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Introduction

Acute kidney injury (AKI) is a severe clinical
condition. It is common in neonates in an intensive
is defined as a sudden
function

care unit (NICU). It
deterioration in  kidney

Abstract

BACKGROUND: Acute kidney injury is a severe clinical condition. It is common in neonates in intensive care unit.
It is defined as a sudden deterioration in kidney function resulting in derangements in fluid balance, electrolytes,
and waste products. The score for neonatal acute physiology perinatal extension in critically sick neonates with
kidney injury is a useful tool for assessing the severity of the disease.

AIM: This study aimed to determine the incidence of AKI and the role of SNAPPE 2 score in predicting mortality
and morbidity of kidney injury in neonates.

METHODS: The study was designed as a prospective clinical investigation performed in the period of three years,
which included 100 neonates (50 with AKI and 50 without AKI) hospitalised in intensive care unit of University
Clinic of Children Diseases in Skopje. The severity of the illness of hospitalised newborn infants was estimated
with SNAPPE 2 score realised in the first 12 hours of admission to NICU. Medical data records of admitted
neonates with AKI were analysed. The material was statistically processed using methods of descriptive statistics.

RESULTS: During the study period, 770 new born's were hospitalised in the intensive care unit due to various
pathological conditions and 50 new born's were selected with AKI. The control group consisted of 50 neonates
with comparable associated pathological conditions, but without kidney injury. The calculated prevalence of AKI in
neonates was 6.4%. Most of the involved neonates in the study in both groups (AKI and non-AKI) were born at
term (64% and 54%) with a predominance of male neonates (68% and 60%). The mortality rate was significantly
higher in newborns with AKI than in the control group (36% vs 24%) (p < 0.01). The mean SNAPPE 2 score value
in neonates with AKI was higher than in the control group (58.72 vs 40.0), and the difference was significant (p =
0.00001). Difficult score level predominated in half (50%) of newborn infants with AKI, while median score level
predominated in control group (42%). There was a significant difference between the mean score value in
neonates with AKI and lethal outcome compared to neonates with AKI without lethal outcome (70.73 + 18.6 vs
40.2 £ 16.6) (p < 0.0001).

CONCLUSION: Acute kidney injury is a life-threatening condition with still high mortality rate. The severity of the
illness of hospitalised neonates in an intensive care unit is estimated by SNAPPE 2 score. Also, the risk of
mortality is estimated too, taking into consideration the fact that higher values of the score are associated with
higher mortality. Appropriate treatment of neonates with severe kidney injury improves the outcome and reduces
the mortality of the disease.

creatinine, lower glomerular filtration rate (GFR) and
differences in maturation [1], [2], [3], [4], [5], [6], [7],
[8].

The incidence of kidney injury in children is
significantly lower than in adults except in neonates
where it occurs in 8 to 24% with mortality rates

resulting in petween 10% and 61% [9], [10].

derangements in fluid balance, electrolytes, and waste

products.

The diagnosis of AKI is based on a rise of
serum creatinine (sCr) and urine output of fewer than
1.0 ml/kg/h. Serum creatinine has different value in

Predisposing factors associated with acute
kidney injury in neonates are certain clinical conditions
such as asphyxia, sepsis, prematurity, meconium
plague syndrome, congenital heart diseases, invasive
procedures and some nephrotoxic drugs. Appropriate

neonates because of the presence of maternal

Open Access Maced J Med Sci. 2019 Nov 15; 7(21):3559-3563.

3559



Clinical Science

treatment of associated comorbidities, limited use of
nephrotoxic drugs reduces the risk of kidney injury in
neonates hospitalised in the intensive care unit [8], [9],
[10], [11], [12].

The scoring system in critically sick neonates
with kidney injury is used as a tool for predicting
morbidity and mortality of the disease. It assesses the
severity of the disease concerning the levels of
deviation from normal physiology through the
evaluation of numerous physical and laboratory tests.
The most commonly used scoring system is Score for
Neonatal Acute Physiology Perinatal Extension |l
(SNAPPE 2 score). It can predict the outcomes in
critically ill newborns. It was developed by Ridsrtson in
1993 as an index for the severity of the disease. It is
performed within the first 24 hours of admission of
newborns to NICU and contains 34 clinical tests and
vital signs. In 2001 Rittersson simplified the score by
creating a second generation of SNAPPE 2 score
containing 6 physiological parameters and 3
parameters for assessing perinatal mortality [13].

