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ORIGINAL ARTICLE - PEDIATRIC CARDIOVASCULAR SURGERY

Incidence and risk factors for acute kidney injury associated to
surgery for congenital heart disease

Incidencia y factores de riesgo de falla renal aguda asociados a la correccion quirurgica
de cardiopatias congénitas

Consuelo Restrepo-de Rovetto'?*, Cesar Llanos?, Gloria Silva', Alexander Martinez'?,
Margarita Torres’?, Climaco Mufioz', Carlos Fragozo', Jimena Daza' y Erika Cantor’
'Clinica Imbanaco, Grupo Quirénsalud, Cali; ?Pediatric Department, Universidad del Valle. Cali, Colombia

Abstract

Background: Acute kidney injury (AKI) occurs frequently after cardiac surgery for congenital heart disease and it has a great
impact on patient’s prognosis. Objective: The aims of this study were to determine the incidence and risk factors for AKI in
children undergoing cardiac surgery and its impact on mortality, duration of mechanical ventilation, ICU and total hospital
length of stay. Methods: This was a historical cohort study of children 0 - 18 years of age who underwent cardiac surgery
between 2012 and 2014. We used the Risk Adjustment for Congenital Heart Surgery-1 (RACHS) scale to evaluate risk of the
surgery. AKI was defined in accordance to the Acute Kidney Injury Network (AKIN) criteria. Results: A total of 485 patients
were included. AKI occurred in 89 (18.3%) patients during the study period. Risk factors for AKI were age < 2 years, car-
diopulmonary bypass (CPB) time > 120 min and RACHS score > 3. AKI increased the mortality risk (OR: 5.82, 95% CI:
2.24-15.10) and the time in mechanical ventilation and ICU stay from 1 to 5 days and 6 to 12 days, respectively.
Conclusions: Risk factors for AKI are younger age, higher RACHS score, and time of CPB greater than 120 minutes. AKI
increases mortality, days on MV and ICU stay. In the present study AKIN scale allowed us to classify the severity of AKI and
it correlated with prognosis after cardiac surgery.
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Resumen

Introduccioén: La insuficiencia renal aguda (IRA) ocurre frecuentemente después de las cirugias de cardiopatias congénitas
e impacta el prondstico del paciente. Objetivo: Determinar incidencia y factores de riesgo para IRA en nifios sometidos a
cirugia de cardiopatia congénita y su impacto en mortalidad, duracion de ventilacion mecanica, tiempo de hospitalizacion
total y en Cuidados Intensivos (UCI). Métodos: Cohorte histérica de nifios entre cero y 18 afios sometidos a cirugia cardia-
ca entre 2012 y 2014. El riesgo de la cirugia fue calculado mediante la escala Risk Adjustment for Congenital Heart Surgery-1
(RACHS). La falla renal fue establecida de acuerdo a la escala de Acute Kidney Injury Network (AKIN). Resultados: Se
incluyeron 485 pacientes. 89 pacientes (18.3%) desarrollaron IRA durante el postquirdrgico. Los factores de riesgo para IRA
fueron edad < 2 afios, tiempo de bypass cardiopulmonar > 120 minutos y escala de RACHS > 3. La ocurrencia de IRA
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aumento el tiempo de ventilacion mecdnica de 1 a 5 dias, la estancia en UCI de 6 a 12 dias y el riesgo de mortalidad (OR:
5.82, 95% IC: 2.24-15.10). Conclusiones: Los factores de riesgo para IRA fueron menor edad, mayor escala de RACHS y
de tiempo de bypass. La ocurrencia de IRA aumentd la mortalidad, dias en ventilacion mecénica y estancia en UCI. En el
presente estudio la escala de AKIN permitid clasificar la severidad de AKI y se correlaciono con el prondstico después de

cirugia de cardiopatia congénita.

Palabras clave: Falla renal aguda. Cardiopatias congénitas. Cirugia cardiaca. Factores de riesgo.

