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ABSTRACT

Objective: Acute kidney injury (AKl) is still an important cause of
morbidity and mortality in the neonatal period, despite recent
improvements on perinatal care. In this study, the frequency, etio-
logical causes, clinical characteristics, and mortality of newborns
with AKl in a tertiary neonatal intensive unit (NICU) were investi-
gated.

Methods: Medical records of newborns admitted between 2007
and 2011 were evaluated and patients who developed AKI in the
first 28 days of life were determined. Clinical characteristics, pri-
mary cause, mortality, and highest creatinine of newborns with
AKI were recorded.

Results: It was determined that 94 of 677 (13.9%) patients (80%
of them in the first seven days of life) developed AKI. Hypovolemia,
birth asphyxia, congenital heart disease, sepsis, and genitourinary
system (GUS) anomalies were found to be the most frequent
causes of AKI. The incidence of AKI and mortality rates were
higher in patients with gestational age under 28 week and birth
weight under 1000 g. Mortality tends to rise in the presence of AKI
regardless of the underlying disease, but this was statistically sig-
nificant only for sepsis and cardiac disease. The presence of AKI
increases length of stay and, the creatinine level was found to be
lower in those who survived.

Conclusions: AKl is still an important morbidity in patients treated
in NICU despite improvement on perinatal care. Low birth weight,
prematurity, birth asphyxia, sepsis, hypovolemia, cardiac diseases,
and GUS anomalies were common causes and mortality increases
in patients with AKI regardless of gestational age, birth weight,
and underlying etiology.

INTRODUCTION

Diagnosis of acute kidney injury (AKIl) in newborns is
challenging due to difficulties in monitoring urine
output, serum creatinine levels reflecting maternal
serum creatinine level in the first days of life, and the
frequent occurrence of non-oliguric renal failure.
The incidence of AKI in the neonatal period varies
according to the birth weight, gestational age, the
severity and number of concomitant diseases. With
the development of neonatal and perinatal care, the
survival rates of critically ill newborns have increa-
sed. However, this also increases the incidence of
AKI @, There are few studies showing the relations-
hip between etiological causes and mortality of AKI
in newborns admitted to the neonatal intensive care
unit (NICU). In these studies, most causes of AKI in

the neonatal period were sepsis, hypovolemia, birth
asphyxia, congenital heart disease (CHD), genitouri-
nary system (GUS) anomalies, and drugs. However,
their relationship with AKI and their effects on mor-
tality are not well established “%. Although AKI in
the neonatal period may cause chronic kidney disea-
se ¥ but there are few studies of AKI and long-term
effects in this patient group. The aim of this study is
to determine the relationship, incidence, etiological
causes, clinical course, mortality rates and mortality
risk factors of AKI in newborns.

AKI is the accumulation of harmful wastes in the
body and reduced kidney function resulting in fluid
retention. Clinical manifestations can range from
mild dysfunction to severe anuric renal failure. A
decrease in urine output or an abnormal elevation in
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serum creatinine supports the diagnosis ?. In order
to diagnose and stage AKI in other pediatric age gro-
ups, Akcan-Arikan et al. modified the RIFLE (risk,
injury, failure, loss, end-stage disease) criteria and
pediatric RIFLE (pRIFLE) criteria were developed ©.
However, there is not enough data about using those
criteria’s in the newborn age group.

MATERIAL and METHODS

This study was conducted in accordance with the
amended Declaration of Helsinki, approved by the
Local Ethical Committee. Medical records of all new-
borns admitted to the NICU between 2007-2011
were evaluated and those having AKI within 0-28
days of life were determined. The referral status,
birth weight, gestational age, mode of delivery, clini-
cal characteristics, presence of maternal morbidity,
length of stay, and mortality status were recorded. In
addition to other data, main disease-causing AKI was
determined, the highest creatinine level and progno-
sis were recorded. AKI was defined as a two-fold
increase between two measurements or a serum
creatinine level of >1.5 mg/dL. The etiology of AKI
was determined by the underlying disease. In the
presence of more than one etiological factor, the
primary etiological factor was determined by clinical
decision.

