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ABSTRACT 
Background: Acute Kidney Injury (AKI) is on the rise among critically ill children. Sepsis is one among the common 
causes that predisposed to AKI. Early identification and timely intervention of AKI in sepsis children is the need of the hour 
to reduce the morbidity and mortality. Microalbuminuria has been shown to predict organ failure early in the course. This 
study intends to evaluate protein/creatinine ratio as a predictor for development of acute kidney injury in critically ill septic 

children. Methodology: A prospective observational study conducted at a tertiary care centre, Tamil Nadu over one year. 
AKI was defined by AKIN criteria. Baseline details were collected and serial serum creatinine levels were done. Urine spot 
protein creatinine ratio was done on day 2 of PICU admission and followed up for development of AKI. Statistical analyses 
were done using SPSS19. Results: A total of 93 children were included of which 54 (58.1%) were boys and 39 (41.9%) 
were girls. The incidence of Acute Kidney Injury among the sepsis children was 39.8%. Microalbuminuria was present in 
78.4% children with AKI. The mean protein to creatinine ratio in AKI group was 39.76 ± 13.3.Protein:creatinine ratio of >30 
predicted the development of AKI  in sepsis children with a sensitivity of 85.4%, specificity of 88%, positive predictive 
value of 81.6% , negative predictive value of 87.1%and an AUC of 0.81 (95% CI 0.72 – 0.90). Conclusion: Urine 

protein:creatinine ratio may be included as a part of a routine screening tool, in children with sepsis, to risk stratify those 
patients who are at increased risk of AKI. 
Keywords: Microalbuminuria, Sepsis, Acute Kidney Injury 
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long as appropriate credit is given and the new creations are licensed under the identical terms. 

 

INTRODUCTION 

Acute kidney injury (AKI) denotes sudden loss of 

kidney function resulting in disruption of fluid and 

electrolyte homeostasis. Sepsis being one of the most 

common predisposing factor for AKI plays a prime 

role in the development of kidney injury and multiple 

organ failure(1, 2).In children admitted with sepsis, as 

many as 1 in 5 may present with some degree of AKI 
during the course of treatment and elicit an increased 

rate of mortality(3). Though many reasons have been 

quoted for development of AKI in sepsis, tissue 

hypoperfusion remains the major one. This is given by 

the fact that resuscitation aiming to restore tissue 

perfusion minimizes the kidney injury(4). 

Sepsis leads on to endothelial dysfunction which 

triggers potent inflammatory cascades releasing pro-

inflammatory and anti-inflammatory molecules into 

the circulation(5). Systemic capillary leak resulting due 

to the disruption of endothelial barrier integrity causes 

increased glomerular excretion of albumin in the 
urine(6, 7). Microalbuminuria, therefore occurs early 

after severe inflammatory process and has been shown 

to predict organ failure(8-10). Urinary albumin is one of 

the most important prognostic-predictive factors in 
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chronic kidney disease. We intended in our study to 

evaluate urine protein/creatinine ratio as a predictor 

for development of acute kidney injury in critically ill 

septic children. 

Acute Kidney Injury is defined as per Acute kidney 
Injury Network (AKIN)(11). AKIN proposed a new 

classification which relies on serum creatinine and not 

on GFR changes AKIN staging has been shown in 

table I.  

 

AIMS AND OBJECTIVES 

To predict the development of Acute Kidney Injury in 

critically ill sepsis children using urine 

protein/creatinine ratio. 

 

METHODOLOGY 

This was a prospective observational study of 
critically ill sepsis children admitted to Paediatric 

Intensive care Unit (PICU) of a tertiary care teaching 

hospital, Tamil Nadu, India. Children diagnosed with 

sepsis within the age group of 1 month to 12 years 

admitted in the Pediatric Intensive Care Unit with 

length of stay for atleast 48 hours in PICU were 

included in the study after getting consent from 

parents. The study period was 1 year. Institutional 

ethical committee approval was obtained. Patients 

with known chronic kidney disease stage 5 (estimated 

glomerular filtration rate < 15 ml/min/1.73 m2), Post-
operative children from surgical correction of 

cyanotic congenital heart disease within 90 days, 

Children with ICU length of stay less than 48 hours, 

Children with comorbidities such as hypertension, 

type 1 diabetes mellitus were excluded. 

Baseline variables were collected including 

demographic information, admission diagnoses and 

co-morbidities, serum creatinine value was measured 

on the time of admission and repeated every 24 hours. 

A spot urine sample was taken and urine protein to 
creatinine ratio was measured in the morning on day 2 

of PICU admission. The cut-off of urine protein to 

creatinine ratio used in our study was 30 (equivalent 

to 300 mg/day of proteinuria). 

