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ABSTRACT

Aim To determine an outcome of acute kidney injury (AKI) in
critically ill children (CIC) who needed renal replacement therapy
(RRT) and were admitted to the Paediatric and Neonatal Intensive
Care Unit (PICU and NICU) at the Paediatric Clinic, University
Clinical Centre Sarajevo (UCCS).

Methods The research included 81 children with AKI. The Kidney
Disease: Improving Global Outcomes (KDIGO) criteria to define
AKI was used. Other laboratory findings and imaging tests were
made depending on children’s primary disease that led to the AKI.

Results Among 81 children with AKI, 38 were girls and 43 boys.
Atotal of 39 (48.1%) patients died; the death was due to the nature
of the primary disease and multiple organ failure syndromes. Out
of the total of 81 patients the highest mortality rate was found in
children in the first year of life, 22 (56.4%), while 17 (43.6%) pa-
tients died after the first year of life.

Conclusion Without an accurate diagnosis at the right time, due to
the lack of adequate biomarkers for AKI screening, the heteroge-
neity of AKI, comorbidities often lead to unfavourable outcomes
of the disease, among CIC, especially in infants with low birth
weight and extreme immaturity. Some causes of AKI are preven-
table and can be reduced by a better organization of primary and
secondary health care.
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INTRODUCTION

Acute kidney injury (AKI) is the result of various
causes and is associated with significant morbidity
and mortality (1). AKI is a very common compli-
cation in hospitalized patients (2). Unfortunately,
an estimate of renal function based on serum cre-
atinine, urea, and diuresis is poorly sensitive and
specific for recording early changes in renal func-
tion especially, in paediatric AKI (3). Until now
standardized definitions for paediatric AKI have
included the Paediatric Risk, Injury, Failure, Loss,
End-Stage Renal Disease (pRIFLE), AKI Network
(AKIN), and Kidney Disease Improving Global
Outcomes (KDIGO), which are most commonly
used (3,4). From time to time, researchers have
discovered several proteins that could be used as
potential early biomarkers of AKI. They have not
yet been fully used in clinical settings due to vario-
us reasons (5). Since there is no standard definition
of AKI or reliable biomarkers, it is not possible to
detect AKI on time, which is the main reason for
a delay with adequate therapy and consequently a
high mortality rate (6).

In general, AKI occurs in 2% to 5% of hospitali-
zed adults and in the neonatal period in the Neo-
natal Intensive Care Unit (NICU) varies from 8%
to 60% (7-9). Also, AKI is common in Paediatric
Intensive Care Units (PICUs) with the prevalen-
ce of 10% to 35% (10).

Some forms of AKI can be managed conser-
vatively, but severe patients require some di-
alysis techniques or renal replacement therapy
(RRT) (11,12). RRT was indicated for specific
situations, like electrolyte imbalances, anuria,
refractory acidosis, fluid overload, uremic organ
involvement (pericarditis, encephalopathy, neu-
ropathy, myopathy), progressive severe dysna-
tremia, malignant hyperthermia and removal of
endogenous toxins (e.g. ammonia)/exogenous
toxins (i.e., poisons), and it was not dependent on
the class of AKI (12). The optimal timing of RRT
initiation remains controversial until now (13).

We decided to examine the outcome of AKI in cri-
tically ill children who needed RRT in Bosnia and
Herzegovina (B&H) because of its relatively high
prevalence and association with a poor outcome.
Our internal annual data from the Paediatric Clinic
show that every year acute kidney injury affects
up to 12.0% of all hospitalized and up to 60.0%

intensive care unit patients. In our Clinic, only in
B&H, all dialysis techniques in children have been
performed since 2006 by paediatric nephrologists,
which we consider to be great success, because
only paediatric nephrologists can understand the
etiology, pathology, pathophysiology, diagnosis
and treatment of AKI in children. A few years ago,
the use of dialysis techniques was started in the
University Clinical Hospital in Mostar (B&H) by
paediatric nephrologists. There is a lot of research
on this topic in the world, especially in high-in-
come countries, where most articles on this issue
come from, but they are quite uneven and as such
are difficult to compare (2,4,7). Also, follow-
up studies evaluating the relationship between
children’s AKI and long-term outcome are gene-
rally rare. The awareness that geographical, ethnic
and other specific factors of each country have an
influence on the etiology of AKI is important for
the treatment of these patients. In addition, B&H
has a poor disease prevention program, primarily
immunization programs, which was the reason
why some infectious diseases were the cause of
severe forms of AKI and even deaths. Unfortuna-
tely, in the developing countries, in rural regions,
the etiological factors remain as dehydration, sep-
sis, and haemolytic uremic syndrome (11). Also,
in these countries, there is a problem of a lack of
technical and economic support in performing
different RRT modalities and other sophisticated
diagnostic and therapeutic procedures necessary
for the treatment of critically ill children in inten-
sive care units (12). These have been among the
important reasons for high mortality rate in these
patients for decades.

