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Introduction 
Acute kidney injury (AKI) is characterized by sudden 
impairment in renal functioning, leading to inability 

of the kidneys to excrete nitrogenous waste. AKI is 
common among neonates. In a neonatal intensive care 
unit (NICU), the incidence of acute renal failure ranges 
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from 6% to 24%. Although the criteria to diagnose 
neonatal AKI vary among different studies, a consensus 
definition is based on serum creatinine level > 1.5 mg/
dL. There are multiple causes of neonatal AKI; it can be 
divided into prerenal, renal, and postrenal categories. 
Among these, prerenal azotemia is the most common 
type of AKI observed in neonates (85%).

Neonatal sepsis is the important cause of morbidity and 
mortality, especially among low-birth-weight (LBW) 
and preterm neonates in developing countries. There is 
paucity of data on AKI in neonatal sepsis. 

Aim
To evaluate the incidence of AKI in neonatal sepsis and 
delineate the risk factors associated with it

Materials and Methods
A retrospective study was conducted from September 
2014 to December 2015 in the NICU at SDM Medical 
College and Hospital (Dharwad, Karnataka, India). 
One hundred cases with neonatal septicemia without 
gross congenital anomaly of genitourinary tract were 
included in the study based on culture-positive sepsis 
(blood and cerebrospinal fluid [CSF]). 

Neonates were said to have AKI if serum creatinine 
level was > 1.5 mg/dL any time after 48 hours or if 
creatinine level increased by 0.3 mg/dL/d 48 hours after 
birth with or without oliguria (urine output [UOP] < 1 
mL/kg/h) or anuria (UOP < 0.5 mL/kg/h).2,3 Glomer-
ular filtration rate (GFR) was estimated using Schwartz 
formula.

Complete details including demographic profile, clin-
ical features, etiology, underlying risk factors, and 
outcomes of the study neonates were analyzed. Renal 
impairment was grouped under prerenal, renal, and 
postrenal categories based on FeNa estimation. Sepsis 
was defined as a positive blood culture with clinical 
signs of sepsis.

Data collection
Detailed maternal and neonatal information about 
age, gender, gestational age, prenatal history, history 
of diseases, use of medical devices (eg, umbilical cath-

eter and mechanical ventilation), other relevant medical 
conditions and laboratory results, treatment modality, 
and outcomes was collected for each neonate.

Statistical analysis
Statistical analyses were performed by SPSS version 
15 (SPSS Inc, Chicago, IL, USA). Univariate analysis 
was performed to identify differences between neonates 
with and without AKI. Chi-square test and Fisher exact 
test were used to compare categorical variables and 
Student t test was used to analyze continuous variables.

Significant variables were identified using univariate 
analysis and were entered into a stepwise logistic regres-
sion analysis. P value < .05 was considered statistically 
significant.

Results
During the study period, 1546 neonates were admitted 
to the NICU. Among them, 1064 neonates were inborn 
and 482 neonates were outborn. Around 625 neonates 
showed some form of signs and symptoms suggestive of 
sepsis and were screened for sepsis. Among them, 152 
neonates were diagnosed with blood culture–positive 
sepsis. The blood culture results for these 152 neonates 
were as follows: 100 neonates showed evident growth 
of bacteria only; 48 showed evident growth of fungi 
only; and 4 showed evident growth of both bacteria and 
fungi (Table 1). As per the inclusion criteria, neonates 
who showed only bacterial growth in blood culture 
were considered for the study. Hence, 100 neonates 
were included in the study. Of the 100 neonates, 64 
(64%) were male and 36 (36%) were female with mean 
gestational age of 35.94 weeks. Of the 100, 12 (12%) 
were very low-birth-weight and 51 (51%) were low-
birth-weight neonates. Blood culture studies revealed 
gram-negative organisms such as Klebsiella and Escheri-
chia coli in 33 (55%) of 100 neonates; and gram-positive 
organisms such as Staphylococcus aureus and group B 
streptococci in 21% neonates (of 100) (Table 2). 

AKI was diagnosed in 35 (35%) neonates and 23 (66%) 
were nonoliguric (UOP > 1 mL/kg/h) with mean day 
of presentation of 1.36 days. Disseminated intravas-
cular coagulation (DIC) and shock were observed in 20 
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(60%) of 35 neonates with AKI and 17 (26.27%) of 65 
neonates without AKI (Tables 3 and 4). The mortality 
rate was high in neonates with nonoliguric AKI, and 
the mean of the days of recovery was 4.31 days. Of 
the 35 neonates, high mortality was observed in septic 
neonates with AKI (n = 15 [43%]) than those without 
AKI (n = 10 [15.4%]).

