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Abstract 

Severe Acute Kidney Injury (AKI) is a common, serious problem aff ecting critically ill children 
that lacks eff ective treatment options. Currently, there are no treatment options for AKI other 
than supportive care. Continuous renal replacement therapy (CRRT) is employed to reduce 
Fluid Overload (FO) burden and treat metabolic disturbances in AKI. Identifying patients upon 
admission who may require CRRT has potential clinical care implications. The aim of this study 
was to determine if the RAI had diagnostic capabilities to identify patients who would require 
CRRT. 

The analytic cohort consisted of patients who required CRRT and illness severity score 
matched controls who did not require CRRT at a single center. Patients who required CRRT had 
higher mortality rates, length of stay, and use of ventilatory and inotropic support. Sensitivity, 
specifi city and area under the receiver operating characteristic curve (AUC) assessed and 
compared the discriminatory accuracy of three scores: 1) the renal angina index (RAI), 2) serum-
creatinine (sCr) based AKI on day 0 and 3) modifi ed RAI created with an additional RAI injury 
tranche that corresponded to severe stage 3 AKI sCr elevation. 

Compared to Day0AKI (AUC 0.78, 0.70-0.87; sensitivity 0.63, 0.45-0.79; specifi city 0.93, 
0.870.97) and RAI (AUC 0.76, 0.69-0.82; sensitivity 0.94, 0.81-0.99; specifi city 0.57, 0.47-0.66), 
the modifi ed RAI had the highest AUC (0.79; 0.72-0.85) with a high sensitivity (0.91; 0.77-0.98) and 
moderate specifi city (0.65; 0.56-0.75) for prediction of CRRT requirements. As a more accurate tool 
for discriminating patients in need of CRRT, a modifi ed RAI has numerous potential implications. 
Identifying patients who ultimately require CRRT at an earlier timepoint may infl uence timing of 
CRRT initiation in an attempt to avoid further FO, or may infl uence nephrotoxin administration. The 
diagnostic capabilities of the modifi ed RAI may be refi ned by the addition of urinary biomarkers. 
These fi ndings should be validated in a larger cohort.
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Introduction 

Acute kidney Injury (AKI) is a common and serious 
problem among critically ill children admitted to the 
pediatric intensive care unit (PICU) and is a signiϐicant 

contributor to morbidity and mortality [1]. AKI occurs in as 
many as 25% of PICU patients, and severe AKI, deϐined by the 
Kidney Disease Improving Global Outcomes criteria (KDIGO) 
stage 2 or 3 affects approximately 12% of patients [1,2]. 
Greater AKI severity is associated with greater morbidity 
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and risk of death than less severe AKI [1]. Currently there 
is no treatment for AKI and mainstays of therapy include 
supportive care: avoiding nephrotoxic medications and 
ϐluid overload (FO). Although serum creatinine (sCr) is an 
imperfect biomarker of AKI, clinicians continue to rely on 
its use which has led to the inability to institute therapeutic 
and supportive interventions in a timely fashion [3]. Earlier 
identiϐication of patients who will develop AKI may enable 
providers to reduce AKI severity and improve or reduce the 
incidence of these poor outcomes. 

The ability to identify future AKI has been improved by the 
development and utilization of the Renal Angina Index (RAI). 
The original RAI, which was designed to be calculated at 12 
hours of PICU admission incorporates patient risk factors and 
early signs of renal injury [4]. The RAI is predictive of day-3 
severe AKI (KDIGO stage 2 or 3) following PICU admission 
[5]. Variations of the RAI have also been developed, with an 
“acute” RAI having predictive capabilities for future AKI in 
septic Emergency Department subjects [6]. The injury score 
in both the original and acute RAI is based on estimated 
decline in creatinine clearance and corresponds to KDIGO 
AKI stages 0, 1, and ³2. Stage 3 AKI, which is characterized by 
severe elevation of sCr or need for renal replacement therapy 
(RRT) is not distinguished from stage 2 AKI in the original 
RAI prediction model. 

