Acute kidney injury on admission to the pediatric intensive care units and its impact on survival
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Abstract 
Background: The mortality and morbidity associated with acute kidney injury (AKI) remain unacceptably high. Although, prognostic scores are already used in pediatric intensive care unit (PICU), AKI may be an independent risk factor for predicting mortality. Objectives: Apply commonly used scores and identify the renal factors capable of predicting patient’s outcome.
Methods: This study included 231 patients admitted to PICU of Cairo University Pediatric Hospital over one year. PRISM III, PEMOD, PELOD and SOFA scores were obtained for every patient within the first day of admission. Then each renal parameter was analyzed separately.
Results: Significant association was found between each of the scores done on admission and mortalities of PICU (p<0.0001). There was significant relation between BUN and mortalities (p=0.01).Serum creatinine higher than 5mg/dl was associated with increased mortality rates. Conclusion: AKI is a common problem in PICU patients even when not the main system affected on admission. BUN and oliguria on first day of PICU admission are very important factors for predicting mortality.
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Introduction: 
Acute kidney injury (AKI) continues to represent a common and potentially devastating problem in critically ill children. The reported incidence of AKI in this population varies greatly due to the lack of a standard consensus definition. For example, AKI affects between 5% and 50% of critically ill patients in reported series (1). AKI is usually the main renal cause of admission to pediatric intensive care units (PICUs). Common causes of AKI in the critically ill patients include hypotension or shock causing renal ischemic injury, renal involvement as part of a sepsis or multi-organ dysfunction syndrome, renal injury from nephrotoxins such as antibiotics and radio-contrast media.(2)
Acute kidney injury is typically diagnosed by measuring serum creatinine (3). Oliguria-anuria is a frequent but not essential component of AKI. Patients with even mild AKI can have volume overload, electrolyte imbalance, and metabolic derangement. (2) 

Unfortunately, the mortality and morbidity associated with AKI remain unacceptably high; reaching up to 80% in critically ill children and adults with multiple organ dysfunction syndrome (MODS). While this dismal prognosis is partly attributable to other comorbid conditions, recent studies have revealed that AKI may be an independent risk factor for mortality in critically ill children (4).

Various scoring systems have been used to objectively assess illness severity on admission to the PICU. These scores also help in assessing prognosis and adjusting for illness severity (5). Most such scores have involved elements related to renal function
For example, serum creatinine and urine output are included in the Sepsis-related Organ Failure Assessment (SOFA) score (6), Physiologic Stability Index (PSI) (7), Pediatric risk of mortality (PRISM) III (8) score includes renal function assessed through urea and creatinine; while PEdiatric Multiple Organ Dysfunction (PEMOD) and PEdiatric Logistic Organ Dysfunction (PELOD) scoring systems (9) include serum creatinine.
We aimed to study the indicators of AKI on admission to the PICU, as described in these scoring systems, to determine their occurrence in our PICU patients and their relation to patients’ outcome.

Patients and Methods:

 A prospective observational study including all patients (1 month- 14 yrs of age) admitted to the PICU of Cairo University Mounira Pediatric Hospital (Abou El Reeshe) over one year from May 2009 till May 2010. Patients who died in the first 24 hours of admission were excluded.
All patients were subjected to:

(a) Clinical assessment through history and examination

(b) Routine laboratory investigations including blood gases, electrolytes, glucose, urea and creatinine, liver functions, blood counts and coagulation profile. Cultures and radiological studies were conducted as necessary according to the patient’s condition

(c) The following scoring systems were applied for assessment of illness severity and mortality risk on admission:
· SOFA score (6)
· PRISM III (8)
· PEMOD scoring system (9) 

· PELOD scoring system (9) 
(d) Renal parameters in each scoring system were analyzed; including:

–Serum creatinine (SOFA, PRISM III, PEMOD, PELOD)
–BUN (PRISM III)

