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ABSTRACT

Background: Acute Kidney Injury is a frequent illness, commonly observed in children admitted to intensive
care units. Risk of AKI increases with requirement of mechanical ventilation, use of nephrotoxic drugs, need of
ionotropic support. The children developing renal failure have higher risk of mortality and morbidity.
Objective: This study was conducted to determine the frequency and outcomes of AKI among critically ill
children.

Method: It is a descriptive observational study, and it was done at PICU of Pediatric Medicine Department,
Mayo Hospital Lahore in 6 months from October 13, 2023 — April 13, 2024. It was started after approval from
Institutional Review Board. 240 children aged 1 month to 12 years of either gender, were enrolled considering
95% confidence level, 5% absolute precision and prevalence of AKI as 19.28%. Children with underlying
congenital renal disorder, metabolic disorder or birth defect were excluded. AKI was diagnosed by considering
KDIGO classification which included measurement of urine output and serum creatinine (1.5cc serum sample
was sent for biochemistry). Outcomes were measured as mortality (death within 7 days of hospital stay),
duration of stay or complete recovery of the patient. Data analysis was done using SPSS; the test applied for
AKI and outcome was chi-square, while other variables were analysed using t-test or Mann-Whitney U test as
per normality of data.

Results: The frequency of AKI was 17.1% (41) in critically ill children. Mechanical ventilation was required in
29.6% (71) patients and exposure to nephrotoxic drugs was reported in 33.3% (80) cases. Mechanical
ventilation was independently related to the development of AKI (45.1% vs. 5.3%, p < 0.001). Nephrotoxic drug
exposure was also a risk factor, with 43.8% (35) of exposed patients developing AKI compared to 18.1% (29)
in the non-exposed group (p = 0.002). Death was significantly high (26.7%), and an alarming 85.9% of ventilated
patients died. An all-cause mortality was observed in PICU, nephrotoxic drugs’ exposure being most significant
cause. (43.8% vs. 18.1%, p < 0.001).

Conclusion: AKl is a frequent and severe illness observed in critically ill children, and is associated with multiple
factors, most frequent being mechanical ventilation, use of nephrotoxic drugs, and higher mortality. An all-cause
mortality was considered, AKI being the significant one.
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INTRODUCTION: A sudden failure in kidney function that resulted to a sharpen decline in glomerular
filtration rate (GFR), the accretion of waste material such as creatinine and blood urea nitrogen (BUN), and
abnormal regulation of extracellular volume and electrolyte hemostasis is referred to as acute kidney injury
(AKI) [1]. Since 2004, the criteria for diagnosing AKI have changed. Kidney Disease Improving Global Outcome
(KDIGO), which is newly implemented, utilizes urine output (UOP) and serum creatinine to identification and
phasing AKI. Several other plasma and urine signs have been recognized to identify AKI early. Neutrophil
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Gelatinase-Associated Lipocalin (NGAL) in the urine and plasma, serum cystatin C, Kidney Injury Molecule-1
(KIM-1), Liver Fatty Acid Binding Protein (L-FABP), and Interleukin-18 (IL-18) are some of these indicators.
Despite being highly sensitive and specific than serum creatinine, these indicators are not frequently employed
in clinical settings [2,3].

In a study conducted in a tertiary care setting, Bajracharya et al. identified that AKI was developed among
19.28% children admitted in the PICU occurs, and within this group 15.78% advanced to 3rd stage AKI [4]. In
accordance with a UK study, 10.8% of the children hospitalized eventually developed AKI [5].

In accordance with a retrospective cross-sectional study carried out in Pakistan, 14.9% of children acquire AKI;
within this group 19.6% were not given any nephrotoxic drugs, 36.6% get one, 34.8% get two, and 8.9% get
three or more [6]. Similarly, AKI was the cause of 19% of all cases of abnormal renal function tests in children
and was the third most common cause [7]. Children with AKI who were hospitalized had poor outcomes, such
as longer hospital/intensive care unit stays, more mechanical ventilation needs, higher rates of death and
morbidity and a greater likelihood of developing chronic kidney disease or other long-term complications [4].The
etiology of AKI is renal hypoperfusion leading to hypoxic injury. Hence, hypoxic/ischemic damage can be
avoided with early treatments [6].