SNAPPE 2 is a useful tool for assessing the
severity of the disease that correlates with neonatal
mortality in intensive care units. A higher level than 40
is associated with a higher mortality rate. The
parameters associated with perfusion as a mean
arterial pressure and acidosis are significantly
associated with greater organ dysfunction and higher
mortality [14], [15], [16].

This study aimed to determine the incidence
of AKI and the role of SNAPPE 2 score in predicting
mortality and morbidity of kidney injury in neonates.

Methods

The study was designed as a prospective,
clinical, epidemiological investigation performed in
three years, which included 100 neonates (50 with
AKIl and 50 without AKI) hospitalised in NICU of
University Clinic of Children Diseases in Skopje.

Criteria for inclusion in the study were:
neonates up to 28 days of postnatal age; neonates
treated in NICU due to certain pathological condition
with or without the development of kidney injury. AKI
was defined by elevated serum creatinine (> 130
umol/L in neonates younger than 33 weeks and > 90
umol/L in neonates older than 33 weeks) and the
presence of oliguria (less than 1.0 ml/kg/h). According
to our criteria, all neonates who were older than 28
days of age, who had less than 24 hours of
hospitalisation and neonates who had cardio-surgical
interventions were excluded from the study.

Medical data records of admitted neonates

with AKI were analysed. The neonates were analyzed
according to gender, birth weight, and gestational age.
The laboratory examinations of serum creatinine
values were done in the biochemical laboratory of the
Clinic of Children Diseases using Kodak camera dry
biochemistry. The severity of the illness of
hospitalised neonates was estimated with SNAPPE 2
score realised in the first 12 hours of hospitalisation to
NICU. Also, the risk of mortality was estimated, taking
into account the fact that higher values of the score
are associated with a higher mortality rate. Table 1
shows the examined variables in SNAPPE 2 score.

Table 1: Score systems in NICU

SNAPPE SNAPPE 2

arterial pressure
cardiac frequency

mean arterial pressure
temperature

respiratory rate pO2 / Fi02
temperature Ph. Blood
PCO2 convulsions
PO2 / Fi02 diuresis

PCO2

leukocytes
platelets

urea in serum
creatinine in serum
diuresis 24 hours
indirect bilirubin
direct bilirubin
sodium in serum
potassium in serum
calcium total
calcium ionizing
glycemia
bicarbonate

Ph. Blood
convulsions

apnea

The material was statistically analysed using
the methods of descriptive statistics. To determine the
significance of differences in the parameters, the tests
for independent samples were analysed. Statistical
significance was determined for the values of p <
0.05.

Results

During the study period, 770 newborns were
hospitalised in NICU due to various pathological
conditions and 50 newborns were selected with AKI.
The control group consisted of 50 neonates with
comparable associated pathological conditions, but
without kidney injury. The calculated prevalence of
AKI in neonates was 6.4%. The mean gestational age
of newborns with AKI was 37.42 + 3.1 weeks and
36.26 + 3.8 weeks in the control group. The mean
birth weight of neonates with AKI was 2890.8 + 898.1
grams, while in the control group was 2699.4 + 894.6
grams.

Most of the involved neonates in both groups
were born at term (64% and 54%) with a
predominance of male (68% and 60%). Figure 1 and
figure 2 show the distribution of neonates with AKI
and non-AKI depending on age and gender.
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M term baby ® premature

Figure 1: Distribution of newborns with AKI and Non-AKI depending
on age

According to the outcomes of the disease, 18
neonates with AKI and 12 neonates of the control
group had a lethal outcome. So, the mortality rate in
neonates with AKI was 36%, while 24% in the control
group. This difference was not statistically significant
(p <0.01).

m female

H male

Figure 2: Distribution of newborns with AKI and Non-AKI depending
on gender

All neonates were evaluated by SNAPPE 2
score within the first 12 hours of admission in the
intensive care unit. The score values were analysed in
4 categories: light (score 1-20), medium (score 21-
40), difficult (41-70) and very difficult (over 70). The
results showed that the mean score value in neonates
with AKI was 58.72 + 20.4, while 40.0 £ 20.0 in the
control group. The difference of 18.72 between AKI
group and control group was confirmed as significant
(p = 0.00001) (Table 2).