Recent studies on the paediatric epidemiology
of AKI, more clearly defining newer biomar-
kers and newer criteria for risk stratification of
children admitted to intensive care units, are
very promising. There is also new research on
machines made specifically for smaller children
with smaller extracorporeal volumes (13). It sho-
uld always be remembered that the best is the in-
dividual approach to each patient.

The aim of the study was to determine the outco-
me of acute kidney injury in critically ill children
(CIC) who needed renal replacement therapy and
were admitted to the Paediatric and Neonatal In-
tensive Care Unit at the Paediatric Clinic, Uni-
versity Clinical Centre Sarajevo (UCCS).
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Patients and methods

Patients and study design

This retrospective descriptive study based on
data from patients’ medical records included all
81 children who required some of the dialysis
techniques due to definition of stage 2 and 3 AKI
at the Paediatric Intensive Care Unit (PICU) and
Neonatal Intensive Care Unit (NICU) at the Pa-
ediatric Clinic, University Clinical Centre Sara-
jevo (UCCS) between 1 January 2006 and 1 Oc-
tober 2021. The KDIGO criteria to define AKI
were used (14). Severe acute kidney injury was
defined as stage 2 or 3 AKI at the plasma crea-
tinine level >2 times the baseline level or urine
output <0.5 mL per kilogram of body weight per
hour for >12 hours (3).

Methods

The estimated glomerular filtration rate was cal-
culated with the use of the original Schwartz for-
mula (15). All AKI patients had detailed history,
physical examination and laboratory data: serum
levels of urea, creatinine, serum electrolyte, acid-
base balance, uric acid, cholesterol, triglycerides,
proteinogram, C - reactive protein, complete blood
count, urinalysis with microscopy, urine culture,
urinary electrolytes, creatinine and urea nitrogen.
In some cases creatine phosphokinase was deter-
mined (if rhabdomyolysis was suspected), eosi-
nophils count in urine sample (if the patient was
receiving a medication with the potential to cause
interstitial nephritis), stool sample for enteropat-
hogenic Escherichia coli (if the haemolytic uremic
syndrome was suspected). Anti-nuclear antibody,
anti-double-stranded deoxyribonucleic acid, anti-
streptolysin O titre, complement component C3
and C4 level, anti-nuclear cytoplasmic antibody,
anti-glomerular basement membrane antibody (if
the patient had history, signs and symptoms con-
sistent with glomerulonephritis), 24-hour urine for
calcium, oxalate, citrate, creatinine, uric acid (in
patients with confirmed nephrolithiasis), electro-
cardiogram, chest X-ray and ultrasonography of
abdomen. Other special investigations, echocar-
diography, electroencephalography, abdominal
computed tomography scan (if trauma or abdomi-
nal mass was suspected), spiral computed tomo-
graphy scan (if nephrolithiasis was suspected), and
kidney biopsy, performed when it was necessary.

The research was conducted at different Clinics
of the UCCS. Peritoneal dialysis with the stay-
safe system, and different types of haemodialysis
on the device Multifiltrate Acute Therapy are
available at the Clinic. Haemodialysis with pe-
ritoneal dialysis was combined where it was ne-
cessary.

Statistical analysis

Categorical data are presented as counts and per-
centages and were analysed with the y2 test and
Fisher’s exact test, as appropriate. The p<0.05
was taken as statistically significant.

RESULTS

The age of patients who were on dialysis for AKI
was from 12 days to 17 years and 2 months; the
mean age of AKI presentation was 6.28 years.
Gender was represented with 43 (53.1%) males
and 38 (46.9%) females (p=0.815). AKI was pre-
sented in 42 (51.9%) infants and in 39 (48.1%)
children after the first year of age (p=0.9383).
The prerenal causes of AKI were noticed in 57
(70.4%) patients, renal in 23 (28.4%), and po-
strenal in one child (1.2%), with predominance
of prerenal causes of AKI (p=0.0096).

The causes of AKI were different depending on
the age of the children (Table 1).

