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Conclusions: Sepsis was most common
aetiological factor for AKI followed by
dehydration and birth asphyxia. The mortality rate
was 33.1%. Sepsis, birth asphyxia and use of
mechanical ventilation were the independent risk
factors of mortality.

Abstract
Background: In India, the incidence of acute
kidney injury (AKI) ranges from 4.2% to 37.1%,
with a 60% mortality in neonates.
Objectives: To determine the aetiology and
outcome of AKI in critically ill neonates.

DOI: http://doi.org/10.4038/sljch.v50i3.9684
Method: A 1 year prospective observational study
was undertaken at a tertiary institute on critically ill
neonates who fulfilled the inclusion criteria. AKI
was diagnosed based on a plasma creatinine level
>1.5mg/dl and the plasma creatinine was repeated
at 72 hours and on the 7th day of diagnosis.
Aetiology and risks of mortality were analysed.

(Key words: Acute kidney injury, critically ill
neonate, risk factors of mortality, sepsis)
Introduction
Acute kidney injury (AKI) is defined as an acute
deterioration in renal function due to abrupt
reduction in glomerular filtration rate (GFR)
resulting in derangement in fluid, electrolytes, and
waste products1. Most common form of AKI is prerenal (85%) due to renal hypoperfusion, followed
by renal (11%) due to intrinsic damage to renal
parenchyma, and post-renal (3%) caused by
intrinsic obstruction2. Recent definitions of AKI are
based on the degree of increase in serum creatinine
level (more than a single absolute cut-off value),
and urine output3.

Results: Male: female ratio was 1.55:1. Around
60% neonates were term and 64.6% had normal
birth weight. Anaemia was the commonest
maternal illness followed by hypertension. Sepsis
was associated with 60% neonates with AKI
followed by dehydration (19.2%) and birth
asphyxia (14.6%). All neonates with proven sepsis
and HIE stage III succumbed. Escherichia coli was
the commonest isolate in the septic neonate.
Mortality rate was 33.1%. Presence of maternal
anaemia, hypertension, oliguria, high mean serum
creatinine, acidosis and hyponatraemia were related
to a higher mortality. Likewise, sepsis, shock,
asphyxia, respiratory distress syndrome, use of
mechanical ventilation and need of renal
replacement therapy in neonates were significantly
associated with a high mortality. Sepsis, birth
asphyxia and use of mechanical ventilation were
the independent risk factors of mortality.
_________________________________________

Due to lack of precise definition, the real
prevalence of AKI in the neonate is unknown, and
varies from 1.5% to 56%, associated with higher
mortality and consuming more expenses due to
long hospital stay4-7. In India, AKI incidence
ranges from 4.2% to 37.1%, with a 60% mortality
in neonates8-10. Presence of shock, sepsis, use of
mechanical ventilation and need of renal
replacement therapy were associated with higher
mortality in neonates with AKI11-15. Most neonatal
caretakers are unaware about the current standard
definition, risk factors associated with AKI and the
risk of chronic kidney disease in preterm infants16.
So, the current study was conducted to determine
the aetiology and predictors of mortality in
critically ill neonates with AKI.
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Objectives
To determine the aetiology and outcome of AKI in
critically ill neonates.
Method
A prospective observational study was undertaken
at the neonatal intensive care unit (NICU) of a
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tertiary care government teaching hospital over a
period of one year from March 2018 to February
2019. Our NICU has adequate faculty trained
nursing staff and postgraduate residents, is
equipped with sufficient phototherapy units,
multipara monitors, ventilation care and facilities
for dialysis/surfactant therapy for neonates and
accommodates 20 neonates at a given time.

