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ABSTRACT
Background: The reported prevalence rates and etiologies of acute kidney injury (AKI) are quite
variable in different regions of the world. The current study was planned to determine the eti-
ology, clinical profile, and short-term outcome of pediatric AKI at our hospital.
Methods: A prospective, observational study was carried out from April 2014 to March 2015. All
pediatric patients (1 month to�15 years) diagnosed as AKI using modified pRIFLE criteria were
studied and followed for 3 months to document short-term outcome.
Results: AKI was diagnosed in 116 children. The mean age was 7.5±4.4 years and males were
predominant (60.3%). At presentation, 83.6% had oliguria/anuria, 37.1% hypertension and 17.2%
severe anemia. Etiology included primary renal (74/116; 63.8%), postrenal (28/116; 24.1%) and
prerenal (11/116; 9.5%) causes. Postinfectious glomerulonephritis (PIGN) and crescentic glomer-
ulonephritis in primary renal, obstructive urolithiasis in postrenal and sepsis in prerenal, were the
most common etiologies. At presentation, 89/116 (76.7%) patients were in pRIFLE Failure cat-
egory. Regarding outcome, 68 (58.6%) patients recovered, six (5.2%) died, 18 (15.5%) developed
chronic kidney disease (CKD) and 22 (19%) end-stage renal disease (ESRD). Comparison of recov-
ered and unrecovered AKI showed that characteristics such as hypertension, severe anemia,
edema, volume overload, requirement of mechanical ventilation, initiation of dialysis and need of
>5 sessions of dialysis had statistically significant (p<0.05) association with nonrecovery.
Conclusion: Glomerulonephritides (PIGN and crescentic) and obstructive urolithiasis are major
causes of pediatric AKI at our center. A fairly high percentage of cases recovered and these
mainly comprised of PIGN and obstructive urolithiasis.
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Introduction

Acute kidney injury (AKI) is a major contributor to child-
hood morbidity and mortality. Survivors of AKI are at
risk of limited kidney reserves and residual abnormal-
ities like proteinuria, hypertension and chronic kidney
disease (CKD).1–4 The burden of AKI has increased in
both developed and developing countries, with the
reported incidence found to be quite variable in differ-
ent regions of the world. A multicenter study from
China reported an incidence of 0.32%, whereas a single-
center study from India revealed an incidence of 25.1%.
Yearly incidence of 0.8/100,000 population was
reported from United Kingdom and figures from multi-
center study at USA were found as 0.39%.5–10 Etiology
of AKI categorized as prerenal, intrinsic renal and post-
renal causes, is also variably reported from developed
and developing world. A prospective multicenter inves-
tigation from China reported urolithiasis as the most

common cause of AKI followed by acute glomerulo-
nephritis (GN) and severe dehydration.5 A large-scale
study of a national pediatric cohort from across the
United States revealed shock followed by septicemia as
the most common risk factors associated with AKI.6

These profound variations point to the need of high-
lighting epidemiology and prevalent causes at regional
level, in order to improve the recognition and timely
management of this silent killer.

Sindh Institute of Urology and Transplantation (SIUT)
is a publicly funded tertiary care facility, where all treat-
ment is provided free of cost to all patients. This attracts
a large volume of patients, from both rural and urban
areas, who are referred mostly when they require speci-
alized care or dialysis. At national level in Pakistan, pedi-
atric AKI data based on standardized AKI definition is
lacking. Therefore, the current study was designed pro-
spectively to determine the etiology, clinical profile and
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short-term outcome of pediatric patients presenting
with AKI at our hospital.

Methods

Study design and location

It was a descriptive, prospective, observational study,
carried out at pediatric nephrology department of SIUT
for a period of 12 months, from April 2014 to March
2015. Ethical clearance was obtained from institutional
ethical review committee of SIUT (SIUT-ERC.ERC-
A12–2015). Informed consent was obtained from
parents/guardians of all participants.

