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Abstract

Obijective: Acute kidney injury is common condition in the neonatal intensive care unit and it is
associated with poor outcome. The incidence of neonatal AKI is the highest one followed by adults
and children, depending on different factors such as the gestational age, birth weight, contributing
conditions and the facilities of the neonatal intensive care unit. The aim of the study was to
determine the incidence, risk factors and the outcome of the neonatal acute kidney injury.

Subjects and Methods: This was a clinical, prospective study that was performed in a referent NICU
at the University Children's Hospital in Skopje. All neonates admitted from January 2012 to
December 20014 with documented acute kidney injury were included. The medical data records of
the admitted neonates with AKI were analyzed. The material was statistically processed using
methods of the descriptive statistics.

Results: During the study period 770 newborn infants were admitted to the NICU and 50 (6.5%)
infants developed acute kidney injury. The male to female ratio was 2.1:1. Most of the neonates
involved in the study were neonates born at term (62%). Oliguric AKI was found in 28 cases (56%)
and no oliguric in 22 cases (44%). The prevalence of prerenal, renal and post renal AKI were 78.5%,
19.5% and 2.0% respectively. Perinatal asphyxia was the most common predisposing factor for AKI
and was evaluated in 38% of the cases with predominance of term infants and male. The mortality
rate was 32% and was significantly higher in the group of patients with congenital heart diseases.
Conclusion: AKl is a life threatening condition with still high mortality rate. Early recognition of the
risk factors and the rapid effective treatment of the contributing conditions will reduce AKI in the
neonatal period.
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Introduction

Acute kidney injury (AKI) is a serious
condition which damages the kidney as a cen-
tral mediator of the homeostasis of bodily flu-
ids and electrolytes. It is common in patients in
the neonatal intensive care unit (NICU) and it
is associated with poor outcome. Because of
the need of earlier detection of the disease, the
term acute renal failure has been changed in to
acute kidney injury.

It is characterized by a sudden deteriora-
tion of the normal kidney function. This dys-

function causes abnormal regulation of bodily
fluids and electrolytes. It occurs as a rapid de-
crease in glomerular filtration rate (GER) that
leads to retention of the creatinine and the ni-
trogenous waste products and usually with a
decrease in the urine output [1-6].

Acute kidney injury can also present with
normal urine output (UO) especially in asphy-
xiated neonates. More than 40% of the infants
have no oliguric AKI. Namely, the neonates
have higher total body water content than
adults. Especially in preterm infants, the total
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body water can be as high as 80% of the bo-
dyweight. This discrepancy in the body water
content, alongside with the immature tubular
function is the reason why neonates have hig-
her urine output than other age groups. It was
proven that urine output level less than
0.5mL/kg per hour is not a sensitive marker of
the neonatal AKI and must be increased up to
1.0 mL/Kg per hour. [7-8]

Acute kidney injury occurs in 2 to 8% of
the adult patients hospitalized in the intensive
care units and the mortality rate is up to 50%.
In children, the incidence of AKI is significan-
tly lower except in newborns where it occurs in
8 to 24% with mortality rates between 10% and
61%. [9-10]

The risk factors for development of the
neonatal acute kidney injury include very low
birth weight (less than 1,500 g), low 5-minute
APGAR score, intubation at birth, respiratory
distress syndrome and neonatal medication
administration (nonsteroidal anti-inflammatory
drugs, antibiotics).