–Urine output (SOFA)
(e) Follow up to determine survival to discharge

Data analysis:
Results were tabulated and analyzed using the Statistical Package for Social Science (SPSS) version 16.0. Nominal data were expressed as frequency and percentage and were compared using Chi Square tests. Odds ratios for mortality, sensitivity and specificity were calculated. Numerical data were expressed as mean and SD and were compared using t tests. P values <0.05 were considered significant.
Results:
Two hundred thirty one patients were enrolled. Sixty patients died (25.9%). As shown in table 1, respiratory problems were the highest admission diagnoses (40.6%), but the highest mortality risk was in patients with septicemia and MODS (66.7%) and neurological disease (51.4%). Regarding primary renal causes of admission, we had 5 cases (2.1%); two with Hemolytic uremic syndrome (HUS) and one with each of renal tubular acidosis (RTA), polycystic kidney disease and chronic kidney disease of undetermined etiology.  
Table (1): Primary system involved on admission and risk of mortality: 
	Diagnosis
	Number of patients
	Deaths

n (%)
	Odds ratio
	Sensitivity (%)
	Specificity 
(%)

	Respiratory1
	94(40.6%)
	11(11.70%)
	0.24
	18.33
	51.46

	CVS2
	25(10.8%)
	7(28%)
	1.12
	11.66
	89.47

	Both3
	23(9.9%)
	11(47.82%)
	2.97
	18.33
	92.98

	CNS4
	35(15.1%)
	18(51.42%)
	3.88
	30
	90.06

	GIT5
	12(5.1%)
	2(16.67%)
	0.56
	3.33
	94.15

	Metabolic6
	2(0.8%)
	1(50%)
	2.88
	1.67
	99.42

	Sepsis & MODS7
	6(2.5%)
	4(66.67%)
	6.04
	6.67
	98.83

	immune def8
	2(0.8%)
	1(50%)
	2.88
	1.67
	99.42

	Hepatic9
	3(1.2%)
	1(33.33%)
	1.43
	1.67
	98.83

	Kidney10
	5(2.1%)
	2(40%)
	1.93
	3.33
	98.25

	Endocrine11
	8(3.4%)
	0(0%)
	0
	0
	95.32

	Others12
	3(1.3%)
	1(33.33%)
	1.43
	1.67
	98.83

	Rheumatic13
	3(1.3%)
	0(0%)
	0
	0
	98.25

	After procedure14
	10(4.3%)
	1(10%)
	0.31
	1.67
	94.74


(1)Respiratory problems: bronchial asthma, croup, bronchopneumonia, bronchiolitis, emphysema, bronchopulmonary dysplasia, laryngiotrachiobronchitis, pleural effusion, empyema and pneumothorax. (2)Cardiovascular diseases (CVS): Congenital heart disease (CHD) complicated with heart failure, pericardial effusion, myocarditis and cardiomyopathy. (3)Both CVS and respiratory tract: CHD complicated by heart failure & chest infection. (4) Central nervous system diseases (CNS): myopathy, guillian barre syndrome, disturbed conscious level for differential diagnosis, encephalitis, intracranial hemorrhage, status epilipticus, convulsions and neurodegenerative disease. (5) Gastrointestinal tract diseases (GIT): gastroenteritis, Short bowel syndrome. (6)Metabolic disease: organic academia and intractable metabolic acidosis for differential diagnosis. (7)Septicemia & MODS. (8)Immune-deficiency diseases. (9)Hepatic disease: hepatitis A virus and allagille syndrome. (10)Kidney diseases: HUS, RTA, CRF and poly-cyctic kidney disease. (11)Endocrine: Diabetic keto-acidosis. (12)Other causes for admission: car accident, near drowning and organophophorous poisoning. (13)Rheumatic diseases: systemic lupus erythematosis and overlap syndrome. (14)After procedure: bronchoscope or other surgical operation.

All illness severity scores were significantly higher in those who died (p<0.0001). The area under the curve (AUC) was 0.751 for PRISM III, 0.732 for PEMOD, 0.762 for PELOD and 0.765 for SOFA score.
Table 2 showed that BUN, but not creatinine, was significantly higher on admission in those who died. Urine output was also lower. When urine output was corrected for body size using BSA (mL/m2), the difference was more significant than when using body weight (mL/Kg).
Table (2): Renal functions and urine output on admission: 
	