Although the use of RAI has improved prediction of AKI, 
no tool has been developed to predict the most severe form of 
AKI – stage 3 AKI that requires continuous renal replacement 
therapy (CRRT), which is needed in approximately 1-2% of 
PICU population [1]. The most common indication for CRRT 
in the PICU population is FO, either alone or in conjunction 
with other AKI induced abnormalities such as acidosis and 
electrolyte disturbances [7]. While FO is independently 
associated with worse outcomes, there are also synergistic 
effects between FO and AKI that show an even larger effect 
on morbidity and mortality [8]. Compared to context-free 
creatinine increases, the RAI has improved AKI prediction 
accuracy by incorporating changes in both creatinine and FO 
and analyzing these changes in a stratiϐied manner based on 
baseline patient risk factors [5]. The RAI could potentially be 
used to predict CRRT need as both the composition of RAI 
and indications for CRRT are heterogeneous and overlapping. 

The purpose of this study is to compare three scoring 
modalities in their ability to discriminate between pediatric 
ICU patients in need of CRRT and those who do not need 
CRRT. We aimed to: 1) identify the performance of the RAI 
at 12 hours after PICU admission at various thresholds to 
identify an optimal threshold for discriminating between 
subjects who require CRRT during PICU admission and those 
who do not, 2) create a modiϐied RAI score that delineated 
between creatinine associated injury scores corresponding 
to stage 2 and stage 3 AKI and 3) determine whether the 
modiϐied RAI had improved diagnostic accuracy over that of 
the RAI and serum-creatinine based AKI on day 0 (Day0AKI). 

Materials and methods
Study design

The study is a retrospective case control study that 
evaluated the ability of the renal angina index (RAI) to 
predict need for Continuous Renal Replacement Therapy 
(CRRT) at any point during PICU admission. At the time of 
this study, CRRT was initiated based on PICU and nephrology 
attendings’ joint decision and the RAI was not routinely 
assessed. Investigators ϐirst identiϐied patients who 
underwent CRRT using an internal CRRT database initially 
developed for quality improvement methodology. Matching 
was then performed based on Pediatric Risk of Mortality III 
(PRISM-III) score which is an estimate of illness severity [9]. 
Pediatric Risk of Mortality III (PRISM-III) scores achieved 
prognostic population enrichment as previous RAI studies 
have shown that higher PRISM-III scores are associated with 
higher RAI scores. The Colorado Institutional Review Board 
approved the study with a waiver of informed consent. 

Patient population 

Inclusion criteria for cases of CRRT were: 1) age between 
90 days and £25 years, 2) admitted to Children’s Hospital 
Colorado PICU between January 2009 and January 2017 
and 3) record of CRRT after 12 hours and within 7 days 
from admission to the PICU. Controls were identiϐied over 
the same time frame and matched with at least a 1:1 ratio 
to cases depending upon the available clinical data. Patients 
with chronic kidney disease (estimated glomerular ϐiltration 
rate (eGFR) £15 ml/min/1.73m2), end stage renal disease 
on maintenance dialysis, need for extracorporeal membrane 
oxygenation, or who had history of kidney transplant within 
the preceding 90 days prior to admission were excluded. 
Patients who were identiϐied as needing CRRT on admission 
(or who received CRRT prior to 12 hours after admission), 
including those with toxic ingestions, mitochondrial 
disorders, or hyperammonemia were also excluded. 

 Data extraction and predictor information: Data was 
manually extracted via chart review. Predictor variables 
included the RAI and Day0AKI based on KDIGO serum 
creatinine staging [10]. The RAI was calculated at 12 hours 
after ICU admission. If there was no preceding baseline 
creatinine, one was estimated based on a previously validated 
method using patient height and an estimated baseline GFR 
of 120 ml/minute/1.73 m2 [11]. 

A modiϐied RAI was created post-hoc that delineated 
further extreme levels of kidney injury (Table 1). The 
original RAI’s upper injury tranche had a score of 8 which 
corresponded to a sCr of ³2x baseline and/or FO of ³15%. This 
injury tranche was unable to differentiate between moderate 
sCr increases of 2x baseline and more severe levels of injury, 
such as 3-4x baseline sCr elevations. Therefore, this injury 
tranche was divided into 2 potential new scores: 8 or 16. The 
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modiϐied score of 8 corresponds to a sCr ³2x baseline and 
< 3x baseline (and/or FO% ³15 and < 20%). The modiϐied 
score of 16 corresponds to a sCr ³3x baseline and/or FO 
³20%. 

