Pediatrics International (2016) 58, 984–987

doi: 10.1111/ped.12973

Original Article

Evaluation of Score for Neonatal Acute Physiology and Perinatal
Extension II and Clinical Risk Index for Babies with additional parameters
Hüseyin Selim Asker,1 Mehmet Satar,1 Hacer Yapıcıoğlu Yıldızdaş,1 Birgül Mutlu,4 Banu Mutlu Özyurt,4 Mehmet Şah İpek,4
Ercan Sivaslı,5 Şafak Taviloğlu,5 Yalçın Çelik,6 Kenan Özcan,3 Reﬁk Burgut2 and İlker Ünal2
1
Department of Pediatrics, Division of Neonatology and 2Department of Biostatistics, Çukurova University, and 3Neonatal Intensive
Care Unit, Güney Adana Hospital, Adana, 4Neonatal Intensive Care Unit, Diyarbakır Children’s Hospital, Diyarbakır and
5
Department of Pediatrics, Division of Neonatology, Gaziantep University, Gaziantep, and 6Department of Pediatrics, Division of
Neonatology, Mersin University, Mersin, Turkey
Abstract

Background: The aim of this study was to determine mortality risk by calculating Score for Neonatal Acute Physiology and
Perinatal Extension II (SNAP-PE-II) and Clinical Risk Index for Babies (CRIB) score, and evaluate prediction of the effects
of antenatal corticosteroid and surfactant treatment on mortality.
Methods: This multicenter study was conducted simultaneously in ﬁve different centers in four different provinces in
Southern Turkey between July 2012 and July 2013. A total of 1668 inborn subjects hospitalized in the neonatal intensive
care unit within the ﬁrst 12 h of delivery, and meeting the selection criteria, were included in the study, and CRIB and
SNAP-PE-II were used to determine mortality.
Results: The SNAP-PE-II scoring system was applied to all patients, and the CRIB scoring system was used for 310
newborns with gestational age <32 weeks and weighing <1500 g. Of the 1668 patients, 188 died (mortality rate,
11.3%). Cut-off was found to vary with center, which changed speciﬁcity and sensitivity of the mortality scores. SNAPPE-II signiﬁcantly predicted mortality (P < 0.05) compared with CRIB. SNAP-PE-II also successfully predicted mortality
in the group receiving antenatal corticosteroid compared with the group not receiving antenatal corticosteroid.
Conclusion: SNAP-PE-II was a signiﬁcant predictor of mortality in newborns with birthweight <1500 g compared with CRIB,
and assessment of antenatal corticosteroid use in conjunction with SNAP-PE-II increased the accuracy of the prediction of mortality.

Key words antenatal corticosteroid, neonatal intensive care unit, neonatal mortality, SNAP-PE-II.
Survival rates for extremely premature babies have dramatically
increased over the years with advances in technology. Unfortunately, neonatal mortality remains a major problem in Turkey, as
in all developing countries.
In the neonatal intensive care units (NICU), prediction of
mortality risk and severity of disease is extremely important in
terms of responding to parents’ inquiries and being prepared for
severe problems, including mortality, during follow up. Therefore,
birthweight and gestational age (GA) have been widely used in the
past, and during the last decade various scoring systems have been
developed. These scores, however, fall short of estimating
mortality risk in neonates of similar race, gender, birthweight,
and GA. Some of the commonly used scoring systems are the
Score for Neonatal Acute Physiology and Perinatal Extension
(SNAP-PE), which is applicable to all newborns (the improved
version is the SNAP-PE-II system), and the Clinical Risk Index
for Babies (CRIB), for newborns with GA <32 weeks or very
low-birthweight (VLBW) <1500 g.1
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The aims of the present study were to (i) determine SNAP-PE-II
mortality risk for all infants hospitalized in ﬁve different tertiary
NICU within the ﬁrst 12 h of delivery, and CRIB score for infants
aged <32 weeks and weighing <1500 g; and (ii) determine if
antenatal corticosteroids (CS) and/or surfactant use have any
additional effect on these scores to predict mortality.