Data regarding AKI and mortality associated with it is very limited especially in our country i.e. Pakistan. The
rationale, therefore, of our research is to know the frequency of AKI and associated outcome related to AKI or
other causes.

METHOD: This study was Descriptive observational study done in six months after approval of synopsis
[October 13, 2023 — April 13, 2024] at Pediatric ICU, Mayo Hospital, Lahore. Data was collected using non-
probability consecutive sampling. A minimum sample size of 240 children was estimated by using a 95%
confidence level, 5% absolute precision with an expected percentage of AKl as 19.28% [4]. Children of age 1
month to 12 years of either gender, admitted to pediatric ICU were included. Children with the underlying
congenital renal disorder, nephrotic syndrome, or chronic kidney disease (based on previous history, or
previous medical record) and children with genetic metabolic defects or born with congenital malformations or
birth defects were excluded. Ethical approval was taken from the Institutional Review Board; data was collected
after taking informed consent. All admitted patients fulfilling the inclusion criteria were evaluated by the post-
graduate resident trained in the use of tool. Patient demographic information and other relevant details were
recorded in a pre-designed data collection form. Information regarding diagnosis, risk factors leading to AKI,
any cardiovascular event, need for ionotropic or ventilatory support, nephrotoxic drugs, duration of stay, and
eventual outcome was recorded. AKI was diagnosed by taking laboratory investigations as standard (elevated
serum creatinine 48 hours after admission and oliguria). A 1.5cc serum sample was taken under aseptic
measures and sent for biochemistry. Initially a baseline sample was taken and then patient was followed up
and evaluated for development of AKI during their stay in the ICU.

AKI was defined as increase in serum creatinine by =0.3mg/dl from baseline within 48 hours or increase in
serum creatinine to 21.5 times from baseline within the last 7 days, or Urine output <0.5ml/kg/hour for 6 hours.
As per KDIGO classification, based on serum creatinine and urine output AKIl is classified into three stages.

Stage Serum Creatinine Urine Output

1 20.3mg/dl increase, OR 1.5 to 1.9 times from <0.5ml/kg/hour for 6 to 12 hours
baseline

2 2.0 to 2.9 times from baseline <0.5ml/kg/hour for 212 hours

3 3.0 times from baseline, OR 24.0mg/dl serum <0.3ml/kg/hour for 224hour
creatinine OR

Anuria for 2 12 hours

Outcomes were measured as mortality, duration of stay or complete recovery of the patient. Mortality was
defined as all-cause death within 7 days of admission. Recovery was considered as improvement of renal
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function (serum creatinine falling to baseline) during stay in the ICU (assessed after 7 days). Duration of stay
in ICU was measured as days until the outcome i.e. renal function returns to baseline or mortality. All information
was recorded on a Performa. SPSS version 23 was used to analyse the data. Quantitative variables like age,
duration of stay, serum creatinine and urine output being non-normally distributed were presented as median,
Interquartile Range (IQR). Qualitative variables like gender, diagnosis at presentation, requirement of
mechanical ventilation, exposure to nephrotoxic drugs, AKI (measured as elevation in serum creatinine), and
outcomes (recovery, mortality) were presented as frequency and percentages. A p-value of <0.05 was
considered significant. Outcomes like mortality, duration of stay, and recovery were recorded in patients
developing renal failure during their ICU stay. Data was stratified for age, gender, mechanical ventilation,
exposure to nephrotoxic drugs, and underlying disease. Post-stratification, Chi-square test was applied for AKI
and mortality and recovery in AKI patients, while the t-test was applied for duration of stay. The approval of the
study was taken from the Institutional Review Board (letter no. 892/KEMU dated: 31/10/2022).