Outcomes

The primary outcome was the receipt of CRRT during 
PICU admission. Secondary outcomes included PICU length 
of stay, need for mechanical ventilation, need for vasoactive 
support, and hospital mortality rate. 

Statistical analysis 

Baseline demographics and clinical characteristics 
are summarized using count and proportion, mean and 
standard deviation, or median and interquartile. Fisher’s 
Exact, Cochrane-Mantell-Haenzel and Chi-square tests 
assessed for differences in categorical outcomes between 
groups. Wilcoxson Rank Sum Tests or unpaired t-tests 

compare continuous outcomes between groups. The receiver 
operating characteristic (ROC) curve was used to quantify the 
ability of various cutoffs on multiple modalities to identify 
subjects who required CRRT compared to those who did 
not. ROC analysis is a valid and accepted tool for evaluating 
the diagnostic accuracy on both a continuous and discrete 
scale [12]. Modalities included: 1) the Renal Angina Index 
(RAI), 2) serum-creatinine based AKI on day 0 (Day0AKI) and 
3) modiϐied RAI created with an additional injury tranche 
that corresponded to severe stage 3 AKI serum creatinine 
(sCr) elevation Sensitivity, speciϐicity and area under the 
receiver operating characteristic curve (AUC) assessed and 
compared the discriminatory accuracy of various scoring 
modalities. The largest Youden’s J identiϐied the optimal 
cutoff for identifying future CRRT. Areas under the receiver 
operating characteristic curve (AUCs) for various composite 
cutoffs were compared via SAS procedure PROC LOGISTIC as 
has been previously describe [13]. Statistical signiϐicance for 
comparisons was set at 0.05. All analyses were conducted in 
SAS 9.3 (Cary, NC). 

Results
The study included 146 patients, with 35 patients requiring 

CRRT and 111 patients not requiring CRRT. Pediatric Risk of 
Mortality III (PRISM-III) scores ranged from 2 to 46 with the 
median score of 13.5 (IQR: 9 to 18). As expected by study 
design, there was no difference in PRISM-III scores between 
groups (p = 0.27). Table 2 summarizes the demographic and 
clinical characteristics of each group. Patients who required 
CRRT had higher serum creatinine values (sCr) on admission 
(p < 0.001), on day 3 (p < 0.001), and peak values (p < 0.001), 
as well as higher RAI scores (p < 0.001) when compared 
to patients who did not require CRRT. The most prevalent 
diagnosis group was shock, followed by central nervous 
system (CNS) disease and respiratory etiologies. 

Table 1: Creation of a modifi ed RAI with expanded injury tranches. 
Previous RAI Injury Tranche Scoring 

KDIGO AKI 
Stage sCr/Baseline %FO 

Accumulation 
Injury Tranche 

Score 

0 Decreased or no 
change < 5% 1 

0 ³1x - <1.5x ³5 - < 10% 2 
1 ³1.5x - <2x ³10 - < 15% 4 
2 ³2x ³15 8 

Modifi ed RAI Injury T ranche Scoring 
KDIGO AKI 

Stage sCr/Baseline %FO 
Accumulation 

Injury Tranche 
Score 

0 Decreased or no 
change < 5% 1 

0 ³1x - < 1.5x ³5 - <1 0% 2 
1 ³1.5x - < 2x ³10 - < 15% 4 
2 ³2x - < 3x ³15 - < 20% 8 
3 ³3x ³20% 16 

Abbreviations: serum Creatinine (sCr); Renal Angina Index (RAI); Percent Fluid 
Overload (%FO).

Table 2: Baseline demographic and clinical characteristics of the case control cohort. 
Characteristic All (n = 146) No CRRT (n = 111) CRRT (n = 35) p - value 

Age (years) 9.65 (2.94, 14.40) 9.00 (2.90, 14.20) 10.30 (3.80, 14.60) 0.425 
% Male 80 (54.8) 62 (55.9) 18 (51.4) 0.792 

Baseline sCr (mg/dl) 0.50 (0.30, 0.70) 0.50 (0.30, 0.70) 0.50 (0.40, 0.65) 0.675 
Baseline GFR (ml/min) 94.99 (84.90, 130.20) 94.69 (83.80, 124.11) 94.99 (88.10, 134.53) 0.271 

