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Clinical Risk Index for Babies (CRIB II)
Scoring System in Prediction of Mortality

IN Premature Babies

ABSTRACT

Background: Clinical Risk Index for Babies scoring system
(CRIB Il) score is a recently developed tool to predict initial risk
of mortality amongst low birth weight babies, the utility of which
is scarce in many developing countries.

Objective: To assess the efficiency of CRIB Il score as a tool
to predict the risk for neonatal mortality among the LBW babies
admitted to neonatal intensive care unit (NICU) at a tertiary care
facility Kasr El-Aini paediatric hospital, Cairo, Egypt.

Materials and Methods: Prospective cohort study design
where 113 neonates, admitted during the first 24 hours to the
NICU of Kasr EI-Aini Hospital, from November 2013 till May
2014 were included. On admission, history taking, neonatal
examination, arterial blood gas analysis and variables of CRIB
Il score were done. Subjects were followed up from admission
till discharge or death.

Results: Male to female ratio was 1.1:1. Gestational age ranged
from 25-32 weeks, the birth weight ranged from 700-1500 gm
with mean of 1134.5 (+ 202). CRIB Il score ranged from 1-19
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with a mean of 9.9 (= 4.0). The total mortality in the included
cohort was 34.5% (31/113). Significant positive correlations
were found between gestational age, birth weight, temperature,
excess base, CRIB Il score and the occurrence of mortality and
with progressive increase in mortality with increasing CRIB Il
score (p=0.001). CRIB Il score > 11, gestational age < 28 and
birth weight < 1100 were all found to be significantly associated
with neonatal mortality. Area under ROC curve for CRIB I,
gestational age and birth weight were found to be (0.968, 0.900
and 0.834) respectively. CRIB Il score with cutoff point of > 11
was the most sensitive (94.9%) with the predictive value (74.0%)
and specificity (82.4%) compared to birth weight and gestational
age. CRIB Il score showed good calibration to predict neonatal
mortality as demonstrated with Hosmer-lemeshow goodness of
fit test (p= 0.952).

Conclusion: CRIB |l score is a valid tool of initial risk assessment
in LBW, predicting outcome more accurately than birth weight or
gestational age alone. It is easily applicable and should replace
the traditional models as predictor of neonatal outcome.
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INTRODUCTION

Worldwide, 15 million babies born in 2010 were born prematurely
and more than one million died as a result of their prematurity [1].
Moreover, over 60% of preterm births occur in Africa and South
Asia, Egypt is among the ten countries with the greatest number of
preterm births [2]. According to the world wide statistics of 2012,
preterm births are more likely to occur in the context of multiple
births which partially explained due to the wide use of fertility
treatments, and a greater number of older women bearing children
[3]. Assessing neonatal iliness severity is an important issue in the
Neonatal Intensive Care Unit (NICU) and estimating the risk of in-
hospital mortality in the NICU environment provides important
information for health-care quality control, management studies
and rational use of resources [4], hence the importance of using
the standardized comparisons of outcomes to be performed across
health care facilities [5]. Scoring systems are means to quantify
clinical states that are difficult to be summarized by other subjective
or objective means [6]. Scoring systems and risk prediction rules are
tools to quantify the severity of clinical condition and stratify patients
according to a specified outcome. In intensive care medicine, the
complexity and number of clinical scoring systems is increasing
as the utility in services research and clinical medicine broadens
[7]. Different tools for assessing and predicting mortality risk
among neonates have been developed to overcome the problems
imposed by the difference in birth weight, varied causes of neonate
mortality, varied pattern of care given at the neonatal units, and
other risk factors predispose to neonatal mortality. Of these tools
are Clinical Risk Index for Babies (CRIB), CRIB Il (An update of
the clinical risk index for babies score), Score for Neonatal Acute
Physiology (SNAP), SNAP Perinatal Extension (SNAP-PE), SNAP