RESULTS: The median age was 9 months (inter quartile range [IQR] range: 3-24 months). Age distribution
showed that 144 (60.0%) participants were under 12 months, 69(28.8%) were aged 12 to 60 months, and
27(11.2%) were over 60 months to 12 years. Median urine output was 2.2 ml/kg/hr (IQR: 1.3-3.0 ml/kg/hr) while
in patients with AKI median urine output was 0.9 ml/kg/hr (IQR: 0.6-1.4 ml/kg/hr). The median serum creatinine
level was 0.4 mg/dl (IQR: 0.4-0.6 mg/dl) while in AKI patients median creatinine level was 1.5 mg/dl (IQR: 1.2-
2.5 mg/dl). Median duration of hospital stay was 5 days (IQR: 3-7 days). Majority of participants were males
137(57.1%), and females constituted 103(42.9%). Among clinical diagnoses, pneumonia was the most common
53(22.1%), followed by meningitis 30(12.5%) and measles with complications 18(7.5%).

Mechanical ventilation was required in 71(29.6%) patients, while 169(70.4%) did not require ventilatory support.
Exposure to nephrotoxic drugs was reported in 80(33.3%) cases and 41(17.1%) patients developed AKI during
hospitalization. Overall mortality rate was 26.7%.

When comparing AKI development with clinical characteristics, AKI was significantly more frequent among
patients requiring mechanical ventilation (32/71, 45.1%) compared to those who did not (9/169, 5.3%), showing
a strong association (x? = 55.755, p < 0.001). Similarly, AKI was more common among those exposed to
nephrotoxic drugs (22/80, 27.5%) compared to non-exposed (19/160, 11.9%) (x* = 9.192, p = 0.002). Diagnosis
was also significantly associated with AKI development (p = 0.036), with higher proportions among those
diagnosed with measles with complications (5/18, 27.8%) and bronchopneumonia (4/11, 36.4%).

Regarding mortality, patients who required mechanical ventilation had a substantially higher mortality rate
(61/71, 85.9%) compared to those who did not (3/169, 1.8%) (x> = 181.0, p < 0.001). Exposure to nephrotoxic
drugs was also associated with increased mortality (35/80, 43.8%) (x? = 17.908, p < 0.001). AKI was strongly
associated with mortality (p < 0.001). Diagnosis significantly influenced outcomes (p = 0.002), with higher
mortality observed in patients with measles with complications (10/18, 55.6%) and bronchopneumonia (5/11,
45.5%). However, gender and age groups were not significantly associated with either AKI development or
mortality (p > 0.05). Mann-Whitney U test showed no association of age and duration of stay with AKI
development or mortality (p>0.05), while urine output and serum creatinine had strong association with AKI and
mortality (P<0.05).
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Fig-1: Frequency of AKI Fig-2: Frequency of mortality

Table-1: Comparison of AKI during stay with respect to Age Groups, Gender, Diagnosis, Requirement
of Mechanical Ventilation and Exposure to Nephrotoxic Drugs:

AKIl developed during stay

p-value
Yes No
<12 28(68.3%) 116(58.3%)
Age groups (months) 12-60 10(24.4%)  59(29.6%) 0.136*
>60 3(7.3%) 24(12.1%)
Mal 19(46.3% 118(59.3%
Gender ae ( ©) ( ©) 0.127
Female 22(53.7%) 81(40.7%)
Pneumonia 3(7.3%) 50(25.1%)
Meningitis 6(14.6%) 24(12.1%)
Reactive Airway disease 0(0%) 12(6.0%)
Diagnosis Bronchopneumonia 4(9.8%) 7(3.5%) 0.036**
Bronchiolitis 0(0%) 7(3.5%)
Measles with complication 5(12.2%) 13(6.5%)
Meningoencephalitis 1(2.4%) 7(3.5%)
Others 22(53.7%) 79(39.7%)
Requirement of mechanical ~ Yes 32(78.0%) 39(19.6%) <0.001***
ventilation No 9(22.0%) 160(80.4%)
0, 0,
Exposure to nephrotoxic ves 22(53.7%) 58(29.1%) 0.002**
drugs No 1946.3%)  141(70.9%)

