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Abstract

Background Neonatal acute kidney injury (AKI) is common in neonatal intensive care units (NICU) and leads to worse
outcomes. Stratifying neonates into an “at risk” category allows health care providers to objectively recognize opportunities
for improvements in quality of care.

Methods The “Neonatal AKI Risk Prediction Scoring” was devised as the “STARZ [Sethi, Tibrewal, Agrawal, Raina,
waZir]” Score. The STARZ score was derived from our prior multicentre study analysing risk factors for AKI in neonates
admitted to the NICU. This tool includes 10 variables with a total score ranging from O to 100 and a cut-off score of 31.5.
In the present study, the scoring model has been validated in our multicentre cohort of 744 neonates.

Results In the validation cohort, this scoring model had sensitivity of 82.1%, specificity 91.7%, positive predictive value
81.2%, negative predictive value 92.2% and accuracy 88.8%. Based on the STARZ cut-off score of >31.5, an area under
the receiver operating characteristic (ROC) curve was observed to be 0.932 (95% CI, 0.910-0.954; p <0.001) signifying
that the discriminative power was high. In the validation cohort, the probability of AKI was less than 20% for scores up to
32, 20-40% for scores between 33 and 36, 40-60% for scores between 37 and 43, 60-80% for scores between 44 and 49,
and > 80% for scores > 50.

Conclusions To promote the survival of susceptible neonates, early detection and prompt interventional measures based
on highly evidenced research is vital. The risk of AKI in admitted neonates can be quantitatively determined by the rapid
STARZ scoring system.

Keywords Acute kidney injury - Neonatal acute kidney injury - STARZ score

Background

Acute kidney injury (AKI) is a clinical sequela that can
occur in both adults and pediatric populations; worldwide
incidence of neonatal AKI varies from 18 to 70% and it is
an important contributor to neonatal morbidity and mor-
tality [1-9]. With poorly understood and minimal data on
subgroup analysis by geographic region (e.g. India), it is
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difficult to make any conclusions on specific regional asso-
ciations causing neonates to develop AKI [9, 10]. Independ-
ent predictors of survival commonly associated with AKI
include increased morbidities, a greater length of stay in the
NICU, and increased mortality across neonates overall [2].
Hence, there is a compelling need to stratify these “at risk
neonates”.

Neonate-specific scoring systems quantifying illness
severity with mortality risk exist in the forms of the Neona-
tal Therapeutic Intervention Scoring System (NTISS) [11],
Score for Neonatal Acute Physiology (SNAP) [12], Trans-
port Risk Index of Physiologic Stability (TRIPS) [13], Clini-
cal Risk Index for Babies (CRIB) [14], and the Simplified
age-weight-sex score (SAWS) [15]. However, use of these
scoring systems in low- and/or middle-income countries
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(LMICs) is limited due to the complexity in adapting wide-
spread application through a hospital system. A recent, large
multicentre study by Medvedev et al. developed and vali-
dated a score (NMR-2000) to predict the in-hospital mortal-
ity among neonates with birth weights <2000 g suitable for
use in low- and middle-income countries using datasets from
the United Kingdom (UK) and The Gambia [16].

Despite the significant morbidity and mortality associated
with neonatal AKI, a standardized score model for stratify-
ing the risk of neonatal AKI does not exist [17]. Scoring
index systems such as the Renal Angina Index (RAI) utilise
the reduction in estimated creatinine clearance, fluid bal-
ance and high-risk disease states to predict AKI in children
[18-20]. There are a multitude of scoring systems that exist,
all of which are based on valid scientific bases, but they cur-
rently lack widespread acceptance.

In order to make an AKI risk stratification tool for neo-
nates, we performed a multicentre prospective cohort study
from India, and a ‘Risk Prediction Scoring’ was created [The
STARZ (Sethi, Tibrewal, Agrawal, Raina, waZir) Score]
[21]. This scoring model was used to predict the risk of
AKI in neonates (n=763) upon admission to the NICU with
a sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy of 92.8%, 87.4%, 80.5%,
95.6%, and 89.4%, respectively. Creation of such a score for
LMICs would allow over-burdened health care personnel to
rapidly identify at-risk neonates. Here, we report validation
of the STARZ score on 744 neonates with data collected
prospectively from a multicentre database.

Methods

Study design

A multicentre, national, prospective cohort study conducted
in 11 centres across India was conducted. Neonates at the
level 2-3 NICU centres between September 2019 and August
2020 who fulfilled the inclusion criteria without overlapping
with any of the exclusion criteria were registered.
Inclusion criteria

All neonates (<28 days) admitted to the NICU with
established intravenous access (IV) to receive an IV
fluid for >48 h to deliver nutrition and/or hydration were
designated.

