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ABSTRACT

Background: Preterm birth remains one of the leading causes of infant mortality in
the world and mostly in settings where resources are limited. High-risk infants need
to be identified at an early age to be intervened upon and achieve improved
outcomes. One of the most common and easy to use ways of predicting the early
death of preterm babies is the Clinical Risk Index of Babies II (CRIB II) score.
Objective: The objective of the study is to determine the predictive value of CRIB II
grading system in predicting the newborn mortality in preterm babies. Methods:
This prospective observational cohort study was conducted in a tertiary care NICU.
There were 120 preterm neonates (<32 weeks gestation) who were hospitalized in
less than 24 hours. CRIB II scores were created using gestational age, birth weight,
sex, admission temperature and base excess. Babies were kept track of until they got
away or died. Diagnostic accuracy was evaluated by the receiver operating
characteristic (ROC) curve analysis that entails sensitivity, specificity, and the area
under the curve (AUC). Findings: 31.7% of people died. The mean CRIB Il score (10.2
+-2.1vs.5.8+-1.9,p <0.001) of the non-survivors was significantly higher than that
of the survivors. The CRIB II score had good predictive ability with an AUC of 0.86
(95% CI: 0.79-0.92). The cut-off value of >7 gave a sensitivity of 73.7% and specificity
of 85.4%. Conclusion: The routine use of CRIB II in NICU settings for early risk
stratification is supported by the tool's strong diagnostic accuracy and dependability
in predicting neonatal mortality in preterm neonates.

INTRODUCTION

namely gestational age, birth weight, sex, entrance

Preterm birth being the leading cause of infant mortality
in the world has remained a major health concern in
countries around the world given that it contributes about
one million deaths each year.! Although neonatal intensive
care is improved and neonatal units have high levels of
morbidity and mortality, preterm infants continue to face
high levels of morbidity and mortality, in particular, in
low- and middle-income countries (LMICs) where such
specialized care is limited.23 Therefore, timely
identification of the high-risk infants is extremely
important to guide timely therapies, optimize resources
and improve their survival rates.

To address this need, many neonatal risk scoring
systems have been developed to predict death and adverse
outcomes. Due to the convenience of operation, reliability,
and timeliness, the Clinical Risk Index for Babies II (CRIB
I1) score has been universally adopted.* The CRIB II score
is composed of five easily obtained clinical parameters
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temperature, and base excess. Unlike the old systems of
scoring, CRIB II offers a more objective assessment of the
severity of illness immediately after delivery by omitting
those factors that are influenced by treatment
interventions.>

Recent data shows that CRIB II has good to excellent
prediction accuracy with reported area under the receiver
operating characteristic (ROC) curve (AUC) values of 0.79
to 0.96 across a number of different populations.¢-8 Also,
comparative studies have revealed that CRIB I,
particularly in infants with very low birth weight and
extremely preterm, is as effective (or more so) than other
scoring systems such as the Score for Neonatal Acute
Physiology II (SNAP-II) and SNAPPE-IL? It should be
locally validated, however, because variations in its
predictive capability have been observed according to
clinical practices, healthcare settings, and population
issues.10
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The simple and clear scoring system such as CRIB Il is
particularly useful in the low-resource setting when the
complex diagnostic tools may be unavailable easily. It
assists in clinical decision-making, early risk classification
and prognosis counseling to families. Therefore, the aim of
the study would be to determine the effectiveness of the
CRIB II scoring system in the prediction of infant death
among preemies in the tertiary care unit.

METHODOLOGY

The study was a prospective observational cohort study
that will be conducted in the Neonatal Intensive Care Unit
(NICU) of the pediatrics department of Federal
Government Polyclinic Hospital Islamabad between
August 29, 2024 and February 28, 2025. The sample size
was calculated using a standard formula of testing
diagnostic tests according to a perceived sensitivity: The
lowest sample size was also calculated to be
approximately 49 neonates assuming an expected
sensitivity of 85% with the CRIB II score according to
previous literature and a tolerance of 10%. Nevertheless,
the sample size was increased to 100-120 neonates to
increase the power of the study, increase the reliability,
and consider possible variation. This methodology
complies with the existing research methodological
principles which specify that a research on diagnostic
accuracy requires a large enough sample size in order to
give valid sensitivity and specificity values.!!

The study included preterm babies that had been
hospitalized in the first 24 hours of life and those with a
gestational age below 32 weeks old. This research did not
involve newborns with serious congenital abnormalities,
chromosomal anomalies or lack of clinical data. Parents or
legal guardians gave informed written consent before
enrollment and the institutional review board approved
the ethical approval.

At admission, clinical and laboratory parameters
which were required to compute the Clinical Risk Index of
Babies II (CRIB II) score were taken. These were the
temperature of admission (o C), sex, birth weight (gms),
gestational age (in completed weeks), and base excess
(mmol/1) as measured by the arterial blood gas analysis.
The CRIB II score was calculated at the first hour of
entrance into the NICU by using the known criteria. The
primary outcome measure was in-hospital newborn
mortality and all the neonates who were enrolled were
followed up with the same until they are discharged or die.