Sepsis was defined by presence of at least two of the 

following criteria, one of which must be abnormal 

temperature or leucocyte count: 

 Core temperature >38.5 C (103 F) or < 36 C 

(96.8 F) 

 Tachycardia, defined as a mean heart rate > 2 SD 

above normal for age in the absence of external 
stimulus, chronic drugs, painful stimulus or 

otherwise unexplained persistent elevation over a 

0.5 – 4 hour time period. 

(OR) 

For children <1 year, bradycardia, defined as a mean 

heart rate < 10thpercentile for age in the absence of 

external vagal stimulus, betablocker or CHD or 

otherwise unexplained persistent depression over a 0.5 

hour time period. 

 Mean respiratory rate >2 SD above normal for 

age or mechanical ventilation for an acute process 

not related to underlying neuromuscular disease 
or the receipt of general anaesthesia. 

 Leucocyte count elevated or depressed for age 

(not secondary to chemotherapy induced 

leucopenia) OR >10% immature neutrophils. 

 

Age group Tachycardia 

(95th percentile) 

Bradycardia 

(95th percentile) 

Tachypnea 

(95th 

percentile) 

WBC 

(95th& 5th 

percentile) 

SBP 

(5th percentile) 

1 month – 1 

year 

>180 <90 >34 >17500 or 

<5000 

<75 

2 – 5 year >140 NA >22 >15500 or 

<6000 

<74 

6 – 12 year >130 NA >18 >13500 or 

<4500 

<83 

(Adapted from John Hopkins Harriet Lane Handbook of paediatrics, Rudolphs paediatrics 21/e) 
 

 Classification of AKI was based on AKIN 

staging as shown in table 1. 

 Patients were then followed up for the 

development of AKI, ICU length of stay and 

hospital mortality, and the associations of those 

with initial protein to creatinine ratio were tested. 

Statistical analysis were done using SPSS 19. 

Continuous data were reported as mean ± SD (if 

normally distributed) and median (range) (if non-

normally distributed). Categorical variables were 

expressed as proportions. Continuous variables with 
normal distribution were compared using Student t-

test while those not normally distributed were 

analyzed using Mann Whitney U test. Categorical 

data were analyzed using Pearson Chi-square test or 

Fischer exact test. P value was calculated using chi 

square test. Diagnostic performance of protein to 

creatinine ratio in predicting AKI was evaluated using 

receiver operating characteristic curves. 

 

RESULTS 

A total of 93 children were diagnosed to have sepsis 

in the Paediatric Intensive Care Unit during the study 

period. Our study included 54 (58.1%) boys and 39 

(41.9%) girls. The incidence of Acute Kidney Injury 

among the sepsis children in our study was 39.8% (37 
developed AKI out of 93 Cases). Out of 37 AKI 

cases, 21 (56.8%) were boys and 16 (43.2%) were 

girls. These demographic and clinical data are shown 

in table II. 
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The median age group of 93 children was 14 months 

(range 2 – 144 months). The median age group of 

those who developed AKI was 24 months (range 2-

130 months). The duration of stay of the entire study 

population was 8.24 ± 4.05 days. The mean duration 
of stay in AKI children was 10.18 ± 5.22 days. 

Overall mortality was 36.5% (34 expired). 20 out of 

37 (54.1%) who developed AKI expired. Renal 

Replacement Therapy was required in 11/37 (29.7%) 

children. 

Microalbuminuria was present in 78.4% children who 

developed AKI. The mean protein to creatinine ratio 

in AKI group was 39.76 ± 13.3 and of the non AKI 

group was 10.44 ± 9.07. The comparison of details 

among AKI and non AkI children in shown in table 
III. Protein:creatinine ratio of >30 predicted the 

development of AKI  in sepsis children with a 

sensitivity of 85.4%, specificity of 88%, positive 

predictive value of 81.6% and a negative predictive 

value of 87.1%. Our study had an AUC of 0.81 (95% 

CI 0.72 – 0.90) as shown in table IV and Figure I. 

 

Table I: Definition and classification of AKI(11) 

Definition: 
An abrupt (within 48 hours) reduction in kidney function defined as an absolute increase in serum creatinine of 

more than or equal to 0.3 mg/dl, an increase in serum creatinine of more than or equal to 1.5 fold from baseline, 

or a reduction in urine output (documented oliguria of less than 0.5 ml/kg/h for more than 6 hours. 

Classification/Staging System for Acute Kidney Injury 

Stage Serum Creatinine criteria Urine Output criteria 

1 Increase in serum creatinine of more 

than or equal to 0.3 mg/dl or increase 
to more than or equal to 1.5- to 2-fold 

from baseline 

Less than 0.5 ml/kg per hour for 

more than 6 h 

2 Increase in serum creatinine to more 

than 2- to 3-fold from baseline 

Less than 0.5 ml/kg per hour for 

more than 12 h 

3 Increase in serum creatinine to more 

than 3-fold from baseline or serum 

creatinine of more than or equal to 4.0 

mg/dl with an acute increase of at 

least 0.5 mg/dl 

Less than 0.3 ml/kg per hour for 24 

h or anuria for 12 h 

Patients who receive renal replacement therapy (RRT) are considered to have met the criteria for stage 3 

irrespective of the stage that they are in at the time of commencement of RRT. 