The causes of acute kidney injury in new-
born infants are multiple and can be divided as
prerenal, renal and post renal. Prerenal azota-
emia is the most common type of acute kidney
injury in newborns. It occurs in over 80% of
cases, as a result of the inadequate renal per-
fusion, which, if promptly treated, is followed
by improvements in renal function and urine
output. Intrinsic (renal) kidney injury may oc-
cur due to parenchymal kidney damage. The
post-renal Kkidney injury is a consequence of
the urinary tract obstruction with inappropriate
urine elimination. [11-12]

Predisposing factors may manifest as cer-
tain clinical conditions such as perinatal asphy-
xia, neonatal sepsis, prematurity, congestive
heart failure and congenital anomalies, thera-
peutic interventions and certain nephrotoxic
drugs. The appropriate treatment of the asso-
ciated comorbidities, the reduction in the use of
the potential nephrotoxic drugs reduce the risk
of acute kidney injury in neonatal population in
the intensive care units. [13-15]

The aim of the study was to determine
the incidence, risk factors and outcome of the
neonatal acute kidney injury.

Subjects and Methods

This is a clinical, prospective study that
was performed in a referent neonatal intensive
care unit at the University Children's Hospital
in Skopje, Republic of Macedonia. All neo-
nates admitted from January 2012 to December
20014 with documented acute Kidney injury
were included.

AKI was defined by progressive increase
in the infant’s plasma creatinine level higher
than 130 umol/L in infants younger than 33
weeks of gestation and higher than 90 umol/L
in infants older than 33 weeks of gestation. The
presence of oliguria was defined as a urinary
output less than 1.0 ml/kg/h. Non oliguric AKI
was defined when urine output was more than
1.0 ml/kg/h with abnormal renal functions.

According to the adopted criteria all in-
fants who had major congenital abnormalities
and infants who were under 25 weeks of ges-
tation and older than 28 days of age were ex-
cluded from the study.

The medical data records of the admitted
neonates with kidney injury were analyzed.
Most of the laboratory examinations (serum
creatinine, blood urea nitrogen, sodium, potas-
sium, calcium, phosphorus, bicarbonate, total
protein, albumin and urinalysis) were done in
the biochemical laboratory of the Children's
Hospital using Kodak camera dry biochemi-
stry. We used tests for tubular function (con-
centration of sodium in the urine, renal failure
index and fractional excretion of sodium) in dif-
ferentiating between pre-renal and renal AKI.

All cases of newborn infants with kidney
injury were analyzed according to the follo-
wing criteria: gender, gestational age, birth
weight and risk factors such as sepsis, asphy-
xia, prematurity with respiratory distress, heart
congenital anomalies and heart failure that
were associated with kidney injury.

The data collected were statistically ana-
lyzed. The quantitative variables were expres-
sed as means and standard deviations, lower,
higher and median values. The variables within
category were described by their absolute (n)
and relative (%) frequencies. The association
between the different variables was analyzed
by appropriate hypothesis testing (Pearsons
Chi-square, Kruskal-Wallis). Statistical signifi-
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cance (significance) was determined for the le-
vels p <0.05 and p < 0.001.

Results

The study was carried out at the neonatal
intensive care unit at the University Children's
Hospital Skopje in which all newborns with
acute kidney injury were referred from the ter-
ritory of Republic Macedonia. The whole study
has been performed during a 3 year period.

Acute Kidney injury was diagnosed in
6.5% (50 cases) of all 770 admitted newborn
infants. According to the distribution by gen-
der, it reflects the predominance of males in 32

(68%) compared to females in 16 (32%). The
male to female ratio was 2.1 : 1.

Most of the newborn infants involved in
the study were term infants 31 (62%). Nineteen
cases (38%) were prematurely born. The demo-
graphic characteristics of the newborn infants
are summarized in Table 1.

Oliguric AKI was found in 28 patients
(56%) and no oliguric in 22 patients (44%).
The prevalence of prerenal, renal and postrenal
AKI were 78.5%, 19.5% and 2.0% respecti-
vely. The commonest cause of AKI in neonates
was prerenal AKI, which may result in intrinsic
Kidney injury if not treated promptly. Table 2
shows the distribution of AKI types.