Exclusion criteria

Participants were excluded if:

— The neonate died within 48 h upon admission
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— The neonate was receiving continuous care in the nurs-
ery without needing an IV

— The neonate was receiving an IV for medicinal pur-
poses or hydration for <48 h

— The presence of any lethal chromosomal anomaly was
reported, which included trisomy 13, 18 and anenceph-
aly

— The neonate required congenital heart surgery within
the first 7 days of being delivered due to potential con-
current congenital kidney dysfunction

Data collection

Pertinent information regarding demographic details
(birth, age, sex, date of NICU admission) as well as mater-
nal-specific factors (age, parity, underlying medical condi-
tions, peri-partum infections or complications) defined by
the American College of Obstetricians and Gynaecologists
(ACOG) guidelines were initially recorded. Additional
neonatal characteristics noted included their mode and
site of delivery (whether inborn or outborn), gestational
age, birth weight, length and head circumference, data on
resuscitation, temperature at admission, cause of admis-
sion as well as an in-depth history for those with certain
kidney diagnoses (congenital anomalies, previously occur-
ring AKI episodes, and the need for kidney replacement
therapy).

An increase in serum creatinine of 0.3 mg/
dL,>26.5 pmol/L, or 50% more from the previous lowest
value as well as a urinary output of less than 1 ml/kg per
hour on postnatal days 2—7 demarcated neonatal AKI per
the KDIGO criteria. Until AKI was resolved, serum creati-
nine levels were recorded daily using the enzymatic method.
Significant cardiac disease was defined by persistent pulmo-
nary hypertension of the newborn [PPHN], a hemodynami-
cally significant patent ductus arteriosus [PDA], cardiogenic
shock, and other congenital cardiac diseases. The weight,
blood pressure, heart rate, fluid intake, fluid output, and
basic lab parameters (haemoglobin, blood urea nitrogen,
electrolytes, and albumin) as well as the use of nephrotoxic
medications, respiratory support, blood/urine and cerebro-
spinal fluid cultures were continuously recorded.

Data entry points

The previously noted variables were collected on a daily
basis throughout hospitalization on the first week. After-
wards, the initial value for following weeks was recorded
(except serum creatinine, for which all the values were
recorded irrespective of the day of life) until an endpoint
was reached.
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End points

Data was continuously collected until the neonate was dis-
charged for home, transferred out of the NICU, died, reached
120 days of age, or transferred to a facility that was not a part
of the national collaboration.

Statistical analysis

The STARZ scoring model predicts the incidence of AKI
among neonates any time within 7 days post-admission in
the NICU. It was developed using best-fit multivariable
logistic regression with step-wise backward elimination,
which identified 10 independent variables [3 continuous and
7 categorical] significantly predicting AKI incidence [21].
Some of these variables are available at the time of admis-
sion while others are reported at 12 h post-admission. There-
fore, the score can be calculated any time post 12 h of NICU
admission. For scoring, each of the significant variables is

Table 1 STARZ scoring model

assigned a score based on the previously described meth-
odology [21] with zero indicating the reference group. The
scale ranges from 0 to 100, and a cut-off score is>31.5,
where a higher score is proportional to the probability of
AKI occurring within 7 days post-admission (Table 1) [21].

An online collaborative database was used to aggregate
the data points before being exported to Microsoft Excel
for statistical analysis via SPSS version 20. The Kolmogo-
rov—Smirnov test was used to test all variables for normality.
Continuous variables were evaluated using median and inter-
quartile ranges (IQR, 25th to 75th percentiles) while categori-
cal variables were evaluated as percentages and frequencies.
The unadjusted relationship of the variables within the two
groups was analysed in a univariate manner where the Wil-
coxon’s rank sum test was used for continuous variable and the
chi-squared or the Fischer exact test for categorical variables.
The following analyses are reported in this study: (a) between
the validation and derivation cohort; (b) between the neonates
with and without AKI incidence within 7 days post-admission

Variables Assigned Score
Age at entry in NICU (hours) iégg g
PPV in the delivery room IS\{IES (7) STARZ, del
mode
Gestational age (weeks) iég (7) (0—-100)
Sepsis (during the NICU stay) ;{Izs (6) A value of >31.5
Significant cardiac disease Kuis (1) 1nd1cates. greater
q probability of
. <1.32 7
Urine output® (ml/kg/hr) >132 0 AKI incidence
= o
Serum creatinine”(mg/dl) ;ggz (2)0 within 7 gays
: post NICU
Use of nephrotoxic drugs IS\{IES 1 admission
Use of furosemide Yes 2
No
Use of Inotropes IS\{IES 17