Table 2: Distribution of SNAPPE 2 score values in neonates in
NICU

Table 3: Distribution of neonates with AKI depending on score
levels compared to the control group

Score AKI / Non-AKI Mean + SD Min-Max
Liaht AKIN=0 0 0

9 Non-AKI N = 8 14.0£3.9 8-19
. AKIN =10 33.8+3.3 29-38
Medium Non-AKI N = 21 28748 2239
Difficut AKIN = 25 5224 +7 42-67
Non-AKI N = 16 4318+58 38-52
o AKIN =15 86.13£ 8.3 77-97
Very difficult Non-AK N =5 81.6£8.3 7291

AKI Non-AKI
Mean + SD 58.72+20.4 40.0 £20.0 T=46
Min 29 8 P =0.0000001
Max 97 78

Table 3 shows the distribution of neonates
with AKI depending on score levels compared to the
control group. In half (50%) of neonates with AKI
predominate difficult score level, while the median
score level predominated in 42% neonates of the
control group.

There was a significant difference between
the mean score value in neonates with AKI and lethal
outcome compared to newborn infants with AKI
without lethal outcome (70.73 £ 18.6 vs 40.2 + 16.6)
(p < 0.0001) (Figure 3).
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Figure 3: Distribution of mean score values in neonates with AKI
and lethal outcome and neonates with AKI without lethal outcome

Figure 4 shows the distribution of score
values in neonates compared to control group,
depending on lethal outcomes. 66% of neonates with
AKI and lethal outcome had a very difficult score level,
as opposed to 59% survived neonates with AKI who
had a lower score level. Compared to the control
group, 54% neonates with lethal outcome had a
difficult score level, and 51% of survived neonates
had a medium score level.
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Figure 4: Distribution of score values in neonates with AKI
compared to control group, depending on lethal outcomes
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Discussion

This study presents a clinical, epidemiological
study that evaluated neonates who were treated in
intensive care at the Universiti Clinic of Children
Diseases. During the period of three years, a high
number of neonates with various pathological
conditions and AKI were hospitalised. But this study
included 50 neonates with documented kidney injury,
as well as other 50 neonates, as a control group, with
comparable associated pathological conditions, but
without kidney injury. The calculated prevalence of
kidney injury in neonates was 6.4% [16], [17].

This data correlates with data presented in
the literature, where the incidence of AKI in neonates
has the highest rate (6-24%) compared to other age
groups (infants, children and adults). The occurrence
of AKI in neonates is influenced by various factors,
such as gestational age, birth weight and co-morbid
conditions present during and immediately after birth.
A similar finding as in our study has been published in
other studies done in various neonatal centres. In the
study of Vachvanichsanong et al., the incidence of
kidney injury in newborn infants was 6.3%, while in
Bolat et al., and Stapleton et al., it was 8% and 8.4%,
respectively [17], [18], [19], [20], [21], [22], [23], [24],
[25], [26], [27], [28], [29].

However, there are opposite findings. Thus,
in the study of Momtaz et al., the incidence of kidney
injury was 1.5%; in the studies of Mortazavi et al.,
2.7%; in Agras et al., 3.4%, and in the Mohkam et al.,
3.2%. We assume that these differences can be due
to differences in the criteria for diagnosing AKI in
neonates [30].

According to the sex distribution, for all
gestational ages, in both groups of neonates (with AKI
and control group), the majority of neonates were
male (68% and 60%). A different finding was
presented in the study of Momtaz et al., where female
predominated in 87.7% of cases [21], [22], [23], [24].

