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Predictive ability of neonatal illness severity scores for early death in extremely 1 

premature infants 2 

Abstract 3 

Background: The predictive ability of neonatal illness severity scores for mortality or 4 

morbidity in extremely premature infants has not been extensively studied. We aimed to 5 

evaluate the ability of neonatal illness severity scores [Clinical Risk Index for Babies II (CRIB 6 

II), Score for Neonatal Acute Physiology II (SNAP-II), and SNAP-Perinatal Extension II 7 

(SNAPPE-II)] in predicting mortality and short-term morbidity of extremely premature infants.  8 

Methods: This retrospective study involved 171 infants with gestational age (GA) between 22 9 

and 27 weeks who were admitted to the NICU during 2010-2017. Predictive ability of neonatal 10 

illness severity scores for mortality and short-term morbidity (bronchopulmonary dysplasia, 11 

retinopathy of prematurity, intraventricular hemorrhage, necrotizing enterocolitis, and 12 

gastrointestinal perforation) was assessed by comparing their area under the receiver operating 13 

characteristic curve.  14 

Results: The overall mortality rate was 11.1%. Mortality at 23 weeks’ gestation was higher 15 

than that at 24-27 weeks’ gestation (p<0.01, adjusted residual 4.5). Neonatal illness severity 16 

scores were significantly higher in infants who died than in those who survived (p<0.01). CRIB 17 

II (AUC 0.93, 95% CI 0.85-1.00), SNAP-II (AUC 0.90, 95% CI 0.76-1.00), and SNAPPE-II 18 

(AUC 0.95, 95% CI 0.91-0.99) appeared to be excellent predictors and were superior to birth 19 
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weight (AUC 0.88, 95% CI 0.80-0.95) or GA (AUC 0.84, 95% CI 0.72-0.96) alone in predicting 1 

early death (died on <28th postnatal day). CRIB II, SNAP-II, and SNAPPE-II were better 2 

predictors of early death than mortality in extremely premature infants. Neonatal illness severity 3 

score and short-term morbidity were not strongly associated. 4 

Conclusions: The neonatal illness severity scores were excellent predictors of early death in 5 

extremely premature infants and might be useful for selecting extremely preterm infants who 6 

need intervention. 7 

Keywords: neonatal illness severity score; extremely premature infant; early death; predictor; 8 

perinatal care 9 
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Introduction 1 

Given the improvement in perinatal care in recent years, neonatal mortality has markedly 2 

decreased; however, the mortality rate among very premature infants is still high (that of infants 3 

born at 24-29 weeks’ gestation were 70-220 per 1000 live births) [1, 2]. In our neonatal intensive 4 

care unit (NICU), the mortality rate of infants born between 23 and 27 weeks’ gestation was 76 5 

per 1000 lives; these infants remained at a high risk for adverse outcomes [3]. 6 

Mortality rate increased with decreasing birth weight and gestational age (GA) [1]. Birth 7 

weight and GA have been used to predict neonatal mortality and morbidity; however, predicting 8 

neonatal mortality and morbidity accurately by only these perinatal parameters is difficult. 9 

Mortality of premature infants depends on birth weight, GA, and other perinatal factors and 10 

physiological conditions[4] of each infant; thus, neonatal illness severity scores are needed to 11 

objectively evaluate the risk of adverse outcomes of each very premature infant.  12 

Neonatal illness severity scores could estimate the probability of mortality and morbidity of a 13 

particular infant and could identify high-risk infants for a particular intervention [5, 6]. Among 14 

the neonatal illness severity scores, Score for Neonatal Acute Physiology (SNAP) and Clinical 15 

Risk Index for Babies (CRIB) are widely used. SNAP is known to be predictive of neonatal 16 

mortality [7]. SNAP-II has been validated to make the evaluation process simpler and more 17 

reliable and to reduce variable numbers. SNAP-II, which is applicable to all infants, is 18 

calculated using 6 variables (mean blood pressure, temperature, PaO2/FIO2, pH, multiple 19 
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seizures, urine output) with the strongest statistical association with neonatal mortality. In 1 