Patient recruitment and methods

All children aged 1 month to 15 years, diagnosed with
AKI, were enrolled for the study. Children presenting
with CKD, known renal comorbids, such as nephrotic
syndrome or tubular disorders, were excluded. The
diagnosis of AKI was based on pRIFLE criteria11 and esti-
mated creatinine clearance (eCCl) was determined by
calculating estimated glomerular filtration rate (eGFR)
using Schwartz equation.12

All enrolled patients were subjected to further stand-
ard workup of AKI. Serum chemical and serological
markers were tested as per indication. All patients
received standard etiology-specific treatment, which
was not influenced by financial status of the patients, as
hospital offers free of cost medical, surgical manage-
ment and dialysis facility. Indication for dialysis included
one or more of following features: symptoms of volume
overload, severe metabolic acidosis, advanced uremia
and severe electrolyte imbalance not responding to
medical regimen. Hemodialysis was the preferred
modality in all children who were more than 10 kg in
weight, as hemodialysis is available 24 h at our hospital.
Peritoneal dialysis was opted for in children weighing
less than 10 kg and with unstable hemodynamics. For
patients requiring admission, urine output and serum
creatinine were monitored daily till discharge. After dis-
charge, frequency of follow-up was individualized
depending on the severity of the illness.

Data collection and definitions

For each patient, a predesigned proforma was filled
recording relevant details. Severity of AKI at presenta-
tion was graded using pRIFLE criteria as follows: R for
risk, I for injury, and F for failure. Etiology of AKI was
grouped as prerenal, renal diseases, and postrenal. For
outcome, each patient was followed till recovery or

three months postdiagnosis date and categorized as fol-
lows: recovered (eGFR,>90mL/min); CKD stage 2–4
(eGFR, 15–89mL/min), ESRD (eGFR,<15mL/min); death;
and lost to follow-up.

Statistical analysis

Data were analyzed using Statistical Package for the
Social Sciences (SPSS) version 20.0 (IBM corporation,
Armonk, NY). Continuous variables were expressed as
mean± standard deviation (SD) and categorical varia-
bles were expressed as percentage or number of cases
and compared using Chi-square test. Statistical signifi-
cance was considered at p values<.05.

Results

During the 12-month study period, 116 children were
diagnosed to have AKI, out of which, 70 (60.3%) were
males and 46 (39.7%) females. Male-to-female ratio was
1.5:1. Mean age at presentation was 7.5 ± 4.4 years and
age range was 1.5 months to 15 years. Majority of
patients, 77 (66.4%), were older than five years.

Etiology of AKI

Primary renal disease-related AKI was most frequent,
found in 74 (63.8%) children, followed by post-renal in
28 (24.1%) and prerenal in 11 (9.5%) cases. In three
(2.6%) children, etiology was unidentified. Overall, look-
ing at individual etiological diseases, three most com-
mon causes were: post-infectious glomerulonephritis
(PIGN) in 26/116 (22.4%), obstructive urolithiasis in
24/116 (20.7%) and crescentic GN in 20/116 (17.2%) cases.

Primary renal disease principally comprised of PIGN
(26/74; 35.1%) and crescentic GN (20/74; 27%).
Hemolytic uremic syndrome (HUS) was identified in
8/74 (10.8%) cases, of which one patient lacked periph-
eral hematological manifestation, but biopsy was con-
sistent with thrombotic microangiopathy (TMA).
Envenomation accounted for 8/74 (10.8%) cases, of
which five were secondary to scorpion bite and three to
snake bite. Malarial nephropathy was found in 6/74
(8.1%) patients, all secondary to Plasmodium (P) vivax
except 1 case with both P. viax and P. falciparum infec-
tion. In all, 3/74 (4%) patients showed acute tubular
necrosis (ATN) as the cause of AKI. Two of these were
post-surgical in etiology and one showed this complica-
tion in the background podocytopathic disorder. Drug/
toxin-induced AKI was identified in 2/74 (2.7%) children.
In one case, paraphenylenediamine (PPD) poisoning was
implicated in a 15-year-old girl, whereas the other case was
of ifosfamide toxicity in a child who received chemotherapy
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for sarcoma. Only one (1.3%) patient showed mesangio-
capillary GN as the underlying cause of AKI.