Introduction

Acute kidney injury (AKI) is a frequent complication
in children undergoing cardiac surgery for congenital
cardiac disease'?. Acute kidney injury network (AKI)
can compromise clinical evolution and affect the prog-
nosis of the patients. The number of days in mechani-
cal ventilation, ICU stay and mortality increase up to
18%°>° in patients with this complication. Even though
this topic has been widely studied, most reports come
from Europe, North America, and Australia, but there
are a few studies in Latin America*® and no previous
reports in Colombia.

The aims of this study were to determine the inci-
dence, severity and risk factors of AKI in children un-
dergoing cardiac surgery in a tertiary care center in
Cali, Colombia and to evaluate its impact on mortality,
duration of mechanical ventilation, ICU and total hospi-
tal length of stay.

Methods

After approval of the Institutional Review Board of
Centro Médico Imbanaco de Cali S.A, we performed a
historical cohort of pediatric patients undergoing cardi-
ac surgery. We reviewed the cardiac registry to identify
children from newborn to 18 years of age who under-
went this procedure for congenital heart defects be-
tween January 2012 and June 2014. Cases with
incomplete data, previous renal disease, and those
who died during surgery were excluded (Fig. 1).

Study variables

We performed a search of the electronic medical
records, anesthesia and surgical charts and collected
the following variables:

PRE-OPERATIVE VARIABLES

These included age, sex and pre-surgical creatinine.
We used the RACHS scoring system to categorize the
complexity of surgery’. This method is widely accepted

for the evaluation of differences in outcomes of surgery
for congenital heart disease. The score was deter-
mined for each patient by the cardiac surgery group
and an anesthesiologist prior to surgery.

INTRAOPERATIVE VARIABLES

These variables included use and time of bypass,
time of ischemia and hypothermia.

PoOST-OPERATIVE VARIABLES

Serum creatinine, total days on MV, mortality, total
days in the ICU and hospital stay were also obtained
from the electronic medical records.

AKI definition

The Acute Kidney Injury Network (AKIN) definition®
was used to define AKI. Serum creatinine prior to sur-
gery was used to calculate baseline renal function.
Increased in serum creatinine of 0.3 mg / dl were
classified AKIN 1, doble baseline serum creatinine
AKIN 2 and triple base line serum creatinine AKIN 3.
We classified AKIN stage using the highest serum
creatinine concentration identified during the entire
length of ICU stay after cardiac surgery. We did not
use urine output since it could be influenced by diuret-
ic use.

Statistical analysis

We performed univariate analysis with chi-square
test or Fisher’s exact test for categorical variables.
Continuous variables were compared using Student
t test or Mann-Whitney U test. A logistic regression
model was applied to determine risk factors associ-
ated with AKI. Model selection was performed using
a backward selection methodology based on Akaike’s
Information Criteria. In the multivariable model we
included variables that reported p < 0.20 in the crude
analysis. The odds ratio (OR) was estimated with its
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520 Patients <18
and undergoing cardiac
surgery between 2012
and 2014

35 were excluded
3 Previous renal disease
4 Intrasurgical death
28 Incomplete data

485 children included in
analysis

396 no AKI 89 AKI
(81,6%) (18,3%)

(24,7%) (29,2%) (46,1%)

| 22 AKIN 1 | | 26 AKIN 2 | | 41 AKIN 3 |

Figure 1. Patient selection and classification according to
AKIN stage.

95% confidence interval (Cl). Goodness-of-fit was
evaluated with the likelihood ratio test and model
deviance. We estimated crude OR and OR adjusted
for age, time of CPB and RACHS scale to compare
the clinical outcomes between groups. In the multi-
variable analysis, categories 4-6 of the RACHS scor-
ing were combined due to the small number of
children in these categories. All analyses were car-
ried out using Stata 13 (STATA Corp, College Station,
TX).