SNAPPE-II, 3 more perinatal parameters are added, including birth weight, Apgar score, and 2 

small-for-gestational age (SGA). SNAP-II and SNAPPE-II are highly predictive of neonatal 3 

mortality [8].  4 

CRIB is calculated using 6 variables [9]. CRIB II, which is applicable to infants with GA <32 5 

weeks, is an updated version of CRIB that was calculated using 4 variables (birth weight, base 6 

excess, body temperature, sex) and is highly predictive of neonatal mortality [10]. Neonatal 7 

illness severity scores (CRIB, CRIB II, SNAP, SNAP-II, SNAPPE-II) are used to assess 8 

mortality risk [4, 11-15], poor neurodevelopmental outcome [16-18], and morbidity of 9 

bronchopulmonary dysplasia (BPD) [19-21] and retinopathy of prematurity (ROP) [19] in 10 

premature and very low birth weight infants. Few studies have evaluated the predictive ability of 11 

neonatal illness severity scores for mortality or morbidity in extremely premature infants [16, 12 

22]. Perinatal care has improved over the last years, but the association between mortality and 13 

morbidity of extremely premature infants and neonatal illness severity scores may alter in recent 14 

years. Thus, we aimed to evaluate the ability of CRIB II, SNAP-II, and SNAPPE-II for 15 

predicting mortality and short-term morbidity (IVH, NEC, BPD, ROP) of extremely premature 16 

infants.  17 

 18 

Materials and Methods 19 
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This retrospective cohort study was conducted at Iwate Medical University of Medicine, Iwate, 1 

Japan. Infants with GA between 22 and 27 (extremely premature infants) weeks who were 2 

admitted to the NICU between October 2010 and December 2017 were included. Antenatal 3 

corticosteroids were administered in women with anticipated preterm delivery (<34 weeks’ 4 

gestation) in our hospital to reduce neonatal death risk. The exclusion criteria were as follows: 5 

admission was beyond 1 hour post-delivery and congenital malformation incompatible with life. 6 

We collected all clinical data (GA, birth weight, sex, lowest temperature, SGA, Apgar score, 7 

seizure, urine output, lowest pH, PAO2, FIO2, worse base excess, lowest mean blood pressure) 8 

needed to calculate the CRIB II, SNAP-II, and SNAPPE-II scores from the NICU database and 9 

medical records. CRIB II, SNAP-II, and SNAPPE-II scores were calculated according to the 10 

method previously mentioned [8, 10].  11 

The association between neonatal illness severity scores and morbidity of BPD and ROP was 12 

analyzed in infants who survived more than 36 weeks’ corrected age. The association between 13 

neonatal illness severity scores and mortality, intraventricular hemorrhage (IVH), necrotizing 14 

enterocolitis (NEC), and gastrointestinal perforation was analyzed in all infants. The primary 15 

outcome was the predictive ability of the neonatal illness severity scores (CRIB II, SNAP-II, 16 

SNAPPE-II) for mortality and short-term morbidity in extremely preterm infants. 17 

Terminology 18 

GA was determined by the maternal last menstrual period and confirmed on ultrasonography. 19 
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Chorioamnionitis was diagnosed clinically based on the presence of fever of 38.3 °C or higher 1 

and leukocytosis (> 18,000/μL). Mortality was defined as death prior to discharge home. BPD 2 

was defined as requiring supplemental oxygen or positive pressure ventilation at 36 weeks’ 3 

corrected age [23]. IVH was defined as grade III or IV[24]. NEC was defined as modified Bell’s 4 

stage II and III [25]. Gastrointestinal perforation was defined as a radiologic finding of free air. 5 

ROP was defined as requiring laser coagulation according to the International Committee for 6 

Classification of Retinopathy of Prematurity [26, 27]. In the study period, intraocular injection 7 

of anti-VEGF was not performed in our hospital. 8 

 9 

Ethics 10 

This study adhered to the Japanese ethical guidelines concerning epidemiological studies and 11 

conducted with approval of the ethics committee of Iwate Medical University of Medicine 12 

(approval number MH 2018-588). Informed consent was obtained from the parents of the infants 13 

by opt-out. 14 

 15 

Statistical analysis 16 

Continuous variables are expressed as mean±standard deviation and median (range). 17 

Categorical variables are expressed as number and percentage. Statistical analysis for baseline 18 

group comparisons was performed by X2 or Fisher’s exact for categorical variables and 19 
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Mann-Whitney U test for continuous variables. Analysis of the area under curve (AUC) of the 1 

receiver operating characteristic (ROC) curve was constructed to assess the predictive ability of 2 

these scores for mortality and morbidity. The AUC results were considered excellent, good, fair, 3 

poor, and failed for AUC values between 0.9 and 1, 0.8 and 0.9, 0.7 and 0.8, 0.6 and 0.7, and 0.5 4 

and 0.6, respectively [11]. Logistic regression was utilized to assess the independent effects of 5 

various risk factors for mortality. CRIB II, SNAP-II, and SNAPPE-II were not included in the 6 

multivariate logistic regression analysis because of multicollinearity. Data were analyzed using 7 