Methods
This multicenter study was conducted simultaneously in ﬁve
different tertiary centers in four different provinces in southern
Turkey from July 2012 to July 2013. The centers were coded as
A, B, C, D, and E. A, D and E were NICU in three different
universities in three different cities. B was an NICU in a state
hospital in another city, and C was in a private hospital. A is the
referral unit for metabolic and congenital heart disease, and A, D,
and E have perinatal centers and mostly care for high-risk
pregnancies. In Turkey, all newborns have social insurance.
All inborn newborns hospitalized in the NICU within the ﬁrst
12 h of delivery were included in the study and the data were
collected prospectively. Newborns who died or who were
discharged before 12 h and had congenital malformations
incompatible with life were not included in the study. This trial
was approved by the local ethics committee at Çukurova
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University, and informed consent was obtained from the families of
the patients.
All patients were assessed using SNAP-PE-II,2 while the CRIB3
scoring system was used for newborns with GA <32 weeks and
weighing <1500 g. The SNAP-PE-II and CRIB mortality scores
and predictive value of the scores in each center, and receiver
operating characteristic (ROC) curves for babies with GA <32
weeks and birthweight <1500 g were analyzed. Given that
antenatal CS use in women with anticipated preterm delivery
<34 weeks’ gestation reduces the risk of neonatal death, and
surfactant therapy, whether prophylactically or as rescue therapy,
reduces neonatal mortality,4,5 we analyzed the effect of these two
additional factors on mortality.
Statistical analysis

all patients. The speciﬁcity and sensitivity for the individual
hospitals for SNAP-PE-II cut-off 13.5 are listed in Table 1.
The ROC curves and the SNAP-PE-II cut-offs for each hospital
are shown in Figure 1 and Table 1, respectively. According to the
cut-offs, in hospitals A and E SNAP-PE-II was more applicable
for prediction of mortality.
There were 310 newborns with GA <32 weeks and birthweight
<1500 g. When both CRIB and SNAP-PE-II were used for these
babies, SNAP-PE-II signiﬁcantly predicted mortality compared
with CRIB (P < 0.05; Fig. 2).
There were 734 newborns aged 24–34 gestational weeks. A
total of 561 (76.4%) of the mothers did not have antenatal CS,
and 173 (23.6%) did have antenatal CS. Of these patients, 83
infants (11.3%) died during hospitalization. There was no
signiﬁcant difference in terms of mean GA and mortality rate
(P > 0.05; Table 2). Given that CRIB is used for babies
<1500 g and <32 weeks’ gestation, we used SNAP-PE-II for
babies aged 24–34 weeks. SNAP-PE-II predicted mortality with
greater sensitivity and speciﬁcity in babies of mothers who had
antenatal CS. The SNAP-PE-II AUC for infants of mothers

SPSS version 19 (Armonk, NY: IBM Corp.,USA) was used for
statistical analysis. The predictive value of CRIB and SNAP-PE-II
was determined by evaluating the ROC curve and its related area under
the curve (AUC). AUC ranged from 0.5 (i.e. no predictive value) to
1.0 (perfect predictive value). In addition, measures of sensitivity and
speciﬁcity for several cut-offs of the scores were determined. These
cut-offs were selected for the total sample and also for each hospital
separately. P < 0.05 was considered statistically signiﬁcant.

Table 1 Speciﬁcity and sensitivity vs SNAP-PE-II cut-off

Results

Hospital
(n)

SNAP-PE-II
cut-off

Sensitivity (%)
(vs SNAP-PEII cut-off 13.5)

Speciﬁcity (%)
(vs SNAP-PEII cut-off 13.5)

A (527)
B (507)
C (201)
D (226)
E (207)
Total (1668)

14.5
9.5
13.5
12.5
17.5
13.5

78.5 (78.5)
51.2 (48.8)
56.7 (56.7)
64.3 (60.7)
83.3 (87.5)
67.0

74.5 (74.2)
48.9 (59.9)
52.6 (52.6)
52.0 (58.1)
62.8 (57.4)
63.0

In total, 1688 of 1743 infants (55 were excluded for congenital
anomaly, 3.2%) were included. One hundred and eighty-eight of
the 1668 babies died (mortality rate, 11.3%). Of these 1668
patients, 527 were from hospital A, 507 were from hospital B,
201 were from hospital C, 226 were from hospital D, and 207 were
from hospital E.
When all ﬁve hospitals were evaluated together, SNAP-PE-II
AUC was 0.716 (Fig. 1). When the cut-off for SNAP-PE-II was
set at 13.5, the sensitivity was 67% and speciﬁcity was 63% for

Fig. 1 ( ) Total (area under the curve, 0.716) and institutional
, B;
, C;
, D; ––, E) receiver operating
( , A;
characteristic curves for Score for Neonatal Acute Physiology
and Perinatal Extension II.