	Died
	Survived
	P value

	
	Mean±SD
	95%CI
	Mean±SD
	95%CI
	

	Creatinine
	0.9
	0.7-1.3
	0.6
	0.4-0.9
	0.09

	BUN
	32.9
	20.3-45.5
	15.6
	12.9-18.3
	0.01

	Urine out- put (mL/Kg/hr)
	2.2
	1.9-2.5
	2.9
	2.7-3.1
	0.0004

	Urine out- put (mL/m2/d)
	1001.1
	859.4-1142.7
	1414.9
	1322.2-1507.7
	P<0.0001


BUN: blood urea nitrogen

The highest risk of mortality was found in the group of patients whose serum creatinine was higher than 5mg/dL (odds ratio 17 and specificity 98.8%) (Table, 3) 
Although we found that; according to admission diagnosis, renal disease was only present in 5 cases, AKI was associated with other admission diagnoses. Based on serum creatinine, AKI occurred in 39 patients (with serum creatinine >0.9mg/dL).
Table (3): BUN and creatinine of groups of patients in different scores:
	
	Number of patients
	Mortality

n(%)
	Odds ratio
	Sensitivity (%)
	Specificity (%)

	SOFA ( serum creatinine):

· < 1.2 mg/dL

· 1.0– 1.9 mg/dL

· 2.0– 3.4 mg/dL

· 3.5 – 4.9 mg/dL

· > 5.0 mg/dL
	178

5

1

30

17
	30(16.9%)

1(20%)

1(100%)

14(46.7%)

14(82.4%)
	6.4

7.5

7.0

17.0
	50.0

48.3

46.7

23.3
	86.5

88.9

88.9

98.2

	PRISM III ( serum creatinine):

· infant & <= 0.90 mg/dL  OR child & <= 0.90 mg/dL  OR adolescent & <= 1.30mg/dL

· infant &> 0.90 mg/dL OR child & > 0.90 mg/dL OR adolescent & > 1.30 mg/dL
	192

39
	44(22.9%)

16(41.0%)
	2.3
	26.7
	86.5

	PEMOD (creatinine):

· Infant & creatinine < 0.46 mg/dL OR Child & creatinine < 0.80 mg/dL ORAdolescent & creatinine < 1.14 mg/dL

· Infant & creatinine 0.46 – 0.79 mg/dL OR Child & creatinine 0.80 – 1.59 mg/dL OR Adolescent & creatinine 1.14 – 2.38 mg/dL

· Infant & creatinine 0.80 – 1.13 mg/dL OR Child & creatinine 1.60 – 2.72 mg/dL OR Adolescent & creatinine 2.39 – 3.96 mg/dL

· Infant & creatinine 1.14 – 1.59 mg/dL OR Child & creatinine 2.73 – 3.96 mg/dL OR Adolescent & creatinine 3.97 – 5.89 mg/dL

· Infant & creatinine > 1.59 mg/dL OR Child & creatinine > 3.96 mg/dL OR Adolescent & creatinine > 5.89 mg/dL
	164

32

16

8

11
	33(20.1%)

10(31.3%)

8(50%)

3(37.5%)

6(54.5%)
	2.7

3.4

2.8

3.7
	45.0

28.3

15

10.0
	76.6

89.5

94.2

97.1

	PELOD (creatinine):

· Infant & creatinine < 0.62 mg/dL OR Child & creatinine < 1.13 mg/dL OR Adolescent & creatinine < 1.59 mg/dL

· Infant & creatinine >= 0.62 mg/dL OR Child & creatinine >= 1.13 mg/dL OR Adolescent & creatinine >= 1.59 mg/dL
	192

39
	41(21.4%)

19(48.7%)
	3.5
	31.7
	88.3

	BUN:

· ≤14.9 mg/dL

· 15- <40 mg/dL

· 40 – 100 mg/dL 

· >100 mg/dL
	149

56

21

5
	27(18.1%)

19(33.9%)

11(52.4%)

3(60%)
	3.0

4.0

4.4
	55.0

23.3

5.0
	71.3

93.0

98.8


SOFA: sepsis- related Organ Failure Assessment, PRISMIII: Pediatric risk of mortality score, PEMOD: PEdiatric Multiple Organ Dysfunction scoring system, PELOD: PEdiatric Logistic Organ Dysfunction scoring system, BUN: blood urea nitrogen