*Mann-Whitney U test, **Significant, ***Highly Significant

DISCUSSION: Acute kidney injury is described as sudden onset of renal failure. About 20-30% of the
general pediatric intensive care unit's patients suffer from AKI [8]. Pediatric AKI has been associated with
morbidity, mortality and financial burden. Hypertension and chronic kidney disease (CKD) remain long term
risks for children who survive AKI [9]. In our study, AKI developed in 17.1% of patients, which is lower as
compared to previously reported incidents in similar studies. The discrepancy is attributed to sample sizes,
variations across the geographical spread, and heterogeneity of the populations. A recent meta-analysis is
published indicating a 26% incidence of AKI [10]. Other research provides the prevalence of AKD among
children who were admitted into hospitals in China, India, and Egypt as 42.3%, 42.9%, and 56.6%, respectively
[11-13]. On the other hand, Chisavu et al.'s 7-year cohort study in Romania reported that the AKl incidence rate
was only 1.65% [14]. A local study by Lone et al. in Lahore reported that 36% of the children had AKI [15]. As
per a prospective observational study at National Institute of Child Health's PICU Karachi, 46% of children had
AKI [16] . In our study, the strongest correlation was found between AKI and the need for mechanical ventilation.
While 5.3% of non-ventilated patients had AKI, more than half (45.1%) of ventilated patients had AKI. This
agrees with a study that reported that acute kidney injury was significantly associated with mechanical
ventilation (aOR = 2.25, 95% CI: 1.12, 4.51) [17] .

In similar manner, another study showed that one of the variables associated with the onset of acute renal injury
was found to be the requirement of ventilatory support [18] . Through mechanisms like ventilator-induced
haemodynamic alterations, inflammatory responses, and hypoxic-ischemic renal injury, mechanical ventilation
could be a causative factor to AKI. Nevertheless, Lone et al. established that development of AKI was not
influenced by mechanical ventilation (p>0.05) [15].
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Table-2: Comparison of Outcome with respect to Age Groups, Gender, Diagnosis, Requirement of
Mechanical Ventilation and Exposure to Nephrotoxic Drugs:

Outcome value
Survived Mortality .
<12 100(56.8%) 44(68.8%)
Age groups (months) 12-60 53(30.1%) 16(25.0%)  0-096"
>60 23(13.1%) 4(6.2%)
Male 106(60.2%) 31(48.4%)
Gender 0.103
Female 70(39.8%) 33(51.6%)
Pneumonia 45(25.6%) 8(12.5%)
Meningitis 24(13.6%) 6(9.4%)
Reactive Airway disease 12(6.8%) 0(%)
Diagnosis Bronchopneumonia 6(3.4%) 5(7.8%) 0.002**
Bronchiolitis 7(4.0%) 0(0%)
Measles with complication 8(4.5%) 10(15.6%)
Meningoencephalitis 5(2.8%) 3(4.7%)
Others 69(39.2%) 32(50.0%)
Requirement of mechanical Y©S 10(5.7%) 61(95.3%) <0.001%
ventilation No 166(94.3%) 3(4.7%)
Exposure to nephrotoxic Yes 45(25.6%) 35(54.7%) <0.001**
drugs No 131(74.4%) 29(45.3%)
Yes 9 32
AKI <0.001 *kk
No 167 32

*Mann-Whitney U test, **Significant, ***Highly Significant

A prospective observational study in Karachi by Gowa et al. showed that 46.5% patients were diagnosed with
drug-induced AKI [16] . AKI incidence was vastly affected by the use of nephrotoxic medication (61.1% vs.
15.6%, P<0.001), as per Lone et al [15] . This variation is mostly due to differences between the AKI criteria,
concomitant conditions, case mix, and severity of disease. A further recent investigation demonstrated that
children in critical status were much more likely to acquire AKI if they were exposed to nephrotoxic drugs. 69.2%
of the patients had received one or more of the 47 nephrotoxic drugs, and the incidence of AKI was 41.9%.
Development of AKI was significantly associated with cumulative dose of nephrotoxic drugs (RR: 1.01 [1.00,
1.02]) and the severity of exposure (RR: 1.381 [1.101, 1.732]) [19] . This study highlights the need for
therapeutic drug monitoring, careful use of these medications, and early renal protection strategy
implementation among high-risk children.