Postrenal etiological group mainly comprised of
obstructive urolithiasis (21/28; 75%), whereas pelviure-
teric junction obstruction (PUJO) (2/28; 7.1%) and pos-
terior uretheral valves (PUV) (2/28; 7.1%) accounted for
minority of cases. Prerenal AKI group principally
included sepsis (8/11; 72.7%) and one case (9.1%)
each of gastroenteritis, shock, and cholemic nephrosis
(Table 1).

Clinical characteristics

The main clinical features of AKI children are shown in
Table 2. A decrease in urine output, either oliguria or
anuria, was the most frequent (97; 83.6%) presenting
symptom. Other presenting features are shown in
Table 2. On examination, 60 (51.7%) children had
edema and 43 (37.1%) were hypertensive. Initiation of
dialysis was needed in 62 (53.4%) subjects (hemodialysis
in 60 and peritoneal dialysis in 2) and majority required
more than 5 sessions of hemodialysis.

Severity of AKI at presentation

At presentation, most of the patients were in pRIFLE
category Failure, 89 (76.7%), while 16 (13.8%) were in

injury and 11 (9.5%) patients in risk category (Figure 1).
Mean serum creatinine at presentation was
6.5 ± 5.1mg/dl (range: 0.79 to 21.4mg/dl).

Outcome

In majority of AKI cases (68:58.6%), renal functions
returned to normal (Figure 2). The mean duration of
recovery was 17.8 ± 26.8 days (range: 3 to 90 days).
Mortality occurred in six (5.2%) cases; the causes being
sepsis in four cases, frank pulmonary hemorrhage with
antineutrophil cytoplasmic antibody (ANCA)-positive

Table 1. Etiology of acute kidney injury (AKI) in 116 children.
Etiologies of pediatric AKI

Pre-renal Renal Postrenal

n¼ 11 (9.5%) n¼ 74 (63.8%) n¼ 28 (24.1%)
Unknown etiology

Etiology n % Etiology n % Etiology n % n¼ 3 (2.6%)

Sepsis 8 72.7% PIGN 26 35.1% Obstructive urolithiasis 24 85.7%
Gastroenteritis 1 9.1% Crescentic GN 20 27% Bilateral PUJO 2 7.1%
Liver-related disease 1 9.1% HUS 8 10.8% Posterior urethral valves 2 7.1%
Shock 1 9.1% Envenomation 8 10.8%

Malarial nephropathy 6 8.1%
Drugs/Toxins 2 2.7%
ATN 3 4.0%
Mesangiocapillary GN 1 1.3%

ATN: acute tubular necrosis; GN: glomerulonephritis; HUS: hemolytic uremic syndrome; PIGN: post infectious GN; PUJO: pelvi–ureteric junctional
obstruction.

Table 2. Clinical characteristics and supportive care required
for acute kidney injury (AKI) cases.
Characteristics Frequency

Presenting Features
Oliguria/anuria 97 (83.6%)
Fever 76 (65.5%)
Edema 60 (51.7%)
Vomiting 42 (36.2%)

Clinical features at presentation
Severe anemia (Hb <6 g/dl) 20 (17.2%)
Hypertension (BP >95th centile) 43 (37.1%)
Volume overload 19 (16.4%)

Supportive care
Ventilatory support 9 (7.8%)
Dialysis 62 (53.4%) Figure 1. pRIFLE Category at Presentation of AKI cases.

Figure 2. The outcome of children with AKI at 3 months of
follow-up.
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crescentic GN in one case and underlying cause of AKI
was unidentified in one case. Three months post-AKI
diagnosis, 22 (19%) patients were found to be dialysis
dependent (ESRD) and 18 (15.5%) were CKD (seven
patients, CKD stage 2; nine patients, CKD stage 3; and
two patients, CKD stage 4). Final outcome was not
established in two (1.7%) patients as they were lost to
follow-up.