According to the distribution of gestational
age, the majority of neonates in both groups were
term neonates (64% and 54%). The mean gestational
age of neonates with AKI was 37.42 £ 3.1 weeks of
gestation and the control group 36.26 + 3.8 weeks of
gestation. The mean birth weight of neonates with AKI
was 2890.8 + 898.1 grams and of the control group
2699.4 + 894.6 grams. In both groups, predominated
neonates with a birth weight over 2500 grams (64%
and 54%, respectively).

There were no significant differences in the
mortality rate in both groups of neonates (36% vs
24%). This finding of 36% of mortality in neonates with
AKI correlates to the data presented in the study of
Gharehbaghi et al. In our study, the mortality was
significantly higher in neonates with AKI and
congenital heart disease as comorbidity, and they
underwent invasive therapeutic procedures (umbilical

catheterisation and assisted ventilation). Special
attention needs to be paid in the application of
invasive procedures in neonates due to the
association of these procedures with the risk of AKI.
Critically sick neonates are at risk of having kidney
injury, as they are commonly exposed to nephrotoxic
medications and invasive therapeutic intervention
such as assisted ventilation [25], [26], [27], [28].

In our study, neonates with AKI and lethal
outcome have had severe SNAPPE 2 score. The high
score level was significantly associated with the
severity of the disease. Especially, very ill neonates
with  AKI and other co-morbid conditions were
significantly associated with higher-level score and
higher mortality. These findings correlate with the data
presented in the study of Mortazavi et al. The mortality
rate was significantly higher in neonates with difficult
score level when admitted to the NICI, in whom further
co-morbid conditions developed [29], [30], [31]. [32],
[33].

In conclusion, acute kidney injury is a life-
threatening condition with still high mortality rate. The
severity of the illness of hospitalised neonates in the
intensive unit is estimated by SNAPPE 2 score. Also,
the risk of mortality is estimated too, taking the fact
that higher values of the score are associated with
higher mortality. Appropriate treatment of neonates
with severe kidney injury improves the outcome and
reduces the mortality of the disease.

References

1. Schrier W, Wang W, Poole B, et al. Acute renal failure:
Definitions, diagnosis, pathogenesis, and therapy. J Clin Invest.
2004; 114:5-14. https://doi.org/10.1172/JC1200422353
PMid:15232604 PMCid:PMC437979

2. Mak RH. Acute kidney injury in children: the dawn of a new era.
Pediatr Nephrol. 2008; 23:2147-9. https://doi.org/10.1007/s00467-
008-1014-8 PMid:18936981

3. Andreoli SP. Acute kidney injury in children. Pediatr Nephrol.
2009; 24:253-63. https://doi.org/10.1007/s00467-008-1074-9
PMid:19083019 PMCid:PMC2756346

5. Askenazi D. Evaluation and management of critically ill children
with acute kidney injury. Curr Opin Pediatr. 2011; 23(2):201-7.
https://doi.org/10.1097/MOP.0b013e328342ff37 PMid:21191296
PMCid:PMC3289546

6. Subramanian S, Agarwal R, Deorari AK, et al. Acute renal failure
in neonates. Indian J Pediatr. 2008; 75(4):385-91.
https://doi.org/10.1007/s12098-008-0043-4 PMid:18536895

7. Agras P, Tarcan A, Baskin E, et al. Acute renal failure in
neonatal period. Ren Fail. 2004; 26(3):305-9.
https://doi.org/10.1081/JDI-200026749 PMid:15354981

8. Moghal NE, Brocklebank JT, Maedow SR, et al. A review of
acute reanal failure in children: incidence, etiology and outcome.
Clin Nephrol. 1998; 49:91-5.

9. Ottonello G, Dessi A, Neroni P, et al. Acute kidney injury in
neonatal age. J of Pediatric and Neonatal | Medicine. 2014;
3(2):e030246.