AFirst 12 hours post admission in NICU

PPV, Positive pressure ventilation; NICU, Neonatal Intensive Care Unit; hr; hour; ml, millilitre; kg, kilogram; mg,

milligram; dl, decilitre

Nephrotoxic drugs included Vancomycin or Colistin or Amphotericin B

Significant cardiac disease included hemodynamically significant patent ductus arteriosus, persistent pulmonary
hypertension of the newborn, cardiogenic shock and other congenital heart disease

Inotropes included Dopamine or Dobutamine or Epinephrine or Norepinephrine

AFirst 12 h post admission in NICU

PPV, positive pressure ventilation; NICU, neonatal intensive care unit; ar, hour; m/, millilitre; kg, kilogram; mg, milligram; dl, decilitre

Nephrotoxic drugs included vancomycin or colistin or amphotericin B

Significant cardiac disease included hemodynamically significant patent ductus arteriosus, persistent pulmonary hypertension of the newborn,

cardiogenic shock and other congenital heart disease

Inotropes included dopamine or dobutamine or epinephrine or norepinephrine
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in the NICU in the validation cohort; (c) between the neonates
above and below STARZ model cut-off score in the validation
and derivation cohort; and (d) between the neonates included
and excluded in the validation model. The risk of AKI has
been reported as relative risk (RR) along with its 95% confi-
dence interval (CI). For the unadjusted analysis, the missing
data for the continuous variables was not imputed, due to the
relatively larger sample size, while none of the categorical
variables had any missing values.

For the validation of the scoring model, the neonates hav-
ing the data for all the required 10 variables were considered.
However, to check the effect of excluded children on the pre-
dictive validity, the data for missing variables were imputed
using a median imputation (replacing all occurrences of
missing values within a variable with the median of that
variable). Each of the neonates was assigned a STARZ score
based on the data of these variables. The STARZ scoring
system is validated based on statistical predictive measures
including sensitivity, specificity, positive predictive value,
negative predictive value, accuracy and integral of the
receiver operating characteristic (ROC) curve. A two-sided
p value < 0.05 was considered to be statistically significant.

Results

A total of 744 neonates were included in this validation study
(out of 1267 neonates screened) and 763 in the derivation
cohort (out of 1386 neonates screened) [21]. The STARZ
model variables such as age at entry in NICU [median
(IQR) 20 (5-84) vs. 19 (6-76) hours, p =0.4]; neonates
with < 28 weeks of gestational age [26 (3.5%) vs. 35 (4.6%),
p=0.2]; with use of nephrotoxic drugs [117 (15.7%) vs. 122
(16%); p=0.8]; furosemide usage [39 (5.2%) vs. 54 (7.1%),
p=0.1]; and serum creatinine [median (IQR) 0.8 (0.6-1) vs.
0.7 (0.5-1.1) mg/dl, p=0.08] were not significantly different
compared to the validation and derivation cohorts. However,
the variables such as neonates with < 1000 g birth weight [30
(4%) vs. 52 (6.8%), p=0.01]; with PPV requirement in the
delivery room [119 (16%) vs. 82 (10.7%), p=0.003]; with
significant cardiac disease [178 (23.9%) vs. 330 (43.3%),
p <0.001]; with inotrope(s) usage [222 (29.8%) vs. 330
(43.3%), p<0.001]; and urine output [median (IQR): 1.2
(1-1.5) vs. 1.6 (1.2-2.2) ml/kg/h; p <0.001] differed sig-
nificantly between the validation and derivation cohorts.
Also, the duration in NICU [8 (5-15) vs. 10 (6-20) days,
p <0.001]; AKI incidence within 7 days post-admission [249
(33.5%) vs. 187 (24.5%), p < 0.001] and neonates who died
in NICU [24 (3.2%) vs. 51 (6.7%), p=0.002] differed in the
validation and derivation cohorts. The corresponding data
for other variables is provided in Supplementary Table 1.
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Univariate analysis