A diagnosis of birth asphyxia was made on the
basis of the National Neonatal Perinatal Database
Network definition. Birth asphyxiated babies were
classified according to Sarnat and Sarnat staging in
babies at ≥36 weeks’ gestation and hypoxic–
ischaemic encephalopathy (HIE) into Grades 0 and
I as no or mild asphyxia, Grades II and III as
moderate to severe asphyxia. Respiratory distress
was diagnosed in the presence of at least 2 of the
following criteria: (1) respiratory rate >60/min
recorded for at least 1 min, (2) chest indrawing, and
(3) expiratory grunt/groaning. Clinical sepsis was
defined as a neonate having symptoms and/or signs
of sepsis with maternal risk factors of infection.
Probable sepsis was clinical sepsis with a positive
septic screen and confirmed sepsis was defined as
with the growth of causative organism in blood
culture. Urine output was monitored and recorded
from the time of diagnosis of AKI for the following
48 hours. Urine output was measured by weighing
the wet nappies in un-catheterised neonates and
catheterization was done if an infant has failed to
pass urine by 36-48 hours of age, and was
calculated over a period of 24 hours in the form of
mL/kg/hr.

All critically ill neonates, between 0 and 28 days of
life, diagnosed to have AKI on admission or who
developed AKI during their hospital stay,
irrespective of gestational age, sex, birth weight or
postnatal age, were included. AKI was defined as a
serum creatinine level ≥1.5 mg/dl at any time
during hospital stay within the first 28 days of life.
Neonates with multiple congenital anomalies,
chromosomal anomalies, antenatally diagnosed
hydronephrosis, mothers with acute or chronic
renal diseases and neonates who died within 24
hours of life were excluded.
Sample size of 106 was calculated with expected
proportion of 0.77, absolute precision of 8% and
confidence interval of 95% by using the following
formula: N=Z21-α p (1-p)/d2 where N=no. of
sample size, α=level of significance, Z1α=corresponding
normal
standard
variant,
p=anticipated proportion, and d=absolute precision.
We enrolled 130 critically ill neonates for the study
according to the inclusion and exclusion criteria,
after obtaining written informed consent from
parents or caretakers. Serum creatinine levels were
measured in all clinically suspected cases of AKI
or as a part of routine screening protocol (those
admitted before 72 hours of life were screened at
72 hours of life and those admitted after 72 hours
were screened at admission). AKI was diagnosed
on the basis of the serum creatinine level.

Serum creatinine levels were estimated with an
AUDXC700 automated analyser (Beckman Coulter
USA) by the principle of Jaffe’s reaction. Serum
creatinine more than 1.5mg/dl was considered as a
case of AKI. Serum creatinine levels were
measured at 24 hours, 72 hours and on day 7 of
diagnosis. Serum urea and electrolytes were
repeated in the next 24-48 hours according to the
clinical condition of the neonates. Arterial blood
gas analysis was performed by radial artery
puncture on the Eschweiler gas analyser at the time
of diagnosis of AKI and it was repeated over the
next 24-48 hours as required. Urine microscopy
was performed on suprapubic aspirated urine
sample to detect the presence of pus cells and red
blood cells; urine culture was also performed.
Ultrasonography of the abdomen was performed to
visualize the kidney, ureter and bladder in all cases
of AKI to rule out obstructive causes of AKI.

Data were collected following admission, from
either the mother or caregiver in a structured data
sheet. Maternal details, including age, gravida/
parity status, details of antenatal care, obstetric
complications, and mode of delivery were
recorded. Socioeconomic status of parents was
classified on the basis of Modified Kuppuswamy
scale17. Neonatal data included gestational age
(GA), assessed by either menstrual history of
mother, available ultrasound report or by New
Ballard Scoring18, gender, birth weight, age at
admission, and the day of life when diagnosis of
AKI was recorded. The neonates were classified as
appropriate for GA (AGA), small for GA (SGA),
and large for GA in accordance with the revised
Fenton growth charts.

The neonates were managed according to the
standard hospital protocols with judicious fluid and
electrolyte administration, minimization of
nephrotoxin exposure, and peritoneal dialysis.
Ethical issues: Ethical approval was obtained from
the Institutional Ethical Committee of Government
Medical College, Nagpur, Maharashtra, India (No.
1107 EC/Pharmac/GMC/NGP Date: 14/02/2018).
Written informed consent was obtained from the
parents of the neonates.