Day 0 sCr (mg/dl) 0.60 (0.40, 1.15) 0.50 (0.38, 0.80) 1.70 (0.75, 2.75) < 0.001 
Day 3 sCr (mg/dl) 0.60 (0.40, 1.33) 0.45 (0.30, 0.70) 1.25 (0.90, 2.68) < 0.001 
Peak sCr (mg/dl) 0.80 (0.40, 1.83) 0.60 (0.40, 0.90) 2.50 (1.25, 3.75) < 0.001 

RAI 8.00 (2.00, 24.00) 5.00 (1.00, 10.00) 24.00 (8.00, 40.00) < 0.001 
PRISM-III score 13.50 (9.00, 18.00) 13.00 (8.00, 17.50) 14.00 (11.50, 20.50) 0.272 

Percent Fluid Overload at 12 hours 2.42 (0.99, 5.06) 2.38 (0.83, 4.36) 3.20 (1.22, 8.55) 0.057 
Diagnosis Group* 

Shock 72 (49.3) 42 (37.8) 30 (85.7) <0.001 
CV 3 (2.1) 3 (2.7) 0 (0.0) 0.765 

Respiratory 24 (16.4) 23 (20.7) 1 (2.9) 0.026 
Trauma/Surgery 12 (8.2) 11 (9.9) 1 (2.9) 0.331 

CNS 26 (17.8) 26 (23.4) 0 (0.0) 0.004 
Other 18 (12.3) 13 (11.7) 5 (14.3) 0.913 

Abbreviations: Continuous Renal Replacement Therapy (CRRT); serum Creatinine (sCr); Glomerular Filtration Rate (GFR); Renal Angina Index (RAI); Pediatric Risk of 
Mortality Score (PRISM); * More than one diagnosis group is possible.
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Patients who required CRRT had uniformly higher rates 
of morbidity and mortality (Table 3) with a longer length 
of stay (p < 0.001), higher rates of mechanical ventilation 
(p = 0.039), vasoactive medications (p < 0.001), and higher 
mortality rates (p = 0.024). 

Association between RAI scores, Day0AKI stage, and CRRT 
need: A comparison of diagnostic accuracies between the 
best cutoffs of established measures. 

A larger proportion of patients who received CRRT 
had an elevated RAI score compared to those who did not 
(p < 0.001). Similar ϐindings were seen with Day0AKI where a 
higher proportion of patients who received CRRT had higher 
AKI stage (p < 0.001) (supplemental table 1). 

 The diagnostic accuracies at various cutoffs on either 
Day0AKI Stage or RAI scores are shown in table 4. The 
optimal cutoff for creatinine-based Day0AKI was found to be 
stage 3; the optimal cutoff for RAI was identiϐied as ³8. AUCs 
were comparable at 0.78 (95% CI: 0.70, 0.87) and 0.76 (95% 
CI: 0.69, 0.82) respectively, although each scoring measure 
differed in sensitivity and speciϐicity. The greatest speciϐicity 
was 0.93 (95% CI: 0.87, 0.97) for Day0AKI stage 3 while the 
greatest sensitivity was 0.94 (95% CI: 0.81, 0.99) for RAI 
score ³8. Day0AKI stage 3 had the highest PPV of 0.76 (95% 
CI: 0.56, 0.90) while RAI ³8 had the highest NPV of 0.97 (95% 
CI: 0.89, 1.00). ROC curves for various cutoffs are shown in 
ϐigure 1. 

Modiϐied RAI selectively increased the score in patients 
who required CRRT. 

A modiϐied RAI injury tranche to discriminate higher 
levels of injury that may be more likely to require CRRT was 

developed. This new injury tranche separated the previous 
highest RAI injury score into two separate injury tranche 
categories, which corresponded to moderate and severe 
renal injury. The modiϐied RAI injury tranche is summarized 
in table 1, expanding the overall RAI score from 1-40 to 1-80. 
Creation of the modiϐied RAI score resulted in an increased 
score in 24 (69%) of the 35 patients who required CRRT 
while 11 (31%) subjects did not change RAI score (Figure 2).
Of 111 patients who did not require CRRT, 22 (20%) had 
increased RAI score, while 89 (80%) did not change RAI 
score. 