The risk of mortality was high in the group of patients with decreased urine output less than 200ml/day (odds ratio 15.2 and specificity 97.7%). Also risk was high in patients with decreased urine output (200-499ml/m²/day) when calculated using surface area of the patient (odds ratio 15.2 and specificity 97.7%) (Table, 4) 
Nine patients required peritoneal dialysis, their mortality rate was 66.7%; whereas, 2 patients required hemodialysis, their mortality rate was 100%. Patients who needed either peritoneal or hemodialysis were at high risk of mortality (Odds ratio 8.6). 
Table (4): Urine output on admission:

	
	Number of patients
	Mortality

n & %
	Odds ratio
	Sensitivity (%)
	Specificity (%)

	urine output:

200 - 499 mL per day

< 200 mL per day
	70

20
	24(34.3%)

16(80%)
	4.8

15.2
	66.7

26.7
	70.8

97.7

	Urine output (ml/Kg/hr)

>1.0 ml/Kg/hr

 0.5 – 1.0 ml/Kg/hr

<0.5 ml/Kg/hr
	208

18

5
	44(21.2%)

13(72.2%)

3(60%)
	8.5

4.4
	26.7

5.0
	95.9

98.8

	Urine output (ml/m2/day)

>= 500 ml/m2/day

200 – 499 ml/m2/day

<200 ml/m2/day
	211

15

5
	44(20.9%)

13(86.7%)

3(60%)
	15.2

4.4
	26.7

5.0
	97.7

98.8


SOFA: sepsis- related Organ Failure Assessment

Discussion:
One pediatric population of special interest is critically ill children requiring intensive care services, since these children are at an increased risk of death (10)
Regarding the admission diagnosis, similar to our results, in Barbados (a Caribbean developing country), respiratory illnesses (33%) were the most common diagnoses on admission followed by neurological (22%) and cardiovascular (14%) illnesses (11).
In concordance with our results (Typpo et al, 2009) and (Costa et al, 2010) demonstrated that the presence of MODS on the first day of hospitalization was related to higher mortality. (12, 13)
In our study we found significant association between high values of PRISM III score on the day of admission and mortality as an outcome of PICU (p<0.001) with acceptable discrimination ability (area under ROC curve 0.751). 
All these scores reasonably predict outcome. These scores include indicators of renal function on admission:

· Serum creatinine (SOFA, PRISM III, PEMOD, PELOD)

· BUN (PRISM III)

· Urine output (SOFA)
In a study by Bilan and colleagues, 2009 mean score for survivors (12.7±8.4) was lower than non-survivors (28.8±8.2) and significant relation between the score and mortalities of PICU was found (p<0.001) with good discrimination ability (area under ROC curve 0.898). (14)


In evaluation of kidney functions, our study showed association between BUN and mortalities (p=0.01), this was similar with Graciano and colleagues, 2005 who found positive correlation between BUN levels and PICU mortality rate (p=0.0025). (15)
Although no previous studies high-lightened the following relations, our results were in consistent with the literature: 
We found stronger relation between death and urine output when calculated cc/m2/day than when calculated cc/Kg/hr. 
Although we didn't find association between creatinine levels and deaths but risk of mortality was highly increased in the group of patients whose serum creatinine was higher than 5mg/dL. However, it is well known that creatinine is an unreliable and insensitive indicator during early acute changes in kidney function. First, serum creatinine concentrations may not change until about 50% of kidney function has already been lost. Second, serum creatinine does not accurately depict kidney function until a steady state has been reached, which may require several days (3). 
We found also that patients who needed dialysis either peritoneal or hemo-dialysis were at high risk of mortality. The very high mortality with dialysis may be related to the presence of another ICU in the nephrology department for those with primary renal disease and that all dialysis in our PICU is for AKI as part of multi- system disease (worse prognosis). Lamiere and colleagues, 2005 found that mortalities due to renal failure range from 1% in post infectious glomerulonephritis and reach 90% as in MODS. (16) 
Conclusion: 
       We concluded that primary renal indications for PICU admission is uncommon but those with evidence of AKI (BUN, creatinine or urine output) are much more common, AKI is a common occurrence in ICU patients even when not the main system affected.                                   Oliguria and high urea on admission predict poor outcome. Need for dialysis is associated with high mortality risk.
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