cl) were calculated.

Results: AKI had developed in 25 patients (33.78%) by the second postoperative day. Patients

who developed AKI had higher mean levels of preoperative CK-MB compared with patients

without AKI (P = 0.002). Lower mean age, longer duration of surgery, bypass time, and cross-

clamp time were independently associated with AKI (p < 0.015, 0.001, 0.007and 0.001, respec-

tively). Patients who developed AKI had a longer duration of mechanical ventilation (MV) (OR

1.3, 95% Cl 1.147-1.691) so; they required longer intensive care unit (ICU) stay.

Conclusion: CK-MB can be a useful biomarker for detecting early AKI after congenital cardiac

surgery and predicting adverse clinical outcomes.

1. Introduction neutrophil gelatinase-associated lipocalin  (NGAL),
brain natriuretic peptide (BNP), and IL-18 have been
well-studied and associated with AKI [4].

NGAL is a protein secreted in the urine and pro-
duced in renal tubules after ischemic injury. Urinary
NGAL in the first 2 postoperative hours could predict
patient outcomes, duration of mechanical ventilation,
ICU, and hospital stays [5].

Congenital cardiac disease is one of the most common
congenital anomalies and around half of the cases will
require surgical repair. The incidence of AKI after
pediatric cardiac surgery is between 9.6% and 52%
with an associated mortality of 20% to 79% [1]. The
pathogenesis of AKl is multifactorial, including exogen-
ous, e.g., nephrotoxic drugs and endogenous toxins,
metabolic abnormalities, ischemia and reperfusion
injury, neurohormonal activation, inflammation, and
oxidative stress [2].

AKI after cardiac surgery is characterized by an
abrupt deterioration in kidney function evidenced by
a reduction in the glomerular filtration rate (GFR). patients’ risk of postoperative complications, such as
Importantly, this impairment may not be detected in AKI [6].
the first 24-48 hours using conventional monitoring by The primary outcome in this study was to examine
serum creatinine levels because of the dilutional  the efficacy of preoperative CK-MB level for the predic-
effects of the CPB pump prime [3]. The advent of  tion of occurrence and severity of AKI. While the sec-
novel biomarkers of AKl has opened a new era of ondary outcome was to correlate preoperative CK-MB
early detection and prognosis prediction for cardiac level with the postoperative level of the urine NGAL for
surgery-associated AKl such as; urine and plasma  Prediction of acute kidney injury among pediatric

Preoperative elevations in cardiac biomarkers may
indicate the severity of the underlying cardiac disease,
whereas postoperative levels of cardiac biomarkers
indicate the complexity of the surgery and the degree
of intraoperative cardiac damage, which can increase
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patients undergoing cardiac surgery using CPB and
also to assess the relationship between AKI and ICU
stay.

2. Patients and methods

After approval of the Local Ethics Committee and with
written informed consent from patients’ parents, this
study was conducted in Alexandria Main University
hospital between February and August 2019 on 74
pediatric patients aged less than 18 years scheduled
for elective cardiac surgery using CPB. The spectrum of
surgeries included ventricular septal defect closure,
atrial septal defect closure, tetralogy of Fallot correc-
tion, atrioventricular canal repair, resection of the sub-
aortic membrane, and Glenn shunt.

Exclusion criteria were preexisting chronic renal
insufficiency, patients with a history of dialysis require-
ment, patients aged more than 18 years at the time of
surgery, diabetes mellitus, peripheral vascular disease,
and use of nephrotoxic agents before or during the
study period. The variables studied were sex, age, Risk
Adjustment in Congenital Heart Surgery —1 (RACHS-1)
[71, NGAL, CK-MB, bypass time, cross-clamp time,
vasoactive-inotropic score (VIS) [8], duration of surgery
and duration of mechanical ventilation.

Using AKIN criteria [9] (Table 1), patients were
further assessed every 24 hours for 3 consecutive
days and classified into 2 groups: AKlI and Non-AKI

group

3. Statistical analysis

The sample size was statistically approved by the
Community Medicine Department; Faculty of
Medicine by using G power 3.1.9.2 program for sample
size calculation and according to data obtained from
previous studies [5,6]. A sample size of 74 patients was
estimated to achieve a 95% power, level of significance
of 5%.