10. Cataldi L, Leone R, Moretti U, et al. Potential risk factors for the

3562

https://www.id-press.eu/mjms/index


https://doi.org/10.1172/JCI200422353
https://doi.org/10.1007/s00467-008-1014-8
https://doi.org/10.1007/s00467-008-1014-8
https://doi.org/10.1007/s00467-008-1074-9
https://doi.org/10.1097/MOP.0b013e328342ff37
https://doi.org/10.1007/s12098-008-0043-4
https://doi.org/10.1081/JDI-200026749

Naunova-Timovska et al. Using Score for Neonatal Acute Physiology Perinatal Extension Il (SNAPPE Il) in Neonates with Acute Kidney Injury

development of acute renal failure in preterm newborn infants: a
case-control study. Arch Dis Child Fetal Neonatal Ed. 2005;
90(6):514-9. https://doi.org/10.1136/adc.2004.060434
PMid:16244211 PMCid:PMC1721962

11. Doronjski A, Stojanovic V, Spasojevic S, et al. Acute Renal
failure in premature neonates. Vojnosanit Pregl. 2009; 66(11):863-
7. https://doi.org/10.2298/VSP0911863D PMid:20017415

12. Gupta BD, Sharma P, Bagla J, et al. Renal failure in
asphyxiated neonates. Indian Pediatr. 2005; 42(9):928-34.

13. Vishwanathan S, Manyam B, Azhibekou T, et al. Risk factors
associated with acute kidney injury in extremely low birth weight
(ELBW) infants. Pediatr Nephrol. 2012; 27(2):303-11.
https://doi.org/10.1007/s00467-011-1977-8 PMid:21809002

14. Gopal Girish, Acute kidney injury in perinatal asphyxia, Indian
J. Pharm. Biol. Res. 2014; 2(2):60-5.
https://doi.org/10.30750/ijpbr.2.2.11

15. Bailey D, Phan V, Litalien C, et al. Risk factors of acute renal
failure in critically ill children: A prospective descriptive
epidemiological study. Pediatr Crit Care Med. 2007; 8:29-35.
https://doi.org/10.1097/01.pcc.0000256612.40265.67
PMid:17251879

16. Uchino S, Bellomo R, Goldsmith D, et al. An assessment of the
RIFLE criteria for acute renal failure in hospitalized patients. Crit
Care Med. 2006; 34:1913-7.
https://doi.org/10.1097/01.CCM.0000224227.70642.4F
PMid:16715038

17. Akcan-Arikan A, Zappitelli M, Loftis LL, et al. Modified RIFLE
criteria in critically ill children with acute kidney injury. Kidney Int.
2007; 71:1028-35. https://doi.org/10.1038/sj.ki.5002231
PMid:17396113

18. Plotz FB, Bouma AB, van Wijk JA, et al. Pediatric acute kidney
injury in the ICU: an independent evaluation of pRIFLE criteria.
Intensive Care Med. 2008; 34:1713-7.
https://doi.org/10.1007/s00134-008-1176-7 PMid:18521567

19. Bresolin N, Bianchini AP, Haas CA. Pediatric acute kidney
injury assessed by pRIFLE as a prognostic factor in the intensive
care unit. Pediatric Nephrology. 2013; 28(3):485-92.
https://doi.org/10.1007/s00467-012-2357-8 PMid:23179195

20.Mohkam M, Kompani F, Afjeii A, et al. RIFLE Criteria in
Critically Il Neonates with Acute Kidney Injury. J Ped. Nephrology.
2015; 3(1):16-21.

21. Devarajan P. Emerging biomarkers of acute kidney injury.
Contrib Nephrol. 2007; 156:203-12.
https://doi.org/10.1159/000102085 PMid:17464129

22. Herget-Rosenthal S, Pietruck F, Volbracht L, Philipp T, Kribben
A. Serum cystatin C-a superior marker of rap idly reduced
glomerular filtration after uninephrectomy in kidney donors
compared to creatinine. Clin Nephrol. 2005; 64:41-6.
https://doi.org/10.5414/CNP64041 PMid:16047644

23. Bennett M, Dent CL, Ma Q, et al. Urine NGAL predicts severity
of acute kidney injury after cardiac surgery: a prospective study.
Clin 3 Am Soc Nephrol. 2008; 3:665-9.
https://doi.org/10.2215/CIN.04010907 PMid:18337554
PMCid:PMC2386703