Table 3 shows outcome as regards to pRIFLE cat-
egory at presentation. It is evident from this table that
the vast majority of patients belonging to risk and
injury categories recovered. Table 4 highlights outcome
according to etiological groups, showing that children
with PIGN and obstructive urolithiasis constituted the
majority of recovered group.

Comparison of variables in recovered versus
unrecovered AKI subjects

Severe anemia (hemoglobin (Hb)< 6 g/dl), hyperten-
sion, edema, volume overload, pRIFLE category Failure
at presentation, requirement of mechanical ventilation,
need of initiation of dialysis and requirement of >5 ses-
sions of dialysis were found to have statistically signifi-
cant (p< .05) association with unrecovered AKI cases
as compared to those who recovered, while younger
age (<5 years) and change in urine output (oliguria/
anuria) had statistically insignificant (p¼ .14) association
(Table 5).

Discussion

This study describes pediatric AKI from a tertiary care
pediatric nephrology center of Pakistan. Most of the
children were older than 5 years which differs from that
reported by other developing countries where pediatric
AKI is seen mainly in younger age groups;5,7,9,13 while
studies from most of developed countries observed
pediatric AKI in>5 years age group.6,14–16 Possible
explanation of this contrasting finding could be that
our center lacks facility to manage neonates and young
infants; therefore, younger children are under-repre-
sented in our study population. Most dominant pRIFLE
score at presentation was failure category. We graded
AKI considering baseline eCCl as 100mL/min/1.73 m2;
because baseline serum creatinine was not available in
nearly all cases.

Table 3. Outcome according to pRIFLE category at presentation.
Outcome (n¼ 116)

pRIFLE category n¼ 116 Recovered n¼ 68 CKD n¼ 18 ESRD n¼ 22 Death n¼ 6 Lost to follow-up n¼ 2

Risk, n¼ 11 11 (100%) – – – –
Injury, n¼ 16 12 (75%) 4 (25%) – – –
Failure, n¼ 89 45 (50.5%) 14 (15.7%) 22 (24.7%) 6 (6.7%) 2 (2.2%)

CKD: chronic kidney disease; ESRD: end-stage renal disease.

Table 4. Outcome according to etiological category of renal disease.
Outcome n¼ 116

Etiology of AKI n¼ 116 Recovered n¼ 68 CKD n¼ 18 ESRD n¼ 22 Death n¼ 6 Lost to follow-up n¼ 2

PIGN, n¼ 26 22 (84.6%) 4 (15.4%) – – –
Obstructive urolithiasis, n¼ 24 20 (83.3%) 2 (8.3%) – 2 (8.3%) –
Crescentic GN, n¼ 20 1 (5%) 4 (20%) 14 (70%) 1 (5%) –
Sepsis, n¼ 8 1 (12.5%) 2 (25%) 2 (25%) 2 (25%) 1 (12.5%)
HUS, n¼ 8 3 (37.5%) 2 (25%) 2 (25%) – 1 (12.5%)
Envenomation, n¼ 8 6 (75%) – 2 (25%) – –
Malarial nephropathy, n¼ 6 2 (33.3%) 3 (50%) 1 (16.6%) – –
PUJO & PUV, n¼ 4 4 (100%) – – – –
ATN, n¼ 3 2 (66.6%) – 1 (33.3%) – –
Drugs & toxins, n¼ 2 1 (50%) 1 (50%) – – –
Acute gastroenteritis, n¼ 1 1 (100%) – – – –
Shock, n¼ 1 1 (100%) – – – –
Mesangiocapillary GN, n¼ 1 1 (100%) – – – –
Cholemic nephrosis, n¼ 1 1 (100%) – – – –
Unknown etiology, n¼ 3 2 (66.6%) – – 1 (33.3%) –

ATN: acute tubular necrosis; GN: glomerulonephritis; HUS: hemolytic uremic syndrome; PIGN: post infectious GN; PUJO: pelvi–ureteric junctional obstruc-
tion; PUV: posterior uretheral valves.

Table 5. Independent variables in recovered versus unrecov-
ered acute kidney injury (AKI) cases.