Data were fed to the computer and analyzed using
IBM SPSS software package version 20.0. (Armonk, NY:
IBM Corp) Qualitative data were described using num-
ber and percent. The Kolmogorov-Smirnov test was
used to verify the normality of distribution
Quantitative data were described using range (mini-
mum and maximum), mean, standard deviation, med-
ian and interquartile range (IQR). The significance of
the obtained results was judged at the 5% level.

The used tests were: Chi-square test (for categorical
variables, to compare between different groups),
Fisher's Exact or Monte Carlo correction (correction
for chi-square when more than 20% of the cells have
expected count less than 5), Student t-test (for nor-
mally distributed quantitative variables, to compare
between two studied groups), and Mann Whitney
test (for abnormally distributed quantitative variables,

Table 1. Classification of AKI groups according to AKIN criteria.
N = 74 (AKI cases n = 25; 33.78%)

Stage 1 1 (4%)
Stage 2 8 (32%)
Stage 3 16 (64%)

to compare between two studied groups). Univariate
logistic regression analysis was undertaken to assess
predictors of adverse clinical outcomes.

4, Results

Ninety patients were screened for eligibility to partici-
pate in this study and 74 patients subsequently were
enrolled in the study, with no patient drop-outs (Figure
1). Of the 74 patients, 25 (33.78%) developed AKI
according to AKIN criteria. Of these 25 patients, 1
(4%) had stage |, 8 (32%) had stage Il and 16 (64%)
had stage Il AKI after 72 hours of ICU admission
(Table 1).

There was no difference in sex between both
groups while the median age was lower in the AKI
patients. The median RACHS-1, the mean duration of
surgery, bypass time, cross-clamp time, and VIS were
higher in the AKI patients (Table 2).

The mean serum CK-MB level withdrawn just before
the induction of anesthesia was higher in the AKI
patients. There was a statistically significant difference
between both groups regarding the mean urine NGAL
level (Table 2). The optimal cutoff value for detecting
postoperative AKI was 3 pg/L (sensitivity 80%, specifi-
city 64%) for preoperative CK-MB and 20 ng/mL (sen-
sitivity 96%, specificity 96%) for postoperative NGAL
(Table 3).

4.1. Risk factors associated with AKI

After adjustment of other variables, lower mean age,
longer duration of surgery, bypass time, and cross-
clamp time were all independently associated with
the development of AKI (Table 4).

4.2. AKI association with outcomes

After adjustment for covariates, patients who devel-
oped AKI had greater odds of requiring mechanical
ventilation and so, they required longer ICU stay
(Table 4).

5. Discussion

The findings of this study are similar to the current
evidence that AKI after cardiac surgery is common
[10], with an incidence of 33.78% in this sample. The
present study utilized NGAL as an early sensitive post-
operative biomarker collected 2 hours postoperatively
for detection of AKI among pediatric patients
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AKI (n= 25, 33.78%)

Figure 1. Flow chart of patients.

Table 2. Demographics and clinical characteristics.

Non-AKI (n= 49, 66.22%)

AKI (n = 25) Non AKI (n = 49) P
Sex
Male 14 (56%) 23 (46.9%) 0.461
Female 11 (44%) 26 (53.1%)
Age (years), median 1.1 (0.9) 2 (2.8) 0.003*
RACHS-1, median 2 1 0.004*
NGAL (ng/mL), mean + SD 25.03 +£3.95 5.76 +5.21 <0.001*
CK-MB (ug/L), mean + SD 3.06 £ 0.79 2.20 + 1.02 0.002*
Duration of surgery (hours), mean + SD 6.34 +1.24 4,79 + 0.94 <0.001*
Bypass time (hours), mean + SD 480 + 1.24 3.29 + 0.94 <0.001*
Cross clamp time (hours), mean + SD 2.96 + 1.01 1.71 £ 0.80 <0.001*
VIS*¥*, mean 17.5 5 <0.001*

*: Statistically significant at p < 0.05

**: VIS = dopamine dose (ug/kg/min) + dobutamine dose (ug/kg/min) + 100 x epinephrine dose (ug/kg/min) + 10 X milrinone dose (ug/kg/min) +10,000

X vasopressin dose (U/kg/min) + 100 X norepinephrine dose (ug/kg/min).

Table 3. Biomarker cutoff values for predicting AKI.