Dehydration was assessed by measuring the
admission weight of the neonate with respect to the
birth weight and other clinical signs of dehydration.

Statistical analysis: Data were entered into
Microsoft Excel sheet and analysed using STATA
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version 14 (Texas USA). Data as regards numerical
variables were presented as percentage, mean,
median, and standard deviation. Categorical data
were compared using Pearson’s Chi-square or
Fisher’s exact test. Student t-test was used for
continuous variables. Logistic regression analysis
was used to assess correlation between each
independent variable and mortality and relative risk
(RR) were assessed with a 95% confidence

interval. p<0.05
significant.

was

considered

statistically

Results
One hundred and thirty critically ill neonates with
AKI were studied. The baseline characteristics of
the study population are shown in Table 1.

Table 1: Baseline characteristics of the study population (n=130)
Result
Parameter
Gender - n (%)
Male
Gestational age - n (%)
Term
Preterm
Birth Weight - n (%)
Normal
Low birth weight
Very low birth weight
Extremely low birth weight
Mode of delivery - n (%)
Vaginal
Caesarean
Assisted
Maternal illness/obstetric complication - n (%)
Hypertension
Anaemia
Pregnancy induced hypertension / eclampsia
Diabetes
Use of antenatal steroid
Intrapartum fever
Aetiology - n (%)
Sepsis
Dehydration
Birth asphyxia
Respiratory distress syndrome
Congenital renal anomalies
Oliguria (Yes) - n (%)
Serum creatinine - mean ± SD
At 24 hours of diagnosis (mg/dL)
At 72 hours of diagnosis (mg/dL)
At 7 days of diagnosis (mg/dL)
Metabolic abnormality - n (%)
Acidosis (pH<7.0)
Hyponatraemia (Na+≤130 mEq/L)
Hyperkalaemia (K+ >5.9 mEq/L)
Outcome (Non-survival) - n (%)
Duration of hospital stay (days) - mean ± SD

79 (60.8)
77 (59.2)
53 (40.8)
84 (64.6)
32 (24.6)
10 (07.7)
04 (03.1)
62 (47.7)
66 (50.8)
02 (01.5)
47 (36.2)
73 (56.2)
33 (25.4)
07 (05.4)
06 (04.6)
17 (13.1)
78 (60.0)
25 (19.2)
19 (14.6)
06 (04.6)
02 (01.5)
38 (29.2)
1.91 ± 0.40
1.44 ± 0.95
0.98 ± 0.98
14 (10.8)
33 (25.4)
16 (12.3)
43 (33.1)
9.60 ± 4.58

Seventy seven (59.2%) neonates were born at term
and 84 (64.6%) had normal birth weight. Male:
female ratio was 1.55:1. Sixty two (47.7%)
neonates were delivered by the vaginal route and
66 (50.8%) by caesarean section. Anaemia was the
most common maternal illness while 47 (36.2%)
mothers also had hypertension during pregnancy.
Pregnancy induced hypertension/eclampsia was the

commonest
pregnancy.

obstetric

complication

during

Oliguria was observed in 38 (29.2%) neonates.
Mean serum creatinine levels at 24 hours, 72 hours
and 7th day of diagnosis were 1.91±0.40mg/dL,
1.44±0.95mg/dL and 0.98±0.98mg/dL respectively
and the difference of mean creatinine level between
the survival and non-survival was statistically
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significant (p<0.0001). Severe acidosis (pH<7.0),
hyponatraemia (serum sodium ≤135mEq/L), and
hyperkalaemia (serum potassium >5.9mEq/L) were
seen in 14 (10.8%), 33 (25.4%) and 16 (12.3%)
neonates, respectively. Severe acidosis (p=0.04)
and hyponatremia (p<0.0001) were significantly
associated with mortality but hyperkalaemia was
non-significant. Average duration of hospital stay
was 9.60±4.58 days, but average duration of
hospital stay in non-survival neonates was shorter

(6.32±4.62 days) compared to survival (11.22±3.62
days) and this difference was statistically
significant (p<0.0001).
Sepsis was diagnosed in 78 (60%) critically ill
neonates, followed by dehydration in 25 (19.2%)
and birth asphyxia in 19 (14.6%) neonates. Among
septicaemic neonates, 37 (47.4%) were clinical
sepsis while 27 (34.6%) were probable sepsis
(Figure 1).