The analysis of the data was performed using the
Statistical Package of the Social Sciences (SPSS) version
25.0. The frequencies and percentages illustrating the
categorical variables, while the mean and the standard
deviation illustrating the continuous variables were
presented respectively. The diagnostic accuracy of CRIB II
score was assessed by receiver operating characteristic
(ROC) curves analysis. Sensitivity, specificity, positive
predictive value (PPV) and negative predictive value
(NPV) were calculated at various cut-off values. The area
under the ROC curve (AUC) was used to measure the
discriminative power of the scoring system. The p-value of
less than 0.05 was considered statistically significant.

RESULTS

A total of 120 preterm infants that met the inclusion
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criteria were used in the study. The mean weight at birth
was 1100 + 200 grams, and the mean gestational age was
29 2 weeks. 82 (68.3%) of the study population survived
to the discharge date, 38 (31.7%) died. (Table I).

Mean CRIB II score among non-survivors (10.2 + 2.1)
was significantly higher than that of survivors (5.8 + 1.9),
which implies that there is a strong relationship between
mortality and increasing CRIB II scores (p < 0.001). Also,
non-survivors had low admission temperatures, larger
base deficits, less gestational age, and lower birth weights
than survivors.

The mortality increased continuously with increased
scores when stratified by the categories of CRIB II scores.
The likelihood of death was extremely high among
neonates with CRIB II score of 11 or higher, but was very
low among those with a CRIB II score of 5 or lower.

Diagnostic CRIB II score predicts infants mortality,
which when analyzed wusing Receiver Operating
Characteristic (ROC) curve, analyzes the diagnostic
accuracy. The area under the curve (AUC) was the measure
of good discriminative capacity and was 0.86% (95% CI:
0.79). The CRIB II score was found to have a sensitivity of
73.7%, specificity of 85.4%, positive predictive value
(PPV) of 70.0% and negative predictive value (NPV) of
87.8% at an ideal cut off score of >7. (Table II)

Specificity was also greater and sensitivity reduced
with larger cut-offs (>11) suggesting larger cut-offs are
more useful in confirming high-risk cases and lower cut-
offs are more useful in screening. The diagnostic efficiency
of the CRIB II score in the prediction of neonatal death is
presented by the ROC curve. There is a high level of
discriminative capacity in the curve since it is in good
position above the reference diagonal line. The CRIB II
score is a good predictor of the presence or absence of
survival with an area under the curve (AUC) of
approximately 0.86 indicating that it has good predictive
ability.

Table I
Baseline Characteristics of Study Population (n=120)
. Non-
. Survivors . p-
Variable (n=82) survivors value
- (n=38)

Gestational age (weeks) 30.1+1.5 275+1.8 <0.001
Birth weight (g) 1200 + 180 900+150  <0.001
Male sex (%) 48 (58.5%) 24 (632%)  0.62
?o‘é‘)mss“’“ temperature 365+0.5 358+0.6  <0.001
Base excess (mmol/L) -4.2+21 -8.5+2.8 <0.001
CRIB II score 58+19 10.2+2.1 <0.001

Table II
Diagnostic Performance of CRIB Il Score

Cut-off Value Sensitivity Specificity PPV NPV
(%) (%) (%) (%)
>7 73.7 85.4 70.0 87.8
>9 84.2 78.0 65.3 90.1
>11 92.1 68.3 60.3 94.5
Table III
ROC Curve Analysis
Parameter Value
AUC 0.86
95% Confidence Interval 0.79 - 0.92
Standard Error 0.03
p-value <0.001
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Figure 1

ROC Curve for CRIB Il Score (AUC = 0.86)
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DISCUSSION

The current research proved that the CRIB II score is a
good diagnostic tool in predicting neonatal mortality in
preterm babies, with an AUC of 0.86 (95% CI: 0.79-0.92).
When the cut-off value was set at the optimal level of >7,
the sensitivity of the score was 73.7% and specificity of
85.4% and the score was able to correctly identify and
differentiate high-risk and low-risk neonates. These
findings are correlated with the growing body of literature
that suggests that CRIB II is an effective and reliable
instrument to forecast early mortality in the neonatal
critical care units.

The meta-analysis and systematic review by van Beek
et al. highlighted a variety of studies on prognostic models
in preterm neonates with regard to performance;
furthermore, CRIB II has been one of the most clinical
applicable tools because of its simplicity and the early
accessibility of variables required.1? Equally, Chellani and
Arya emphasized that CRIB Il remains very popular in the
practice of neonatal, particularly in the resource-deprived
context, since it provides a means of a quick bedside
evaluation without the need to carry out complicated
tests.13 Such results justify the applicability of our results,
especially when it comes to setting the risk hierarchy in
such a way that it is timely.

Our estimated AUC of 0.86 is very similar to several
other recent cohort studies. The study by Madabhushi et
al. indicated an AUC of 0.909, which is excellent in
predicting mortality as well as morbidity in preterm
babies, and the study concluded that CRIB II is better than
SNAP-II in the prediction of deaths and morbidity in
preemies.'* Vardhelli et al. in another prospective
multicentric study have noted that CRIB-II had an AUC of
0.795 which is marginally less than our results although
still within the acceptable range of clinical prediction
tools.!> The difference between studies can be explained
by the differences in patient populations, inclusion
criteria, and settings.

