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Abstract
Background: The scoring systems evaluate neonatal outcomes based on perinatal factors in the
Neonatal Intense Course Unit (NICU).
Aim: This study aimed to predict mortality risk in preterm neonates for the first time, using the
Clinical Risk Index for Babies (CRIB II).
Method: This cross-sectional, descriptive-analytical, longitudinal study was conducted on 344
preterm neonates with the gestational age of 23-32 weeks and birth weight of 500-1500 g in a referral
center in Tehran, Iran, from winter 2016 to spring 2017. Some neonatal variables were completed
within the first 12 h of life, and the final scores were calculated based on CRIB II. Then, the
correlation of these variables with mortality outcome was evaluated using logistic regression.
Sensitivity, specificity, and positive and negative values were also calculated via SPSS software
(version 23).
Results: According to the results, 253 (73.57%) neonates, including 122 girls (48%), survived in the
first 24 h after birth. The total CRIB II score in the surviving neonates was 6.1±2.6. The area under
the receiver operating characteristic curve was estimated at 0.84 with the cut-off point of 8.5. In
addition, the sensitivity, specificity, positive predictive value, and negative predictive value of the
CRIB II system were obtained as 75%, 78%, 55%, and 89.5%, respectively. The results revealed a
significant correlation between the CRIB II score and mortality outcome. In this regard, an increase in
the CRIB score coincided with a 0.67 increase in the risk of death (OR=1.671, P<0.001).
Implications for Practice: Based on the findings of the present study, CRIB II can be concluded to
be an appropriate scoring system. Consequently, the result of this tool can be used for routine
investigations.
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Introduction
The neonatal period (i.e., the first 28 days of neonatal life) is the time during which the newborns are
exposed to high risk owing to their transition from intrauterine to extrauterine life. Accordingly, this
period of life has a high mortality rate (1, 2). According to the World Health Organization, the
neonatal mortality rate is 28 per 1,000 live births in the world and 19 in Iran (3). Preterm birth is a
leading cause of mortality among neonates and children under five years of age across the world (4,
5). As a result, morbidity and mortality rates are authentic and important indicators of the educational,
social, and health status of a population (6).
Neonates with very low birth weight (i.e., less than 1,500 g) are considered preterm (2). The
prevalence of prematurity in Iran is 10%. This condition is considered the leading cause of neonatal
morbidity and mortality. In this regard, premature neonates are exposed to the risk of this 40 times
higher than their term counterparts (2, 7). The mortality rates of preterm neonates are reportedly
20.6% and 60.7% in the first 24 h and week of life, respectively (8). The risk level for these neonates
can be determined based on their clinical condition due to the immaturity of their structural and
functional organs. This can help care institutions to better evaluate their therapeutic measures in
improving the well-being of these neonates, as well as decreasing morbidity rates (9-11). The
probability of neonatal death or survival in the Neonatal Intense Care Unit (NICU) depends on
perinatal factors and physiological conditions at the time of admission, which can be evaluated
through scoring systems. Clinical Risk Index for Babies (CRIB) and CRIB II (an updated version of
CRIB) are two scoring systems among others (9, 12). The CRIB, which was first developed by the
International Neonatal Network in the UK in 1993, is a useful indicator for the evaluation of
morbidity and mortality rates in hospitals. In this system, the risk of mortality is evaluated through the
data collected during the first 12 h after birth (9). This scoring system was updated to CRIB II in
2003, a simplified scoring system which eliminates the potential problems associated with the use of
drug items and related human error cases.
The CRIB II is only applicable to preterm neonates with the birth weight of less than 1,500 g, as well
as those with the gestational age of fewer than 31 weeks. This instrument takes into account variables,
including birth weight, gestational age, congenital anomalies, minimum and maximum values of FiO2,
and base excess (BE), within the first 12 h of life. The measurement of this index is highly simple and
time-saving since all the applied variables are already evaluated in the routine investigations of lowbirth-weight neonates. Moreover, these variables are not subject to human error (9, 13).
Despite the significant number of preterm and low-birth-weight newborns admitted to NICUs, an
accurate tool has not yet been used to seriously estimate the rate of mortality in this population. This
underscores the need for the prediction of mortality risk in preterm neonates with low gestational age
or low birth weight and planning of clinical measures and follow-ups accordingly. With this
background in mind, the present study was aimed to predict mortality risk in preterm neonates with
the birth weight of less than 1,500 g admitted to the NICU using the CRIB II scoring system. In order
to do so, it was important to examine the psychometric properties of this scoring system first.
Methods
This cross-sectional, descriptive-analytical, longitudinal study was carried out on preterm newborns
with the gestational age of 23-32 weeks and birth weights of 500-1,500 g. These newborns were
admitted to the NICU of Vali-e Asr Hospital, Tehran, Iran, during their first 12 h of birth, from the
winter of 2016 to the spring of 2017. The sampling was carried out through the available sampling
technique (14).