Il, and SNAPPE-II [8]. These scoring systems help in predicting
mortality and morbidity and may improve the validity of assessing
the outcome among different hospitals and units [9]. CRIB Il score
is a validated measure of initial mortality risk and illness severity
within one hour of admission. It takes into account the birth weight,
gestational age, body temperature, base excess and sex of the
baby to determine initial mortality risk [10]. The CRIB Il score ranged
from O to 27, with better prognosis with lower scores attained the
best favourable results with score of one [11]. Survival of neonates
in the ICU is dependent on the ability and experience of the working
intensive care doctors to apply the suitable prognostic tools [12].
Subsequently this study aimed at improving the survival of LBW
babies admitted to NICU's through early prediction of factors that
may increasing their vulnerability to early neonatal mortality, and the
objectives of this study were to validate and calibrate the CRIB Il
score in predicting the neonatal mortality in preterm neonates <32
weeks gestational age at the neonatal intensive care unit (NICU) of
Kasr EI-Aini hospital, Cairo University, and to compare the CRIB Il
score in survivors and non-survivors with observing the outcome
along the different CRIB Il score levels.

MATERIALS AND METHODS

Setting and Design

A prospective cohort study included 113 neonates who were
admitted during their first 24 hours of birth to the NICU at Kasr El-
Aini hospital, Cairo University through a time period extending from
November 2013 till May 2014.

Inclusion criteria: All preterm neonates of both sexes with 23 to
32 weeks gestational age, admitted to the NICU.
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Exclusion criteria: All preterm neonates with birth weight <500
grams, major congenital anomalies, genetic disorders, with surgical
emergencies, delivery room deaths or admission after 12 hours of
birth.

Data collection: the following data set were collected
including:

1. Obstetric history of mothers, to know time of delivery, and
gestational age in weeks, calculated from the first day of last
menstrual period (LMP).

2. Neonatal data for:

a. Gestational age assessment using New Ballard score, in cases
with undefined LMP [13].

b. Sex of the neonate and birth weight (in grams): recorded for
each baby on admission using an electronic scale.

c.  Admission temperature: recorded rectally.

Laboratory Examination: Arterial blood gas analysis for all
babies during first hour of admission to estimate base excess.

3- Calculation of CRIB Il score for each baby was done using the
following variables: gender, gestational age (in weeks), birth weight
(in grams) and base excess. The total CRIB Il score was calculated
(Ranged from O to 27). The scores were further classified into four
levels as follows, Level 1:0 to 5, Level 2:6 to 10, Level 3:11 to 15,
Level 4 above 15 [11].

STATISTICAL ANALYSIS

Data entry and analysis was carried out using the Statistical Package
of Social Science Software program, version 21 (SPSS). Quantitative
variables were expressed using mean, standard deviation, median
and interquartile range (IQR), while for qualitative variables, frequency
and percentage were reported. Comparison between survivors and
non-survivors was performed using independent sample t-test or
Mann-Whitney test for quantitative variables and Chi-square test
with Fisher’s-exact test for qualitative ones as properly indicated.

Receiver operating characteristic (ROC) curve analysis with
associated area under the curve (AUC) was conducted to explore
the discriminate ability of CRIB Il score, gestational age and birth
weight in predicting NICU mortality with selection of the most suitable
cut-off point of each parameter with the best sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV) and
overall accuracy. The Hosmer-Lemeshow test for goodness of fit
was performed to calibrate CRIB Il score in predicting mortality. Cox
regression model was designed considering the time element in
predicting mortality by CRIB Il score with generating of the hazard
ratio (HR) with 95% confidence intervals. Kaplan Meier survival
analysis was done to explore the mortality pattern by time. p-values
< 0.05 were considered statistically significant.

Ethical consideration: Approval was obtained from both
paediatric department council and, head of the neonatology
department. Verbal consent was taken from the Parents of the
involved neonates. The study was approved by Cairo University
research ethics committee. All procedures, included individual data
were treated with confidentiality following Helsinki Declaration.

RESULTS
One hundred and thirteen babies were enrolled in this study, 58
(51.3%) were males and 55 (48.7%) were females [Table/Fig-1].
Non-survivors represented 39 (34.5%) while survivors represented
74 (65.5%).According to CRIB Il score babies were classified into
4 groups:
- Level 1 (CRIB Il score from 1 to 5) were 21 (18.6%).
- Level 2 (CRIB Il score from 6 to 10) were 42 (37.2%).
- Level 3 (CRIB Il score from 11 to 15) were 41 (36.3%).

