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ABSTRACT

Introduction: This study aimed to evaluate whether the development of acute kidney injury (AKI) was as-
sociated with preoperative albumin/prealbumin levels and other clinical features in pediatric patients who
underwent open-heart surgery for congenital heart disease.

Patients and Methods: In this retrospective cohort, patients aged between 1-60 months who underwent open-
heart surgery (complete correction surgery) with a diagnosis of congenital heart disease at the Kartal Kosuyolu
High Specialization Training and Research Hospital, between January 1, 2018-December 31, 2020, were
retrospectively included (n= 100). Patient demographics, diagnoses, surgical characteristics, and laboratory
findings were recorded and analyzed.

Results: Mean age was 13.63 + 12.05 (range 1.5-60) months. eGFR was decreased by more than 50% in 13%
of the cases. Compared to the preoperative period, it was found that urea (24" and 48" hour) and creatinine
levels increased significantly (p< 0.001, for each), and eGFR decreased significantly in the postoperative pe-
riod (p< 0.001). Linear regression for eGFR value revealed that longer aortic cross-clamp time (ACCT) was
associated with a greater decrease in eGFR (p= 0.046). Other variables included in the model, age (p=0.128),
gender (p= 0.358), RACHS (p= 0.865), body mass index (p= 0.862), prealbumin (p= 0.313), albumin (p=
0.806) and duration of cardiopulmonary bypass (p=0.921) were found to be non-significant.

Conclusion: While there was no relationship between eGFR and preoperative albumin/prealbumin levels in
patients who underwent cardiac surgery due to congenital heart disease, longer ACCT was found to be asso-
ciated with decreased eGFR.
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Preoperatif Albumin Diizeyi, Pediatrik Kalp Cerrahisi Sonrasi Akut Bobrek
Hasari ile Iliskili Degildir: Bir Retrospektif Kohort Calismasi
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Giris: Bu calismanin amact, konjenital kalp hastalig1 nedeniyle agik kalp cerrahisi gegiren pediatrik hastalarda
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INTRODUCTION

Congenital heart diseases are the most common congenital
malformation in newborns®”. Survival in newborns with
congenital heart disease who undergo surgical correction has
gradually increased in recent years. With the increase in survival
as a result of the operations performed, various postoperative
complications have also become more frequent®. One of these
complications is acute kidney injury (AKT)¢¥.

After pediatric cardiac surgery, AKI can develop depending
on many factors. Although the mechanism of AKI development
after cardiac surgery has not been shown precisely, it has been
shown that various preoperative, perioperative and postoperative
variables, and various characteristics of the patient may be
associated with the development of AKI®. The physiological
differences of children and the difficulties associated with
performing surgery in infants compared to adults have been
reported to cause a further increase in AKI development risk
after cardiac surgery®. Many studies have been conducted
to determine factors that could enable the prediction of the
probability of AKI in these children, in order to be able to take
necessary precautions. Low albumin and prealbumin levels can
be seen in the preoperative or postoperative period in cases
scheduled for open-heart surgery. Numerous prior studies have
shown that serum albumin level is an independent determinant
for the development of AKI"!9,

Although the value of various clinical features to predict
AKI development has been examined in many studies, there is
no clear consensus on this issue. This study aimed to evaluate
preoperative albumin/prealbumin levels and other clinical
features in pediatric patients who underwent corrective open-
heart surgery for congenital heart disease, and to determine
their relationship with AKI development.

PATIENTS and METHODS

In this study, patients who underwent open-heart surgery
(complete correction surgery) with a diagnosis of congenital
heart disease at the Kartal Kosuyolu High Specialization Training
and Research Hospital, from January 1, 2018, to December
31, 2020, and were aged between 1-60 months at the time of
surgery were retrospectively included (n= 100). Ethical approval
was obtained from the Kartal Kosuyolu High Specialization
Training and Research Hospital ethics committee, and the study
conformed to all requirements of the Declaration of Helsinki and
its amendments (Decision no: 2021/7/498, Date: 13.07.2021).

Patients

Inclusion criteria: patients undergoing cardiopulmonary
bypass/complete correction/pediatric open-heart surgery who
had a Risk Adjustment in Congenital Heart Surgery (RACHS)
score of < 3 were included.

Exclusion criteria: patients who underwent palliative
surgery, cases with reoperation, those with liver enzyme(s)
elevation, urea elevation, creatinine elevation at baseline,
children diagnosed with chronic malnutrition, and those who had
undergone emergency operations were excluded from the study.