In the validation cohort, the STARZ model variables such
as age at entry in the NICU [median (IQR) 12 (5-67) vs.
30 (5-89) hours; p=0.01]; serum creatinine [median (IQR)
1.2 (1-1.5) vs. 0.7 (0.6-0.8) mg/dl; p <0.001); the delivery
room’s use of PPV [RR (95% CI) 1.7 (1.38-2.11)]; gesta-
tional age <28 weeks [RR (95% CI) 1.9 (1.38-2.62)]; sepsis
(during the NICU stay) [RR (95% CI) 2.64 (2.06-3.38)];
significant cardiac disease [RR (95% CI) 1.74 (1.43-2.12)];
use of nephrotoxic drugs [RR (95% CI) 1.59 (1.28-1.98)];
furosemide use [RR (95% CI) 1.58 (1.14-2.18)]; or use of
inotrope(s) [RR (95% CI) 3.02 (2.49-3.68)] differed signifi-
cantly among neonates with AKI vs. without AKI. This data
is shown in Table 2.

Scoring model validation

Of the 10 variables required for the STARZ model, none of
the neonates had missing data for 7 categorical variables
and 1 continuous variable (age at entry in NICU), but 2.7%
(n=20) and 19.9% (n = 148) neonates had missing data for
urine output and serum creatinine, respectively. Therefore,
589 neonates having the data for all the required 10 variables
were included in the model validation. Accordingly, each of
the 589 neonates was assigned a STARZ score based on the
data for these variables. Among all 589 children, the mean
(22.7), median (18), and range (0-77) were noted as well as
the probability of AKI based on the STARZ score. A STARZ
score of <32 indicated a probability of AKI at <20%, score
of 33-36 at 2—40%, score of 36-43 at 40-60%, score of
44-49 at 60-80%, and score of > 50 at > 80%. The sensitivity
of this scoring model was found to be 82.1% [147/179], its
specificity 91.7% [376/410], positive predictive value 81.2%
[147/181], negative predictive value 92.2% [376/408] and
accuracy of 88.8% [523/589] as shown in Table 3 with the
predictive ability of STARZ model based on the derivation
cohort. Based on the STARZ cut-off score >31.5, an area
under the ROC curve was observed to be 0.932 (95% CI,
0.910-0.954; p <0.001), signifying that the discriminative
power is high (Fig. 1). Table 4 shows the comparison of dif-
ferent variables based on the STARZ model cut-off score.
In the validation cohort, the neonates with a score >31.5
vs.<31.5 had a significantly higher incidence of AKI within
7 days [147 (81.2%) vs. 32 (7.8%), p <0.001]; duration of
NICU stay [10 (6-21) vs. 6 (4—11), p<0.001]; and mortal-
ity [21 (11.6%) vs. 0 (0%), p <0.001]. Similar findings were
observed for the derivation cohort.

Snapshots of the user-friendly dashboard used for the
STARZ scoring system taking two children as examples are
depicted in Fig. 2 (low AKI risk) and Fig. 3 (high AKI risk).
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Table 2 Univariate association of different variables with AKI incidence within 7 days post-NICU admission among 744 neonates

