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as a cut-off, and at a Z score of  1 1 standard deviation from 
an external mean.  Results:  After adjustment for gestational 
age, high SNAP-II and SNAPPE-II scores predicted intraven-
tricular hemorrhage, moderate/severe ventriculomegaly 
and echodense lesions in cerebral white matter. Only 2 
SNAP-II extremes, the highest decile for gestational age and 
a Z score  1 1, also predicted echolucent lesions in the white 
matter. Neither SNAP-II nor SNAPPE-II predicted any statisti-
cally significant diagnosis of cerebral palsy. MDI and PDI 
scores  ! 55 were consistently predicted by both high SNAP-II 
and SNAPPE-II, whereas scores in the 55–69 range were in-
consistently predicted. High SNAP-II and SNAPPE-II inconsis-
tently predicted a positive screen for autism spectrum disor-
der and small head circumference at 24 months.  Conclusion:  
The physiologic instability in the first 12 post-natal hours 
identified by illness severity scores conveys information 
about the risks of brain damage and neurodevelopmental 
dysfunctions. This risk information might reflect postnatal 
characteristics in the causal chain. On the other hand, high 
SNAP scores might be indicators of immaturity and vulner-
ability. 
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 Abstract 

  Background:  Illness severity measures predict death and ill-
nesses in the newborn. It is unknown how well they predict 
brain lesions evident on ultrasound scans or neurodevelop-
mental dysfunctions in preterm infants.  Methods:  A total of 
1,399 inborn infants born before the 28th week of gestation 
were given Scores for Neonatal Acute Physiology (SNAP-II 
and SNAPPE-II) based on data collected within the first 12 h 
of admission to the intensive care unit and had a protocol 
brain ultrasound scan read independently by 2 sonologists. 
Of the surviving 1,149 infants, 1,014 (88%) had a neurologic 
examination at approximately 24 months post-term equiva-
lent, and 975 (85%) had a Bayley Scales of Infant Develop-
ment assessment. SNAP-II and SNAPPE-II were dichotomized 
at arbitrary cut-offs (30 for SNAP-II and 45 for SNAPPE-II), us-
ing the highest quartile and decile of the week of gestation 
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 Introduction 

 Illness severity scores were designed to estimate the 
mortality risk based on data obtained shortly after ad-
mission to an intensive care unit (ICU)  [1] . They were 
created to avoid attributing to suboptimal care what 
should be attributed to each individual’s endogenous risk 
of dying in the ICU. The goal was to adjust each ICU’s 
mortality rate using the illness severity scores of those 
admitted to that unit. Then, the mortality rates of the 
ICUs could be compared along with their medical care 
practices in order to find ways to reduce the risk of death 
among ICU admissions. This has been successful for 
studies of adults  [2]  and newborns  [3, 4] .

  Severity of illness among very preterm newborns is 
not only associated with mortality, but also with neonatal 
interventions  [5]  and neonatal morbidities, such as intra-
ventricular hemorrhage  [6] , chronic lung disease  [6]  and 
retinopathy of prematurity  [7] . This should not come as 
a surprise since some early neonatal characteristics of 
scores such as the Score for Neonatal Acute Physiology 
(SNAP) overlap with characteristics/correlates of neona-
tal morbidity  [8] .

  We know of only one study that evaluated SNAP scores 
and developmental outcomes  [9] . It calculated the SNAP 
every day for 96 infants born before the 31st week of ges-
tation. Infants in the highest quartile of cumulative daily 
SNAP scores did not do as well as their peers on multiple 
measures of function at 2–3 years of age, including the 
Bayley Scales of Infant Development, 2nd Edition, and 
the Receptive-Expressive Emergent Language Scale.

  Since that study, SNAP has been simplified, resulting 
in two modifications (SNAP-II and SNAPPE-II)  [10] . We 
wanted to see if the illness severity measures collected 
only during the first 12 postnatal hours in a sample of 
extremely premature infants predicted neonatal cerebral 
abnormalities identified on cranial ultrasound images 
and later neurodevelopmental dysfunctions.

  Methods 

 The ELGAN (Extremely Low Gestational Age Newborns) 
Study was designed to identify characteristics and exposures that 
increase the risk of structural and functional neurologic disorders 
in ELGANs. From 2002 to 2004, women who delivered before 28 
weeks gestation at 14 participating institutions in 11 cities in 5 
states were asked to enroll in the study. The enrollment and con-
sent processes were approved by the individual institutional re-
view boards.

  Mothers were approached for consent either upon antenatal 
admission or shortly after delivery, depending on clinical circum-

stances and institutional preference. One thousand two hundred 
and forty-nine mothers of 1,506 infants consented. Approximate-
ly 260 women were either missed or did not consent to participate. 
We excluded an additional 71 children because they were not eli-
gible for SNAP-II scoring or did not have all the components for 
calculating SNAP-II  [10] , and an additional 36 infants who did 
not have a single protocol ultrasound scan were also excluded ( ta-
ble 1 ). The remaining 1,399 inborn infants constituted the sample 
for this study.

  After excluding all deaths, 1,149 infants were eligible for a neu-
rodevelopmental assessment at approximately 24 months post-
term equivalent. Not all children evaluated had every component 
of the assessment protocol. All children who had each assessment 
were included in the sample for that assessment. Thus, the de-
nominator varies from 964 for head circumference outcomes to 
1,042 for the Modified-Checklist for Autism in Toddlers (M-
CHAT).