Microorganisms were isolated in 14 (18%) septic
neonates. Escherichia coli was isolated in 5
(35.7%), Klebsiella and acinetobacter in 3 (21.4%)

each and fungal (candida) species in one extremely
low birth weight neonate (Figure 2).

All the culture positive septic neonates succumbed.
Among the asphyxiated neonates 4 (21.1%) had
HIE stage I, 8 (42.1%) had HIE stage II and 7
(36.8%) were diagnosed to have HIE stage III. All
neonates with HIE stage III died.

discharged while mortality was observed in 43
(33.1%) neonates. There was no difference in
mortality by gender, gestational age, birth weight,
mode of delivery, antenatal steroid use, maternal
fever, presence of dehydration /congenital renal
anomalies or hyperkalaemia. However, maternal
anaemia (p<0.0001), hypertension (p=0.02);
neonates with sepsis (p<0.0001), respiratory

Table 2 shows the different parameters affecting
mortality. Eighty seven (66.9%) neonates were
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distress syndrome (p=0.001), asphyxiated neonates
(p-0.005) and presence of oliguria (p-0.02), shock
(p<0.0001), use of mechanical ventilation
(p<0.0001) and requirement of renal replacement
therapy (p=0.003) were significantly associated

with higher mortality. Presence of sepsis, shock
and use of mechanical ventilation were the
independent risk factors for mortality on multiple
regression analysis (Table 3)

Table 2: Risk factors of mortality in neonate with acute kidney injury (Univariate)
Variables
Survival (n=87)
Non-survival (n=43)
p-value
Gender - n (%)
Male
Gestational age - n (%)
Term
Preterm
Birth Weight - n (%)
<2500g
2500g or more
Oliguria (present) - n (%)
Mode of delivery - n (%)
Vaginal
Caesarean
Assisted
Maternal illness/obstetric complication - n (%)
Hypertension
Anaemia
Pregnancy induced hypertension / eclampsia
Diabetes
Use of antenatal steroid
Intrapartum fever
Aetiology - n (%)
Sepsis
Birth asphyxia
Dehydration
Respiratory distress syndrome
Congenital renal anomalies
Shock
Use of mechanical ventilation
Need of peritoneal dialysis
Serum Creatinine - mean ± SD
At 24 hour of diagnosis(mg/dL)
At 72 hours of diagnosis(mg/dL)
At 7 days of diagnosis(mg/dL)
Metabolic abnormality - n (%)
Acidosis (pH<7.0)
Hyponatraemia (Na+≤130 mEq/L)
Hyperkalaemia (K+ >5.9 mEq/L)
Duration of stay (days) - mean ± SD

51 (58.6)

28 (65.1)

0.6

52 (59.8)
35 (40.2)

25 (58.1)
18 (41.9)

0.85

57 (65.5)
30 (34.5)
20 (23.0)

27 (62.8)
16 (37.2)
18(41.89)

0.91

38 (43.7)
41 (47.1)
01 (01.2)

24 (55.8)
25 (58.1)
01 (02.3)

0.26
0.31
0.6

25 (28.7)
38 (43.7)
18 (20.7)
04 (04.6)
04 (04.6)
08 (09.2)

22 (51.2)
35 (81.4)
15 (34.9)
03 (07.0)
02 (04.7)
09 (20.9)