Variables AKI No AKI Unadjusted RR (95%
CD); p value
Age at entry in NICU (hours)* 249 12 (5-67) 495 30 (5-89) 0.01
Apgar score at 5 min* 249 7 (7-8) 495 8 (7-8) <0.001
Head circumference at birth (cm)* 170 31 (29-32.1) 383 32 (30-33) 0.05
Length at birth (cm)* 170 46 (42-48) 385 46 (42-48) 0.06
<28 weeks of gestational age 16 (6.4%) 10 2%) 1.9 (1.38-2.62); 0.002
<1000 g birth weight 22 (8.8%) 8 (1.6%) 2.3 (1.81-2.93);<0.001
TUGR (Y) 41 (16.5%) 70 (14.1%) 1.12 (0.86-1.47); 0.7
Male gender 176 (70.7%) 338 (68.6%) 1.07 (0.85-1.34); 0.5
Maternal infections (Y) 7 (2.8%) 12 (2.4%) 1.1 (0.61-2.01); 0.5
Maternal diabetes (Y) 15 (6%) 36 (7.3%) 0.87 (0.56-1.35); 0.08
Maternal hypertension (Y) 30 (12%) 40 (8.1%) 1.32 (0.99-1.77); 0.9
Oligohydramnios (Y) 25 (10%) 50 (10.1%) 1(0.71-1.39); 0.7
Polyhydramnios (Y) 4 (1.6%) 6(1.2%) 1.2 (0.56-2.58); 0.6
Outborn site of delivery 111 (44.6%) 161 (32.5%) 1.4 (1.14-1.71); 0.001
Caesarean mode of delivery 109 (43.8%) 219 (44.2%) 0.99 (0.81-1.21); 0.9
Any severe peri-partum event (Y) 6 (2.4%) 1(0.2%) 2.6 (1.89-3.58); 0.007
PPV in the delivery room (Y) 61 (24.5%) 58 (11.7%) 1.7 (1.38-2.11); <0.001
Sl(lg){};lemental O, in delivery room 19 (7.6%) 42 (8.5%) 0.93 (0.63-1.36); 0.6
Resuscitation in delivery room (Y) 121 (48.6%) 168 (33.9%) 1.49 (1.22-1.82);<0.001
Respiratory support in NICU (Y) 206 (82.7%) 311 (62.8%) 2.11 (1.57-2.81); <0.001
Sepsis (during the NICU stay) (Y) 186 (74.7%) 207 (41.8%) 2.64 (2.06-3.38);<0.001
Significant cardiac disease (Y) 88 (35.3%) 90 (18.2%) 1.74 (1.43-2.12);<0.001
NEC (Y) 7 (2.8%) 10 2%) 1.24 (0.69-2.2); 0.4
IVH (Y) 22 (8.8%) 8 (1.6%) 2.3 (1.81-2.93);<0.001
Jaundice requiring ET (Y) 10 (4%) 18 (3.6%) 1.07 (0.64-1.78); 0.7
Polycythemia requiring PET (Y) 1(0.4%) 2 (0.4%) 1(0.2-4.95); 1.0
Any surgery (Y) 16 (6.4%) 20 (4%) 1.35 (0.92-1.98); 0.1
Fluid overload” (Y) 5 2%) 2 (0.4%) 2.16 (1.34-3.48); 0.04
Multiple seizures” (Y) 54 (21.7%) 46 (9.3%) 1.78 (1.44-2.21);<0.001
Aminoglycoside (Y) 227 (91.2%) 389 (78.6%) 2.15(1.45-3.17);<0.001
Use of nephrotoxic drugs (Y) 57 (22.9%) 60 (12.1%) 1.59 (1.28-1.98); < 0.001
Fluconazole (Y) 57 (22.9%) 62 (12.5%) 1.56 (1.25-1.95); <0.001
Indomethacin (Y) 1(0.4%) 6 (1.2%) 0.42 (0.07-2.61); 0.4
Tbuprofen (Y) 36 (14.5%) 9 (1.8%) 2.62 (2.18-3.15);<0.001
Furosemide use (Y) 20 (8%) 19 (3.8%) 1.58 (1.14-2.18); 0.02
Inotrope(s) use (Y) 140 (56.2%) 82 (16.6%) 3.02 (2.49-3.68); < 0.001
Median MAP (mm Hg)"* 182 41.5(37-48.1) 298 4(?5?')5 g)tl.S - <0.001
Temperature (°C)** 248 36.5 (36.4-36.5) 480 36.5 (36.5-36.5) 0.02
IV fluid intake (ml/kg/d)** 249 60 (60-68) 482 60 (60-68) 0.6
Urine output (ml/kg/hr)™* 248 1.2 (1-1.5) 476 1.2 (1-1.5) 0.1
Serum Urea (mg/d)A* 160 36 (29.5-48.8) 371 20 (18-24) <0.001
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Table 2 continued

Variables AKI No AKI Unadjusted RR (95%
CI); p value

Serum creatinine (mg/dl)* 180 1.2 (1-1.5) 416 0.7 (0.6-0.8) <0.001

Serum sodium (megq/L)"* 191 135 (132-140) 423 132 (130-136) <0.001

Serum potassium (meq/L)"* 193 5.2 (4.8-5.4) 423 4.5 (4.2-4.7) <0.001

Hb (g/dD" * 225 16.2 (15.2-18) 437 16.2 (15.5-17.5) 0.6

Serum pH”* 114 7.3 (7.2-7.3) 127 7.3 (7.3-7.3) 0.001

“n, median (IQR); Others n (%); ~First 12 h post admission in NICU
Variables in Italics are those included in the STARZ model

AKI, acute kidney injury; IQR, interquartile range; /V, intravenous; MAP, mean arterial pressure; N/ICU, neonatal intensive care unit; AK/, acute
kidney injury; BPD, bronchopulmonary dysplasia; CI, confidence interval; JUGR, intrauterine growth restriction; /VH, intraventricular haemor-
rhage; NEC, necrotizing enterocolitis; N, no; NICU, neonatal intensive care unit; PET, partial exchange transfusion; PPV, positive pressure ven-
tilation; RR, relative risk; Y, yes; ET, exchange transfusion; Ar, hour; m/, millilitre; kg, kilogram; mg, milligram; dl, decilitre