Measurements

Patient characteristics (gender, age, weight, height),
preoperative biochemical values (liver enzymes, urea, creatinine
values, albumin, and prealbumin) were recorded retrospectively
from the patient files. In the perioperative period, the aortic
cross-clamp time (ACCT) and total cardiopulmonary bypass
(CPB) time of the patients were recorded. Postoperative urea,
creatinine, estimated glomerular filtration rate (eGFR), urine
volume, extubation time, length of stay in the intensive care
unit, and duration of hospital stay were recorded. The patients

had been monitored for 48 hours in the postoperative period.
RACHS Classification

The RACHS-1 scoring system was used to predict the short-
term mortality of congenital heart surgery. This scoring system
consists of 6 risk categories!'®.

Statistical Analysis

All analyses were performed on SPSS v21 (SPSS Inc.,
Chicago, IL, USA). For the normality check, the Kolmogorov-
Smirnov test was used. Data are given as mean + standard
deviation or median (1% quartile-3™ quartile) for continuous
variables according to the normality of distribution, and as
frequency (percentage) for categorical variables. Repeated
measurements were analyzed with the Wilcoxon Signed Ranks
test or Friedman’s analysis of variance by ranks, depending
on the number of repeated measurements. Post-hoc pairwise
comparisons were performed with the Bonferroni correction
method. Pearson or Spearman correlation coefficients (depending
on the fulfillment of parametric assumptions) were calculated
to evaluate the directional relationships between continuous
variables. Multiple linear regression analysis (stepwise selection
method) was performed to determine significant factors
independently associated with renal injury (which was based on
eGFR value-used as the dependent variable). Two-tailed p-values
of less than 0.05 were considered statistically significant.

RESULTS

The mean age was 13.63 + 12.05 (range 1.5-60) months. We
found that eGFR decreased by more than 75% after the operation
in 1% of the cases, while it was decreased by more than 50% in
13% of the cases. Compared to the preoperative period, it was
found that urea (24" and 48" hour) and creatinine levels increased
at a statistically significant level (p< 0.001, for each), and eGFR
decreased significantly in the postoperative period (p< 0.001).
The summary of patients’ characteristics is shown in Table 1.
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Table 1. Summary of patients characteristics

Table 1. Summary of patients characteristics (continued)

Age, months
Gender
Girl
Boy
Height, cm
Weight, kg
Body mass index, kg/m?
Diagnosis
Atrial septal defect
Ventricular septal defect
Atrioventricular septal defect
Tetralogy of Fallot
Pulmonary stenosis
Others
RACHS
Category 1
Category 2
Category 3
Prealbumin
Albumin
Duration of CPB, minutes
Duration of ACC, minutes
Extubation time, hours
Length of stay in ICU, hours
Urea
Preoperative
Postoperative
24™ hour
48" hour
p
Creatinine
Preoperative
Postoperative
24™ hour
48" hour
p
eGFR
Preoperative
24" hour
P
Change in eGFR (%)
<-50%
Urine output (mL)
Intraoperative
1% day
2M day

9 (6-18)

42 (42%)
58 (58%)
70 (63-80)
7.8 (6-9.9)
14.7 (13.4-16.8)

13 (13%)
47 (47%)
16 (16%)
23 (23%)
14 (14%)
18 (18%)

11 (11%)
78 (78%)

11 (11%)
0.17 (0.14-0.22)
41 (38-44)
100.5 (74.5-133.5)
76 (49.5-106)
8.3 (4.8-20)
56.0 (42.5-105.5)

19 (16-25)
2125 (18-27)"
26 (20-33 5)°
25 (19.9-31y°
<0.001

0.25 (0.20-0.29)*
0.35 (0.28-0.40)¢
0.33 (0.27-0 42)°
0.28 (0.23-0.36)°
<0.001

124.64 (102.87-152.61)

90.45 (68.40-116.65)
<0.001

-28.35 (-44.22 - -9.39)

13 (13.%)

325 (207.5-500)
785 (557-950)
700 (550-858.5)

Urine output (mL/kg/hr)
I*'day 4.06 (3.00-5.01)
2 day 374 (2.75-4.74)
Fluid balance
1* day -3.5 (-135-66.5)
2M day 15 (-85-80)

Vasoactive-inotropic score

Initial 8 (7-11)

24" hour 6 (5-8)

48™ hour 1.5 (0-5)
Length of stay in hospital, days 6 (4-9)
Mortality 0 (0.00%)

Data are given as mean =+ standard deviation or median (1% quartile-3* quartile)
for continuous variables according to normality of distribution and as frequency
(percentage) for categorical variables

eGFR: Estimated glomerular filtration rate, CPB: Cardiopulmonary bypass, ACC:
Aortic cross-clamp, ICU: Intensive care unit.