Categorical and continuous variable were reported

Table 1. Risk factors related to AKI

TP 2020;1(1):17-21

as frequencies and percentiles and means with stan-
dard deviations (SD) or medians with interquartile
ranges (IQRs). The Mann-Whitney U test was used to
compare non-parametric variables and Student’s t
test was performed for parametric data. Multivariate
regression analysis was used to determine risk fac-
tors for mortality. All data obtained were analyzed
using an IBM SPSS V15.0 program and P-values <0.05
were considered significant for all comparisons.

RESULTS

Total of 677 patients were included to the study
during the study period. High creatinine value for
age was found in 94 (13.9%) patients. Table 1 shows
the risk factors related to AKI for newborns admitted
to the NICU. AKI incidence was higher in patients
with birth weight under 1000 g weight and gestatio-
nal age under 28 weeks.

The time of the occurrence of AKI according to the
underlying etiology and the mortality rates in those
patients are shown in Table 2.

Mortality increased in patients with AKI regardless of
birth weight and gestational age. Mortality tends to
increase in the presence of AKI regardless of the
underlying disease, but this was statistically signifi-
cant only for sepsis and cardiac disease (Table 3).

Gender

Male - no. (%)
Female - no. (%)
Birth Weight
<1000 gr - no. (%)
1000-1500 gr - no. (%)
1500-2000 gr - no. (%)
2000-2500 gr - no. (%)
>2500 gr - no. (%)
Gestational Age
<28 week - no. (%)
28-32 week - no. (%)
33-37 week - no. (%)
>37 week - no. (%)
Route of Delivery
C/S - no. (%)
NSPD - no. (%)
Maternal Morbidity
No - no. (%)
Yes - no. (%)

18

338 (86.2%)
245 (86%)

66 (63.5%)
133 (88.7%)
124 (89.9%)
81 (91%)
179 (91.3%)

54 (61.4%)
203 (87.1%)
202 (92.2%)
81 (90.5%)

470 (86.7%)
113 (83.7%)

347 (87%)
236 (84.9%)

54 (13.8%) 0.923
40 (86%)
38 (36.5%) <0.001

17 (11.3%)
14 (11.1%)
8 (9%)
17 (8.7%)

34 (38.6%) <0.001
30 (12.9%)

17 (7.8%)

8 (9.5%)

72 (13.3%) 0.365
22 (16.3%)

52 (13%) 0.442
42 (15.1%)
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Sepsis (27)

Birth Asphyxia (23)
Hypovolemia (19)

Congenital Heart Disease (14)
Genitourinary Anomalies (5)
Other (6)

[y
wrE o vwl

9(33.3)

8 (34.8)

5(26.3)
7 (50)
2 (40)
3(50)

Sepsis Yes 27
No 203
Birth Asphyxia Yes 23
No 55
Hypovolemia Yes 19
No 25
Congenital Heart Disease Yes 14
No 265
Genitourinary Anomalies Yes 5
No 15
Birth Weight
<1000 gr Yes 38
>1000 gr Yes 56
DISCUSSION

Acute kidney injury in newborns is generally defined
by determining the urine output and serum creatini-
ne level. However, there is no single serum creatini-
ne value agreed upon. Different definitions are used
in the literature. Mostly, increase in serum creatinine
level was defined as AKI, while in some studies only
the renal replacement therapy requirement was
defined as AKI (19, Recently, studies on new biomar-
kers have been intensified due to the disadvantages
of serum creatinine level in the diagnosis of AKI.
These include serum and urine neutrophil gelatinase-
associated lipocalin, urine liver fatty acid binding
protein, serum and urine cystatin-C, urine interleukin-
18, urine aprotinin, urine netrin-1, kidney damage
molecule-1, beta-2 microglobulin and osteopontin
®). In 2013, a working group concluded Kidney
Disease Improving Global Outcomes (KDIGO) criteria
for the definition of AKI. According to KDIGO criteria,
AKI was defined as = 0.3 rise or = 1.5-1.9 x rise from
baseline serum creatinine level (defined as previous
lowest/trough value) ®”). Due to the retrospective
nature of our study, it is not possible to use the
above-mentioned new biomarkers and KDIGO crite-