SNAP-PE-II, Score for Neonatal Acute Physiology and Perinatal
Extension II.

Fig. 2 Receiver operating characteristic curves for (––) Score for
Neonatal Acute Physiology and Perinatal Extension II and (- - -)
Clinical Risk Index for Babies in infants with gestational age <32
weeks and birthweight <1500 g.
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Table 2 SNAP-PE-II AUC vs presence of antenatal CS

Discussion

GA 24–34 weeks
(n = 734)

Subsequent advancements in practice and technology have allowed
the development of various scoring systems to determine mortality
risk.1 Thus, many researchers are now working on establishing a
common criterion for determination of mortality. CRIB is used
only for infants with birthweight <1500 g; SNAP, SNAP-PE,
SNAP-PE-II, and the Neonatal Therapeutic Interventions Scoring
System (NTISS) are used for infants of all birthweights.1
Zardo and Procianov investigated the CRIB, SNAP-PE, and
SNAP-PE-II scoring systems for 102 newborns with birthweight
<1500 g (average, 1050 g; GA, 31 weeks).6 They found that no
system was statistically superior over another with respect to AUC,
and that the predictive value of the three systems increased with
birthweight. The authors concluded that CRIB, SNAP-II, and
SNAP-PE-II are usable because they are easily applied and the
results are obtained at an early stage and within a short time, within
the ﬁrst 12 h. In a different study, CRIB, CRIB-II, and SNAP-PE-II
were compared in VLBW infants.7 That study covered 12 centers
and 720 babies, and both CRIB (AUC, 0.90) and CRIB-II (AUC,
0.91) had signiﬁcantly better discrimination than SNAP-PE-II
(AUC, 0.84). Another study on 86 newborns reported that CRIB-II
could be used to determine mortality in infants with GA <32 weeks
and weighing <1500 g in a tertiary center in India.8 In another study
on 83 newborns, SNAP-PE-II was found to predict mortality better
than the TRANSPORT and MINT systems.9
Pollack et al. compared the neonatal mortality prediction
models among eight different NICU and 476 VLBW infants.10
The CRIB, SNAP, and SNAP-PE scoring systems were compared
using the data within the ﬁrst 12 h, and the NTISS, SNAP, and
SNAP-PE scoring systems were compared using the data within
the ﬁrst 24 h. The SNAP-PE system (AUC, 0.908) was more
predictive than the CRIB system (AUC 0.891) within the ﬁrst 12
h; the SNAP-PE system (AUC, 0.916) was also more predictive
than the other systems within the ﬁrst 24 h. In a prospective study,
the SNAP scoring system was shown to be more predictive than the
CRIB, CRIB II, SNAP-II, and SNAP-PE scoring systems among
404 infants.11 Scoring systems, including the SNAP-PE, have
changed over time. SNAP-PE-II was developed because SNAPPE was considered to evaluate too many parameters. SNAP-PE-II
reportedly has a predictive value similar to that of the ﬁrst system
but is faster.12 We also used SNAP-PE-II in the present study.
In the present study, we compared these two scoring systems in
newborns with GA <32 weeks and birthweight < 1500 g. SNAP-

Antenatal CS (–) Antenatal CS (+) P-value
n = 561 (76.4%) n = 173 (23.6%)

Mean GA (weeks)
30.6 ± 3.0
Mortality rate, n (%) 59/561 (10.5%)
SNAP-PE-II AUC
0.70

30.6±2.0
24/173 (13.9%)
0.83

>0.05
>0.05
<0.05

AUC, area under the curve; CS, corticosteroid; GA, gestational age;
SNAP-PE-II, Score for Neonatal Acute Physiology and Perinatal
Extension II.

who did not receive antenatal CS was 0.70, and that for infants of
mothers who did receive antenatal CS was 0.83 (P < 0.05;
Table 2; Fig. 3).
A total of 78 of the infants with GA < 32 weeks and birthweight
< 1500 g (78/310, 25.2%) had surfactant for respiratory distress
syndrome (RDS), and 22 (22/78, 28.2%) died (Table 3). There
was no statistical signiﬁcance between groups in terms of mean
GA, but mortality rate was higher in the surfactant group. When
ROC was compared with regard to need for surfactant, no
difference was observed between the two groups in predicting
mortality.