  Newborn Variables 
 Data were collected by research nurses trained specifically for 

the ELGAN study. The gestational age estimates were based on a 
hierarchy of the quality of available information. Most desirable 
were estimates based on the dates of embryo retrieval or intra-
uterine insemination or fetal ultrasound before the 14th week 
(62%). When these were not available, reliance was placed sequen-
tially on a fetal ultrasound at 14 or more weeks (29%), last men-
strual period (LMP) without fetal ultrasound (7%) and gestation-
al age recorded in the log of the neonatal ICU (1%).

  We collected all the physiology, laboratory and therapy data 
for the first 12 h needed to calculate a SNAP-II score  [10] . SNAP-
II includes points for the lowest mean blood pressure, lowest tem-
perature, lowest pH, respiratory dysfunction (the lowest of PaO2/
FiO2 ratios at 3 points), low urine output and seizures. In addition 
to these, SNAPPE-II includes points for low birth weight, low 5-
minute Apgar score and being small for gestational age. Mori-
bund infants were excluded from SNAP data collection.

Table 1. Sample description

Available

no yes

Patients 1,506
SNAP-II and SNAPPE-II calculated 71 1,435
Had an ultrasound 36 1,399
Eligible for the 24-month assessment 250 1,149

Had a neurological exam at 24 months
(CP diagnosis) 135 1,014

Had GMFCS at 24 months 137 1,012
Had Bayley MDI and PDI at 24 months 174 975
Had M-CHAT at 24 months 107 1,042
M-CHAT and GMFCS <1 at 24 months 241 908
M-CHAT and GMFCS <1 at 24 months

and no ear or eye issues 264 885
HC measured at 24 months and at birth 185 964
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  We arbitrarily selected a SNAP-II value of 30 or more as high, 
which identified 28% of our sample, and a SNAPPE-II above a 
cut-off of 45, which was the score for 33% of the newborns. We 
also identified cut-offs for each week of gestational age that de-
fined the top quartile and top decile.

  The Vermont Oxford Network (VON) SNAP Pilot Project 
 provided the median and standard deviation of SNAP-II and 
SNAPPE-II for each week of gestation  [4] . This allowed us to cre-
ate a Z score SNAP-II and SNAPPE-II Z score for each newborn 
in our study.

  The SNAP-II Z score is the difference between the observed 
SNAP-II and the mean SNAP-II for the same gestational age in 
the VON sample divided by the standard deviation of the SNAP-
II at that gestational age. Because they incorporate the standard 
deviation, Z scores provide information about SNAP-II variabil-
ity at each gestational age. They are expressed as units of standard 
deviations from the gestational age-specific mean and follow a 
Gaussian distribution with a mean of 0 and variance of 1.

  Ultrasound Protocol Scans 
 Routine scans were performed by technicians at all of the hos-

pitals using digitized high-frequency transducers (7.5 and 10 
MHz). Ultrasound studies always included the 6 standard quasi-
coronal views and 5 sagittal views using the anterior fontanel as 
the sonographic window  [11] .

  The 3 sets of protocol scans were defined by the postnatal day 
on which they were obtained. Protocol 1 scans were obtained be-
tween the 1st and 4th day (n = 1,075); protocol 2 scans were ob-
tained between the 5th and 14th day (n = 1,247) and protocol 3 
scans were obtained between the 15th day and the 40th week (n = 
1,215).

  After creation of a manual and data collection form, observer 
variability minimization efforts included conference calls dis-
cussing aspects of images prone to different interpretations  [12] . 
Templates of multiple levels of ventriculomegaly were included in 
the manual.

  All ultrasound scans were read by two independent readers 
who were not provided clinical information. Each set of scans was 
1st read by 1 study sonologist at the institution of the infant’s 
birth. The images, usually as electronic images on a CD imbedded 
in the software eFilm Workstation TM  (Merge Healthcare/Merge 
eMed, Milwaukee, Wisc., USA), were sent to a sonologist at an-
other ELGAN study institution for a 2nd reading. The eFilm pro-
gram allowed the 2nd reader to see what the 1st reader saw, and 
provided options to adjust and enhance the studies similar to the 
original reader, including the ability to zoom and alter gains.

  When the two readers differed in their recognition of intra-
ventricular hemorrhage, moderate/severe ventriculomegaly, 
echo dense (hyperechoic) lesion and echolucent (hypoechoic) le-
sion, the films were sent to a 3rd (tie-breaking) reader who did 
not know what the first 2 readers had reported.

  24-Month Developmental Assessment 
 Families were invited to bring their child for a developmental 

assessment close to the time when s/he would have a corrected age 
of 24 months. Fully 91% of children had this developmental assess-
ment, which included a neurological examination and the Bayley 
Scales of Infant Development, 2nd Edition  [13] . Of these children, 
77% had their exam within the range of 23.5–27.9 months. All Bay-
ley Scales assessments were age-adjusted as appropriate.

  The parent or caregiver accompanying the child was asked to 
complete the M-CHAT  [14] .