Table 1
Demographic characteristics of hospitalized neonates
Mean + SD Min max
Age (days) 449+5.7 2 28
Gestational age (wk) 37.34+3.01 26 40
Weight (gr) 2890.80 + 898.12 780 4850
Duration of stay (days) 12.82 £ 8.42 5 28
Table 2 Kidney injury and their prognostic factors are
shown in the Table 4.
Distribution of the type of AKI
Table 3
Number of percent
_ patients (n) Predisposing factors for AKI
Oliguric AKI 28 56
No oliguric AKI 22 44 Number Percent
der N S
Pe”ta LAK] ) e Asphyxia 19 38
oslrena ' Sepsis 14 28
o . Prematurity with RDSy 12 24
Prevalence and distribution of predispo-  Congenital heart diseases 5 10

sing factors associated with AKI among neo-
natal patients are shown in Table 3 and Figure
1. Perinatal asphyxia was the most common as-
sociated contributing condition registered in
38%, with predominance in males and infants
born at term. It was common finding in the no
oliguric AKI, related to a less severe renal
injury, and had a better prognosis.

Mechanic ventilation, vasoactive drugs
requirement and exposure to nephrotoxic dru-
gs, increased the risk of acute kidney injury.
The distribution of the therapeutic interven-
tions and drug treatments of patients admitted
to the intensive care unit who developed acute

predisposing factors
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20
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Figure 1 — Predisposing factors for AKI
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The mortality among the hospitalized
newborn infants with AKI was 32%. It was sig-
nificantly higher in the group of patients with
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congenital heart diseases than the other group
(P = 0.01). Patients on assisted ventilation had
significantly higher mortality rate. The distri-

Table 4

bution of mortality in predisposing factors as-
sociated with AKI are shown in Figure 2.

Distribution of therapeutic interventions, drugs administered and outcome in patients with AKI

Number of patients Percent
Oxygen supplementation
Yes 18 36
No 32 64
Assisted ventilation
Yes 42 84
No 8 16
Vasoactive drugs
Yes 29 58
No 21 42
Nephrotoxic drugs
Aminoglycoside 32 64
Vancomycin 12 24
Ceftazidime 2 4
Outcome
Discharge 34 68
Death 16 32

80

M discharge

f
asphyxio prematurity sepsis cardiopathy ® death

Chi-square =58.5307 P=0 p<0.01

Figure 2 — Distribution of mortality in predisposing
factors associated with AKI

Discussion

The study was conducted at the Univer-
sity Children's Hospital in Skopje where most
of the neonatal patients with documented acute
kidney injury from the territory of R. Mace-
donia were referred. During the study period,
770 newborn infants were admitted to the
NICU and 50 (6.5%) infants developed acute
kidney injury. These data correlate with the
data described in several studies. [16-17] But
we think that the incidence of neonatal AKI in
our NICU is likely higher than it is reported in

the present study. Namely, infants very often
have non oliguric AKI. In the setting of normal
urine output, AKI was unrecognized in some
newborns (asphyxiated and preterm infants)
and therefore they were not included the study.
So, a significant number of newborn infants
were missed according to the currently propo-
sed definitions in the paediatric population.

According to the distribution by gender,
the group of male infants dominated. The high
prevalence of AKI in boys is probably the re-
sult of some predisposing factors such as neo-
natal sepsis and respiratory distress syndrome
which are more common in male than female.
[18-19] According to the distribution of the
gestational age, the majority of the patients
were infants born at term. The incidence of oli-
guria was 56% in our study, witch was in the
reported range from 8% to 82% in recent stu-
dies. No nonoliguric AKI was associated with
less morbidity and mortality than the oliguric
AKI, probably because of the lesser degree and
shorter duration of azotaemia. [20-23]

In 39/50 (78.5%) of the patients prerenal
azotaemia was registered as a result of the
inappropriate renal perfusion. This finding cor-
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relates with the data presented in the studies of
Ottonello et al. and Gopal et al. [24-25] Na-
mely, Ottonello found prerenal azotemia in
85% of patients with neonatal AKI, while Go-
pal in 80% of patients. Due to the immaturity
of the kidneys in neonates, poor renal perfusion
may result in a secondary decrease in the renal
function and finally in the acute kidney injury.
Hence, arises the importance of timely and ade-
quate treatment of neonates with kidney injury
including the optimal hydration, treating contri-
buting conditions, reducing nephrotoxic medi-
cations and invasive procedures. This approach
leads to a substantially improved renal func-
tion, as well as the outcome and prognosis of
the AKI [24-25].