24. Devarajan P. Neutrophil gelatinase-associated lipocalin
(NGAL): a new marker of kidney disease. Scand J Clin Lab Invest
Suppl. 2008; 241:89-94.
https://doi.org/10.1080/00365510802150158 PMid:18569973
PMCid:PMC2528839

25. Abu-Haweleh AF. Acute renal failure in newborn: etiology and
mortality rate in Jordan patients. Saudi J Kidney Dis Transpl. 1998;
9:18-21.

26. Mortazavi F, Hosseinpour S, and Nejati N. Acute kidney failure
in neonatal period. Iran J Kidney Dis. 2009; 3(3):136-40.

27. Kapoor K., Jajoo M., Dabas V et al.Predictors of mortality in
neonates with acute renal failure. Iran J Pediatr. 2013; 23(3):321-6.

28. Chertow GM, Burdick E, Honour M, et al. Acute kidney injury,
mortality, length of stay, and costs in hospitalized patients. J Am
Soc Nephrol. 2005; 16:3365-70.
https://doi.org/10.1681/ASN.2004090740 PMid:16177006

29. Nickolas TL, O'Rourke MJ, Yang J, et al. Sensitivity and
specificity of a single emergency department measurement of
urinary neutrophil gelatinaseassociated lipocalin for diagnosing
acute kidney injury. Ann Intern Med. 2008; 148:810-9.
https://doi.org/10.7326/0003-4819-148-11-200806030-00003
PMid:18519927 PMCid:PMC2909852

30. Youssef D, Abd-Elrahman H, Shehab N, et al., Incidence of
acute kidney injury in the neonatal intensiven care unit. Saudi J
Kidney Dis Transpl. 2015; 26(1):67-72.
https://doi.org/10.4103/1319-2442.148738 PMid:25579718

31. Mishra J, Dent C, Tarabishi R, et al., Neutrophil
gelatinaseassociated lipocalin (NGAL) as a biomarker for acute
renal injury after cardiac surgery. Lancet. 2005; 365:1231-8.
https://doi.org/10.1016/S0140-6736(05)74811-X

32. Mishra J, Ma Q, Prada A, et al. Identification of neutrophil
gelatinase-associated lipocalin as a novel early urinary biomarker
for ischemic renal injury. J Am Soc Nephrol. 2003; 14:2534-43.
https://doi.org/10.1097/01.ASN.0000088027.54400.C6
PMid:14514731

33. Zappitelli M, Washburn KK, Arikan AA, et al., Urine neutrophil
gelatinase-associated lipocalin is an early marker of acute kidney
injury in critically ill children: a prospective cohort study. Crit Care.
2007; 11:84. https://doi.org/10.1186/cc6089 PMid:17678545
PMCid:PMC2206519

Open Access Maced J Med Sci. 2019 Nov 15; 7(21):3559-3563.

3563


https://doi.org/10.1136/adc.2004.060434
https://doi.org/10.2298/VSP0911863D
https://doi.org/10.1007/s00467-011-1977-8
https://doi.org/10.30750/ijpbr.2.2.11
https://doi.org/10.1097/01.pcc.0000256612.40265.67
https://doi.org/10.1097/01.CCM.0000224227.70642.4F
https://doi.org/10.1038/sj.ki.5002231
https://doi.org/10.1007/s00134-008-1176-7
https://doi.org/10.1007/s00467-012-2357-8
https://doi.org/10.1159/000102085
https://doi.org/10.5414/CNP64041
https://doi.org/10.2215/CJN.04010907
https://doi.org/10.1080/00365510802150158
https://doi.org/10.1681/ASN.2004090740
https://doi.org/10.7326/0003-4819-148-11-200806030-00003
https://doi.org/10.4103/1319-2442.148738
https://doi.org/10.1016/S0140-6736(05)74811-X
https://doi.org/10.1097/01.ASN.0000088027.54400.C6
https://doi.org/10.1186/cc6089