Table 1. Etiological factors of acute kidney injury (AKI)
among children older than one year of age

Etiology No (%) of children
Haemolytic-uremic syndrome (HUS) 10 (25.6)
Systemic diseases with macrophage activation 3(7.7)
syndrome (MAS)

Glomerulonephritis 3(7.7)
Tumours 3(7.7)
Meningococcal disease 3(7.7)
Leucosis 2(5.2)
Diseases represented as just one case of AKT* 15 (38.4)

Total 39 (100.0)

*drug-induced AKI with propofol, non-steroidal anti-inflammatory
drug, acute liver injury induced by paracetamol, hepatitis unknown
cause, after surgery of hydatid cyst of lung and liver, tubulointerstiti-
al nephritis, sepsis in child with severe anomalies of urinary system
with myelomeningocele and hydrocephalus, case of sepsis after
unusual, unexplained and accidental perforation of ventriculus, case
of sepsis after surgery of volvulus in child with West syndrome, Han-
tavirus pulmonary syndrome (HPS), Salmonellosis and dehydration,
septic shock and acute respiratory distress syndrome (ARDS), varice-
lla and disseminated intravascular coagulation (DIC), mitochondrial
myopathy, encephalopathy, lactic acidosis, and stroke (MELAS)
syndrome and neonatal hyperammonemic encephalopathy.

In children over the first year of life in 10 ca-
ses the cause was haemolytic-uremic syndrome
(HUS) associated with diarrhoea. Three cases
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each were the cause of AKI: systemic disease in
combination with macrophage activation syndro-
me, glomerulonephritis (two of them had AKI
due to nephrotoxicity of the calcineurin inhibi-
tor in case of focal and segmental glomerulos-
clerosis, and in one case it was a severe form of
Henoch—Schonlein — nephritis -HSPN), tumour
(ovarian cancer, retinoblastoma and lymphoma),
which quickly led to leukaemia (ALL) and one
with acute myeloid leukaemia (AML) associated
with sepsis quickly ended in death.

Among children older than one year of age inte-
resting and rare diseases that were represented as
a single case of AKI were found in 15 (38.46%)
out of the total of 39 children (Table 1).

A total of 39 (48.1%) patients died, and the death
was caused by the nature of their primary dise-
ase and multisystem failure syndrome (Tables
2, 3). The highest number of deaths was noticed
in children in the first year of life, 22 (56.4%),
compared to 17 (43.6%) after the first year of life
(p=0.7298).

Table 2. Primary etiological causes of death in infants with
acute kidney injury (AKI)
Cause of death

No (%) of children

Congenital heart diseases 7(31.9)
. . . .

Perinatal asphyxia + respiratory distress 6(273)
syndrome
Sepsis in Premature Babies 4(18.2)
Multiple congenital anomalies 3(13.6)
Neonatal hyperammonemic encephalopathy 1(4.5)
Coagulopathy and hepatic dysfunction (cause

1(4.5)
was unknown)
Total 22 (100.0)

Table 3. Etiological causes of death after the first year of life
with acute kidney injury (AKI)

Causes of death

No (%) of children

Tumours 3(17.6)
Meningococcal disease 2(11.7)
Congenital heart disease 2(11.7)
Diseases represented as a single case of AKI* 10 (59.0)
Total 17 (100.0)

*systemic diseases with macrophage activation syndrome, glome-
rulonephritis in Henoch-Schonlein purpura, leucosis , acute liver
injury induced by paracetamol, sepsis in a child with severe anoma-
lies of urinary system with myelomeningocele and hydrocephalus ,
case of sepsis after unusual, unexplained and accidental perforated
of ventriculus, case of sepsis after surgery of volvulus in a child with
West syndrome, varicella and DIC, MELAS syndrome and neonatal
hyperammonemia encephalopathy.

The primary etiological causes of death from
AKI were different depending on the age of the
children (Table 2, 3). In infants causes of de-
ath included congenital heart disease, perinatal
asphyxia with respiratory distress syndrome,

sepsis in premature babies, multiple congenital
anomalies, neonatal hyperammonemia encepha-
lopathy, coagulopathy and hepatic dysfunction (a
cause was unknown). Etiological causes of death
after the first year of life were: tumours (ovarian
cancer, retinoblastoma and lymphoma), menin-
gococcal disease, congenital heart disease. It sho-
uld be mentioned that we noted among children
older than one year of age interesting and rare
diseases that were represented as a single case of
death in children with AKI (Table 3).

Out of the total of 81 patients with AKI, 39
(48.1%) fully recovered, two (2.5%) children had
chronic kidney disease (CKD), one (1.3%) child
had a transplantation due to the end-stage renal
disease, and 39 (48.1%) patients died during the
acute phase (Table 4).

