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Objective: To determine the prevalence, electrolytes and acid-base homeostasis, and clinical outcomes of neonatal acute
kidney injury [AKI].

Materials and Methods: Data of neonates aged 0 to 30 days who were admitted to Faculty of Medicine Vajira Hospital from
1st June 2010 to 31st May 2016 were collected from medical records.

Results: Five hundred and forty-six neonates were admitted to the hospital during the study period. Of these, 46 neonates
(8.4%) were diagnosed with neonatal AKI. Thirty-three of them were male and 13 were female. Their median gestational age
was 31weeks (interquartile range, 28.8 to 38.0 weeks). There were 16 neonates with birth weight less than 1,000 grams.
Common features found among neonatal AKI were sepsis (91.3%), birth asphyxia (69.5%), and electrolytes imbalance
(47.8%). Mortality rate was 28.3% and the most common factor associated with death was sepsis (26.1%). Among neonatal
deaths, metabolic acidosis was the factor associated with deaths in 76.9% which was significantly higher than the AKI who
survived.

Conclusion: The prevalence of neonatal AKI was 8.4%. Factors commonly found in neonatal AKI were sepsis, birth
asphyxia and electrolyte imbalance. Mortality rate was 28.3% with sepsis as the most cause.
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Acute kidney injury [AKI] or previously
known as acute renal failure is the condition of sudden
deterioration of kidney function that causes retention
of waste products and fluid, and electrolyte and acid-
base disturbances. AKI can result in multiple organs
failure, chronic kidney disease, and death(1). Neonatal
kidneys are vulnerable to decreased renal perfusion
especially during the first few days of life, making
neonatal AKI a critical condition requiring a timely
diagnosis and management(2).

The causes of neonatal kidney injury can be
divided into prerenal, renal and postrenal causes. The
most common of which is prerenal, accounting for 85%

and is characterized by decreased renal perfusion. The
renal cause of neonatal AKI is acute tubular necrosis
[ATN] which can occur in perinatal asphyxia, sepsis,
prolonged prerenal azotemia, or exposure to
nephrotoxic agents(1).

There are many diagnostic criteria for neonatal
AKI. The most commonly used ones are serum
creatinine greater than 1.5 mg/dL(1), or serum creatinine
that increases by at least 0.3 mg/dL or more than 1.5 to
2 times from baseline(3).

The prevalence of neonatal AKI is
underestimated according to the non-oliguric
characteristics of these patients. One author
summarized data from many studies in other countries
reported the prevalence of neonatal AKI, before the
criteria of pediatric Risk, Injury, Failure, Loss, End-stage
kidney disease [pRIFLE], ranged from 8 to 24% with
mortality rate of 10 to 61%(4). The prevalence of
neonatal AKI in southern Thailand reported by
Vachvanichsa nong et al was 6.3%(5). The impact of
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neonatal AKI is high morbidity and mortality. The aim
of this study was to determine the prevalence,
electrolyte and acid base disturbances, and clinical
outcomes of neonates with AKI in the neonatal
intensive care unit in Faculty of Medicine Vajira
Hospital. Features associated with the neonates with
AKI who were dead were compared to those who
survived.

Materials and Methods
Study sample and outcome assessment

The neonates aged 0 to 30 days who had AKI
and were admitted to the neonatal intensive care unit
at Vajira hospital from 1st June 2010 to 31st May 2016
were identified. We identified the patients with
diagnoses of AKI by ICD-10 (N 179) included acute
renal failure, unspecified and serum creatinine increase
>0.3 mg/dL from baseline or serum creatinine greater or
equal to 1.5 mg/dL. Medical records were reviewed.
Data recorded included gestational age, date of
diagnosis of AKI, birth weight, BUN, creatinine,
electrolytes, medications and clinical outcomes during
admission. Clinical outcomes of interest included
pulmonary hemorrhage, gastrointestinal [GI]
hemorrhage, pneumothorax, necrotizing enterocolitis
[NEC], intraventricular hemorrhage [IVH].

Statistical analysis
Results were analyzed using SPSS statistical

package 22.0 (IBM Corp, Armonk, NY). The prevalence
of neonatal AKI, Electrolyte abnormalities and acid-
base homeostasis, clinical outcomes were presented
as number with percentages. Gestational ages, birth
weight, and maximum serum creatinine were presented
as mean with standard deviation [SD] or median with
interquartile range (the value at 25th percentile to 75th

percentile). Data were compared between groups with
Chi-square or Fisher’s exact tests as appropriate.