Variables
Recovered

n¼ 69 (59.5%)
Unrecovered
n¼ 47 (40.5%) p value

Age less than 5 years 27 (39.7%) 12 (25.0%) .09
Oliguria/anuria 54 (79.4%) 43 (89.6%) .14
Edema 29 (42.6%) 31 (64.6)%) .02
Hypertension (BP >95th centile) 17 (25.0%) 26 (54.2%) .001
Severe anemia (Hb <6 g/dl) 7 (10.3%) 13 (27.1%) .01
Volume overload 5 (7.4%) 14 (29.2%) .002
pRIFLE category failure 45 (66.2%) 44 (91.7%) .001
Required dialysis 21 (30.9%) 41 (85.4%) <.001
Required >5 dialysis sessions 3 (4.4%) 32 (66.7%) <.001
Mechanical ventilator support 1 (1.5%) 8 (16.7%) .003
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Etiological spectrum of AKI as reviewed in medical
literature shows wide variation between developed and
developing countries. In developed world, AKI is usually
a hospital-acquired disease, whereas in developing
countries, community-acquired AKI is frequently
reported.17–20 A cross-sectional analysis of 2009 Kids
Inpatient Database from United States reported shock,
septicemia, mechanical ventilation and extracorporeal
support to be associated with AKI.6 Likewise, Bresolin
et al. found shock and sepsis as predominant etiology
in pediatric AKI cohort.21 On the contrary, a different
spectrum of etiologies is seen in developing countries.
A prospective multicenter study from China revealed
urolithiasis as the most dominant AKI etiology followed
by acute GN and severe dehydration.5 A review of
Nigerian publications regarding pediatric AKI from 1990
to 2012 postulated nephrotoxins and infections as pre-
dominant AKI etiology.22 Krishnamurthy et al. reported
infections, PIGN, snake envenomation, and hemolytic
uremic syndrome (HUS) as common causes of AKI.7 Our
study from a developing country, encountered mainly
community acquired AKI. Three most common etiolo-
gies identified were PIGN followed by obstructive uro-
lithiasis and crescentic GN, revealing high burden of
glomerulonephritides and stone disease causing AKI in
our setup. Nearly, similar etiological spectrum of AKI is
reported from a large pediatric cohort of neighboring
country, China.5 However, an earlier study from our
country describing renal and postrenal causes of pediat-
ric AKI reported HUS as predominant cause of AKI in<2
years old children and urolithiasis as major etiology in
children>2 years of age.23 Gastroenteritis and sepsis-
related AKI are less commonly seen in present study,
which is most probably an underestimation as the cur-
rent study was conducted at pediatric nephrology cen-
ter and such cases are mainly admitted at general
pediatric hospitals.

We documented a significantly low mortality rate
(5.2%) in contrast to that reported from India (46.3%)7

and Nigeria (50.4%),22 whereas high recovery and low
mortality figures observed in our study are quite similar
to that reported from multicenter study in China.5 Low
mortality figure can be an underestimation as we have
recorded 3-month outcome and many of ESRD patients
may have died over next few months. Overall high
recovery rate observed may be because of the fact that
the majority of our AKI cohort comprised of PIGN and
obstructive urolithiasis cases, who recovered normal
renal function with supportive care and urgent surgical
decompression, respectively.

This study has some limitations. Firstly, data in this
study are from a single pediatric nephrology center;
therefore, it does not truly reflect etiological spectrum

of pediatric AKI prevalent throughout the country.
Secondly, our study did not cover neonatal AKI, as our
hospital lacks facility of neonatal ICU. Post-surgical cases
are also not included as study population did not
include cases from pediatric surgery and cardiac surgery
units. Nevertheless, our study describes very relevant
information on pediatric AKI spectrum encountered at a
large tertiary care referral center in a developing
country.

Conclusions

Our study revealed that GN followed by obstructive
stone disease constitutes the major bulk of pediatric
AKI burden at a single tertiary care center. We found a
high recovery and low mortality at short-term follow-
up. Further multicenter studies are needed to elaborate
this subject and plan preventive strategies to reduce
childhood morbidity and mortality from this disease.
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