Nephrotoxic drugs included vancomycin or colistin or amphotericin B; Inotropes included dopamine or dobutamine or epinephrine or norepi-
nephrine; Peripartum event included abruption, cord prolapse, and precipitate labor; multiple seizures were defined as> 1 seizure episode in the
first 12 h; fluid overload (> 10%) during the first 12 h post admission; Even a single exposure of the drug has been considered as usage of drug

Other variables have been described in a previous manuscript [21]

Table 3 Predictive ability of STARZ model for AKI incidence within
7 days post-NICU admission in validation and derivation cohort

Validation cohort

Derivation cohort

>31.5 score”, n (%)
AKI, n (%)

Sensitivity, % (95% CI)
Specificity, % (95% CI)

PPV, % (95% CI)
NPV, % (95% CI)
AUC, (95% CI)

181 (30.7%)

179 (30.4%)

82.1% (75.7-87.4%)
91.7% (88.6-94.2%)
81.2% (75.7-85.7%)
92.2% (89.6-94.2%)
0.93 (0.91-0.95)

128 (41.3%)

111 (35.8%)

92.8% (86.3-96.8%)
87.4% (82.0-91.7%)
80.5% (74.0-85.6%)
95.6% (91.8-97.7%)
0.96 (0.94-0.98)

ACut-off score identified in the STARZ model

PPV, positive predictive value; NPV, negative predictive value; AUC
, area under the curve; CI, confidence interval; AKI, acute kidney
injury

Supplementary Table 2 shows the comparison of neo-
nates who were included (n=1589) vs. excluded (n=155)
in the validation model. Some of the variables differed sig-
nificantly in these two groups (not shown here). To check
whether non-inclusion of the excluded neonates affected
the predictive validity, the data for missing variables were
imputed using a median imputation. For all 744 neonates,
the sensitivity of the scoring model was found to be 69.9%
[174/249], the specificity 87.9% [435/495], positive predic-
tive value of 74.4% [174/234], negative predictive value of
85.3% [435/510] and accuracy of 81.9% [609/744]. Based
on the STARZ cut-off score >31.5, an area under the ROC
curve was observed to be 0.857 (95% CI, 0.827-0.887;
p <0.001), signifying that the discriminative power is high.
The relatively lower sensitivity is due to a higher proportion
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of AKI and 95% (148/155) having missing data for creati-
nine [variable with a highest score in the STARZ model]
among excluded neonates. Therefore, the STARZ model is
robust and excluding neonates does not affect its predictive
validity.

1.0

0.8

o
o
1

Sensitivity

o
KN
1

0.0 T T T T
0.0 0.2 04 06 08 1.0

1 - Specificity

Fig. 1 Receiver operating characteristic (ROC) curve for the scor-
ing system. Area under the ROC curve=0.932 (0.910-0.954); p
value <0.001
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Table 4 Stratification of validation and derivation cohort variables by STARZ model cut-off score

Validation cohort Derivation cohort

>31.5 score <31.5 score p value >31.5 score <31.5 score p value
N (%) 181 (30.7%) 408 (69.3%) 128 (41.3%) 182 (58.7%)
Age at entry in NICU (hours)* 13 (4-81) 45.5 (5-95.8) 0.01 14 (5-36) 19.5 (6-97) 0.1
Apgar score at 5 min* 7 (7-8) 8 (7-8) <0.001 8 (7-8) 8 (7-9) 0.5
<28 weeks gestational age, n (%) 16 (8.8%) 2 (0.5%) <0.001 8 (6.2%) 7(3.8%) 0.3
< 1000 g birth weight, n (%) 16 (8.8%) 3(0.7%) <0.001 12 (9.4%) 11 (6%) 0.2
IUGR, n (%) 28 (15.5%) 53 (13%) 0.4 15 (11.7%) 32 (17.6%) 0.1
Male, n (%) 132 (72.9%) 266 (65.2%) 0.06 95 (74.2%) 127 (69.8%) 0.3
Outborn site of delivery, n (%) 88 (48.6%) 130 (31.9%) <0.001 87 (68%) 104 (57.1%) 0.05
Caesarean delivery, n (%) 95 (52.5%) 220 (53.9%) 0.7 68 (53.1%) 116 (63.7%) 0.06
Significant cardiac disease, n (%) 75 (41.4%) 47 (11.5%) <0.001 81 (63.3%) 56 (30.8%) <0.001
Urine output (ml/kg/hr)** 1.2 (1-1.5) 1.2 (1-1.4) 0.9 1.3 (1-2) 1.5 (1.2-2.1) 0.007
Serum creatinine (mg/d1)** 1.2 (1-1.5) 0.7 (0.6-0.8) <0.001 1.2 (1-1.68) 0.5 (0.5-0.7) 0
AKI within 7 days, n (%) 147 (81.2%) 32 (7.8%) <0.001 103 (80.5%) 8 (4.4%) <0.001
Duration in NICU (days)* 10 (6-21) 6 (4-11) <0.001 9 (5-15) 8 (5-16) 0.7
Mortality, n (%) 21 (11.6%) 0 (0%) <0.001 26 (20.3%) 11 (6%) <0.001