(

- Level 4 (CRIB score more than 15 were 9 (8.0%).
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CRIB Il score of the studied neonates ranged from 1 to 19 with
mean 9.9 = 4.0 (median 10, IQR 7-13). The gestational age ranged
from 25 to 32 weeks with the mean of 28.7 + 2.1 weeks (median
29, IQR 27-30). The birth weight ranged from 700 to 1500 gm with
the mean of 1134.5 = 202.0 gm (Median 1100, IQR 1000-1300).
Temperature ranged from 31 to 37 Celsius with the mean of 34.6 +
1.4 Celsius (Median 35, IQR 34-36). Base excess ranged from -23
to O with the mean of -11.5 + 6.0, (median -10,IQR -17.5 to -4), and
the length of stay ranged from 2 to 62 days with median length of
stay of 22 days.

There was no significant differences between males and females
regarding mortality, (p= 0.2) [Table/Fig-2]. Mortality was significantly
associated with lower gestational age, birth weight, temperature,
length of stay (LOS), higher base excess and CRIB Il score.

Variables Description (n=113)

Sex n, %

Male 58 51.3
Female 55 48.7
Mortality n, %

Non-survivor 39 34.5
Survivor 74 65.5
CRIB Il score

Range, Mean + SD 1.0-19.0 9.9+4.0
Median, IQR 10.0 7.0-13.0
CRIB Il score levels n, %

Level | (1-5) 21 18.6
Level Il (6 - 10) 42 37.2
Level lll (11 - 15) 41 36.3
Level IV (> 15) 9 8.0

Gestational Age (weeks)

Range, Mean + SD 25.0-32.0 28.7 2.1
Median, IQR 29.0 27.0-30.0
Weight (gm)

Range, Mean + SD 700.0 - 1500.0 1134.5 + 202.0
Median, IQR 1100.0 1000.0 - 1300.0
Temperature (Celsius)

Range, Mean + SD 31.0-37.0 34.6+1.4
Median, IQR 35.0 34.0 - 36.0
Base Excess

Range, Mean + SD -23.0-0.0 -11.5+6.0
Median, IQR -10.0 -175--7.4
Length of stay

Range, Mean + SD 2.0-62.0 224 +16.8
Median, IQR 22.0 5.0 -38.5

[Table/Fig-1]: Descriptive data of the studied neonates

[Table/Fig-3] showed a progressive increase in mortality with
increasing CRIB Il score level; mortality was 0 (0%), 2 (4.8%), 28
(68.3%) and 9 (100%) in level I, II, llland IV CRIB Il score respectively.
As shown in [Table/Fig-4]; area under the curve (AUC) was 0.968
(95% Cl=0.940-0.996) p<0.001, 0.900 (95% CI=0.844-0.957)
p<0.001, and 0.834 (95% Cl=0.753-0.914) p<0.001 for CRIB Il
gestational age and birth weight respectively, Also, ROC curve
analysis revealed that the most suitable cut-off points in predicting
mortality (the best sensitivity and specificity) were ; > 11 for CRIB I
score, < 28 for gestational age, < 1100 for birth weight.