The 2023 network meta-analysis by Zeng et al
compared various neonatal scoring systems, and based on
the results, original CRIB score was the highest-ranked
mortality predictor in some studies, but CRIB Il was one of
the most reliable and validated instruments.1¢ Equally,
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Zhang et al. came up with a new predictive algorithm of
extremely preterm patients, but the performance of this
algorithm did not significantly improve over known scores
such as CRIB II, which supports the clinical relevance of
CRIB II to this day.!”

Our results can be also compared to some recent
articles published in 2024 and 2025. The AUC of 0.622
described by Kumar et al. has a lower relative value and
indicates moderately predictive ability, which is not the
same as ours.!8 This variation could be attributed to the
variation in study design, severity of illnesses among the
included neonates or sample size. Hao et al., on the other
hand, found the AUC of CRIB II of 0.79, which presented
decent predictive performance but lower than the more
recent scores such as nSOFA.1° These scores demonstrate
that CRIB II remains a powerful and reliable predictor
despite the appearance of newer scoring systems.

In the case of CRIB II only, Alshafei et al. achieved a
value of 0.85 (95% CI: 0.79-0.91), which is almost similar
to our finding of 0.86.20 They further found that CRIB II in
combination with other biomarkers enhanced prediction
accuracy, which indicated that CRIB II may be used as a
potent baseline method that could be enhanced with
complementary parameters. In a recent systematic review
and meta-analysis, Veloso et al. found out that SNAPPE-II
can be slightly more accurate in pooled application, but
CRIB II is still one of the practical and most widespread
scoring systems because of its simplicity and timely
application in some circumstances.2!

Bayen et al. reported that CRIB II has an AUC of 0.862
(95% CI: 0.745-0.939), nearly the same value as ours, and
that also indicates the consistency of CRIB II in the
performance across various populations.?2?2  This
standardization confirms the hypothesis that CRIB II is a
good instrument of mortality prediction despite
geographic or clinical heterogeneity.

Other studies have also indicated a higher accuracy of
a diagnosis as compared to our study. According to Awan
et al,, the AUC was 0.962 (95% CI: 0.933-0.990), and it is
excellent predictive performance.?? They also had a better
sensitivity of 98.8 but the specificity was slightly lower as
compared to our study. On the same note, Akhila et al. also
applied an AUC of 0.91, sensitivity and specificity of 85.2%
and 96.4, respectively.2* These increased rates could be
due to differences in patient selection, including inclusion
of very premature born infants or more at risk groups.

Ozalkaya etal. also had a similar AUC of 0.86 as us with
sensitivity and specificity of 79% and 82, respectively.25
Their research also emphasized the fact that CRIB II is
effective even when compared to newer scoring systems
that also use cardiovascular parameters. Moreover, Lubis
et al. showed that CRIB Il retained high predictive validity
(AUC 0.835) in neonates with sepsis and indicates that its
use is not limited to the general NICU population but to a
high-risk sub-population.2¢

The difference in the sensitivity and specificity across
studies may be due to variations in the cut-off values to
score CRIB II. A cut-off of more than 7 gave the best
compromise of sensitivity and specificity in our study.
Other studies, however, have employed cut-offs higher
(e.g., >10 or >12), which are more likely to make a study
more specific but less sensitive.23-26 This shows the
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significance of establishing the right cut-off values,
according to the clinical goals- either this is aimed at early
screening or risk total identification.

Another noteworthy point is that CRIB II uses the
parameters, which can be obtained during the initial few
hours of life, and therefore, it is especially effective when
it comes to making decisions during the initial stages.
Unlike the more complex scoring systems that require
extensive research in the laboratory, CRIB II is easy to
implement in settings with limited resources. This is of
great relevance in developing countries, where access to
the advanced diagnostic methods might be limited in time.

In spite of the appearance of more recent scoring
systems like nSOFA, the recent research indicates that
CRIB II can be considered very competitive in terms of its
predictive performance.!? It is a handy tool when working
in the regular clinical setting due to its simplicity, easy
calculation, and applicability in the early stages. Adding
CRIB II to other biomarkers or other clinical factors,
however, could contribute to further predictive accuracy,
as some studies demonstrate.20

Altogether, the results of the given study comply with
the recent literature and supports the idea that CRIB Il is a
valid predictor of neonatal death among preterm infants.
Although there are differences in the performance of
various studies, the general evidence is in favor of its
further application in NICUs to stratify risks early and
make a clinical decision.

Limitations

In the assessment of the results, the numerous limitations
of this study should be considered. As a single-centre
study, the findings might not be generalizable in other
health care settings with a diverse patient population,
clinical practice, and resource availability. The sample size
used was relatively small and could not have provided
enough statistical power and accuracy to the estimated
measures of diagnostic accuracy. Also, the selection bias in
the study could be caused by the inclusion of NICU-
admitted preterm neonates as not all preterm births are
included in this group, especially those that are not
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