Perinatal asphyxia is the most common
contributing condition associated with AKI and
was observed in 38% of the patients, with a
predominance of males and term infants born
with low Apgar score (in the first and fifth mi-
nutes of life). Abu-Haweleh et al. and Morta-
zavi et al. published similar findings in their
studies as well. Abu-Haweleh reported that
42% and Mortazavi 30% of the patients with
AKI have had perinatal asphyxia as a dominant
contributing condition. [26-27] Different fin-
dings presented Kapoor et al. and Youssef et al.
in their studies. Namely, Kapoor and Youssef
found that neonatal sepsis was the commonest
cause of AKI in 60% and 63% of patients with
neonatal AKI respectively. [28-29]

The remaining patients in our study pre-
sented with the following associated conditi-
ons: sepsis (28%), prematurity with respiratory
distress syndrome (24%) and congenital heart
malformations (10%). In all patients were re-
gistered more than one comorbid cause, indi-
cating that the etiology of the acute kidney in-
jury in the neonatal age is multifactorial. [30—
33]

The mortality rate was 32% and it corre-
lates to the data presented in the studies of
Gharehbaghi et al. and Mortazavi et al. [34-36]
It was significantly higher in newborns with
congenital heart disease and secondary deve-
lopment of sepsis, in which invasive therapeu-
tic procedures such as intubations and assisted
ventilation were applied. Special attention ne-
eds to be paid in the application of invasive
procedures in neonates due to the association

of these procedures with the risk of AKI. Criti-
cally ill newborns are at risk of having AKI, as
they are commonly exposed to nephrotoxic me-
dications and invasive therapeutic intervention
such as assisted ventilation. [37—40]

Conclusion

AKI is a life threatening condition with
still high mortality rate. It is an independent
contributor to mortality. Often, the occurrence
of kidney damage in the neonatal age is a result
of multiple reasons. Early identification of
newborns with acute kidney injury represents
the first step in the prevention of this condition.
Appropriate treatment of acute kidney injury,
improves the outcome and prognosis. It redu-
ces the morbidity and mortality of acute kidney
injury in critically ill newborns and also
reduces hospital stay and medical costs.
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! VHuBep3uTeTCKa KIIMHKKA 32 IETCKH OOJIECTH,
Ckorje, P. Makenonuja

2 IHCTUTYT 3a MEMIUHCKA U €KCIIEPUMEHTAITHA
omoxemmuja, MenumuHcku Qaxynrer Ckorje,

P. Makenonuja

Bogeg: AkyTHOTO OyOpeXHO OLITETYBame €
CepHO3Ha COCTOj0a Kaj HOBOPOJCHUME-ATA BO €IIU-
HUIIA 32 MHTCH3MBHA Hera W Tepanuja U HEPeTKO ¢
acolUpaHo co Jjom ucxol. Kaj HHMB, MHIMAECHIH-
jara Ha OyOpEeXKHOTO OIITETYBaKkE € 3HAYUTEITHO
MOBHCOKAa BO OJIHOC Ha NPEOCTaHATUTE BO3PACHU
TPynu M 3aBHCH OJ TOBEKE paszmudHu (akTopw,
KaKo IITO Ce: TecTallicKaTa BO3pacT, pOHIHATA Te-
JKWHA, TPUCYTHOCTA HAa KOMOPOHIHHU COCTOjOH,
KaKO M O] YCIIOBHTE U MOKHOCTHTE BO €IMHHIATA
3a MHTECH3UBHA Hera W Tepanuja. llenrta Ha crymu-
jara Oemie na ja yTBpAM HMHIMICHIMjaTa, (PakTo-
pHUTE Ha PU3HK M UCXOJOT Ha OyOpeKHO OIITeTy-
Bamb€ Kaj HOBOPOJCHUNHATA.