Using the suitable cut off points, the following findings were
observed [Table/Fig-5]: CRIB Il score and gestational age, showed
higher sensitivity and Negative Predictive Value (NPV) in comparison
to birth weight. CRIB Il score showed the highest specificity (82.4%)
followed by gestational age (74.3%) and birth weight (68.9%). CRIB
Il score showed the highest positive Predictive Value (PPV) (74.0%)
followed by gestational age (66.1%) and birth weight (57.4%). The
highest Accuracy (the proportion of true results, both true positives
and true negatives) was obtained by CRIB Il score (86.7 %) followed
by gestational age (81.4%) and birth weight (72.5%). Hosmer-leme
show of goodness of fit test was done to calibrate CRIB Il score and
revealed that (p-value) was 0.952 which is > 0.1. [Table/Fig-6] Cox
regression analysis for CRIB Il score was done to predict mortality,
the model was significant (p-value < 0.001) with hazard ratio 1.479
(95% CI 1.334-1.639).
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Variables Non-survivor (n=39) Survivor (n=74) P-value
Sex n, %
Male 24 (61.5) 34 (45.9) 0.2
Female 15 (38.5) 40 (54.1) NS
Gestational Age (weeks)
Range 25.0 - 30.0 |26.0 - 320
Mean + SD 268 + 12 [206 o+ 18 <O§O1
Median 26.0 30.0
Weight (gm)
Range 700.0 1400.0 950.0 - 15600.0 <0.001
Mean + SD 987.9 + 167.3 1211.7 £ 174.7 S
Median 1000.0 1214.0
Temperature (Celsius)
Range 32.0 - 37.0 |31.0 - 370
Mean + SD 334 + 13 [352 o+ 11 <O§O1
Median 33.0 35.0
Base Excess
Range -23.0 - -8.0 -21.0 - 00
Mean + SD 474 = 37 |-86 x 48 <O§O1
Median -18.0 -8.0
CRIB Il score
Range 9.0 - 19.0 1.0 - 130
Mean + SD 141 = 21 |77 + 29 <O§O1
Median 14.0 8.0
LOS
Range 2.0 - 30.0 |3.0 - 62.0 | <0.001
Mean + SD 71 + 6.2 30.5 + 149 S
Median 5.0 30.0
[Table/Fig-2]: Comparison between survivors and non-survivors regarding important
parameters
Variables Non-survivor (n=39) Survivor (n=74)
N % N %
CRIB Il score
Level | (1 -5) 0 0.0 21 100.0

Level Il (6 - 10) 2 4.8 40 95.2

Level lll (11 - 15) 28 68.3 13 31.7

Level IV (> 15) 9 100.0 0 0.0

[Table/Fig-3]: Outcome of CRIB Il score levels among studied neonates
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[Table/Fig-4]: ROC curve for prediction of hospital neonatal mortality by CRIB II

score, birth weight and gestational age

Cut-off point | Sensitivity | Specificity PPV NPV Accuracy
CRIB Il score >11 94.9% 82.4% 74.0% | 96.8% | 86.7%
GA <28 94.9% 74.3% 66.1% | 96.5% | 81.4%
Birth weight <1100 79.5% 68.9% 57.4% | 86.4% | 72.5%

[Table/Fig-5]: Screening analysis of CRIB Il score, gestational age and birth weight

in predicting mortality using the most suitable cut-off point

As shown in the Neonatal survival curve [Table/Fig-7], the highest
mortality rate was in the first few days, and then the mortality
showed slow progression to be stationary at day 30.

DISCUSSION

Preterm birth is the major direct cause of neonatal deaths,
responsible for about 35% of the world's 3.1 milion deaths a
year, and the second most common cause of under five deaths
following pneumonia [14]. Premaure births are outnumbered by
males with higher susceptablity of mortalitity [15]. This finding is

www.jcdr.net

consistent with results of the current study where male to female
cases were 1.1:1 respectively, with higher mortality in males. A valid

Beta coefficient p-value HR 95% Cl of HR
CRIB Il score 0.391 <0.001 1.479 1.334 - 1.639
[Table/Fig-6]: Cox regression analysis
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[Table/Fig-7]: Neonatal Survival curve in relation to Time

and simple method of risk-adjustment for neonatal intensive care
is important to ensure accurate assessment of quality of care [10].
This study revealed positive associations between the gestational
age, the birth weight and the mortality; the lower the gestational
age, birth weight the higher the mortality. This was proved to be
statistically significant (p-value <0.001). This is in agreement with
a study done for neonatal mortality risk assessment in a NICU in
University of Tehran for 213 newborns where it was found that the
birth weight and the gestational age were significantly related to
neonatal deaths (p=0.02), (p=0.03) respectively [16]. While another
study reporting that birth weight and gestation were responsible for
a wide range of late neonatal mortality of 11 to 60% [17]. However,
in similar study from an NICU in a general hospital in Porto Algere,
Southern Brazil included 494 newborns admitted immediately after
delivery; birth weight has been used, for many years, as a mortality
risk indicator for newborn neonates. The birth weight was found to
be the indicator that least able to predict neonatal mortality [18].