SPSS version 21 (IBM, Armonk. NY, USA). Statistical significance was set at p-value<0.05.  8 

 9 

Results 10 

A total of 178 infants were screened for the study; of these, 171 infants met the inclusion 11 

criteria. Seven infants were admitted beyond 1 hour post-delivery. No infant had congenital 12 

malformation. We collected the clinical data retrospectively, and all infants had sufficient data 13 

for calculating the neonatal illness severity scores (CRIB II, SNAP-II, SNAPPE-II). None was 14 

lost to follow-up.  15 

Population characteristic 16 

Characteristics of the study population are shown in Table 1. Among the 171 infants (one infant 17 

was born at 22 weeks’ GA, 33 infants at 23 weeks’ GA, 33 infants at 24 weeks’ GA, 34 infants 18 

at 25 weeks’ GA, 25 infants at 26 weeks’ GA, and 45 infants at 27 weeks’ GA), the overall 19 
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mortality rate of extremely premature infants was 11.1% in the study period. Seven (4.1%) died 1 

on the <28th postnatal day (early death) and 12 (7.0%) died between the 28th postnatal day and 2 

day of discharge (late death). Compared with surviving infants, infants who died had 3 

significantly lower GA and birth weight (p<0.01) and significantly higher incidence of SGA, 4 

NEC, and gastrointestinal perforation (p<0.01). Neonatal illness severity scores were 5 

significantly higher in infants who died than in surviving infants (p<0.01). Mortality was 33% 6 

(11/33) in infants born at 23 weeks’ GA, 6% (2/33) at 24 weeks’ GA, 6% (3/34) at 25 weeks’ 7 

GA, 8% (2/25) at 26 weeks’ GA, and 2% (1/45) at 27 weeks’ GA. Among the 7 infants with 8 

early death, 5 were born at 23 weeks’ GA, 1 at 24 weeks’ GA, and 1 at 25 weeks’ GA. 9 

 Mortality and early death at 23 weeks’ gestation were higher than those at 24-27 weeks’ 10 

gestation (p<0.01, adjusted residual 4.5). 11 

Logistic regression of mortality 12 

Univariate analysis revealed that CRIB II (OR 1.60 (95% CI 1.28-1.99), p<0.01), SNAP-II 13 

(OR 1.07 (95% CI 1.04-1.11), p<0.01), and SNAPPE-II (OR 1.07 (95% CI 1.04-1.10), p<0.01) 14 

scores were independent risk factors for mortality and that CRIB II (OR 2.34 (95% CI 15 

1.42-3.86), p<0.01), SNAP-II (OR 1.11 (95% CI 1.05-1.18), p<0.01), and SNAPPE-II (OR 1.11 16 

(95% CI 1.05-1.08), p<0.01) scores were risk factors for early death. In the multivariate logistic 17 

regression analysis among variables of neonatal illness severity scores (GA, birth weight, Apgar 18 

score at 5 min, mean blood pressure, PaO2/FIO2, body temperature, pH, base excess, urine 19 
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output), birth weight (OR 0.99 (95% CI 0.987-0.996), p<0.01) and pH (OR 0.58 (95% CI 1 

0.37-0.93), p=0.023) were shown to be independent risk factors for mortality. Birth weight (OR 2 

0.99 (95% CI 0.977-0.996), p<0.01) and base excess (OR 0.72 (95% CI 0.56-0.93), p=0.012) 3 

were shown to be independent risk factors for early death. 4 

Predictive ability of the neonatal illness severity scores 5 

Table 2 presents the AUC for the predictive ability for mortality and short-term morbidity 6 

predictive ability of the neonatal illness severity scores. CRIB II, SNAP-II, and SNAPPE-II 7 

appeared to be good or fair predictors of mortality. CRIB II and SNAPPE-II were superior to 8 

SNAP-II in predicting mortality. Predictive ability of neonatal illness severity scores was similar 9 

to that of birth weight (AUC 0.84, 95% CI 0.75-0.93), but superior to that of GA (AUC 0.77, 10 