Discussion
The study had 41.6% of LBW neonates (birth weight 
< 2500 g) and 43.3% of preterm neonates. 

The incidence of sepsis is predominantly high in male 
neonates (64%) compared with female neonates. 
LBW is an important risk factor for developing sepsis. 
According to Gendes and Polin, LBW and prematu-
rity are risk factors for sepsis in newborns in India. In 
this study, gram-negative septicemia was slightly more  
prevalent (55%).

In this study, around 35% of neonates with sepsis had 
AKI, which is similar to a study by Mortazavi et al, 

which had 26% of septic neonates with AKI. The age 
of presentation was 1.36 days and duration of recovery 
was 4.31 days in this study compared with Mortazavi’s 
study in which mean duration of recovery was 5.5 days. 
We had only 28.5% of neonates with oliguric AKI, as 
in a study by Pradhan et al.

The mean gestation period of neonates with AKI was 
similar to those without AKI (35.09 + 3.8 vs 35.88 + 
3.76 wk, P = .56). The incidence of AKI was high in 
neonates born preterm with immature kidneys due to 

Table 1. Details of the Study Neonates

Place of 
Delivery

Bacterial 
Sepsis 
n (%)

Fungal 
Sepsis 
n (%)

Bacterial 
and Fungal 

Sepsis 
n (%)

Normal  
n (%)

Total 
n (%)

Inborn 45 (3) 14 (0.9) 1 (0.06) 1006 
(65.1)

1064 
(68.8)

Outborn 55 (3.5) 34 (2.1) 3 (0.14) 390 
(25.2)

482 
(31.2)

Total 100 
(6.5) 48 (3) 4 (0.2) 1394 

(90.3)
1546 
(100)

Table 2. Frequency of Bacterial Isolates in Neonates 
With EOS and LOS

Organisms EOS% LOS% Total (n = 10)
Gram Negative
 Klebsiella pneumoniae 24 10 34
 Acinetobacter 6 5 11
 Pseudomonas 3 5 8
 Enterobacter 1 6 7
 E coli 5 1 6
 Citrobacter 0 2 2

Gram Positive 

 Streptococcus 3 0 3
 Methicillin-resistant  
  coagulase-negative  
  staphylococci 

12 8 20

 Coagulase-negative 
   staphylococci 6 1 7

 Staphylococcus 
  aureus 0 2 2

EOS, early-onset sepsis; LOS, late-onset sepsis.

Table 3. Comparison of Septic Neonates With or 
Without AKI

Parameters With AKI  
(n = 35)

Without AKI  
(n = 65) P Values

Term 18 (51.5%) 38 (58.5) .5

Preterm 17 (48.6%) 18 (27.8%) .04

DIC/Shock 21 (60%) 17 (26.27%) < .005

Mortality 15 (43%) 10 (15.4%) < .005

Mean Weight, g 2140 ± 462.2 2190 ± 496.4 .08

Table 4. Comparison of Septic Neonates With Oliguric 
and Non-oliguric AKI

Parameters Oliguric AKI  
(n = 12)

Nonoliguric  
(n = 23) P Values

Mean Gestational 
Age, wk 34.25 36.48 .083

Mean Weight, g 2100 ± 410 2127 ± 450 .380

AKI, acute kidney injury; DIC, disseminated intravascular coagulation.
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sepsis, but it was not high in small-for-gestational-age 
neonates. According to Mortazavi et al and Pradhan et 
al, a significantly high number of neonates with acute 
renal failure weighed < 2500 g. 

In Mortazavi et al’s study, the neonates with AKI also 
had meningitis DIC and shock. In our study, there was 
no significant difference (P < .005) in the incidence of 
DIC and shock, which was common in septic neonates 
with AKI than without AKI, but no difference in 
meningitis. Other factors such as gestational age and 
weight were found to be similar in both the studies. 

In 20 out of 35 septic neonates, AKI was treated 
successfully, as in Pradhan et al’s study. 

Mortazavi et al found that the overall mortality rate 
of neonates with AKI is around 20%, in 2 separate 
studies, whereas in our study, the mortality rate of 
septic neonates with AKI was 15%.

Conclusion
AKI is commonly observed in septic neonates. LBW is 
an important risk factor, but coexisting shock and DIC 

are also significantly associated with the development of 
AKI. Majority of septic newborns develop nonoliguric 
AKI in the first 2 days of life. These facts stress the need 
for screening septic neonates for AKI. 
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