The study results, showed a statistical significant correlations
(p-value <0.001) between CRIB Il score and the outcome. Survivors
had a mean CRIB Il score of less than non-survivors. This study
compares well with a study done in Italy on 720 preterm babies in
2004 which found a mean CRIB Il score of (7) for survivors while
non-survivors had a mean CRIB |l score of (14) [19]. CRIB Il score
for predicting severity of illness found to be strongly correlated
with the length of hospital stay (LHS), and it was better than other
independent variables such as birth weight, gestational age, base
excess and temperature at admission in predicting mortality [20].
This was reported in this study in the results for variables of LHS
(range 2-62 days), base excess (-23-0) and temperature (31-37).

In the current study, CRIB Il score as tool predicting neonatal
mortality was quantified using the ROC curve. CRIB Il score was
found to predict mortality better than birth weight and gestational
age with relatively high accuracy of (0.968, 0.900 and 0.834) for
score, birth weight and gestational age respectively. In addition,
we found that the highest accuracy (the proportion of true results,
both true positives and true negatives) was obtained by CRIB I
score (86.7%) followed by gestational age (81.4%) and birth weight
(72.5%), which means that CRIB Il score was the best discriminate
parameter for neonatal mortality.

A study included 135 baby at the NICU of Kenyatta National
Hospital, found a sensitivity of (80.6%), best predictive value
(77.7%) and specificity (75.0%) on using a cutoff point of 4, lower
sensitivity value (32.3%) was obtained on using a cutoff point of 10
[21]. The current study showed a higher CRIB Il score cutoff point
with higher sensitivity and specificity. The difference between this
study and the ours can be explained in the lights of using lower
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mean CRIB Il score in comparing survivors and non survivors (3.7
vs. 7.7) in survivors and (7.7 vs. 14.1) in non survivors. The mortality
rate was lower in the current study (34.5%) compared Kenyatta
hospital study (45.9%) which may indicate better management and
outcome in Kasr El-Aini NICU. Moreover, the sensitivity, specificity
and predictive values for CRIB Il score were found to be better than
any of the traditional models separately and the area under the ROC
curve for predicting death was greater for CRIB Il score than for
birth weight or gestational age alone.

In a study done in Italy for comparing the ability of CRIB, CRIB-
Il, and SNAPPE-II scoring systems in predicting neonatal mortality
for 720 preterm baby > 1500 gm weight, who were admitted to
12 neonatal units in Lombardy, Italy. AUC for CRIB, CRIB-Il, and
SNAPPE-II scoring systems were found to be (0.90, 0.91, 0.84)
respectively. It was reported that CRIB Il score had the greatest
ability of mortality prediction in comparison to CRIB and SNAPPE-II
[19]. Comparative analysis between the four levels of CRIB Il score
for our hospital mortality showed a progressive increase in mortality
with increasing CRIB Il score level. The previous CRIB Il score level
results showed better outcome in comparison to Kenyatta study
results which were 18 (22%), 30 (79%), 14 (93%) [21].

This study showed that babies of level 3 and 4 CRIB Il score had
the highest incidence of mortality; these groups deserve special
attention, since greater efforts are necessary to reduce their mortality
rate. Hosmer-lemeshow of goodness of fit test was done to calibrate
CRIB Il score and to test the difference between observed and
expected outcome, There was no significant difference between
expected and observed outcome (p= 0.952) in comparison to 0.829
and 0.600 in the study of Parry et al., [10] and Rastogi et al., [22]
respectively, which means that in the current study CRIB Il score
showed better calibration to predict neonatal mortality.

In this study, the highest mortality rate was in the first few days, this
was in consistent with the results reveled form another study based
on information from the National Inpatient Sample Database from
1997 to 2004 that included 115,350 very LBW Egyptian infants,
reported that about 50% of death during birth hospitalization
occurred in the first three days after delivery [23]. Based on the
study results, it is noted that CRIB Il score is a better predictor of
neonatal mortality compared to birth weight and gestational age
independently. It is also found to be applicable and therefore should
replace the traditional models as the predictor of neonatal outcome.
This is in agreement with several other studies [10,19,21,22].

LIMITATIONS OF THE STUDY

The results of the current study should be interpreted in the lights of
the following limitations mainly the small sample size with the limited
number of neonates with gestational age < 32 weeks.

CONCLUSION

CRIB Il score as tool predicting neonatal mortality is an accurate
measure to assess mortality among Egyptian neonates, and it
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should be implemented as an essential component of routine care
to all neonates admitted to NICUs.
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