Children who suffer with AKI in PICUs most often present with respiratory infections as underlying conditions,
particularly lower respiratory infections [20] . Additionally, a high statistical correlation (p = 0.036) was identified
between the development of AKI and some clinical conditions in our research. The highest rates of AKI were
detected in patients with bronchopneumonia (36.4%) and measles (27.8%). These findings were supported by
study result indicating AKI occurred in approximately 11% of patients hospitalized for viral bronchiolitis in a non-
PICU setting, as reported by Marzuillo et al [21]. AKI development was highly correlated with respiratory
syncytial virus (RSV) infection. Systemic inflammation, sepsis-induced renal damage, and dehydration due to
excessive fluid loss are just a few of the mechanisms through which such diseases may cause renal failure.
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Mortality in PICU is due to multiple causes and AKI was one of them, it was associated with increased mortality
and occurred in 25% of the hospitalized children. Though sharing an equal burden of AKI, mortality rates in low
and low-middle-income countries (LMICs) were higher as compared to the developed countries [10] . The
mortality rate in our study was a high 26.7%, and both nephrotoxic drug exposure and mechanical ventilation
were significant predictors of adverse outcomes. As the condition severity increases in this group, the mortality
rate for those on ventilation increases upto 85.9%.

This is consistent with previous research that identified the use of nephrotoxic drugs and the need for
mechanical ventilation as the two primary risk factors for PICU (P< 0.05). It also identified that the mortality rate
among AKI patients was greater (47.5%) compared to that of non-AKI patients (25.56%) [12]. In the same
manner, another study revealed that patients with acute renal injury and on mechanical ventilator had mortality
of 22.4%, while the mortality rate of mechanically ventilated patients without acute kidney injury was 5% (p <
0.01) [22]. Moreover, the exposure to nephrotoxic drugs was correlated with high mortality in the case group as
compared with the control group (43.8% vs. 18.1%, p < 0.001), implying that AKI and its consequences may be
a cause of lower survival. In addition, another study proved that in children exposed to nephrotoxic drugs, the
death rate was 17% in the AKI group and 4% in the non-AKI group (p=0.02) [16] . With the highest mortality
rates for bronchopneumonia (45.5%) and measles with complications (55.6%), diagnosis also played an
important role in outcomes. However, a previous study reported that the leading cause of pneumonia was not
different in a statistical manner between the AKI and non-AKI groups; (P<0.05) [23] . The findings represent the
importance of renal-protective strategies, individualized treatment interventions, and most effective ventilatory
strategies when managing critically ill children.

Notably, there was no association of gender or age groups with acute kidney injury or mortality (p > 0.05), which
suggests that these factors do not individually influence renal outcomes among pediatric critical care patients.
This finding is supported by other studies revealing that clinical issues and the severity of illness are stronger
predictors of AKI risk and survival than demographic factors [24] .

The limitation of our study was that we only observed the short-term outcome of AKI children admitted to
hospital. AKI children might also suffer from persistent renal injury over a prolonged period. Also, the frequency
and outcome results were not further stratified by KDIGO staging to determine the prevalence and outcomes
across different stages. Moreover, as the study was done in a teaching level hospital, referral bias could
influence the clinical profile of the patients. The present study demonstrates the strong correlation between the
development of acute kidney injury, the use of nephrotoxic medications, the presence of other illnesses such
as measles or bronchopneumonia, and mechanical ventilation.

Conclusion: AKI, being a severe complication, is significantly determined by nephrotoxic drugs and
invasive ventilation. Early recognition along with preventive strategies, like careful drug selection and lung-
protective ventilation, must be implemented to reduce morbidity and mortality in PICU.
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