Results
During the 6-year study period, 46 out of 546

neonates were diagnosed with AKI (8.4%). The median
gestational age was 31 weeks (interquartile range [IQR],
28.8 to 38.0 weeks). The median age at diagnosis of
AKI was 4.5 days (IQR 2 to 10 days). The median
maximum serum creatinine was 1.57 mg/dl (IQR 1.3 to
2.08 mg/dl). Eight out of forty-six patients (17.4%)
had congenital kidney ureter and bladder anomalies.
Among these, 33 were alive (71.7%). Table 1 shows
demographic data of neonatal AKI according to their
living status. No significant differences of demographic
data between both groups were found.

Table 2 shows factors associated with
neonatal AKI. Sepsis was the most common factor
associated with neonatal AKI (91.3%), followed by birth
asphyxia (69.5%). Neonates with AKI who were dead
had significantly higher percentages of metabolic
acidosis and electrolyte disturbances than those who
survived (p-values of 0.000 and 0.001 respectively).
Table 3 shows medications administered in neonates
with AKI. All patients received gentamicin. The use of
inotropic drugs especially adrenaline was administered
more frequently in AKI neonates who were dead than
those who survived (p-value = 0.018). The clinical
outcomes of neonates with AKI are shown in Table 4.
We found higher frequency of GI hemorrhage among
AKI neonates who were dead (23.1%) than those who
survived: vs. none respectively (p = 0.019).

Discussion
The prevalence of neonatal AKI at Faculty

of Medicine Vajira Hospital was 8.4%, which was

AKI-alive (n = 33) AKI-dead (n = 13) p-value

Sex 1.000
Male      24 (72.7)        9 (69.2)
Female        9 (27.3)        4 (30.8)

Gestational age (week), median (IQR)      31 (29 to 37.5)      31 (25.5 to 38) 0.931
<32      21 (63.6)        8 (61.5) 0.892
33 to 37        4 (12.1)        1 (7.7)
38 to 42        8 (24.2)        4 (30.8)

Birth weight (grams), median (IQR) 1,220 (919 to 2,537) 1,266 (687 to 3,126) 1.000
Maximum serum creatinine (mg/dl), median (IQR)   1.52 (1.33 to 1.97)   1.78 (1.31 to 2.36) 0.135

Table 1. Demographic data of neonates with acute kidney injury
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higher than the 6.4% in a previous study by
Vachvanichsanong et al(5). A study in Egypt(6) reported
incidence of neonatal AKI as 10.8%, which was higher
than the present study. The difference in prevalence
varied according to predisposing factors for AKI. Our
finding showed males had a greater prevalence of
neonatal AKI than females similar to previous
studies(7,8). The prevalence in each study may partly
depend on the level of care in each institution or area.
Our hospital which locates in urban area and is a tertiary
hospital for health care, hence, had higher prevalence

than that found in some other studies.
Diagnostic criteria of neonatal AKI have

not been well established until 2008. At present, most
neonatal AKI definition used serum creatinine over or
equal to 1.5 mg/dl to diagnose AKI. Others defined
AKI as serum creatinine >0.3 mg/dl within 48 hour or a
serum creatinine rise >1.5 to 1.9 x reference serum
creatinine within 7 days and urine output less than 0.5
ml/kg/hr for 6 to 12 hour(9). Our study did not use urine
output to diagnose AKI because these patients usually
had non-oliguric AKI. We used serum creatinine was

AKI-alive (n = 33) AKI-dead (n = 13) p-value

Sepsis         30 (90.9)          12 (92.3) 1.000
Birth asphyxia         21 (63.6)          11 (84.6) 0.286
Congenital pneumonia           4 (12.1)            2 (15.4) 1.000
KUB anomaly           6 (18.2)            0 (0) 1.000
Metabolic acidosis           4 (12.1)          10 (76.9) <0.001*
Electrolytes disturbance

Hyperkalemia           0 (0)            5 (38.5) 0.001*
Hypokalemia           3 (9.1)            2 (15.4) 1.000
Hyponatremia           1 (3)            6 (46.2) 0.001*
Hypernatremia           2 (6.1)            0 (0) 1.000
Hypomagnesemia           3 (9.1)            2 (15.4) 0.612
Hypermagnesemia           2 (6.1)            1 (7.7) 1.000
Hypocalcemia           4 (12.1)            2 (15.4) 1.000

Table 2. Factors associated with neonates with acute kidney injury

Remark: One patient may have one or more conditions
*p-value < 0.05 using Fisher’s exact test