“Medians with interquartile ranges in parentheses
AFirst 12 h post admission in NICU
p values comparing >31.5 versus <31.5 score for each cohort

AKI, acute kidney injury; IQR, interquartile range; NICU, neonatal intensive care unit; /[UGR, intrauterine growth restriction; Ar, hour; ml, mil-
lilitre; kg, kilogram; mg, milligram; dl, decilitre

Fig.2 User-friendly dashboard

depicting the output of the [ Age at entry in NICU (hours) l [ <25.5 l 300.0%
scoring.system for l.ow—risk . ‘ 90.0%
AKI children. “** First 12 h l PPV in the delivery room I l No l 80.0%
post-admission in NICU. In 700%
a hypothetical example of a [ Gestational age (weeks) | l 228 | 60.0%
neonate without AKI, the values 50.0%
of different varlab.les. were [Sepsis (during the NICU stay)l [ No l 40.0%
(1) age upon admission to the 30.0%
NICU =3 h; (2) lack of PPV in T o 20.0%
the delivery room: (3) gesta- I Significant cardiac disease I [ No ‘ s
tional age =35 weeks; (4) serum - 0.0%
creatinine =0.4 mg/dl; (4) urine [ Urine output® (mi/kg/hr) | I <132 I
output | rr}l/kg/h; () o use of l Serum creatinine” (mg/dl) I [ <0.98 ‘
nephrotoxic drugs or furosem- -
ide; (6) no use of inotropes; (7)
no sepsis; (8) No notable car- | Use of nephrotoxic drugs | | No | l Total score | | 1 |
diac disease. The STARZ model N
also predicted the neonate as ’ Use of furosemide l l No l I AKI Probability I l 0.00% l
low probability of AKI l . | [ ]
[ Use of Inotropes J [ No ‘ AKI Ris Low
Clear Contents Calculate
— —
Length of stay and mortality those with AKI had a significantly increased median (IQR)

length of stay in the NICU [10 (6-21) vs. 7 (4—14) days;
Those with AKI had a significantly greater risk of mortality ~ p=0.001].
compared to those without [9.6 vs. 0%; p <0.001]. Equally,
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[ Age at entry in NICU (hours) | | 2255 | s
[ PPVin the delivery room | | Yes | werieq
700% -
| Gestational age (weeks) | | <28 | i
[ Sepsis (during the NICU stay)| | Yes | ot
[ significant cardiac disease | | Yes | & ]
[ Urine output” (mi/kg/hr) | | <1.32 | |
[ serum creatinine” (mg/dl) | | 20.98 |
i T T S ]
[ Gsectrarasemide ] | Yes | | AKI Probability | | 99.10% |
| Use of Inotropes | | No | | AKI Risk | | High |
Clear Contents | Calculate |

Fig.3 User-friendly dashboard depicting the output of the scoring
system for high-risk AKI children. ‘A First 12 h post admission in
NICU. In a hypothetical example of a neonate with AKI, the values
of different variables were the age upon admission into the NICU was
30 h; gestational age =24 weeks; PPV required in the delivery room;

Discussion

Within the past 15 years, advances in technology and
research have significantly increased knowledge and earlier
recognition of some inciting factors of AKI in paediatric
populations, along with the long-term impact that it may
have in this group of patients. While neonates are known
to have highly variable and fluctuating creatinine levels on
account of inherited or environmental factors early in life,
maternal creatinine reflection in the perinatal period, as well
as the non-uniform levels from still maturing glomerular
function and systemic metabolism in pediatric patients,
makes it essential to recognize small disturbances in kidney
function as potential early signs of kidney injury. Delayed
recognition of kidney injury can result in significant del-
eterious impacts on patient outcomes. This statement of
the necessity of early recognition and rapid intervention to
improve patient outcomes and survival is exemplified by
research observing the rate of neonatal deaths within their
first 7 days of life is 73% [22]. Additionally, the AWAKEN
study in 2017 assessed the incidence of AKI in neonates
in the NICU and found the rates varied based on the gesta-
tional age. The stratified incidence of AKI in neonates was
37% for those > 36 weeks, 18% for those between 29 and
36 weeks, and 48% for those <29 weeks [8]. While some
studies have identified biomarkers (cystatin C, neutrophil
gelatinase-associated lipocalin (NGAL), etc.) that are pre-
sent during the early stages of AKI, these biomarkers are not
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sepsis present; noteworthy cardiac disease present (patent ductus arte-
riosus); urine output=0.95 ml/kg/h; serum creatinine=1.36 mg/dl;
use of nephrotoxic drugs; use of furosemide; and no use of inotropes.
The STARZ model also predicted the neonate as high probability of
AKI