9(33.3) <0.001 7.9
12 (5.9)
8 (34.7) 0.619 .
16 (29)
5(26.3) 0.223 .
3(12)
7 <0.001 5.6
40
2 0.140 .
1
16 (42.1) <0.324 .
18 (32.1)

ria for the diagnosis of AKI. Therefore, AKI was defi-
ned as a serum creatinine level >1.5 mg/dl or a
2-fold increase between any 2 measurements despi-
te a serum creatinine level of <1.5 mg/dl . The
incidence of AKl in our study was found to be 13.9%.
Moghal et al. found that the incidence of AKI was
higher in critically ill patients in newborns than in
other age groups Y. However, in several studies, the
incidence of AKI in critically ill newborns has been
found in a wide range of 1-31%. This was interpreted
as there was no consensus on the diagnosis of AKI.

When the development time of AKI were examined,
it was found that AKI developed with a rate of 78.8%
in the first week of life, while the most common eti-
ological reasons were birth asphyxia, hypovolemia,
CHD, GUS anomalies and drugs (aminoglycosides,
indomethacin, ibuprofen), but the relationship bet-
ween AKI and their effects on mortality are not well
known ®3%9) |n a study conducted in India, the inci-
dence of AKI was found to be 26% in 200 newborns
with sepsis and it was observed that mortality was
higher in patients with AKI @9, Birth asphyxia has
been defined as the most common cause of AKI in
many studies. While Aggarwal et al. found the inci-
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dence of AKI to be 54% in patients with 5th minute
Apgar scores of 6 and below ™, Korlowicz et al. 9
found the incidence of AKI to be 66% in term new-
borns exposed to severe birth asphyxia. In patients
with hypoxic ischemic encephalopathy, a significant
relationship was found between AKI and the severity
of the neurological disease and serum creatinine
level and the neurological outcome of the patients
@1, Studies investigating the incidence of AKI in new-
borns with CHD, Mortazavi et al. ?? found the inci-
dence of AKI to be 21% in newborns with heart
disease, whereas in another study, the incidence of
AKl in congenital heart diseases was reported to vary
between 5-20% . The incidence of AKI was found
to be 24% in premature babies of <30 weeks of age
who were given indomethacin treatment due to
patent ductus arteriosus 2%, It is controversial whet-
her AKI in these patients is caused by patent ductus
arteriosus induced circulatory disorder or indomet-
hacin treatment.

There is no specific treatment for AKI that occurs in
the neonatal period, underlying factors need to be
treated. In postrenal AKI, the treatment is usually
surgical intervention. Renal replacement therapy is
the most effective modality in AK| %,

It is known that mortality increases with acute kid-
ney damage in neonatal period. Studies examining
the relationship between mortality and AKI, the
mortality rate was found between 6% and 58%
depending on the underlying diseases ?°. AKI is not
usually directly causing mortality, and the disease
that causes death and the etiology of AKI may not be
the same. Therefore, mortality rates in AKI are
mostly associated with the underlying disease 9,

The limitation of the study is the AKI criteria we
used. We defined AKI as serum creatinine level > 1.5
mg/dl or a 2-fold increase between any 2 measure-
ments despite a serum creatinine level of < 1.5 mg/
dl. However, KDIGO criteria defined in 2013 for the
diagnose of AKI, this may cause underdiagnose and
lower incidence of AKI.

CONCLUSION

AKl is more common in critically ill newborns than in
other age groups. The development of perinatal care
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has increased the survival rates and the incidence of
AKI in critically ill newborns. However, diagnosing
AKl in newborns is more difficult than in other age
groups. The frequency of AKI in the neonatal period
varies according to the gestational age, birth weight,
severity of comorbid diseases and NICU possibilities.
Most common causes of AKI in the neonatal intensi-
ve care unit are sepsis, hypovolemia, birth asphyxia,
CHD, GUS anomalies and nephrotoxic drugs. It is
known that mortality rates increase in newborns
with acute kidney damage. On the other hand, AKl in
the neonatal period can cause chronic kidney disea-
se that requires lifelong follow-up and treatment.
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