The optimal cutoff for the modiϐied RAI was found to be ≥ 
10 (Table 4); the modiϐied RAI differentially shifted subjects 
who go on to need CRRT to higher modiϐied RAI scores. The 
sensitivity and speciϐicity at the modiϐied RAI threshold of 
≥ 10 are 0.91 (95% CI: 0.77, 0.98) and 0.65 (95% CI: 0.56, 
0.75). Compared to the original RAI score, the modiϐied RAI 

Table 3: Morbidity and mortality seen for patients who did not require CRRT 
compared to patients who did require CRRT.

Characteristic All (n = 146) No CRRT (n = 111) CRRT (n = 35) p - value 
Mortality n (%) 39 (26.7) 24 (21.6) 15 (42.9) 0.024 

PICU Length of Stay 
(Days) 

11.00 
(4.00, 25.75) 8.00 (4.00, 20.00) 23.00 (13.50, 

48.00) < 0.001 

Need for Mechanical 
Ventilation n (%) 98 (67.1) 69 (62.2) 29 (82.9) 0.039 

Need for vasoactive 
support (%) 72 (49.3) 45 (40.5) 27 (77.1) < 0.001 

Supplemental table 1:  Count and Frequency in each RAI or AKI strata by need 
for CRRT.

 All (n = 146) No CRRT (n = 111) CRRT (n = 35) p - value 
RAI    < 0.001 
<8 65 (44.5) 63 (56.8) 2 (5.7)  

³8 - <24 39 (26.7) 24 (21.6) 15 (42.9)  
³24 - <40 7 (4.8) 5 (4.5) 2 (5.7)  

40 35 (24.0) 19 (17.1) 16 (45.7)  
Day0AKI rates n (%)    < 0.001 

No AKI 78 (53.4) 71 (64.0) 7 (20.0)  
 Stage 1 AKI 23 (15.8) 19 (17.1) 4 (11.4)  
Stage 2 AKI 16 (11.0) 14 (12.6) 2 (5.7)  
Stage 3 AKI 29 (19.9) 7 (6.3) 22 (62.9)  

Abbreviations: Renal Angina Index (RAI).
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Figure 1: ROC Curves for prediction of CRRT requirement. The highest AUC 
were 0.78 for Day AKI Stage 3(95% CI: 0.70, 0.87) and 0.76 (95% CI: 0.69, 0.82 
for RAI ³ 8. Day0AKI stage 3 had lower sensitivity (0.63; 95% CI: 0.45, 0.79) but 
higher specifi city (0.93; 95% CI: 0.87, 0.97), while RAI ³ 8 had higher sensitivity 
(0.94; 95% CI: 0.81, 0.99) with lower specifi city (0.57; 95% CI: (0.47, 0.66).

Figure 2: The majority (69%) of patients who required CRRT had a selective 
increase in their modifi ed RAI score. The modifi ed RAI score for patients who did 
not require CRRT was unchanged in 80% of patients.
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cutoff of ≥ 10 has a minimal decline in sensitivity with an 
improved speciϐicity, resulting in a Youden’s index of 0.57 
and an AUC of 0.79 (95% CI: 0.72, 0.85) (Figure 3). There was 
no signiϐicant difference in AUC between the modiϐied RAI 
and either the original RAI (p = 0.12) or the Day0AKI stage 3 
cutoff (p = 0.94).

Discussion
In this single center retrospective study, we found that 

a modiϐied RAI score which includes an additional injury 
tranche can discriminate between patients who will or will 
not need future CRRT in the PICU. The modiϐied RAI score had 
the greatest diagnostic accuracy as measured by AUC. Both 
Day0AKI stage and original RAI score were able to discriminate 
these patients, although both had a slightly lower AUC when 
compared to the modiϐied RAI. By using the modiϐied RAI, 
the sensitivity for identifying patients with future CRRT need 
remains quite robust at > 0.9, and has improved speciϐicity 
when compared to the original RAI. Similar to the ability of 
the original RAI to rule out subsequent AKI, the use of the 
modiϐied RAI is able to effectively rule out the likelihood 
of requiring CRRT in this study. The ability to rule-out the 
need for CRRT could positively impact coordination of care, 
particularly around vascular access in the PICU. 