Results

Study population and AKI incidence

Table 1 shows the main characteristics of the patients
who developed AKI compared to those without AKI.
During the 30-month study period, 485 children who
underwent cardiac surgery were included in the analy-
sis: 84 (17.3%) were neonates and 238 (48.1%) were
less than two years of age. Among the patients with
AKI, 55.1% were male. According to the RACHS scale,
34.4% (167) of the procedures were at medium or high
surgical risk (RACHS: 3-6). During the study period, the
overall mortality rate was 14.4% (70/485), and the inci-
dence of post-operative AKI was 18.3% (89 cases; 95%
Cl: 15.1%-22.0%). The most of these patients were
classified as AKIN score 3 (41/89). The incidence of
AKI decreased gradually from year 1 (23%) to year
3 (11%).

Risk factors for AKI development

The univariate analysis showed that patients with
AKI were younger (2.67 years + 0.23) vs. the patients
without AKI (3.65 years + 0.22). The use of ischemia
was higher among AKI cases (77.5% vs. 66.7%; p =
0.046), and a higher proportion of cases had an isch-
emia time >120 min (21.3% vs. 3.7%: p < 0.001). Pro-
portion of patients undergoing CPB did no differ
between the groups with and without AKI (91% vs.
84.6%; p = 0.117), but 50.6% of the cases with AKI
were on CPB for more than 120 min vs. 10.8% without
AKI (p < 0.001) (Table 1). Fig. 2 shows that there is a
tendency to develop a more severe type of AKI among
the patients with a longer CPB time. This difference
was more notorious between the patients with AKI
stage 3 compared to patients without AKI and stages
1 and 2.

The multivariable logistic regression model identified
age, RACHS score and CPB time as risk factors for
AKI development. Neonates and children younger than
two years of age had the highest cumulative risk of
post-operative AKI (Table 2). The patients with RACHS
category 3 had 3.74-fold the odds of developing AKI
than those with RACHS category 1. Although, approx-
imately half of the patients with RACHS category 4 to
6 developed AKI after cardiac intervention, evidence
was insufficient to support differences between high-
risk and low-risk procedures (p = 0.49) (Table 2).

CPB time was higher among the patients that devel-
oped AKI. 50% of patients with prolonged CPB time
(>120 min) developed AKI postoperatively. The patients
undergoing procedures with a CPB time between 121
and 180 min were 7 times more likely to develop AKI
than those who underwent a CPB with a duration of
<60 min (p < 0.001). The odds increased 10.9-fold in
patients with a CPB time of >180 min (p < 0.001)
(Table 2).

AKI associated outcomes

Children with AKI had increased time on MV. The
median number of days on MV was greater for patients
with AKI than for patients without it (5 vs. 1 day, p <
0.001). In the adjusted model, we found that the odds
of requiring MV for 2 days after surgery was 14.69-fold
in children with AKI compared to patients without
post-operative AKI (Cl 6.6-32.67, p < 0.001, Table 2).

The length of ICU stay was 12 days for patients with
AKI and 6 days for patients without AKI (Table 1), and
the odds of having an ICU stay >7 days was 3.99-fold
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Table 1. Characteristics of the patients according to
occurrence of AKI

Variables AKI (n = 89) No
AKI (n = 396)

Age, n (%)
<30 days 32 (35.9%) 52 (13.1%) <0.001
> 30 days < 2 years 39 (43.8%) 199 (50.2%)
>2 years < 13 years 14 (15.7%) 122 (30.8%)
>13 years < 18 years 4 (4.5%) 23 (5.8%)
Sex, n (%)
Female 40 (44.9%) 188 (47.6%) 0.590
Male 49 (55.1%) 208 (52.5%)
RACHS, n (%)
Median (IQR) 3(2-3) 2(1-3) <0.001
1 7 (7.9%) 114 (28.8)
2 24.(26.9%) 173 (43.7)
3 44 (49.4%) 93 (23.5%)
4 10 (11.2%) 12 (3.0%)
6 4 (4.5%) 4(1.0)
CPB, n (%) 81 (91.0%) 335 (84.6%) 0.117
CPB time, n (%)
0-60 min 23 (25.8%) 225 (56.8%) <0.001
61-120 min 21 (23.6%) 128 (32.3%)
121-180 min 33 (37.1%) 33 (8.3%)
>180 min 12 (13.5%) 10 (2.5%)
Ischemic, n (%) 69 (77.5%) 264 (66.7%) 0.046
Ischemic time, n (%)
0-60 min 42 (47.2%) 293 (73.9%) <0.001
61-120 min 28 (31.5%) 88 (22.2%)
121-180 min 16 (17.9%) 14 (3.5%)
> 180 min 3(3.4%) 1(0.2%)
DHCA, n (%) 10 (11.2%) 14 (3.5%) 0.002
MV duration, n (%)
> 2 days 55 (63.9%) 43 (10.9%) <0.001
Median (IQR) 5(2-9) 1(1-2)
ICU length of stay
> 7 days 60 (68.2%) 142 (35.9%) <0.001
Median (IQR) 12 (4-21) 6 (4-9)
Length of stay
>7 days 70 (82.3%) 221 (56.5%) <0.001
Median (IQR) 8 (6-17) 19 (10-33)
Mortality, n (%) 40 (44.9%) 30 (7.6%) <0.001