  Head Circumference 
 The head circumference was measured as the largest possible 

occipital-frontal circumference. Measurements were rounded to 
the closest 0.1 cm when taken at birth and examined at 24 months 
(corrected age). All head circumferences are presented as Z scores 
because newborns were assessed at different gestational ages at 
birth (23–27 weeks) and at different age-corrected approxima-
tions of 24 months (range: 16–44 months corrected age, with 68% 
assessed at 23–25 months corrected age). Z scores were based on 
standards in the CDC data sets  [15] .

  Cerebral Palsy 
 Neurologic examiners used a manual, a data collection form 

and an instructional CD designed to minimize examiner vari-
ability, and demonstrated acceptably low variability  [16] . The to-
pographic diagnosis of cerebral palsy (CP; quadriparesis, dipare-
sis or hemiparesis) was based on an algorithm created using
these same sources of information  [17] . Children allocated to 1 CP 
diagnosis differed from their peers with the 2 other CP diagnoses 
in their score on the Gross Motor Functional Classification Scale 
(GMFCS)  [18] , as well as in the frequency of microcephaly, cogni-
tive impairment and M-CHAT positivity. Only 4% of the examin-
ers indicated at the time of the examination that they had knowl-
edge of the child’s brain-imaging studies.

  GMFCS 
 In addition to performing the neurological examination, ex-

aminers rated children on the GMFCS, separate from the neuro-
logical examination.

  Bayley Scales of Infant Development, 2nd Edition 
 Certified examiners administered and scored the Bayley 

Scales of Infant Development, 2nd Edition  [13] . Before testing, the 
examiners were told the child’s age. After completion of testing, 
they were told the gestational age so that the unadjusted mental 
developmental index (MDI) and psychomotor developmental in-
dex (PDI) could be obtained. Only 2% of the examiners indicated 
at the time of the examination that they had more than a limited 
amount of information about the child.

(For figure see next pages.) 
  Fig. 1.  Box and whiskers displays of the central tendency and dis-
persion of SNAP-II in gestational age groups. The central ten-
dency is indicated by the line close to the middle of the box, which 
is the median, and by the top and bottom of each box, which in-
dicate the 25th and 75th centiles. The dispersion of SNAP-II is 
indicated by the length of the vertical lines that emanate from the 
box, as well as by the black dots, which identify outliers. GA = 
Gestational age; IVH= intraventricular hemorrhage; VM = ven-
triculomegaly; ED = echodense lesion; EL = echolucent lesion; 
Quad = quadriparesis; Di = diparesis; Hemi = hemiparesis.   
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  The child was classified as nontestable if her/his impairments 
prohibited standardized administration or more than 2 items 
were judged to be ‘not applicable’. On the basis of their score on 
scale No. 5 of the Vineland Adaptive Behavior Scales, 26 of 33 
children considered nontestable were assigned an MDI equiva-
lent of  ! 70 (n = 23) or 70+ (n = 3). On the basis of the motor scale 
(No. 4) of the Vineland Adaptive Behavior Scales, 32 of 38 chil-
dren considered nontestable were assigned a PDI equivalent of 
 ! 70 (n = 27) or 70+ (n = 5). The 7 (6) children not assigned an 
MDI (PDI) equivalent had no Vineland score available.

  M-CHAT 
 The parent or caregiver accompanying the child was asked to 

complete the M-CHAT  [14] . A child screened positive if 2 of 6 
‘critical’ items were identified or any 3 of the 23 items. Because 
vision, hearing and motor limitations might account for some 
children screening positive for an autism spectrum disorder, we 
limited 1 set of analyses to children who were not blind in either 
eye, did not wear a hearing aid or receive services for the hearing 
impaired, and had a GMFCS  ! 1, indicating they had no difficul-
ty walking.

  Data Analysis 
 SNAP-II and SNAPPE-II decline with increasing gestational 

age ( fig. 1 ). We considered the possibility that a SNAP-II of 35 at 
23 weeks conveys different information than a SNAP-II of 35 at 
27 weeks, prompting us to classify newborns by their SNAP 
scores within gestational age strata. This is the equivalent to cre-
ating internal-based Z scores. Because we also wished to use
an external standard, we created Z scores based on the VON 
data.

  Each child was classified by 4 dichotomies of SNAP-II (an ar-
bitrary cut-off at 30, the highest quartile for gestational age, the 
highest decile for gestational age and a Z score  1 1), and the equiv-
alent 4 dichotomies of SNAPPE-II (with an arbitrary cut-off at 
45). Doing so allowed us to evaluate which derivative of SNAP-II 
conveyed the most discriminating information.

  We evaluated the following generalized null hypotheses:
 1   High SNAP-II or SNAPPE-II scores do not predict ultrasound 

lesions of the brain; 
2  High SNAP-II or SNAPPE-II scores do not predict neurode-

velopmental dysfunctions; 
3   High SNAP-II or SNAPPE-II scores do not predict a head 

 circumference  1 2 standard deviations below the expected 
mean; 

4   Distributions of SNAP-II and SNAPPE-II do not vary appre-
ciably among children with and without ultrasound lesions of 
the brain. 

5   Distributions of SNAP-II and SNAPPE-II do not vary appre-
ciably among children with and without each neurodevelop-
mental dysfunction at approximately 24-month post-term 
equivalent. 