0.02
<0.0001
0.12
0.87
0.98
0.1

41 (47.1)
07 (08.1)
13 (14.9)
0
02 (02.3)
04 (04.6)
07 (08.1)
03 (03.5)

37 (86.1)
12 (27.9)
12 (27.9)
06 (14.0)
0
14 (32.6)
21 (48.8)
09 (20.9)

<0.0001
0.005
0.12
0.001
0.8
<0.0001
<0.0001
0.003

1.74±0.12
0.99±0.58
0.4±0.11

2.62±0.69
2.5±0.28
2.3±0.12

<0.0001
<0.0001
<0.0001

06 (06.9)
13 (14.9)
09 (10.3)
11.22±3.62

08 (18.6)
20 (46.5)
07 (16.3)
6.32±4.62

0.04
<0.0001
0.49
<0.0001

0.02

Table 3: Independent predictors of mortality in neonates with acute kidney injury
Variable
Adjusted OR
95% confidence interval
p-value
Sepsis
14.22
3.47 – 58.29
<0.001
Birth asphyxia
5.90
1.18 – 29.57
0.03
Mechanical ventilation
9.56
2.91 – 31.30
<0.001
al19 who reported that 58% of term babies and 46%
of normal birth weight babies had AKI. We
observed a male to female ratio of 1.55:1. This is
similar to results by various researchers who
observed that males were more frequently affected

Discussion
Although, premature neonates are more prone to
AKI due to incomplete nephrogenesis and low
nephron number, in our study 59% were born at
term and more than 60% had normal birth weight.
Similar observations were made by Pradhan DD, et
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by AKI7,20,21. However, Agras PI, et al22 reported a
female predominance.

with higher mortality. In our study, the presence of
oliguria/acidosis/hyponatremia, high mean serum
creatinine level, presence of sepsis/shock, neonates
with birth asphyxia/ respiratory distress syndrome,
use of mechanical ventilation and requirement of
renal replacement therapy were associated with
significantly higher mortality. In our study most of
the neonates with AKI died due to multi-organ
failure secondary to the underlying diseases rather
than renal failure.

Various researchers reported that maternal
variables like pregnancy induced hypertension,
multi-fetal gestation, use of antenatal steroids and
polyhydramnios were associated with an increased
risk of AKI in neonates7,11,12,15. In our study the
mortality was significantly higher in neonates born
to mothers with anaemia and hypertension. We
observed that neonatal sepsis was the commonest
cause of neonatal AKI, accounting for 60% of
neonates which is comparable with studies done by
Kapoor K, et al (61.3%)20 and Choudhary S, et al
(65.5%)23 while some authors noted that a higher
number of septic neonates had AKI19,21,25.

Conclusions
Sepsis was the most common underlying clinical
condition followed by dehydration and birth
asphyxia. The mortality was 33.1%. Oliguric AKI
was observed in 29.2% neonates. Presence of
sepsis, birth asphyxia and use of mechanical
ventilation were the independent risk factors of
mortality.

In the present study, birth asphyxia was responsible
for AKI in 14.6% neonates. It was 52.8% in a study
by Halder S, et al24 and 41.7% in a study by Kaur
S, et al25. Selewski DT, et al26 reported that 38% of
neonates who had undergone therapeutic
hypothermia for perinatal asphyxia, had AKI.
Other causes of AKI in our study were respiratory
distress syndrome in 4.6% and renal anomalies in
1.5% neonates. Bolat F, et al15 found that 38.1%
neonates, who had respiratory distress syndrome
treated with surfactant therapy, had AKI, while a
recent study by Momtaz et al4 reported RDS to be
the third common association with AKI (34.6%)
after sepsis and dehydration. However, Bansal et
al8 could not find a significant number of RDS
cases in the AKI group compared to the control
group. In the present study, oliguric AKI was
observed in 29.2% neonates and most of the
oliguric neonates were dehydrated and septic.
Similar to our study, other researchers observed
higher mortality (47.4%) in oliguric neonates15,19.
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