The formula of the sample size was based on the prevalence of death in premature newborns and the
sensitivity of the CRIB II system according to a previous similar study (15). The prevalence and
sensitivity were obtained according to a study performed by Babaei and Jafrasteh (15). Given that the
prevalence of premature neonate mortality is reported to be 25%, there should be at least 50 neonatal
deaths and 150 live births in the samples. Therefore, the sample size was calculated to be 196;
however, 200 samples were considered in this study. In order to enhance the accuracy of the study,
the number of samples increased to 344 neonates. The inclusion criteria were: 1) birth weight of 5001,500 g, 2) gestational age of 23-32 weeks, and 3) hospitalization within the first 12 h after birth. On
the other hand, the newborns with severe congenital anomalies as well as those who were discharged
from the hospital due to their parents’ consent were excluded from the study.
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In this study, the CRIB II was calculated based on the scores of the items related to neonatal gender,
birth weight (measured by the SECCA digital weight scaling instrument), gestational age (estimated
according to the last day of maternal menstruation, registered in her obstetrical file), temperature, base
excess, and congenital anomalies. The overall CRIB II scores were calculated based on the score
ranges defined by Parry et al. (16). In this research, to determine the validity of the questionnaire, the
face validity was evaluated based on the opinion of 5 experts (i.e., three neonatologists, two
professors of the School of Nursing and Midwifery, and two nurses working in the NICU), in terms of
ambiguous points and inappropriate terms translated into Persian. Moreover, predictive validity was
evaluated by determining the association of birth weight, intrauterine age, gender, and hyper or
hypothermia with the prognosis of premature neonatal death in the NICU.
The neonates involved in the present study were evaluated and observed in the first 24 h after birth.
The validity of the scores was evaluated and recorded according to the outcome (i.e., death). The
sensitivity, specificity, and cut-off point of the CRIB II were calculated, in addition to the positive and
negative predictive values and positive likelihood ratio.
After the collection of the necessary information, the data entry and analysis were carried out using
SPSS software (version 23). The data were analyzed according to the aims of the study by the Chisquare test and independent t-test. In addition, the beta-coefficient and odds ratio were derived from
linear logistic regression tests. A p-value less than 0.05 was considered statistically significant. The
receiver operating characteristics (ROC) curve analysis was conducted in order to estimate the cut-off
point.
Before the study, the approval of the ethics committee was gained under IR.SBMU.PHNM.1395.682.
In addition, verbal and written consent was obtained from the parents of the involved neonates.
Results
This study was conducted on 344 neonates, including 181 (53%) boys and 163 (47%) girls, for whom
the CRIB II scoring system was completed. Out of this population, 253 cases survived within the first
24 h of life, while 91 subjects passed away. A total of 131 (52%) surviving neonates were boys and
the rest were girls. Therefore, based on the results of the Chi-square test, there was no significant
difference between the girls and boys regarding the survival or mortality rate (P=0.66).
The mean CRIB II scores for the surviving and non-surviving neonates are shown in Table 1. Based
on the results, the mean was significantly higher in the surviving group than in their non-surviving
counterparts. In the ROC curve analysis (Figure 1), the area under the ROC curve was calculated as
Table 1. Mean of Clinical Risk Index for Babies II in surviving and non-surviving neonates in the first 24
h after birth
CRIB score
Number
Mean±SD*
P-value**
Survivors
253
6.1±2.6
0.001
Non-survivors
91
10.2±3014
CRIB: Clinical Risk Index for Babies
*Standard Deviation
**t-test

Figure 1. Receiver operating characteristics curve for the prediction of neonatal mortality by Clinical
Risk Index for Babies II scoring system
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Table 2. Area under receiver operating characteristics curve and the efficacy of Clinical Risk Index for
Babies II
CI***
AUC*
SD**
P-value
Upper
Lower
0.84
0.02
<0.001
0.79
0.88
* Area under the curve
**Standard Deviation
***Confidence Interval
Table 3. Sensitivity and specificity of Clinical Risk Index for Babies II scoring system based on Youden’s
index
CRIB II cut-off point
SD
Specificity
Youden’s Index
Sensitivity
8.50
0.74
0.78
0.53
0.75
Table 4. Association of some neonatal variables with death odds in neonates
95% CI
OR
P-value
Lower
Gender
0.92
0.73
0.56
GA
1.09
0.81
0.61
Temperature
2.70
0.35
0.44
BE
0.89
0.20
0.74
Weight
0.99
0.001
0.00
CRIB II
1.67
0.001
0.51
GA: gestational age
BA: Base Excess

Upper
1.48
1.84
9.60
1.06
0.99
1.88

0.840 (Table 2). According to the analysis, the efficacy of the CRIB II scoring system was at an
adequate level (P<0.001).