 

TABLE II: DEMOGRAPHIC DATA AMONG AKI & Non AKI CASES 

DATA AKI Non AKI P value 

TOTAL 37 (39.8%) 56 (60.2%)  

MALE 21 (56.8%) 33 (58.9%)  

FEMALE 16 (43.2%) 23 (41.1%)  

AGE, in median 24 months (2 – 130) 10 months (2-144)  

Length of Stay(days), mean 10.18 ± 5.22 6.4 ± 2.16 0.001 

RRT 11 (29.7%) 0  

MORTALITY 20 (54.1%) 14 (25%)  

Protein:Creatinine ratio, mean 39.76 ± 13.3 10.44 ± 9.07 0.001 

 

TABLE III: COMPARISON OF PCR IN AKI CASES 

DATA PCR >30 PCR <30 P value 

TOTAL 29 (78.4%) 8 (21.6%)  

MALE 18 (62.1%) 3 (37.5%)  

FEMALE 11 (37.9%) 5 (62.5%)  

AGE, in median 16 months (2-130) 84 months (2-108)  

Length of Stay(days), mean 9.43 ± 5.21 6.89 ± 3.18  

MORTALITY 17 (58.6%) 3 (37.5%) 0.001 

RRT 10 (34.5%) 1 (12.5%) 0.001 

 

TABLE IV: PERFORMANCE OF PCR>30 IN PREDICTION OF DEVELOPMENT OF AKI 

DATA OUR STUDY 

SENSITIVITY %(95% CI) 85.4 (66.2 – 95.3) 

SPECIFICITY %(95% CI) 88 (74 – 95.7) 

POSITIVE PREDICTIVE VALUE %(95% CI) 81.6 (66 – 89.9) 
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NEGATIVE PEDICTIVE VALUE %(95% CI) 87.1 (76.7 – 94.3) 

AUC (95%CI) 0.84 (0.72 – 0.90) 

 

FIGURE I: ROC CURVE 

 
 

DISCUSSION 

Acute Kidney Injury following sepsis is still one of 

the dreadful complication and thus requires special 

attention as its early diagnosis and timely 

management may have some distinctive features. 

Identification of sepsis induced AKI as early as 

possible is of paramount importance in reducing the 

burden of disease per se and from its complications. 

Few clinical studies on critically ill children with 
severe endothelial and renal involvement have shown 

microalbuminuria may be a beneficial marker(12-13). 

The changes in the glomerular structure following any 

type of acute kidney injury may precipitate the 

albumin filtration which presents as 

microalbuminuria(14,15). 

In this study, the incidence of Acute Kidney Injury 

among children diagnosed with sepsis was found to be 

39.8%. This was comparable with a study done by 

Idham Jaya Ganda et al(16), who found out the 

incidence of sepsis induced AKI to be 40% in their 
study. This study showed no significant differences in 

sex between the groups with sepsis who developed 

AKI. Similar results were shown in studies by 

Bresolin et al(17). In the present study, 

microalbuminuria was present in 78.4% children with 

AKI. Similar findings was observed by study done by 

Nismath et al(18) which showed the presence of 

microalbuminuria in 79.8% study population. The 

sensitivity, specificity, positive predictive value and 

negative predictive value obtained from our study 

were comparable with study done by Anil et al(19). 

This study prospectively included a group of children 

with sepsis who at presentation were thought to have 

normal kidney function (as defined by serum 

creatinine levels) yet considered at high risk of 

developing AKI. This study also demonstrates that 

microalbuminuria is common in children with sepsis 

and that the quantification of microalbuminuria is 
important. A urine protein to creatinine ratio of >30 is 

both a sensitive and specific marker for predicting 

development of AKI and mortality. 

 

CONCLUSION 

Urine protein:creatinine ratio appears to be a simple, 

rapid, non invasive, sensitive, specific and an easily 

applicable marker of risk of development of AKI in 

sepsis children. A urine protein:creatinine ratio of >30 

is a significant risk factor for AKI. The findings of 

this study indicated the need to investigate the role of 
urine protein:creatinine ratio in develoment of AKI in 

sepsis children. Kidney function in children differs 

depending on age. Investigation according to age in a 

large number of patients is needed. Urine 

protein:creatinine ratio may be considered to be 

included as a part of a routine screening tool, in 

children with sepsis, to risk stratify those patients who 

are at increased risk of AKI. 
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