95% CI 0.65-0.89) in predicting mortality. CRIB II, SNAP-II, and SNAPPE-II appeared to be 11 

excellent predictors and were superior to birth weight (AUC 0.88, 95% CI 0.80-0.95) or GA 12 

(AUC 0.84, 95% CI 0.72-0.96) alone in predicting early death. AUC of all neonatal illness 13 

severity scores indicated fair or failed ability for predicting short-term morbidity in extremely 14 

premature infants. 15 

 16 

Discussion 17 

The present study showed that the neonatal illness severity scores (CRIB II, SNAP-II, 18 

SNAPPE-II) appeared to be good predictors of mortality in extremely premature infants, similar 19 
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to birth weight, but superior to GA. Moreover, it is highly possible that the neonatal illness 1 

severity scores were excellent predictors of early death in extremely premature infants (CRIB II: 2 

AUC 0.93; SNAP-II: AUC 0.90; SNAPPE-II: AUC 0.95). However, neonatal illness severity 3 

scores were poor predictors of short-term morbidity.  4 

Predicting mortality of extremely premature infants is helpful for clinical decision making; 5 

however, it is difficult to do this accurately. The present study demonstrated that neonatal illness 6 

severity scores proved to be good predictors of mortality, and there is little difference in the 7 

predictive ability between neonatal illness severity scores and birth weight. Greenwood et al. 8 

[16] reported that CRIB II was superior to GA or birth weight alone in predicting mortality of 9 

infants born at <29 weeks’ GA. Dammann et al. [22] reported that infants with SNAP-II score ≥ 10 

30 were almost 6 times more likely to die than those with lower SNAP-II score, and infants with 11 

SNAPPE-II score ≥ 45 were almost 7 times more likely to die than those with lower SNAPPE-II, 12 

among infants born at <29 weeks’ GA.  13 

To the best of our knowledge, this is the first study demonstrating that CRIB II, SNAP-II, and 14 

SNAPPE-II were better predictors of early death than mortality in extremely premature infants. 15 

Generally, 82.7% of deaths occurred within 28 days of birth in extremely premature infants [2]. 16 

We speculated that early death prediction and early therapeutic intervention of extremely 17 

premature infants with high mortality risk will improve mortality in these infants. However, 18 

Park et al. [11] demonstrated that CRIB II was not effective in predicting early death in 19 
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extremely low birth infants. CRIB II scores were higher in our infants born at 23 and 24 weeks’ 1 

GA with early death (18.3±2.2) than in Park et al.’s infants born at 23 and 24 weeks’ GA who 2 

died on <7th postnatal day (16.1±1.1). Infant characteristics may differ between Park et al.’s 3 

study and ours.  4 

Previously, SNAP-II predicted the mortality risk of infants with severe septicemia [28] and 5 

congenital diaphragmatic hernia [29], and SNAP-II was better in predicting illness severity in 6 

very low birth weight infants than in those who weighed more than 1,500 g [30]; neonatal illness 7 

severity scores might be appropriate for evaluating mortality of high-risk populations. We 8 

believe that further analysis will be required to evaluate the relationship between neonatal illness 9 

severity scores and mortality in extremely premature infants. 10 

CRIB II and SNAPPE-II had similar predictive ability, which is superior to that of SNAP-II. In 11 

the present study, multivariate analysis revealed that birth weight, pH, and base excess were 12 

independent risk factors for mortality and early death; therefore, SNAPPE-II, in which the 13 

variables include perinatal factors, showed better predictive ability of mortality than SNAP-II. 14 

Variables of CRIB II and SNAPPE-II include birth weight and blood gas (pH, base excess); 15 

therefore, CRIB II showed similar predictive ability of mortality with SNAPPE-II. In previous 16 

reports, predictive ability of CRIB II was slightly superior to SNAPPE-II in infants born at <32 17 

weeks’ GA [4], and CRIB II showed greater predictive ability of mortality than SNAPPE-II in 18 

very low birth weight infants [15]. The different results might be due to the different populations 19 
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being studied. 1 

Neonatal illness severity scores were poor predictors of short-term morbidity in extremely 2 

premature infants in the present study. Özcan et al. [19] reported that SNAPPE-II was an 3 

independent risk factor for BPD and ROP. Yanhong et al. [21] reported that high SNAP scores 4 

were significantly associated with increased risk for BPD; however, predictive accuracy of 5 