6  Distributions of SNAP-II and SNAPPE-II do not vary appre-
ciably among children with and without a head circumference 
 1 2 standard deviations below the expected mean at approxi-
mately 24-month post-term equivalent. 
 We evaluated the first 3 hypotheses with logistic regression 

models that adjusted for gestational age by both week of gestation 
and groups of weeks  [19–23] . Each adjustment provided almost 
identical results. We prefer the groups of weeks because it mini-

mizes the degrees of freedom. To account for the possibility that 
infants born at a particular hospital are more like each other than 
like infants born at other hospitals, a hospital cluster term was 
included in all models  [24] .

  Results 

 Of the 1,149 infants eligible for the 24-month follow-
up, 91 did not have any examination performed. They 
differed significantly from the 1,058 who had at least one 
24-month examination with regard to sociodemographic 
variables. Mothers of children not seen were less likely to 
have a college education, more likely to be single and 
more likely to have public insurance. The children did 
not differ, however, on their SNAP-II or SNAPPE-II 
scores nor in their rates of ultrasound abnormalities.

  Inter-Relationships of SNAP-II and SNAPPE-II
Cut-Offs 
 Since all SNAP-II items are included in the SNAPPE-II 

score, it is not surprising that the 4 dichotomies of SNAP-
II and SNAPPE-II are highly related to one another ( ta-
ble 2 ). For example, all children with a SNAP-II Z score 
 1 1 had a SNAP-II  1 30 and a SNAP-II in the highest quar-
tile for gestational age, while 90% had a SNAP-II in the 
highest decile for gestational age. Similar agreements 
were seen for SNAPPE-II. All 106 children who had a 
SNAPPE-II Z score  1 1 had a SNAPPE-II  1 45, a SNAPPE-
II in the highest quartile for gestational age and a
SNAPPE-II in the highest decile for gestational age. As 
would be expected, 100% of infants whose SNAP-II was 
in the highest decile for gestational age also had a SNAP-
II in the highest quartile for gestational age. The same 
was seen for SNAPPE-II.

  On the other hand, the 4 dichotomies of SNAP-II and 
SNAPPE-II are not entirely concordant. For example, of 
the 377 children who had a SNAP-II  1 30, only 73% were 
in the top quartile of SNAP-II for each week of gestation, 
and only 25% had a SNAPPE-II Z score  1 1. Similarly, only 
73% of the 450 infants whose SNAPPE-II was higher than 
45 had a SNAP-II  1 30.

  Ultrasound Lesions 
 At the younger gestational ages, infants who had 

each of the 4 ultrasound lesions tended to have higher 
SNAP scores than infants who had none of the lesions 
( fig. 1 ). A SNAP-II  6 30 predicted intraventricular hem-
orrhage, ventriculomegaly and an echodense lesion, but 
did not predict an echolucent lesion with statistical sig-
nificance ( table 3 ). By and large, a SNAP-II in the high-
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Table 2. SNAP-II and SNAPPE-II characteristics of children in the study

SNAP-II classification SNAP-II SNAPPE-II

>30    top 
   quartile

   top 
   decile

Z >1 >45 top 
quartile

   top 
   decile

Z >1

SNAP-II
Score >30 Y 73 39 40 87 61 31 25

N 9 0 0 12 11 3 2
Highest quartile for GA Y 77 41 42 68 73 36 29

N 10 0 0 21 8 2 1
Highest decile for GA Y 100 100 91 83 94 73 60

N 19 18 1 27 17 3 2
Z score >1 Y 100 100 90 81 93 70 60

N 19 18 1 27 17 4 2

SNAPPE-II
Score >45 Y 73 55 28 27 62 31 26

N 6 13 3 3 7 1 0
Highest quartile for GA Y 68 78 41 41 81 44 34

N 15 10 1 1 17 0 0
Highest decile for GA Y 78 86 73 70 93 100 77

N 22 19 3 4 26 16 0
Z score >1 Y 81 92 77 79 100 100 100

N 23 21 5 5 27 18 3

Total number of children 377 360 140 143 450 338 140 106

All values represent percentages except where otherwise stated.

Table 3. Point estimate (and 95% confidence intervals) of the odds ratio of each ultrasound lesion associated 
with each of the 3 different measures of high SNAP-II and SNAPPE-II

SNAP classification Cranial ultrasound lesion

IVH VM ED EL

SNAP-II
Score >30 2.0 (1.5, 2.7) 2.0 (1.4, 2.9) 1.5 (1.05, 2.1) 1.2 (0.8, 1.9)
Highest quartile for GA 1.8 (1.4, 2.4) 1.8 (1.2, 2.5) 1.2 (0.9, 1.7) 1.1 (0.7, 1.7)
Highest decile for GA 2.5 (1.7, 3.7) 2.3 (1.5, 3.6) 1.8 (1.1, 2.7) 1.6 (0.9, 2.8)
Z score >1 2.1 (1.4, 3.1) 2.3 (1.4, 3.5) 1.5 (0.95, 2.3) 1.8 (1.1, 3.1)