Same letters denote the lack of statistically significant difference between repeated
measurements.

A statistically significant correlation was found between the
difference in eGFR value and aortic cross-clamp time (ACCT)
(r=-0.200, p=0.046). There was an inverse correlation between
24" and 48™-hour urine volumes and age, height, weight, BMI,
and albumin values. In addition, 24" and 48™-hour urine values
were positively correlated with RACHS (Table 2).

We performed multiple linear regression analysis to
determine significant factors independently associated with the
decrease in eGFR. We found that higher ACCT was associated
with decreased eGFR (p= 0.046). Other variables included in
the model, age (p= 0.128), gender (p= 0.358), RACHS (p=
0.865), body mass index (p= 0.862), prealbumin (p= 0.313),
albumin (p= 0.806) and duration of cardiopulmonary bypass
(p=0.921) were found to be non-significant (Table 3).

DISCUSSION

It is important to predict AKI that may develop after
pediatric cardiac surgery and to take precautions in this
regard. In this study, in which the relationship between the
clinical characteristics of congenital heart disease cases and
postoperative AKI development was examined, a decrease
of more than 50% in the postoperative eGFR value was
found in 13% of the cases. There was no correlation between
preoperative prealbumin/albumin levels and postoperative
change in eGFR values. However, we found that prolonged
ACCT was associated with a greater decrease in eGFR.

The risk of AKI increases after congenital heart disease
surgery®#. Although we did not use a clear criterion for the
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Table 2. Correlations between variables

Urine volume (mL/kg/hour)

Cl;agllg;in 24 hours 48 hours

Age r 0.179 -0.413* -0.429%
p 0.075 <0.001 <0.001

Height r 0.190 -0.404* -0.392%
p 0.059 <0.001 <0.001

Weight r 0.170 -0.581* -0.559*
p 0.090 <0.001 <0.001

Body mass index  r -0.015 -0.288* -0.266*
p 0.881 0.004 0.008

RACHS r -0.035 0.332% 0.291%*
p 0.729 0.001 0.003

Prealbumin r 0.123 0.015 0.009
p 0.224 0.885 0.927

Albumin r 0.027 -0.272% -0.271*
p 0.789 0.006 0.006

Duration of CPB r -0.192 0.045 -0.077
p 0.055 0.659 0.449

Duration of ACC r -0.200%* 0.078 -0.042
p 0.046 0.441 0.676

r: Correlation coefficient, CPB: Cardiopulmonary bypass, ACC: Aortic cross-
clamp, * Correlation is significant at the 0.05 level (2-tailed).

detection of AKI in our study, it was determined that eGFR
decreased more than half in approximately 1 out of 8 patients
who underwent open-heart surgery due to congenital heart
disease, which was in accordance with the literature. Previous
studies have failed to elucidate the mechanism of AKI after
cardiac surgery, and thus, it has been suggested that various
variables cumulatively lead to AKI. Although preoperative
albumin/prealbumin levels were the primary focus of our study,
various other factors including perioperative, postoperative
features, and patient characteristics have been associated
with AKI development®. Unlike adults, AKI can develop in
newborns in relation to physiological properties or restrictions,
including parameters such as inadequate renal functions and
stronger inflammatory reactions, while longer CPB duration is
also reported as a factor®.