AKI-alive (n = 33) AKI-dead (n = 13) p-value

NSAIDS
Ibuprofen           4 (12.1)           2 (15.4) 1.000
Indomethacin           6 (18.2)           0 (0) 0.163

Aminoglycoside
Gentamicin           9 (27.3)           6 (46.2) 0.299
Gentamicin + amikacin         18 (54.5)           7 (53.8) 1.000
Gentamicin + netilmicin           5 (15.2)           1 (7.7) 0.659

Amphotericin B           0 (0)           1 (7.7) 0.283
Furosemide         21 (63.6)         10 (76.9) 0.802
Inotropic drugs

Dopamine         12 (36.4)           8 (61.5) 0.187
Dobutamine           8 (24.2)           1 (7.7) 0.410
Adrenaline           1 (3.0)           4 (30.7) 0.018*

Remark: One patient may have one or more conditions
*p-value <0.05 using Fisher’s exact test

Table 3. Medications administered in neonates with acute kidney injury
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greater or equal to 1.5 mg/dl or an increase in serum
creatinine of at least 0.3 mg/dl from baseline value for
AKI diagnosis.

The present study found that the mortality
rate was 28% which was slightly higher than 24% in
the study by Agras et al(10). The mortality rate in
each study may depend on several factors such as
gestational age, or underlying disease with its severity.
The median gestational age of neonatal AKI in the
present study was 31 weeks which was lower than 34
weeks in a study by Youssef(6). Although we found
maximum serum creatinine in survivors was lower than
those who died which reflected severity of the disease,
however, the difference was not statistical significant
(p = 0.135).

The most commonly cause or preceding event
associated with neonatal AKI in the present study was
sepsis which was similar to some previous studies(5,6,10)

but were different from other studies showed birth
asphyxia as the most common(11-13). The present study
found birth asphyxia as the second most commonly
associated factor. The significant factors associated
with mortality in our AKI neonates found in the present
study were metabolic acidosis, hyponatremia and
hyperkalemia. These factors may reflect the severity of
the condition. Therefore, any neonates with AKI
and had metabolic acidosis and electrolyte disturbances
should be closely monitored to decrease the mortality
rate. The inotropic agents, such as adrenaline
showed a statistically significant greater use in those
neonatal AKI cases who died than those who
survived (p = 0.018). This was interpreted that the
patients with more severe illnesses with high chance
of mortality had more frequent use of these inotropic
agent.

Table 4. Clinical outcomes in neonates with acute kidney injury

AKI-alive (n = 33) AKI-dead (n = 13) p-value

GI hemorrhage             0 (0)           3 (23.1) 0.019*
Pulmonary hemorrhage             1 (3)           2 (15.4) 0.188
Disseminated intravascular coagulation             0 (0)           2 (15.4) 0.075
Pneumothorax             3 (9.1)           4 (30.7) 0.087
Necrotizing enterocolitis             8 (24.2)           4 (30.7) 0.717
Intraventricular hemorrhage             6 (18.2)           1 (7.7) 0.654
Patent ductus arteriosus           15 (45.5)           4 (30.7) 0.510
Congestive heart failure             3 (9.1)           1 (7.7) 1.000
Hypovolemia             3 (9.1)           2 (15.4) 0.612

Remark: One patient may have one or more conditions
*p-value <0.05 using Fisher’s exact test

GI hemorrhage was the only clinical outcome
that showed statistical significant higher frequency
among the deaths than that found among survivors
(p = 0.019). Although other poor clinical outcomes of
DIC, NEC, IVH, pneumothorax and hypovolemia were
also higher among the deaths, the differences were
not statistical significant. This might be due to limited
number of patients in the present study.

Conclusion
The prevalence of neonatal AKI was 8.4%.

Commonly associated factors that contributed to
neonatal AKI were sepsis, birth asphyxia, metabolic
acidosis and electrolyte imbalance. Mortality rate was
28.3% and sepsis was the factor most commonly
associated with death. The prevalence and clinical
factors in each study may depend on other
administrative issues including the hospital setting
aside from the factors we studied. Further studies in
other hospitals or settings are important to elaborate
on this important condition.

What is already known on this topic?
Birth asphyxia is known as the most common

cause of neonatal AKI.

What this study adds?
Sepsis is the most common factor associated

with neonatal AKI in the present study. The significant
factors associated with death among the AKI neonates
were metabolic acidosis, hyponatremia and
hyperkalemia.
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