Based on the Youden's index, the CRIB II cut-off point was 8.5 (Table 3). Youden’s index indicates
the optimal sensitivity and specificity cut-off points. Furthermore, the positive and negative predictive
values of the CRIB system were estimated at 54.9% and 89.6%, respectively. Therefore, it could be
concluded that 55% of the neonates did not survive, while 90% of them survived according to the
evaluated scores. With regard to the predictive values of CRIB II, the positive and negative likelihood
ratios were obtained as 3.43 and 0.32, respectively.
Logistic regression was utilized to evaluate the association of neonatal mortality with the given
variables. The results revealed a significant association between birth weight and mortality outcome.
In this respect, the odds of death in neonates increased with a decrease in neonatal weight (OR=0.996,
P<0.001). However, neonatal mortality showed no significant correlation with neonatal gender
(OR=0.92, P=0.70), gestational age (OR=1.96, P=0.81), body temperature (OR=0.20, P=0.35), and
base excess (OR=0.89, P=0.30). However, a significant correlation was observed between the CRIB
score and mortality outcome. In this regard, an increase in the CRIB score coincided with a 0.67
increase in the rate of death (OR=1.67, P<0.001; Table 4).
Discussion
The results of the present study were indicative of an elevation in the risk of preterm neonatal
mortality in the first 24 h after birth with the increase in the mean CRIB score. In this study, the mean
scores of CRIB were obtained as 6.12 and 10.28 for the surviving and non-surviving neonates,
respectively. However, in other studies, these scores were reported as 4.5-6.8 and 5.8-9.8, respectively
(15, 17). This difference indicates that at-risk neonates with higher CRIB II scores were kept alive in
this research environment.
In the present study, the area under the curve (AUC) was 84%. In another study performed by Babaei
et al., the AUC was reported as 85%, which is in line with the results of the present study (15). In
similar studies, the AUCs of 91%, 92%, and 96% were reported (16, 18, 19). In a study by De Felice
et al., the sampling population included neonates with a birth weight of less than 1,500 g or
gestational age of fewer than 31 weeks. In the mentioned study, the CRIB final scoring, gestational
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age, and birth weight were evaluated for mortality prediction in neonates. The AUC was reported as
92%, which was indicative of the accuracy and predictive power of this tool (20).
In the present research, the sensitivity and specificity of CRIB II were obtained as 75% and 78%,
respectively, with a cut-off point of 8.5. Accordingly, the tool successfully exhibited a
prediction accuracy of 75%. In other studies, sensitivity and specificity were reported as 82% and
50% for a cut-off point of 13 and 94.9% and 82.4% for a cut-off point of 11, respectively (18, 19, 21).
This cut-off point was obtained as 6.5 and 7 by Babaei et al. and Fouladinejad et al., respectively (15,
22). Although none of these studies calculated sensitivity and specificity, sensitivity is an indicator of
true positive rate, whereas specificity is an indicator of true negative rate.
The results of the present study showed that the CRIB II scoring system had a positive predictive
value of 55% and a negative predictive value of 89.6%. Khosravi et al. reported positive and negative
predictive values of 65% and 72% for CRIB II, respectively (21). In other words, 65% of the cases did
not survive despite high CRIB scores, while 72% of them survived in spite of obtaining low scores.
Positive and negative predictive values determine false-positive and false-negative cases or the
accuracy of the utilized tool without human interpretation and intervention
In this study, neonate variables, such as weight and overall CRIB II, were significantly associated
with neonatal mortality in the first 24 h after birth. However, neonatal mortality showed no significant
correlation with body temperature, base excess, and gestational age. The results of some studies have
shown that vital variables, such as first- and fifth-minute APGAR scores, gestational age, duration of
hospitalization (15), birth weight (i.e., less than 1,500 g), and respiratory distress syndrome (22) are
correlated with the outcome of neonatal mortality. In this regard, it can be said that the prospective
nature of the study and the incomplete recording of some information may be the cause of the
difference between the findings of this research and those of similar studies. In this research, there
was a small number of premature newborns in a tertiary and referral center which means that the
obtained results should not be extended throughout the country.
Implications for Practice
The sensitivity and specificity of the CRIB scoring system, as well as its cut-off point, were found to
be acceptable based on the results of the present study and similar studies. Moreover, a better cut-off
point was obtained in this study, compared with those in other studies. Therefore, this scoring system
can be regarded as a useful tool for the prediction of mortality in neonates at the risk of death.
Furthermore, the measurement of this index during the first 12 h after birth is highly simple and timesaving; consequently, its result can be used in routine investigations.
It seems crucial to perform further studies with a larger sample size and in different hospitals at
various levels of care all over Iran to determine the accuracy and precision of the tool and determine a
more accurate score limit for the prediction of the mortality outcome in neonates.
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