Table 4. Overall outcome in acute kidney injury (AKI) in
children

Outcomes No (%) of children
Complete recovery 39 (48.1)
Partial recovery (chronic renal disease) 2(2.5)

Renal replacement therapy (RRT) 1(1.3)
Death 39 (48.1)
Total 81 (100.0)
DISCUSSION

In the Paediatric Clinic of the UCCS in 1998, the
Paediatric and Neonatal Intensive Care Unit were
established for intensive treatment of infants and
older children. This contributed to admitting the
most difficult patients almost from all B&H. In
addition to patients with severe internal diseases,
a large percentage of surgical patients (38.27%),
especially those following complex heart anoma-
lies surgery (54.84%) and severe infectious dise-
ases and malignancy are treated at the PICU and
NICU. In most developed countries in the inten-
sive care units (ICUs) for children, the proportion
of surgical patients is around 50% (16).

Scientific and technological advances during the
second half of the 20" century and in two deca-
des in the 21 century enabled the development
of dialysis techniques and their good application
in children (17). At the Paediatric Clinic of the
UCCS, dialysis began just before the war in 1992
in B&H; after a 5-year break during the war, peri-
toneal dialysis continued, and haemodialysis has
been performed since 2009 (18).

Each modality of RRT has advantages and di-
sadvantages. Peritoneal dialysis can be used in
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small children such as premature babies, because
it seems to be a feasible procedure without ma-
jor complications. Haemodialysis removes fluid
and toxins rapidly, but it is dangerous for small
children and hemodynamically unstable patients
(19). Mortality in patients requiring renal repla-
cement is high, up to 66% (20,21).

As in our study, in most studies the AKI preva-
lence in boys is higher in relation to girls. The
males prevalence of 56.4% in the USA (22), 53%
in Norway (23), 50.8% in Belgium (24), 57.9%
in Germany (25) and 68.6% in Nigeria (26) was
noticed. The mean age of children with AKI pre-
sentation in our study was 6.28 years similarly
to Norway (6.0 years) and Belgium (6.1 years),
while in Nigeria it was 4.8 years (23-26).

For many years the diagnosis and management
of AKI was based on the inadequate concept of
classification to three main categories: prerenal,
intrinsic (renal) and postrenal. If these pre- and/
or post-renal conditions persist, they will even-
tually evolve to into renal cellular damage and
hence intrinsic renal disease (7).

A large proportion of prerenal causes of AKI
occurs in underdeveloped countries with poorly
developed prevention (26-28). In our study, a
large percentage of prerenal causes of AKI was
the result of multifactorial causes in the state of
multiorgan failure due to severe primary diseases,
especially in newborns and infants. Many patients
with AKI have a mixed etiology where sepsis, se-
vere infections, various post-operative conditions
of congenital anomalies, especially heart defects
in newborns, malignancy, chronic kidney, heart,
liver or gastrointestinal disease, use of inotropes,
aminoglycosides and other multiple nephrotoxic
drugs and ischemia, in a single patient, compli-
cating primary disease recognition and treatment
(29). Our results from this field of paediatric nep-
hrology observed changes in the pathology of co-
morbidity of AKI in critically ill children, which is
of great importance for further investigations and
management of these patients. Studies have found
that the causes of AKI have changed dramatically
in the last few decades. It has been noted that ear-
lier causes of AKI in hospitalized children, such as
haemolytic uremic syndrome, glomerulonephritis,
and primary renal diseases, have been replaced by
sepsis, critically basic serious illness status, con-
genital heart disease (7, 30-32), postsurgical, po-

stransplantation, and oncological illness. This was
also the case in our study, especially in children
younger than one year of age.

In various studies, the prevalence of newborns
with AKI in the intensive care unit is high, even
up to 60% (33). The reason for this high span of
AKI in newborns resulted from non-uniformity
of the examined parameters in the studies that in-
vestigate this issue. It must not be forgotten that
in newborns, the mechanism of autoregulation of
blood flow through the kidney is still immature,
and consequently any agent can damage this pre-
cise mechanism and lead to AKI (34).

The AKI frequently occurs in children under the
age of one year (35). In our study of newborns
and infants with AKI, death was caused by a
combination of cardiac insufficiency caused by
complex heart defects, which were operable or
inoperable in the first place, which were com-
plicated by other usual unfavourable factors
in the ICU. It should also be kept in mind that
AKI patients who need RRT and are on mecha-
nical ventilation, with mixed etiology require
a significantly longer stay in the ICU and after
that standard hospital therapy and care, which
represents a great burden for the health system
(4,9,13,31).