Value Sensitivity Specificity
Preoperative CK-MB (ug/L)
90% Sensitivity 2 92 41
Optimal 3 80 64
90% Specificity 35 20 89.7
Postoperative NGAL (ng/mL)
Optimal 20 96 96

undergoing cardiac surgery with CPB. It also investi-
gated preoperative CK-MB withdrawn just before
induction of anesthesia as a predictor of postoperative
AKI. This early prediction may allow AKI prevention by
minimizing CPB time, avoiding nephrotoxic medica-
tions, and optimizing hemodynamics through fluid
management and inotropic support.

Univariate modeling demonstrated that younger
age, longer durations of surgery, cardiopulmonary
bypass, and cross-clamp time were associated with
the development of AKI. Analysis of preoperative risk

factors revealed that younger children are at greater
risk of AKI. This may be because maximum GFR is not
reached until about the age of two years, so children
younger than this may be more vulnerable to the
ischemic and inflammatory hazards caused by cardiac
surgery [11]. This is consistent with studies by Bucholz
and colleagues [6] and Aydin and associates [12].
Unlikely, Lee et al. [13] found no significant correlation
which may be due to lower body indices and/or to
poor general condition.

Table 4. Univariate analysis for the parameters affecting AKI

(n = 74) and its outcome.

Univariate
P OR (95%C.l)
Age (years) 0.015* 0.610(0.409-0.910)
Duration of surgery <0.001* 3.865(2.015-7.413)
Bypass time <0.001* 3.751(1.969-7.145)
Cross clamp time <0.001* 4.444(2.177-9.073)
MV duration 0.001* 1.393(1.147-1.691)

OR: 0Odd's ratio, C.I: Confidence interval,
*: Statistically significant at p < 0.05
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RACHS-1 category was found to be a risk factor
associated with AKI after congenital cardiac surgeries.
This is supported by Simon et al. [14], Cardoso et al.
[15], and Wakamatsu et al. [16] while, Lee et al. [13]
found that RACHS did not influence AKI incidence
which may be attributed to their selection of RACHS-
1 score =3 as a risk factor for AKI while 67 patients in
that study had a lower score.

As a predictor of the incidence of AKI, the
current study found that CK-MB provides good
discrimination of patients who develop AKI which
is consistent with a study by Bucholz et al. [6]
Also, NGAL was utilized to detect AKI like the
results obtained by Yoneyama et al. [17], and
Bennett et al. [18].

During the intraoperative period, the present study
detected that the duration of surgery, total bypass
time, and cross-clamp time are risk factors for AKI
that should be taken into consideration. These results
are consistent with studies conducted by Amini S et al.,
Aydin and associates [12], and Simon and colleagues
[14]. Unlikely, Lee et al. [13] found no significant corre-
lation between bypass time and cross-clamp time and
the incidence of AKI which may be attributed to the
shorter median bypass and cross-clamp time in that
study (55 min, 23 min for AKI group, respectively)
compared to the current study (270 min, 180 min for
AKI group, respectively).

Regarding the intraoperative highest VIS, there was
a significant difference between the AKI and the non-
AKI groups. This is consistent with the results of the
study conducted by Sethi et al. [19]. Lee et al. [13]
found no significant difference between both groups.
This may be due to the lack of postoperative assess-
ment of inotropic agents on AKI incidence in that
study.

As a consequence of AKI, MV duration was found to
be prolonged among AKI patients leading to pro-
longed ICU and hospital stay. Similarly, Park et al.
[20], and Lee et al. [13] concluded the same result. On
the contrary, Kumar et al. [21] found no significant
association which may be due to the well-defined
perioperative strategy dealing with patients under-
going pediatric cardiac surgery as they said.

6. Conclusion

CK-MB can be a useful biomarker for detecting early
AKI after congenital cardiac surgery and predicting
adverse clinical outcomes. Lower mean age, longer
duration of surgery, bypass time, and cross-clamp
time are all independently associated with the devel-
opment of AKI. Patients who develop AKI after conge-
nital cardiac surgery are at a greater risk of requiring
mechanical ventilation and so, they require prolonged
ICU stay.

7. Limitations

There were several limitations in the present study,
being a small-sized, single-center study. Urine output
was not evaluated as a determinant of AKI because
90% of the patients in our unit receive diuretics within
12 hours of ICU admission, which may limit the relia-
bility of urine output to be a direct indicator of innate
renal function.
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