SNAP was not superior to that of GA. Carvalho et al. [14] reported that SNAPPE-II was proved 6 

to predict severe morbidities, including IVH, NEC, and ROP; however, the AUC demonstrated 7 

fair-to-poor predictive ability. The present study suggested that the association between neonatal 8 

illness severity scores and short-term morbidity in extremely premature infants was not strong. 9 

We suggested that predicting short-term morbidity risk of extremely premature infants depends 10 

not only on neonatal illness severity scores but also on the interaction of medical factors after 12 11 

hours of birth. CRIB II, SNAP-II, and SNAPPE-II were poorly calibrated for extremely 12 

premature infants. Short-term morbidity of extremely premature infants is especially higher than 13 

that of the general population; thus, the neonatal illness severity scores should be re-validated in 14 

predicting short-term morbidity of extremely premature infants.  15 

The rapid medical evolution might have altered the association between mortality and severity 16 

scores. Nevertheless, neonatal illness severity scores were still excellent predictors of mortality 17 

in extremely premature infants. Although even the best scoring systems are not completely 18 

accurate, neonatal illness severity scores might be useful for selecting infants who need 19 
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intervention, such as whether to perform resuscitation, mechanical ventilation, and other 1 

intensive treatments to reduce early death in extremely premature infants.  2 

One limitation of this study is its retrospective design. However, all infants had sufficient data 3 

for calculating the neonatal illness severity scores, and no infant was lost to follow-up. The other 4 

limitation is that only a small number of infants were included and the study was performed in a 5 

single institution. Our hospital is the only tertiary medical facility in the region; therefore, 6 

almost all extremely premature infants are admitted to our hospital. However, our study 7 

population might not reflect the infant characteristics seen elsewhere. Further studies involving a 8 

larger population and multiple institutions are needed to confirm our findings.  9 

In conclusion, the neonatal illness severity scores were excellent predictors of early death in 10 

extremely premature infants and might be useful for selecting extremely preterm infants who 11 

need intervention, 12 

Acknowledgments: We thank Rina Hayashi, Ryoichi Syoji, Akiko Urushikubo, Shiori 13 

Takamatsu, Momoka Osawa, and Kiyoto Takei for their help in obtaining the scores in our 14 

subset of infants. 15 

Research funding: None 16 

Disclosure of interest: The authors declare no conflict of interest. 17 



Neonatal severity scores predict early death 

15 

 

References 1 

1. Helenius K, Sjörs G, Shah PS, et al. Survival in very preterm infants: an 2 

international comparison of 10 national neonatal networks. Pediatrics. 2017;140(6). 3 

DOI:10.1542/peds.2017-1264. 4 

2. Patel RM, Kandefer S, Walsh MC, et al. Causes and timing of death in extremely 5 

premature infants from 2000 through 2011. N Engl J Med. 2015;372(4):331–340. 6 

3. Asami M, Kamei A, Nakakarumai M, et al. Intellectual outcomes of extremely 7 

preterm infants at school age. Pediatr Int. 2017;59(5):570–577. 8 

4. Reid S, Bajuk B, Lui K, et al. Comparing CRIB-II and SNAPPE-II as mortality 9 

predictors for very preterm infants. J Paediatr Child Health. 2015;51(5):524–528. 10 

5. Dorling JS, Field DJ, Manktelow B. Neonatal disease severity scoring systems. 11 

Arch Dis Child Fetal Neonatal Ed. 2005;90(1):F11–F16. 12 

6. Garg B, Sharma D, Farahbakhsh N. Assessment of sickness severity of illness in 13 

neonates: review of various neonatal illness scoring systems. J Matern Fetal 14 

Neonatal Med. 2018;31(10):1373–1380. 15 

7. Richardson DK, Gray JE, McCormick MC, et al. Score for Neonatal Acute 16 

Physiology: a physiologic severity index for neonatal intensive care. Pediatrics. 17 

1993;91(3):617–623. 18 

8. Richardson DK, Corcoran JD, Escobar GJ, et al. SNAP-II and SNAPPE-II: 19 

Simplified newborn illness severity and mortality risk scores. J Pediatr. 20 



Neonatal severity scores predict early death 

16 

 

2001;138(1):92–100. 1 

9. The CRIB (clinical risk index for babies) score: a tool for assessing initial neonatal 2 

risk and comparing performance of neonatal intensive care units. The International 3 