CPB: cardiopulmonary bypass; MV: mechanical ventilation; ICU: intensive care unit;
DHCA: deep hypothermic circulatory arrest.

in children with AKI when compared to the ones without
it (Cl 1.83-8.71, p < 0.001, Table 2).

In-hospital, mortality was higher in patients who de-
veloped post-operative AKI (AKI: 44.9% (40/89) vs no
AKI: 7.6% (30/396)), and increased gradually with the
AKIN scale risk (Fig. 3). After model adjustment, the
odds of death were 5.82-fold higher among patients
with AKI (Cl 2.24-15.1, p < 0.001) (Table 2).
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Figure 2. Severity of AKl according to CPB time.

Discussion

The results of this study showed that the incidence
of AKI after cardiac surgery using the AKIN definition
was 18.3%, and morbidity and mortality increased with
AKI severity. Neonates had higher risk of developing
AKI when compared to older children.

The incidence of AKI using the AKIN scale was
18.3%, compared with 11% reported prior to AKI defi-
nitions’. Later reports using the pRIFLE scale to define
AKI reported 36%° and 20%°. In a study comparing
systems for identification of post-operative AKI in pedi-
atric cardiac patients, the AKIN scale was more specific
compared with the pRIFLE and KDIGO and detected
mostly high-risk patients across all age groups'®. Mul-
tiples studies have proven that the AKI scales allow for
classification of AKI severity and also determines prog-
nosis and mortality®*'!. The AKIN scale in the present
study was able to classify the severity of AKI and it
correlated with prognosis. Of note, for AKI staging we
only used increasing creatinine sincef urine output
could be influenced by the use of diuretics'.

The incidence of AKI in our study was lower than
estimates in previous studies®. This difference might be
related to improvements in cardiac surgery techniques
over the past decade. As reported in other studies, the
AKl incidence decreased through the years of the pro-
gram, from 23% in the first year to 11% in the third one,
however the CPB duration has remained similar over
the years'®'#, Adjustment in anesthesia protocols, the
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Table 2. Risk factors and outcomes of acute kidney injury after cardiac surgery

Variables

Age, n (%)
< 30 days 38.1% (32)
> 30 days < 2 years 16.4% (39)
> 2 years < 13 years 10.3% (14)
> 13 years < 18 years 14.8% (4)
RACHS
1 5.8% (7)
2 12.2% (24)
3 32.3% (44)
45,6 46.7% (14)
CPB time, min
<60 9.3% (23)
61-120 14.1% (21)
121-180 50.0% (33)
>180 54.5% (12)

Variables

MV duration
> 2 days

PICU length of stay

> 7 days 3.83 [2.34; 6.28]

Length of stay
> 7 days
Mortality

3.59 [.98; 6.49]
9.96 [5.69; 17.42]

*Model adjusted for age, CPB time, RACHS scale.