SNAPPE-II
Score >45 1.5 (1.2, 2.1) 1.8 (1.2, 2.6) 1.3 (0.9, 1.8) 1.0 (0.6, 1.6)
Highest quartile for GA 1.6 (1.2, 2.1) 1.6 (1.1, 2.2) 1.4 (0.98, 1.9) 1.1 (0.7, 1.7)
Highest decile for GA 1.5 (0.99, 2.2) 1.5 (0.9, 2.5) 1.4 (0.9, 2.2) 1.4 (0.8, 2.5)
Z score >1 1.5 (0.98, 2.4) 1.5 (0.8, 2.6) 1.3 (0.8, 2.1) 1.3 (0.7, 2.5)

The referent group for each set of analyses consists of all newborns whose SNAP-II or SNAPPE-II was low-
er. All models are adjusted for gestational age (23–24, 25–26 and 27 weeks) and include a ‘group’ term for hos-
pital. GA = Gestational age; IVH = intraventricular hemorrhage; VM = ventriculomegaly; ED = echodense le-
sion; EL = echolucent lesion.
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est decile for gestational age at birth did a better job 
than a SNAP-II  6 30 and a SNAP-II in the highest quar-
tile for gestational age at birth predicting the occur-
rence of all 4 lesions. A SNAP-II Z score  1 1 did as well 
as a SNAP-II in the highest decile for gestational age at 
birth. SNAPPE-II also provided discriminating infor-

mation, but none of the 4 cut-offs did as well as their 
SNAP-II equivalents, with the exception of a SNAPPE-
II in the highest quartile for gestational age predicting 
echodense lesions slightly better than its SNAP-II equiv-
alent. Intraventricular hemorrhage and ventriculomeg-
aly tended to be slightly better predicted by high illness 

Table 4. Point estimate (and 95% confidence intervals) of the odds ratio of each CP diagnosis associated with 
each of the 3 different measures of high SNAP-II and the 3 different measures of high SNAPPE-II

SNAP classification CP GMFCS ≥2

Quadriparesis Diparesis Hemiparesis

SNAP-II
Score >30 1.1 (0.6, 2.0) 1.6 (0.7, 3.5) 1.4 (0.5, 3.9) 0.9 (0.5, 1.7)
Highest quartile for GA  1.3 (0.7, 2.4) 1.0 (0.5, 2.3) 0.9 (0.3, 2.7) 1.3 (0.7, 2.4)
Highest decile for GA 1.7 (0.8, 3.8) 0.6 (0.1, 2.8) 2.3 (0.6, 8.5) 1.7 (0.8, 3.9)
Z score >1 1.6 (0.7, 3.5) –a 2.4 (0.7, 8.5) 1.7 (0.8, 3.8)

SNAPPE-II
Score >45 1.5 (0.8, 2.7) 1.6 (0.7, 3.7) 2.7 (0.98, 7.4) 1.8 (0.96, 3.3)
Highest quartile for GA 1.4 (0.8, 2.6) 0.7 (0.3, 1.7) 1.5 (0.5, 4.2) 1.6 (0.8, 3.)
Highest decile for GA 1.5 (0.6, 3.5) 0.3 (0.03, 2.0) 2.6 (0.7, 9.7) 2.1 (0.9, 4.7)
Z score >1 0.9 (0.3, 3.0) –a 2.6 (0.6, 12) 1.0 (0.3, 3.4)

The referent group for each set of analyses consists of all newborns whose SNAP-II or SNAPPE-II was low-
er. All models are adjusted for gestational age (GA; 23–24, 25–26 and 27 weeks) and include a ‘group’ term for 
hospital.

a Zero cell (no diplegias with Z score <–1).

Table 5. Point estimate (and 95% confidence intervals) of the odds ratio of each category of a low Bayley Scale as-
sociated with each of the 3 different measures of high SNAP-II and the 3 different measures of high SNAPPE-II

SNAP classification MDI PDI

<55 55–69 <55 55–69

SNAP-II
Score >30 1.4 (0.9, 2.2) 1.4 (0.8, 2.2) 1.7 (1.1, 2.5) 1.6 (1.01, 2.5)
Highest quartile for GA 1.3 (0.9, 2.0) 1.5 (0.96, 2.4) 1.9 (1.3, 2.8) 1.4 (0.9, 2.1)
Highest decile for GA 2.0 (1.1, 3.5) 1.1 (0.5, 2.2) 1.8 (1.1, 3.2) 1.4 (0.8, 2.7)
Z score >1 1.7 (0.96, 3.1) 1.1 (0.5, 2.2) 1.7 (0.98, 3.0) 1.2 (0.6, 2.2)

SNAPPE-II
Score >45 2.1 (1.4, 3.3) 1.7 (1.02, 2.7) 2.1 (1.4, 3.1) 2.2 (1.4, 3.4)
Highest quartile for GA 1.8 (1.2, 2.8) 1.4 (0.9, 2.3) 1.8 (1.2, 2.7) 1.6 (1.01, 2.5)
Highest decile for GA 1.6 (0.9, 2.9) 1.2 (0.6, 2.4) 1.9 (1.03, 3.4) 1.8 (0.98, 3.4)
Z score >1 1.4 (0.7, 3.1) 1.5 (0.7, 3.3) 1.4 (0.7, 3.0) 2.0 (1.00, 4.0)

The referent group for each set of analyses consists of all newborns whose SNAP-II or SNAPPE-II was low-
er. All models are adjusted for gestational age (GA; 23–24, 25–26 and 27 weeks) and include a ‘group’ term for 
hospital.
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severity scores than were echo dense and echolucent 
parenchymal lesions.