easily obtained and/or tested in LMICs, in which AKI is the
most prevalent, do not have the resources readily available
to evaluate for these markers [23].

The STARZ score was derived from our prior multicentre
study analysing risk factors for AKI in neonates admitted
to the NICU [21]. Each significant variable was assigned
a score based on the model of best fit. Each STARZ score
variable (age in hours upon admission into the NICU, gesta-
tional age, whether positive pressure ventilation in the deliv-
ery room was required, sepsis, cardiac disease, urine output
within 12 h post-admission < 1.32 ml/kg/h, use of nephro-
toxic drugs, use of furosemide or inotropes, and serum
creatinine levels within 12 h post-admission >0.98 mg/dl)
was designed to be simple to extract and use. This model
utilises a scoring system of 0 to 100 with the risk of AKI at
7 days proportional to a greater overall score. In our deriva-
tion cohort, this scoring model was tested for its sensitivity,
specificity, positive predictive value, negative predictive
value, and accuracy at 92.8%, 87.4%, 80.5%, 95.6%, and
89.4%, respectively. We undertook a multicentre, national,
prospective cohort study including data from 11 locations
across India to validate the STARZ score for predicting risk
of AKI in neonates admitted in level 2—-3 NICUs. In the
validation cohort, the probability of AKI was <20% up to
a score of 32, 20—40% for scores 33-36, 40-60% for scores
3643, 60—80% for scores 4449, and > 80% for scores > 50.
Neonates with a score >31.5 had a significantly higher inci-
dence of AKI within 7 days, prolonged duration of NICU
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stay and increased risk of mortality. These findings were
similar to the derivation cohort.

The utility of RAI in critically ill children throughout four
cohorts was assessed by Basu et al. in 2014. RAI was found to
be very effective in predicting severe AKI on day 3 with a nega-
tive predictive value of >92% [19]. A subsequent single centre
prospective trial on a similar cohort (n=184) further reinforced
RAT’s predictive ability of severe AKI on day 3, especially with
the addition of urinary NGAL (AUC/ROC 0.80 to 0.97) [24].
Successive single centre studies and the multi-centre AWARE
study have reached similar conclusions [25, 26]. We performed
a similar validation study to evaluate the use of the STARZ
score. In our study, the area under the ROC curve was observed
to be 0.932 (95% CI 0.910-0.954) [p<0.001] in the validation
cohort, indicating high discriminative power of our AKI predic-
tive score. The STARZ scoring model had a sensitivity of 82.1%
[147/179], specificity of 91.7% [376/410], positive predictive
value of 81.2% [147/181], negative predictive value of 92.2%
[376/408] and accuracy of 88.8% [523/589].

To our knowledge, no similar predictive model of neo-
natal AKI risk exists comparable to our STARZ score for
assessing futility. Moreover, the greatest asset of this study
is that it encompasses the most expansive data pool that has
ever been used to evaluate an AKI risk prediction score in
neonates. All parameters of this scoring system could be
assessed during admission in the NICU in a resource-limited
setting, making it an ideal tool to guide clinical decision-
making. Using 10 simple and easily available parameters
within the first 12 h of NICU admission, neonatologists can
rapidly predict the risk of AKI. This ultimately reduces the
mortality of at-risk neonates with its early recognition and
rapid initiation of evidence-based interventions. Moreover,
the risk of AKI in neonates admitted to the NICU can be
quantitatively determined by the STARZ score. To directly
compare clinical decisions made with or without the use of
the STARZ scoring system, additional evaluation is required
in low-resource settings using larger data pools with more
diverse ethnicities. We believe the STARZ score is a clinical
adjunct that will lead to the optimization of AKI biomarker
performance in the neonatal population and subsequently
improve the lives of neonates around the world.
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