Neonatal Network. Lancet. 1993;342(8865):193–198. 4 

10. Parry G, Tucker J, Tarnow-Mordi W, et al. CRIB II: an update of the clinical risk 5 

index for babies score. Lancet. 2003;361(9371):1789–1791. 6 

11. Park JH, Chang YS, Ahn SY, et al. Predicting mortality in extremely low birth 7 

weight infants: Comparison between gestational age, birth weight, Apgar score, 8 

CRIB II score, initial and lowest serum albumin levels. PLoS One. 9 

2018;13(2):e0192232. 10 

12. Asker HS, Satar M, Yıldızdaş HY, et al. Evaluation of Score for Neonatal Acute 11 

Physiology and Perinatal Extension II and Clinical Risk Index for Babies with 12 

additional parameters. Pediatr Int. 2016;58(10):984–987. 13 

13. Guenther K, Vach W, Kachel W, et al. Auditing neonatal intensive care: Is PREM a 14 

good alternative to CRIB for mortality risk adjustment in premature infants? 15 

Neonatology. 2015;108(3):172–178. 16 

14. Carvalho PR, Moreira ME, Sá RA, et al. SNAPPE-II application in newborns with 17 

very low birth weight: evaluation of adverse outcomes in severe placental 18 

dysfunction. J Perinat Med. 2011;39(3):343–347. 19 

15. Gagliardi L, Cavazza A, Brunelli A, et al. Assessing mortality risk in very low 20 



Neonatal severity scores predict early death 

17 

 

birthweight infants: a comparison of CRIB, CRIB-II, and SNAPPE-II. Arch Dis 1 

Child Fetal Neonatal Ed. 2004;89(5):F419–F422. 2 

16. Greenwood S, Abdel-Latif ME, Bajuk B, et al. Can the early condition at admission 3 

of a high-risk infant aid in the prediction of mortality and poor neurodevelopmental 4 

outcome? A population study in Australia. J Paediatr Child Health. 2012;48(7):588–5 

595. 6 

17. Dammann O, Naples M, Bednarek F, et al. SNAP-II and SNAPPE-II and the risk of 7 

structural and functional brain disorders in extremely low gestational age newborns: 8 

the ELGAN study. Neonatology. 2010;97(2):71–82. 9 

18. Lodha A, Sauvé R, Chen S, et al. Clinical Risk Index for Babies score for the 10 

prediction of neurodevelopmental outcomes at 3 years of age in infants of very low 11 

birthweight. Dev Med Child Neurol. 2009;51(11):895–900. 12 

19. Özcan B, Kavurt AS, Aydemir Ö, et al. SNAPPE-II and risk of neonatal morbidities 13 

in very low birth weight preterm infants. Turk J Pediatr. 2017;59(2):105–112. 14 

20. Bruno CJ, Meerkov M, Capone C, et al. CRIB scores as a tool for assessing risk for 15 

the development of pulmonary hypertension in extremely preterm infants with 16 

bronchopulmonary dysplasia. Am J Perinatol. 2015;32(11):1031–1037. 17 

21. Li Y, Yan J, Li M, et al. Addition of SNAP to perinatal risk factors improves the 18 

prediction of bronchopulmonary dysplasia or death in critically ill preterm infants. 19 

BMC Pediatr. 2013;13:138. 20 



Neonatal severity scores predict early death 

18 

 

22. Dammann O, Shah B, Naples M, et al. Interinstitutional variation in prediction of 1 

death by SNAP-II and SNAPPE-II among extremely preterm infants. Pediatrics. 2 

2009;124(5):e1001–e1006. 3 

23. Ehrenkranz RA, Walsh MC, Vohr BR, et al. Validation of the National Institutes of 4 

Health consensus definition of bronchopulmonary dysplasia. Pediatrics. 5 

2005;116(6):1353–1360. 6 

24. Papile LA, Burstein J, Burstein R, et al. Incidence and evolution of subependymal 7 

and intraventricular hemorrhage: a study of infants with birth weights less than 8 