Maidepujan u meiuogu: Ce paboTH 3a KIH-
HUYKa, TMPOCHEKTHBHA CTyJHja pealu3upaHa BO
Envaunara 3a WHTEH3WBHAa Hera W Tepanuja Ha
YHuBep3uTETCKaTa KIMHUKA 32 JIETCKH OOJIECTH BO
Ckomje. Bo crynujara Oea BKIydeHH CUTE HOBO-
POJICHUMbA K] KoM Oelle JOKYMEHTHPAHO aKyTHO
OyOpexXHO OmTETyBamke BO MEPUOAOT O] jaHyapH

2012 romuna no aexemBpu 2014 ronuna. Ilpu uz-
paboTkaTa Ha CTyAHMjaTa TH KOPUCTEBME ITOATO-
LUTE O]l UCTOopWjaTa Ha Oojecta Ha HOBOPOJCH-
yumba cOo OyOpeXHO olTeTyBame. Matepujanot
Oemre CTaTUCTHYKA O00pabOTEH KOPUCTEJKH TH Me-
TOJIUTE Ha JICCKPUIITUBHATA CTATUCTUKA.

Pesyniiatuu: On BkynHo 770 HOBOpOACH-
yima XocmuTanu3upanun Ha OIENoT 3a WHTEH-
3WBHA Hera W Tepamuja, kaj 50 HOBOpOJEHUYMHHA
(6.5%) moKyMeHTHUpaBMe aKyTHO OyOpeKHO orire-
TyBame. OZHOCOT MOMEly MAalIKUTE W YKEHCKUTE
HOBOpOJieHUNba n3HecyBame 2.1:1. Hajromem men
Ol MalMeHTHTe 0ea TEPMUHCKH HOBOPOJCHUHIHA
(62%). Onurypuyno OyOpeKHO OIITETyBame Oerie
peructpupano kaj 28 mauuentu (56%), a Heonu-
rypudHO OyOpeskHO OITeTyBame Kaj 22 MalHueHTH
(44%). IlpeBaneHIUUTE HA MPEPEHATHOTO, PEHAI-
HOTO U nocTpeHaiHoTo ABO n3HecyBaa 78,5%, 19,5%
u 2,0%. Ilepunatanna acukcuja Oerie HajueCTHOT
MIPEIUCTIOHUPAYKU (PaKTOp acouupaH co OyOpex-
HOTO OIITETYyBame peructpupad Bo 38% ox ciyda-
UTE, CO JIOMUHAIMja HA HOBOPOJCHYNHATA POJICHH
BO TEPMHH U O] Mamky moj. Cramnkara Ha CMPTHOCT
u3Hecysaie 32% u Oellle 3HaYUTETTHO TTOBUCOKA Kaj
MAIMEHTUTE CO BPOJICHH CPIICBU OOJIECTH.

3axnyuok: AKyTHOTO OyOpexHO OIITETY-
Bamkh€ MPETCTaByBa >KMBOTHO 3arpo3yBauka cCoC-
T0j0a co c# yIITe BUCOKA CcTalka Ha CMPTHOCT. Pa-
HOTO MpENO3HaBake Ha (PaKTOPHU HAa PHU3HMK U Op-
3UOT, euKaceH TpeTMaH Ha KOMOPOWIHHUTE COC-
TOjOM JOBEAyBaaT 10 HaMallyBame Ha OyOPEIKHOTO
OIITETYBAE BO HEOHATATHHOT MEPUO/I.

Kay4Hu 300poBH: akyTHO OyOpekKHO OIITETyBame, HO-
BOPOJICHUNbA, IPEAUCIIOHUPAYKU (PaKTOPH