Newborns with severe asphyxia, a low score of
the Apgar test, open ductus arteriosus, and whose
mothers used antibiotics and non-steroidal anti-
inflammatory drugs during pregnancy and very-
low-birthweight (<1500g), could reach AKI up to
40% and to 60% in extremely low birthweight
(<1000g) compared to those with moderate
asphyxia and normal birth weight (9,36). These
patients are extremely susceptible to sepsis. The
pathophysiology of sepsis in AKI patients is very
complex and involves inflammation, oxidative
stress microvascular dysfunction and amplificati-
on of injury via secretion of cytokines by tubular
cells, as well as the application of many diagno-
stic and therapeutic procedures (37). AKI is a cli-
nically relevant immunocompromised state (38).
The pathophysiology of hypoxia/ischemia-in-
duced AKI is not well understood. The kidney
is a vascular organ so it is highly susceptible to
injury related to ischaemia, resulting in vasocon-
striction, endothelial injury, and activation of in-
flammatory processes (31).
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Each acute kidney injury in the period of active
nephrogenesis before 34 weeks of the gestation
leads to decreased number of nephrons and su-
bsequent glomerulomegaly (30).

These facts are the reason for the high mortality
rate in newborns and infants.

Several studies have demonstrated that gene-
tic risk factors are involved in AKI in some
newborns and children (39). Polymorphism of
the angiotensin-converting enzyme gene, tu-
mour necrosis factor alpha, interleukin 1b, 6, 8
and 10 genes were investigated to determine if
polymorphisms of these genes would lead to a
more intense inflammatory response and predis-
pose newborns to AKI (40,41).

Bosnia and Herzegovina is a country with a
small population. For this reason, the results of
our study are limited in the involved number of
critically ill children with AKI who required re-
nal replacement therapy. According to etiological
factors of AKI obtained from this research, B&H
is between developed and developing countries.
We have found interesting and rare individual
cases that led to AKI and even fatal outcomes
(38.46). These patients, who had primary serious
life-limiting diseases, were immunocompromi-
sed, and some of them had drug-induced AKI.
It is understandable that despite all procedures,
which are applied in intensive care unit and RRT
in this group of patients, mortality was very high,
even 66.67% (10).

The prevalence of AKI and mortality rate in pre-
term infants and newborns has increased despite
numerous improvements in ICU and the use of
renal replacement therapy worldwide. The rea-
son for this are aggressive therapeutic procedu-
res, especially surgical, increased use of RRT,
mechanical ventilation, longer stays in the ICU,
hypoalbuminemia, and transportation services to
seriously ill children (42). Published mortality ra-
tes for such patients in the USA, Belgium, Nige-
ria, Argentina and Brazil range from 11% to 46%
(7,24, 26,43, 44). In our study a high percentage
of mortality is quite expected considering the tre-
atment of the most severe cases in intensive care
units. Children who have AKI as a component of
multisystem failure have a much higher mortality
rate, which was the case especially in children
under one year of age.

In our research of all surviving children, only
one patient had developed end-stage renal disea-
se and after one period of haemodialysis, kidney
transplantation was performed. In two patients
there was chronic kidney disease, hypertension
and permanent tubular dysfunction, which requ-
ires careful monitoring and therapeutic and die-
tary measures. In a Belgian study 15% of chil-
dren died, while 16.1% developed CKD (24).
Previously it was thought that such patients were
at a low risk for late complications (45), but se-
veral recent studies have demonstrated that CKD
can evolve from AKI (20, 23). For this reason
such children need long-term follow-up of their
renal function.

In our opinion, describing the epidemiological
and etiological aspects of this serious condition
in Bosnia and Herzegovina makes an important
contribution to evaluating the national relevance
and burden on the healthcare system since it is
the most expensive medical service.

In conclusion, the heterogeneity of AKI case-
mix, comorbid factors, and the complex nature of
the pathophysiology of AKI, without accurate di-
agnosis at the right time, due to the lack of relia-
ble biomarkers for AKI screening, do not allow
for early detection of AKI, leading to delays in
the induction of treatment until the renal injury is
well advanced. Timely recognition of patients at
risk or with possible acute kidney injury is essen-
tial for early intervention to minimize further
damage and improve outcomes, especially in
infants, in case of low birth weight and extreme
immaturity. Some causes of AKI are preventable,
and it should be possible to reduce mortality and
morbidity by better organization of primary and
secondary healthcare. In addition, an optimal pa-
ediatric dialysis program should provide all di-
alysis modalities for all children and well-trained
healthcare personnel. We are fortunate that at the
Paediatric Clinic, University Clinical Centre Sa-
rajevo, we can provide all modalities of dialysis
techniques to critically ill children with AKI in
intensive care units.
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