  CP Diagnoses 
 Children who were given a CP diagnosis at a 2-year 

post-term equivalent had SNAP scores on postnatal day 
1 that did not differ appreciably from the scores of in-
fants not given a CP diagnosis ( fig. 1 ). The approximate-
ly doubling or even tripling of risk of hemiparetic CP 
seen with some SNAP-II and SNAPPE-II cut-offs did not 
achieve statistical significance. Neither was any of the 
SNAP-II cut-offs, nor SNAPPE-II cut-offs, significantly 
associated with an increased risk of any of the other 2 CP 
diagnoses ( table 4 ) or a GMFCS  6 2, an indicator that the 
child is not able to walk even when his/her hand is held 
(data not shown). Nevertheless, the number of relative 
risk estimates in  table 4  with an effect size  1 2.0 and a 
confidence interval that almost excludes 1.0 deserves 
recognition.

  Bayley Scales of Infant Development 
 At younger gestational ages, infants who later had low 

Bayley Scales tended to have higher SNAP scores on post-
natal day 1 than did infants whose Bayley was above 70 

( fig. 1 ). Only a SNAP-II in the highest decile for gesta-
tional age was associated with significantly increased risk 
of a MDI  ! 55, while almost all 4 SNAP-II cut-offs pre-
dicted a PDI  ! 55 ( table 5 ). None of the SNAP-II dichoto-
mies significantly predicted an MDI in the 55–69 range 
(between 2 and 3 standard deviations below the expected 
mean) and only a SNAP-II  1 30 was associated with a sig-
nificantly increased risk for a PDI in this range. The 4 
SNAPPE-II dichotomies predicted low MDI and PDI 
scores better when their definition did not invoke an ad-
justment for gestational age.

  M-CHAT 
 The odds that a child would be screened as positive for 

an autism spectrum disorder on the M-CHAT was in-
creased if she had a SNAP-II or SNAPPE-II in the highest 
quartile for gestational age at birth or a SNAPPE-II  1 45 
( table 6 ). Surprisingly, the odds of screening positive on 
the M-CHAT were lower when the children were divided 
at the highest decile for gestational age of both SNAP-II 
and SNAPPE-II than at the highest quartile.

  Motor, as well as vision and hearing, limitations can 
result in an infant inappropriately classified as at risk for 
autism spectrum disorder  [25] . To avoid such confusion, 
we restricted 1 set of analyses to children who had no dif-
ficulty walking, were not classified as blind in either eye, 
did not have a hearing aid and were not receiving special 
services for the hearing impaired. In this sample with 157 
fewer children, the point estimates of the odds ratios were 
somewhat smaller, with slightly wider confidence inter-
vals. Still, a SNAP-II or SNAPPE-II in the highest quartile 
for gestational age at birth significantly predicted a posi-
tive autism screen.

  Small Head Circumference at 24 Months  
 Although a head circumference Z score of  ! –2 defines 

the lowest 2.5% in a normal sample, 10% of children in the 
ELGAN sample had such an extremely small head circum-
ference at 24 months. At all gestational ages, these children 
had higher SNAP scores than children whose 24-month 
head circumference was in the normal range ( fig. 1 ).

  A head circumference Z score of  6 –2 and  ! –1 nor-
mally defines the next lowest 14%, but in our sample it 
included 18%. The distribution of their SNAP-II scores in 
this group did not differ from those of children whose 
24-month head circumference was larger ( fig. 1 ).

  A SNAP-II in the highest quartile for gestational age 
at birth, a SNAPPE-II  1 45, a SNAPPE-II in the highest 
quartile or decile for gestational age and a SNAPPE-II Z 
score  1 1 predicted appreciably increased odds of a 24-

Table 6. Point estimate (and 95% confidence intervals) of the odds 
ratio of screening positive for autism spectrum disorder on the 
M-CHAT associated with each of the 3 different measures of high 
SNAP-II and the 3 different measures of high SNAPPE-II

SNAP classification M-CHAT+

total sample restricted sample1

SNAP-II
Score >30 1.4 (0.9, 2.0) 1.4 (0.9, 2.2)
Highest quartile for GA 1.7 (1.2, 2.4) 1.7 (1.2, 2..6)
Highest decile for GA 1.4 (0.8, 2.3) 1.3 (0.7, 2.4)
Z score >1 1.5 (0.9, 2.4) 1.4 (0.8, 2.5)

SNAPPE-II
Score >45 1.6 (1.1, 2.3) 1.4 (0.9, 2.2)
Highest quartile for GA 1.8 (1.3, 2.5) 1.6 (1.1, 2.4)
Highest decile for GA 1.4 (0.8, 2.4) 1.0 (0.5, 1.9)
Z score >1 1.3 (0.7, 2.3) 1.0 (0.5, 2.2)

The referent group for each set of analyses consists of all new-
borns whose SNAP-II or SNAPPE-II was lower. All models are 
adjusted for gestational age (GA; 23–24, 25–26 and 27 weeks) and 
include a ‘group’ term for hospital.