Crude OR [CI95%]

14.44 [8.40; 24.84]

49%
50% 46%

MORTALITY (%)

10% 8%

v

No Aki

AKIN 1 AKIN 2 AKIN 3

u Total

Figure 3. Mortality according to AKI severity.

use of pre-operative checklists, and recognition of high-
risk patients are some of the changes that could explain
this difference. Compared to other studies in Latin

Total (n = 485)
OR (CI 95%)

I

0.36 (0.18-0.74) 0.005

0.15 (0.06-0.36) 0.000

0.16 (0.04-0.65) 0.010
1

1.71 (0.67-4.34) 0.260

3.74 (1.48-9.40) 0.005

1.55 (0.43-5.54) 0.497
1

1.55 (0.79-3.05) 0.203

6.98 (3.25-14.98) <0.001

10.87 (3.63-32.53) <0.001

Total (n = 485)

Adjusted OR

[C1 95%]*

14.69 [6.60-32.67] <0.001
3.99 [1.83;8.71] <0.001
2.81[1.10;7.17] <0.001

5.82 [2.24; 15.10] <0.001

America, AKl incidence in the present study was some-
what lower when compared to studies done in Brasil
(25%)* and Mexico (34%)°.

In our study, CPB time and younger age were the
main factors in the development of AKI after cardiac
surgery for congenital heart disease. The previous re-
ports have shown that CPB is a risk factor for develop-
ing AKI®51113 We found that CPB use, by itself, did not
influence significantly the AKI risk (p 0.117), but time of
CPB did, the longer the CBP time, the greater the risk
of developing AKI and a higher AKIN stage.

Neonates were at higher risk of AKI, in this age group
the incidence of AKI has previously been reported to
be as high as 60.9% using the pRIFLE criteria'® and
64%'% and 62%° using the AKIN score definition. The
higher incidence of AKI in neonates can be explained
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by body size, renal development related to gestational
age, and birth weight.

The development of AKI increased mortality. There
is a progressively higher mortality rate at each AKIN
severity stage. Similar findings were reported by Alab-
bas et al.® in a study of 76 neonates performed in Can-
ada who developed AKI after cardiac surgery. In that
study, the mortality rate was 14% compared with 4% in
neonates without AKI; increments in mortality rate were
found in the AKIN 3 score.

The recent studies have shown that differences in
mortality rate can extend beyond the immediate
post-operative period in patients with AKI, especially in
those with stage AKIN 3 or pRIFLE failure stage’. In a
study of 418 patients with AKI after cardiac surgery,
22% died during the 2-year follow-up period'®. The
TRIBE-AKI study'® found that in 131 children who had
AKI after cardiac surgery, 17% had hypertension, 8%
had microalbuminuria, and 14% had a glomerular filtra-
tion rate less than 90 mL/min/1.73 m? at 5-year fol-
low-up. These data emphasize the importance of
long-term follow-up of renal function and blood pres-
sure in patients with AKI after cardiac surgery.

Knowing the risk factors for post-surgical AKI may
contribute to take preventive measures such as place-
ment of peritoneal catheter during surgery in patients
with prolonged CPB time and higher RACHS, in fact
this has showed to improve early management of AKI?°.

Among the limitations of this study, it was retrospec-
tive with the subsequent problems of insufficient data
in the medical registries. It was a single center study
with high proportion of neonates who are the ones with
higher risk for AKI. Multicenter studies with a longer
follow-up would be necessary to evaluate more the long
term outcomes of these patients

AKI definitions have improved the diagnosis and treat-
ment of AKI after cardiac surgery. New biomarkers,
such as neutrophil gelatinase—associated lipocalin, kid-
ney injury molecule 1, and cystatin C, have been inves-
tigated and soon will guide the early detection and
severity of AKI after cardiac surgery?'22. Serum cystatin
C concentration has been shown to predict AKI as early
as 8 hours after CPB?3. Earlier recognition and interven-
tion of AKI can improve management and prognosis.
Future studies using these biomarkers will help to guide
earlier clinical interventions in the management of AKI.

Conclusions

AKl is a frequent complication after cardiac surgery.
Risk factors for AKI are younger age, higher RACHS

score, and time of CPB greater than 120 min. AKI in-
creases mortality, days on MV, and ICU and total hos-
pital stay. In the present study, the AKIN scale allowed
us to classify the severity of AKI and it correlated with
prognosis after cardiac surgery.
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