Fig. 3 Receiver operating characteristic curves for Score for Neonatal
Acute Physiology and Perinatal Extension II vs (––) presence and (- - -)
absence of antenatal corticosteroid (CS) at 24–34 gestational weeks.
Area under the curve: CS(+), 0.83; CS(–), 0.70.
Table 3 Institutional antenatal CS and surfactant use
Hospital (total n)

Hospital
type

GA 24–34 weeks
n

A (527)
B (507)
C (201)
D (226)
E (207)
1668

University
State
Private
University
University

CS, corticosteroid; GA, gestational age.
© 2016 Japan Pediatric Society

251
217
90
98
78
734

Antenatal CS rate
n (%)
112 (44.6)
31 (14.3)
14 (15.6)
11 (11.2)
5 (6.4)
173 (23.6)

GA <32 weeks and birthweight <1500 g
n (%)
124 (23.5)
74 (14.6)
51 (25.4)
42 (18.6)
19 (9.2)
310 (18.6)

Surfactant use
n (%)

Mortality rate
n (%)

28 (22.6)
21 (26.9)
15 (29.4)
8 (19.0)
6 (31.6)
78 (25.2)

15 (12.1)
8 (10.8)
8 (15.7)
8 (19.0)
5 (26.3)
44 (14.2)
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PE-II (AUC, 0.74) had a higher predictive value than the CRIB
system (AUC, 0.54). The most important difference between
SNAP-PE-II and CRIB is that the former does not contain the
parameter of gestational weeks; instead, it contains more
parameters related to the emergency condition of the infant
requiring intervention. This may explain why SNAP-PE-II had a
higher predictive value in the present study. Also, CRIB has the
disadvantage of minimum and maximum FiO2 parameters, which
are determined by the care team. If a newborn is given more
oxygen than necessary, the score will be higher than in an
appropriately treated newborn. As shown in Tables 1, 3, the
characteristics of the units are different, therefore these scores
should be validated in every center.
A recommended SNAP-PE-II cut-off that can be used in all units
has not been established as yet. Cut-offs vary with institution. In the
previous studies, cut-offs of 33, 24 and 32 were determined on ROC
analysis.13–15 In the present study, evaluation of all centers using a
single cut-off resulted in statistically signiﬁcant differences in
speciﬁcity and sensitivity. The overall mortality rate was 11.3%,
but mortality rate variability between the NICU may be explained
by differences in patients and resources. Variation in issues such as
referral center, antenatal follow up, and initial diagnosis, would
affect the sensitivity and speciﬁcity for predicting mortality. We
found that if a cut-off speciﬁc to the unit was used, the speciﬁcity
and sensitivity more effectively predicted mortality (Table 2).
Although we did not evaluate patient characteristics, this difference
may be due to the different patient populations in the units. Antenatal
CS also differed between the centers: although it was low (44.6%)
compared with that in developed countries, the hospital A NICU
had the highest antenatal CS rate (Table 3). In other units, antenatal
CS rate was between 6.4% and 15.6%. The centers with higher
sensitivity and speciﬁcity had higher antenatal CS rates. This
supports the additive effect of antenatal CS on predictive value.
A single course of antenatal CS therapy in women at risk for
preterm delivery reduces the incidence and severity of RDS and
mortality in the newborns.4 In addition, antenatal CS improves
circulatory stability in preterm neonates, resulting in less
intraventricular hemorrhage than in unexposed preterm neonates.
For these reasons, we investigated whether additional information,
that is, surfactant and antenatal CS use, might improve prediction
of mortality. On ROC curve analysis, receiving surfactant did not
affect the prediction of mortality when assessed in conjunction with
SNAP-PE-II, but antenatal CS could be effective for determining
mortality when assessed in conjunction with SNAP-PE-II. To our
knowledge, there are no previous studies on the effect of antenatal
CS and surfactant use in scoring systems in the literature.
In conclusion, the SNAP-PE-II scoring system had greater
predictive value than the CRIB system for determining the
probability of mortality in newborns with birthweight <1500 g in
ﬁve units in Turkey, and assessment of antenatal CS use in
conjunction with SNAP-PE-II more effectively predicted mortality
in this patient group.