1 Excludes children who could not walk independently, were 
blind in one eye, used a hearing aid or received special services for 
the hearing impaired.
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month head circumference Z score of  ! –2 ( table 7 ). Ad-
justing for a small head circumference at birth did not 
change these odds ratios appreciably. However, the same 
adjustment reduced the magnitude of the odds of a 24-
month head circumference Z score  ! –2 associated with 
all measures of SNAPPE-II, with only 2 retaining nomi-
nal statistical significance ( 1 45 and highest quartile for 
gestational age).

  Discussion 

 The major finding of our study is that SNAP-II and 
SNAPPE-II convey information about the risks of some 
cerebral ultrasound lesions, low Bayley scores (both MDI 
and PDI), screening positive for an autism spectrum dis-
order and a small head circumference at the 24-month 
post-term equivalent, but not CP. This risk information 
conveyed by an early illness severity score supplements 
that conveyed by gestational age.

  What Is the Nature of the Information Conveyed by 
SNAP Scores? 
 We consider 2 possibilities. First, SNAP scores might 

be in the causal chain of events leading to brain damage. 

SNAP-II and SNAPPE-II are indicators of physiologic in-
stability and illness severity in the first 12 postnatal 
hours. Some might therefore view the association be-
tween SNAP and brain lesions, dysfunctions and a small 
head circumference as indicators of the physiologic insta-
bility that reduces blood flow to the brain, which leads to 
energy failure, which, in turn, results in brain damage. If 
this view is correct, then the SNAP scores are in the caus-
al chain. To date, however, convincing epidemiologic ev-
idence has not been found to support the view that hypo-
tension and related physiologic disturbances increase the 
risk of cerebral white matter damage  [26, 27] .

  Alternatively, SNAP scores might be surrogates for 
items in the causal chain. SNAP scores decline with in-
creasing gestational age at birth ( fig. 1 ). Could it be that 
the SNAP scores describe physiological characteristics of 
immaturity better than our temporal measure of gesta-
tional age at birth does? Although we feel that the SNAP-
II and SNAPPE-II scores reflect immaturity, a compo-
nent of these scores should be seen as reflecting medical 
and nursing care characteristics (e.g., efforts to maintain 
temperature and blood pressure).

  Consider that all babies at 25 weeks are not equivalent 
in their vulnerability to adversities. Some are more devel-
opmentally advanced than others despite their similar 
gestational age. Gestational age at birth treats all 25-
weekers as identical  [19] . SNAP scores can provide ad-
ditional information about physiologic maturation, 
 functioning as a marker for many processes that are de-
velopmentally regulated, including correlates of brain 
maturation and vulnerability, and the ability to synthe-
size growth factors and other proteins that protect. Thus, 
SNAP scores might contribute unique information about 
maturity that supplements gestational age at birth. In this 
interpretation, SNAP scores are not in the causal chain. 
Rather, SNAP is a marker for other aspects of develop-
mental vulnerability.

  Continuum of Casualty 
 The concept of ‘the continuum of reproductive casu-

alty’ postulates that what leads to death can also lead to 
less severe adversities  [20, 21] . The forms of brain damage 
that are the focus of this paper might be viewed as locat-
ed somewhere along the spectrum between death and the 
mildest of dysfunctions. Our finding that a predictor of 
death also predicts brain damage and sequelae can be 
viewed as support for ‘the continuum of fetal casualty’. 
However, we want to minimize any misunderstanding 
our findings might provoke. A too ready acceptance of 
this concept has the potential to minimize the search for 

Table 7. Point estimate (and 95% confidence intervals) of the odds 
ratio of having a 24-month head circumference Z score <–2 asso-
ciated with each of the 4 different measures of high SNAP-II and 
the 4 different measures of high SNAPPE-II

SNAP-II classification Adjusted for microcephaly at birth

no yes

SNAP-II
Score >30 1.5 (0.9, 2.4) 1.5 (0.9, 2.4)
Highest quartile for GA 1.8 (1.2, 2.9) 1.8 (1.1, 2.9)
Highest decile for GA 1.9 (0.99, 3.5) 1.9 (0.98, 3.6)
Z score >1 1.8 (0.96, 3.3) 1.7 (0.9, 3.2)

SNAPPE-II
Score >45 2.1 (1.5, 3.7) 1.8 (1.1, 2.9)
Highest quartile for GA 3.1 (2.0, 4.8) 2.3 (1.4, 3.7)
Highest decile for GA 2.4 (1.3, 4.4) 1.5 (0.8, 3.0)
Z score >1 2.4 (1.2, 4.9) 1.4 (0.7, 3.1)

The referent group for each set of analyses consists of all new-
borns whose SNAP-II or SNAPPE-II was lower. All models are 
adjusted for gestational age (GA; 23–24, 25–26 and 27 weeks) and 
include a ‘group’ term for hospital. Models for the right column 
are also adjusted for microcephaly at birth (birth head circumfer-
ence Z score of <–2, ≥–2 but <–1, ≥–1).
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alternative explanations. Yes, death and brain damage 
can share some antecedents. On the other hand, what 
causes death is often qualitatively, not merely quantita-
tively different from what causes brain damage  [22] .