It has been shown in previous studies that various parameters
examined in the preoperative period can predict postoperative
AKI. One of the most commonly identified parameters shown to
predict AKI after cardiac surgery is preoperative albumin level. In
a study investigating risk factors associated with the development
of AKI in pediatric patients undergoing cardiac surgery, Lee et al.
reported that preoperative serum albumin levels were associated
with the development of AKI (OR: 0.506,95% CI: 0.325-0.788).
Their results also described age, pulmonary hypertension, and
duration of CPB as other risk factors for AKI development®.
Findik et al. reported that the preoperative albumin level of
patients undergoing isolated coronary artery bypass graft
surgery (CABG) was associated with postoperative AKI, renal
replacement therapy, and mortality'”. Similarly, it has been
shown in various studies that low preoperative albumin levels in
patients undergoing cardiac surgery significantly increase the risk
of postoperative AKI development™'-'», In addition to these direct
relationships, preoperative albumin supplementation has been
reported to have positive effects on patients undergoing cardiac
surgery. For instance, in a randomized controlled trial involving
adults with hypoalbuminemia who were scheduled for cardiac
surgery, Lee et al. compared two patient groups (exogenous
albumin vs. saline) in terms of postoperative AKI development.
They reported that the incidence of postoperative AKI was
significantly lower in patients who were administered albumin.
As aresult, the authors emphasized that albumin supplementation
had a protective effect on the kidney in this group of patients!”.
Although fewer studies have evaluated the relationship between
prealbumin and postoperative AKI (compared to albumin), it
has been suggested that serum prealbumin levels can predict
the development of postoperative AKI, similar to the utility
of albumin”®. Contrary to these studies, in our study, it was
observed that there was no significant relationship between
preoperative prealbumin or albumin values and eGFR change
in patients who underwent open-heart surgery for congenital
heart disease. This difference may have resulted from the fact
that the AKI development status was not determined by standard
criteria, and the evaluation was made with the respect to eGFR
change in our study. However, considering the close relationship
between renal function and eGFR, our results have value in terms
of questioning the current approach to the assessment of AKI risk
in children scheduled for cardiac surgery.

Table 3. Significant factors of the decrease in eGFR, multiple linear regression analysis

Unstandardized 8 Standard error Standardized f§ p 95% Confidence Interval for §
(Constant) 13.707 5.906 0.022 1.988 25427
Duration of ACC 0.136 0.067 0.200 0.046 0.003 0.270

Dependent Variable: Decrease in eGFR; R2= 0.040; F=4.097; p= 0.046
ACC: Aortic cross-clamp.
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Various variables such as age, duration of CBP, hemoglobin
level, and RACHS score have been associated with the risk
of AKI after congenital heart disease surgery in different
studies™2V. Another parameter examined in terms of AKI
development is ACCT. In a prospective study in which risk
factors for AKI development after pediatric cardiac surgery
were examined, Peco-Antic et al. reported that ACCT was
significantly longer in cases with AKI compared to cases
without AKI??. Similarly, Yoneyama et al. showed that there
was a significant relationship between the development of AKI
and ACCT after pediatric cardiac surgery®. These findings
were mirrored by a few other studies®; whereas, on the
contrary, some researchers found no significant relationship
between the development of AKI and ACCT after pediatric
cardiac surgery®". In our study, ACCT was found to be the
only parameter independently associated with decreased eGFR
in patients who underwent open-heart surgery for congenital
heart disease. By conducting more comprehensive studies,
the relationship between ACCT and AKI development can
be examined in detail, and possible confounding factors in
previous analyses may be determined.

The retrospective and single-center design of the present
study are its most important limitations. For this reason, various
variables that may affect the results may not have been examined,
and these omissions may have resulted in bias. Secondly, as
mentioned previously, renal functions were interpreted through
the assessment of eGFR change. In other words, this study was
designed with the consideration that eGFR changes could be
representative of AKI. It is, therefore, possible that different
results could be obtained by using different AKI diagnosis
criteria in this study population. Thirdly, AKI development can
be affected by various comorbidities which were not examined
in our study. The type of congenital heart disease leading to
correctional surgery, the complexity of the surgery, and the
skill of the surgeon may also be associated with the subsequent
development of AKI. The effect of these variables on the results
has not been examined. Finally, in our study, the difference in
eGFR was limited and a change of more than 50% was present
in only a small number of patients (13%).

CONCLUSION

While there was no relationship between eGFR change
and preoperative prealbumin and albumin levels in pediatric
patients who underwent cardiac surgery due to congenital heart
disease, ACCT was found to be the only parameter associated
with decreased eGFR in linear regression analysis. Although the
development of AKI was not examined according to standard
criteria, our results show that ACCT could be related to the
development of AKI —based on its relationship with eGFR. We

recommend using standard criteria in determining AKI in future
studies and conducting prospective and comprehensive studies
that would enable patient stratification and the determination of
confounding variables in this heterogeneous population.
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