This study also showed the dramatic increase in morbidity 
and mortality in patients who required CRRT which has 
been previously reported [7,14,15]. As expected by PRISM-
III scores, the overall mortality and morbidity rates in this 
study were high overall, but CRRT patients had signiϐicant 
morbidity burden and mortality rates as compared to 
patients who did not require CRRT. 

One might conclude that the observed decrease in 
sensitivity and increase in speciϐicity observed at the optimal 
cutoff for the modiϐied RAI simply result from an increase in 
the score of the cutoff. However, the differences in sensitivity 
and speciϐicity, though expected by increasing the cutoff, 
do not originate from an increase in the score cutoff alone. 
Inclusion of more granular information for each given 
patient changes the ability to discriminate who did or did 
not need CRRT. We observe this by calculating the sensitivity 
and speciϐicity for a RAI cutoff of 10 (0.66 and 0.72) and a 
modiϐied RAI cutoff of 10 (0.91 and 0.65) and see a difference. 
Recall that the RAI cutoff of ≥ 8 had sensitivity and speciϐicity 
of 0.94 and 0.57 respectively. Thus by using the modiϐied 
RAI scale we maintain nearly equal AUC but increase the 
speciϐicity by 0.10 with a modest drop in sensitivity of 0.03. 

 The poor outcomes of patients who require CRRT highlight 
the importance of being able to identify patients with early 
and severe signs of AKI who are likely to require CRRT, and 
the addition of a higher injury tranche to the modiϐied RAI 
can identify these patients. The heterogeneous indications 
for CRRT are included in the modiϐied RAI and thus are able to 
identify patients with extreme levels of kidney injury: severe 
FO and/or severe sCr elevation. Numerous studies have 
identiϐied that severe FO is independently associated with 
higher mortality rates [16] and have found that patients with 
³20% FO at CRRT initiation had a mortality rate of over 65% 
[17]. In pediatric ECMO patients, emerging evidence suggests 
that initiating CRRT at an earlier timepoint prior to the 
development of severe FO may improve mortality, and these 
ϐindings may be generalizable to a general PICU population 
[18]. This highlights the potential improvement in patient 
outcomes by initiating CRRT at an earlier timepoint prior 
to the development of severe FO. Identifying these patients 

Table 4: Diagnostic characteristics for various cutoff s for predicting future CRRT need.
Predictor Variable Threshold Sensitivity (95% CI) Specifi city (95% CI) PPV (95% CI) NPV (95% CI) Youden’s J AUC (95% CI) 

Day0 AKI 
Stage 1 0.80 (0.63, 0.92) 0.64 (0.54, 0.73) 0.41 (0.29, 0.54) 0.91 (0.82, 0.96) 0.44 0.72 (0.64, 0.80) 
Stage 2 0.69 (0.51, 0.83) 0.81 (0.73, 0.88) 0.53 (0.38, 0.68) 0.89 (0.81, 0.94) 0.5 0.75 (0.66, 0.83) 
Stage 3 0.63 (0.45, 0.79) 0.93 (0.87, 0.97) 0.76 (0.56, 0.90) 0.89 (0.82,0.94) 0.57 0.78 (0.70, 0.87) 

RAI 12 hours 

³ 8 0.94 (0.81, 0.99) 0.57 (0.47, 0.66) 0.41 (0.30, 0.52) 0.97 (0.89, 1.00) 0.51 0.76 (0.69, 0.82) 
³ 10 0.66 (0.48, 0.81) 0.72 (0.63, 0.80) 0.43 (0.29, 0.57) 0.87 (0.78, 0.93) 0.37 0.69 (0.60, 0.78) 
³ 24 0.51 (0.34, 0.69) 0.78 (0.70, 0.86) 0.43 (0.28, 0.59) 0.84 (0.75, 0.90) 0.3 0.65 (0.56, 0.74) 
³ 40 0.46 (0.29, 0.63) 0.82 (0.75, 0.89) 0.46 (0.29, 0.63) 0.83 (0.75, 0.89) 0.29 0.64 (0.55, 0.73) 

Modifi ed RAI 12 hours 
³8 0.94 (0.81,0.99) 0.57 (0.47, 0.66) 0.41 (0.30, 0.52) 0.97 (0.89, 1.00) 0.51 0.76 (0.69, 0.82) 