1,500 gm. J Pediatr. 1978;92(4):529–534. 9 

25. Bell MJ, Ternberg JL, Feigin RD, et al. Neonatal necrotizing enterocolitis. 10 

Therapeutic decisions based upon clinical staging. Ann Surg. 1978;187(1):1–7. 11 

26. Prematurity ICftCoRo. The International Classification of Retinopathy of 12 

Prematurity revisited. Arch Ophthalmol. 2005;123(7):991–999. 13 

27. Group ETFROPC. Revised indications for the treatment of retinopathy of 14 

prematurity: results of the early treatment for retinopathy of prematurity 15 

randomized trial. Arch Ophthalmol. 2003;121(12):1684–1694. 16 

28. Sundaram V, Dutta S, Ahluwalia J, Narang A. Score for neonatal acute physiology 17 

II predicts mortality and persistent organ dysfunction in neonates with severe 18 

septicemia. Indian Pediatr. 2009;46(9):775–780. 19 

29. Wilson MG, Beres A, Baird R, et al. Congenital diaphragmatic hernia (CDH) 20 



Neonatal severity scores predict early death 

19 

 

mortality without surgical repair? A plea to clarify surgical ineligibility. J Pediatr 1 

Surg. 2013;48(5):924–929. 2 

30. Zupancic JA, Richardson DK, Horbar JD, et al. Revalidation of the Score for 3 

Neonatal Acute Physiology in the Vermont Oxford Network. Pediatrics. 4 

2007;119(1):e156–e163 5 



p value

Gestational age mean±SD <0.01

Birth weight mean±SD <0.01

Sex male n (%) 97 (56.4) 85 (55.9) 12 (63.2) 0.548

SGA n (%) 23 (13.5) 17 (11.2) 6 (31.6) 0.025

chorioamnionitis n (%) 41 (24.0) 35 (23.0) 6 (31.6) 0.403

antenetal CS n (%) 96 (56.8) 84 (56.0) 12 (63.2) 0.707

PDA n (%) 43 (25.3) 41 (27.0) 2 (11.1) 0.163

IVH grade3-4 n(%) 9 (5.3) 6 (3.9) 3 (15.8) 0.134

NEC grade II-III n (%) 5 (3.0) 1 (0.7) 4 (23.5) <0.01

Intestinal perforation n (%) 6 (3.6) 2 (1.3) 4 (23.5) <0.01

BPD n (%) 74 (45.7) 69 (42.6) 5 (83.3) 0.053

ROP n (%) 31 (19.8) 29 (19.1) 2 (50.0) 0.177

CRIB Ⅱ median (range) 12 (7-21) 12 (7-19) 16 (9-21) <0.01

SNAP-Ⅱ median (range) 25 (0-74) 23 (0-74) 42 (9-66) <0.01

SNAPPE-Ⅱ median (range) 49 (0-109) 43 (0-109) 76 (37-101) <0.01

Table 1. Population characteristics, and CRIB II, SNAP-II, SNAPPE-II in the study population.

SGA small for gestational age, CS corticosteroid, PDA patent ductus arteriosus, INDO indomethacin,
IVH intraventricular hemorrhage, NEC necrotizing enterocolitis,  BPD bronchopulmonary dysplasia,
ROP retinopathy of prematurity

total

n=171

25.5±1.6

741.3±208.2

25.7±1.5

767.5±200.6

survived

n=152

expired

n=19

24.2±1.4

532.0±141.7



CRIBⅡ SNAP-Ⅱ SNAPPE-Ⅱ

mortality 0.81 (0.69-0.93) 0.77 (0.65-0.90) 0.85 (0.77-0.93)

early death§ 0.93 (0.85-1.00) 0.90 (0.76-1.00) 0.95 (0.91-0.99)

PDA 0.49 (0.39-0.59) 0.55 (0.45-0.65) 0.50 (0.39-0.59)

IVH 0.74 (0.57-0.90) 0.77 (0.62-0.93) 0.74 (0.56-0.90)

NEC 0.64 (0.40-0.88) 0.73 (0.56-0.91) 0.74 (0.55-0.93)

Intestinal perforation 0.72 (0.50-0.93) 0.71 (0.57-0.85) 0.74 (0.58-0.91)

BPD¶ 0.80 (0.73-0.87) 0.63 (0.55-0.72) 0.67 (0.59-0.76)

ROP¶ 0.66 (0.56-0.77) 0.64 (0.51-0.73) 0.60 (0.47-0.68)

Table 2. Area under receiver operating curve for mortality and complication predicting
ability of the neonatal severity scores.

Data is presented as area under reciever operating curve (95% confidence interval )

PDA patent ductus arteriosus, IVH intraventricular hemorrhage, NEC necrotizing
enterocolitis,  BPD bronchopulmonary dysplasia, ROP retinopathy of prematurity

¶ BPD and ROP were analyzed in the infants who survived more than 36 weeks’ corrected a  
§ early death: infants who died on the <28th postnatal day. 
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