Disclosure
The authors declare no conﬂict of interest.

References
1 Dorling JS, Field DJ, Manktelow B. Neonatal disease severity
scoring systems. Arch. Dis. Child. Fetal Neonatal Ed. 2005; 90:
F11–6.
2 Richardson DK, Corcoran JD, Escobar GJ, Lee SK. SNAP-II and
SNAP-PE-II: Simpliﬁed newborn illness severity and mortality
risk scores. J. Pediatr. 2001; 138: 92–100.
3 The International Neonatal Network. The CRIB (clinical risk index
for babies) score: A tool for assessing initial neonatal risk and
comparing performance of neonatal intensive care units. Lancet
1993; 342: 193–8.
4 Roberts D, Dalziel S. Antenatal corticosteroids for accelerating
fetal lung maturation for women at risk of preterm birth. Cochrane
Database Syst. Rev. 2006; 3: CD004454.
5 Sweet DG, Carnielli V, Greisen G et al. European consensus
guidelines on the management of neonatal respiratory distress
syndrome in preterm infants: 2013 update. Neonatology 2013;
103: 353–68.
6 Zardo MS, Procianov RS. [Comparison between different
mortality risk scores in a neonatal intensive care unit.]. Rev. Saude
Publica 2003; 37: 591–6 (in Portuguese).
7 Gagliardi L, Cavazza A, Brunelli A. Assessing mortality risk in
very low birthweight infants: A comparison of CRIB, CRIB-II,
and SNAPPE-II. Arch. Dis. Child. Fetal Neonatal Ed. 2004; 89:
F419–22.
8 Rastogi PK, Sreenivas V, Kumar N. Validation of CRIB II for
prediction of mortality in premature babies. Indian Pediatr. 2010;
47: 145–7.
9 Yılmaz Ö, Çalkavur Ş, Olukman Ö, Atlıhan F. Comparison of
different scoring systems for predicting mortality risk of neonates
followed in neonatal intensive care units: TRANSPORT, SNAPPE II and MINT scores. İzmir Behçet Uz Çocuk Hast. Dergisi
2011; 1: 42–50.
10 Pollack MM, Koch MA, Bartel DA et al. A comparison of neonatal
mortality risk prediction models in very low birth weight infants.
Pediatrics 2000; 105: 1051–7.
11 Mohkam M, Afjeii A, Payandeh P et al. A comparison of CRIB,
CRIB II, SNAP, SNAPII and SNAP-PE scores for prediction of
mortality in critically ill neonates. Med. J. Islam. Repub. Iran
2011; 24: 193–9.
12 Kadivari M, Sagheb S, Bavafa F, Moghadam L, Eshrati B.
Neonatal mortality risk assessment in a neonatal intensive care unit
(NICU). Iran. J. Pediatr. 2007; 17: 325–31.
13 Fleisher BE, Murthy L, Lee S, Constantinou JC, Benitz WE,
Stevenson DK. Neonatal severity of illness scoring systems: A
comparison. Clin. Pediatr. 1997; 36: 223–7.
14 Silveira Rde C, Schlabendorff M, Procianoy RS. [Predictive value
of SNAP and SNAP-PE for neonatal mortality]. J. Pediatr. 2001;
77: 455–60 (in Portuguese).
15 Reid S, Bajuk B, Lui K, Sullivan EA, NSW and ACT Neonatal
Intensive Care Units Audit Group, PSN. Comparing CRIB-II and
SNAPPE-II as mortality predictors for very preterm infants.
J. Paediatr. Child Health 2014; DOI:10.1111/jpc.12742 [Epub
ahead of print].

© 2016 Japan Pediatric Society