  Why Do the Highest Deciles Not Have Higher Odds 
Ratios than the Highest Quartiles? 
 The higher the SNAP, the greater the physiologic in-

stability. Thus, if this instability contributes to the out-
come, then the highest decile of SNAP-II for gestational 
age at birth should have higher risk ratios than the high-
est quartile for gestational age at birth. This is not what 
we saw consistently. One possible explanation for this 
phenomenon assumes that some of the SNAP-II scores 
are misclassified. Another explanation assumes that not 
all the risk information is carried by extreme values, but 
also by values below. A 3rd explanation is that undeter-
mined confounders or effect modifiers might distort our 
estimates of the associations in question. Such an expla-
nation may account for the inability of either score to pre-
dict the occurrence of CP.

  Why Does SNAPPE-II Sometimes Appear to Be a 
Slightly Better Predictor of Neurodevelopmental 
Dysfunctions/Characteristics than SNAP-II? 
 SNAPPE-II, unlike SNAP-II, has points for low birth 

weight and fetal growth restriction  [10] . Fetal growth re-
striction increases the risk of congenital microcephaly 
 [23]  and postnatal microcephaly  [28] . In addition, con-
genital microcephaly increases the risk of postnatal mi-
crocephaly  [29] . Consequently, fetal growth restriction 
and its correlates might explain some of the improved 
prediction for microcephaly seen with SNAPPE-II. Sup-
port for this view is found in the observation that the 
SNAPPE-II odds ratios fell more than those of SNAP-II 
when adjustment was made for the head circumference Z 
score at birth, a fetal growth restriction correlate. It could 
be argued that SNAPPE-II is less sensitive to physiologic 
instability because it incorporates growth measures.

  SNAP-II Z Scores 
 The VON generously provided the means, medians 

and standard deviations of SNAP-II and SNAPPE-II in 
the VON data for each week of gestation of the subjects 
in our study. This external standard allowed us to gener-
alize our findings.

  Although similar to our data, the VON data have im-
portant differences. If the sample is normally distributed, 
an internal Z score of  1 1 should identify about 16% of the 
sample. The VON SNAP-II Z score  1 1 identified 10% of 

the subjects in our study, while a VON SNAPPE-II Z-
score  1 1 identified only 7% of our subjects. This finding 
suggests that our cohort was slightly less sick and physi-
ologically unstable than the overall VON data. At least in 
part, this may be attributable to the fact that VON in-
cludes outborn infants, while all ELGAN Study subjects 
were inborn.

  Differences with Different Dichotomies of SNAP-II 
and SNAPPE-II 
 We have evaluated 4 different cut-offs for SNAP-II 

and 4 different cut-offs for SNAPPE-II. We did so for 2 
reasons. First, no matter how well guided, an arbitrary 
cut-off should be seen as just that – arbitrary. Second, a 
cut-off at 1 gestational age might not be as appropriate at 
another gestational age. In our sample, the median 
SNAP-II at 27 weeks is about half the median SNAP-II 
at 23 weeks. Consequently, a ‘one size’ SNAP-II does not 
fit all. This perception led us to allow the data to tell us 
what defines the upper quartile and decile at each gesta-
tional age.

  Our study has multiple important strengths. First, we 
included a large number of infants, making it unlikely 
that we have missed important associations due to lack 
of statistical power. Second, the rather narrow gesta-
tional age range reduces the likelihood that our results 
are confounded by characteristics that are closely relat-
ed to gestational age. Third, we used multiple cut-offs 
for a ‘high score’ including 1 based on an external stan-
dard to explore the relative sensitivity of multiple de-
rivatives of SNAP-II and SNAPPE-II. Fourth, the pro-
spective character of our project, the use of data collec-
tion methods tested for reliability  [12, 16, 17]  and the use 
of multivariable data analysis to adjust for potential 
confounders maximize the validity of our observations. 
Fifth, outcomes were assessed by examiners who were 
not aware of the medical histories of the infants. Sixth, 
attrition in the first 2 years was modest, with informa-
tion about the 2-year assessment available from 83% (for 
head circumference) to 91% (for M-CHAT) of all in-
fants.

  The major weakness of our study is a weakness of all 
observational studies, i.e. the inability to distinguish be-
tween causation and association as explanations for what 
we found.

  We conclude that among the most immature new-
borns, SNAP-II and SNAPPE-II carry information about 
the risks of cranial ultrasound lesions when the infant is 
in the ICU and neurodevelopmental disabilities when the 
child is older. This information appears to supplement 
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information conveyed by gestational age, but we do not 
know if it reflects the effects of physiologic disturbances 
in the causal chain to brain damage or reflects its correla-
tion with brain vulnerability. Neonatal severity of illness 
scores should be further evaluated in cohorts of preterm 
infants. However, we urge that SNAP-II and SNAPPE-II 
scores not be used to predict adverse neurologic outcomes 
in individual patients.

  Acknowledgements 

 This study was supported by a cooperative agreement with
the National Institute of Neurological Diseases and Stroke 
(5U01NS040069-05), a program project grant form the National 
Institute of Child Health and Human Development (NIH-P30-
HD-18655), the Susan Saltonstall Fund and the Richard Salton-
stall Charitable Foundation. The authors gratefully acknowledge 
the contributions of our subjects and their families, as well as 
those of our colleagues.
 