³10 0.91 (0.77, 0.98) 0.65 (0.56, 0.75) 0.46 (0.34, 0.58) 0.96 (0.89, 0.99) 0.57 0.79(0.72, 0.85) 
³12 0.83 (0.66, 0.93) 0.70 (0.61, 0.79) 0.47 (0.34, 0.60) 0.93 (0.85, 0.97) 0.53 0.77 (0.69, 0.84) 
³24 0.51 (0.34, 0.69) 0.78 (0.70, 0.86) 0.43 (0.28, 0.59) 0.84 (0.75, 0.90) 0.3 0.65 (0.56, 0.74) 
³40 0.49 (0.31, 0.66) 0.80 (0.72, 0.87) 0.44 (0.28, 0.60) 0.83 (0.75, 0.90) 0.29 0.64(0.55, 0.74) 

Abbreviations: Renal Angina Index (RAI); Positive Predictive Value (PPV); Negative Predictive Value (NPV); Area Under Curve (AUC).
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Figure 3: ROC Curves for the ability of the modifi ed RAI to Predict CRRT. 
The optimal threshold was found to be 10 which corresponded to an AUC of 
0.79 (95% CI: 0.72, 0.85). The sensitivity is slightly lower at 0.91 (95%CI 0.79, 
0.98) compared to the original RAI ³8 (0.93; 95%CI: 0.82, 0.99). There is an 
improvement in the specifi city (0.65; 95% CI 0.56, 0.75) when compared to 
original RAI ³8 (0.57; 95%CI: 0.47, 0.66).
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at the 12 hour timepoint with a modiϐied RAI may therefore 
be able to improve their clinical care. Patients who are at 
risk of needing CRRT may also warrant closer monitoring of 
nephrotoxins or adjustment of medications that are renally 
metabolized. 

Identifying these patients with early severe injury may 
also help guide targeted urinary biomarker measurement 
and may allow for even further improvement in the predictive 
capabilities for identifying either severe AKI or CRRT need. 
Previous incorporation of urinary biomarkers into the 
original RAI risk stratiϐication dramatically improved the 
AUC for future AKI prediction by improving the speciϐicity 
characteristics [19]. Since the sensitivity is similar between 
the original and modiϐied RAI, the measurement of urinary 
biomarkers in this target group of severe early injury signs 
may improve the speciϐicity and allow for further reϐinement 
of CRRT prediction. If the combination of the modiϐied RAI+ 
urinary biomarkers has further improvement in diagnostic 
capabilities, this could be potentially be used to stratify 
subjects into an early versus late CRRT clinical trial. 

There are numerous strengths of this study. This was 
the ϐirst analysis at utilizing RAI in a clinical context to 
identify subjects likely to require CRRT. Due to the inability 
of the original RAI to identify subjects with more extreme 
injury scores, a modiϐied RAI was developed which fully 
incorporated the 3 stages of AKI based on KDIGO creatinine 
criteria. While this was a single center study, our ϐindings 
provide an impetus to reanalyze a larger RAI database to 
determine whether these ϐindings are generalizable to a 
much broader patient population [5]. 

This study has several limitations. Because of the study 
design, the population has a high prevalence rate of CRRT 
thus PPV may be overly optimistic and the NPV a conservative 
estimate of how the test threshold would perform in the 
general PICU population. The population analyzed in this 
study is small and from a single center and thus results may 
not be generalizable. A small number of our overall CRRT 
patients met our inclusion and exclusion criteria. However, 
the population was heterogeneous and encompassed a greater 
proportion of critically ill patients due to the higher PRISM-
III scores. The measures of sensitivity and speciϐicity remain 
consistent across smaller prevalence rates. The decision to 
start CRRT was not standardized and at the discretion of the 
intensivist in conjunction with the consulting nephrologist. 

Conclusion
The creation of a modiϐied RAI which delineated more 

severe forms of initial renal injury was able to improve 
diagnostic capabilities for prediction of future CRRT 
need. These initial ϐindings should be assessed in a larger 
population to determine if they remain signiϐicant. The use 
of a modiϐied RAI to predict CRRT needs has numerous 
potential and important clinical implications.
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