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BACKGROUND

With increasing survival of preterm infants, reducing the incidence of
morbidity (e.g., chronic lung disease [CLD] and severe [�grade
III] intraventricular hemorrhage [IVH] ) is a priority in the neonatal
intensive care unit (NICU) .1 Wennberg et al.2 advocated studying
small area variations as a method for improving quality of care. Small
area variations represent the practice patterns of small groups of
physicians. Differences in practice may have different outcomes, and if
these differences can be identified, strategies can be designed for
improving quality of care.2– 4 However, valid comparisons of
outcomes can only be made if adjustments are made for risks that are
not under the practitioner’s control. These differences in patient risks
are sometimes referred to as ‘‘case mix’’3 or ‘‘initial risk’’.5,6

The Score for Neonatal Acute Physiology, Version II (SNAP-II) ,7

is a simplified neonatal illness severity score that measures six
empirically weighted, physiology -based items during a 12-hour
period, including lowest blood pressure, lowest temperature, PO2 /
FiO2 ratio, lowest serum pH, seizures, and urine output. SNAP-II has
a score range of 0 ( low severity ) to 115 (high severity ) . SNAP- II
has been validated for mortality risk prediction in three different
populations.7 Addition of SNAP-II to prediction models using
gestational age (GA) and other traditional risk factors (e.g., sex,
birth weight, Apgar score, small - for -gestational -age [SGA] ,
outborn status) significantly improved prediction of NICU mortality.7

The objectives of the current study were to examine whether SNAP-II
independently predicts severe IVH and CLD, and whether addition of
SNAP-II to models using GA and other traditional risk factors
improves prediction of severe IVH and CLD.

METHODS
Study Population
The Canadian Neonatal Network8 comprises 17 NICUs throughout
Canada, representing 75% of all tertiary level NICU beds in Canada,
and serving a population of about 22 million people. In 1996,

OBJECTIVE:

To determine whether the Score for Neonatal Acute Physiology, Version II

( SNAP - II ) , improved prediction of severe (�grade III ) intraventricular
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Addition of SNAP - II to models using GA and traditional risk factors

significantly improves prediction of severe IVH and CLD.
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Canada had a population of 30 million9 with about 357,000 annual
births.10 The 17 NICUs range in size from 18 to 97 beds, from 133 to
1129 admissions, and from 0 to 7500 births annually. All, but one,
are regional tertiary perinatal centers. Transports from community
hospitals account for about 26% of admissions. During the study
period from January 8, 1996 to October 31, 1997, 19,507 patients
were admitted to the Canadian Neonatal Network.8 In this study, we
excluded infants who: (1) were released to the regular nursery in
<24 hours; (2) were admitted to the NICU at >48 hours of age or
after having been discharged home; (3) were moribund on
admission, i.e., where an explicit physician decision not to provide
life support was made at the time of NICU admission; (4) died in
the delivery room; and (5) were >32 weeks’ GA, because CLD and
IVH were most relevant to infants �32 weeks’ GA. There were
4907 infants who met the inclusion criteria. Of these, 334 (6%)
infants who did not have complete information were excluded. For
CLD validation, we further excluded 347 (7%) infants who died
before 36 weeks’ corrected GA. The remaining 4226 infants were
included in the analysis of CLD. For analysis of IVH, we included only
infants (n=3778 infants or 77%) who had cranial ultrasound
examinations during the first 2 weeks of life. Characteristics of the
study population are shown in Table 1. When compared to infants
without cranial ultrasound, infants with cranial ultrasound had
lower mean birth weight (1227 vs 1730 g) , lower mean GA (29 vs
31 weeks) , and higher mean admission SNAP-II (15 vs 7) .

Data Abstraction
Trained research assistants abstracted patient information from the
mothers’ and infants’ charts at each participating hospital on a daily
basis.8 Data were directly entered into laptop computers at the
bedside using a customized data entry program with built - in error
checking and a standard manual of operations and definitions. Data
were electronically transmitted to the Canadian Neonatal Network
Coordinating Centre, at the British Columbia Research Institute for
Children’s and Women’s Health, for verification. Potential data
errors were re - checked by site research assistants. Data management
was conducted by the Canadian Neonatal Network Coordinating
Centre, in concert with a Steering Committee comprising
experienced researchers and neonatologists representing each of the
five geographic regions (British Columbia, Prairie provinces,

Ontario, Quebec, Atlantic provinces ) in Canada, and with site
investigators representing each of the 17 participating hospitals.
Patient information was collected until death or discharge from the
NICU. Patients transferred to another hospital were tracked until
death or discharge home and outcome information collected. Data
analysis was performed using each infant rather than each
admission. The study was approved by institutional review boards at
all 17 hospitals.

Patient Information
Patient information collected included demographic information,
status of infant at birth, admission illness severity (SNAP11 and
SNAP-II7 ) , use of technology and resources, and selected patient
outcomes. Study variables were defined according to the Canadian
Neonatal Network SNAP Project Abstractor Manual. GA was defined as
the best obstetric estimate based on early prenatal ultrasound,
obstetric examination, and obstetric history, unless the postnatal
pediatric estimate of gestation differed from the obstetric estimate by
more than 2 weeks. In that case, the pediatric estimate of GA based
on the Ballard Score12 or the best estimate of the attending
neonatologist was used instead. An infant was defined as SGA if the
birth weight was less than the third percentile for GA according to the
British Columbia provincial growth charts established by Whitfield13

in 1992. Severe IVH was defined as �grade III IVH according to the
criteria of Papile et al.14 from head ultrasound performed before
14 days of life. CLD was defined as oxygen dependency at 36 weeks’
corrected GA for an infant who was born at �32 weeks’ gestation.15

Data Analysis
Criterion validity. We compared SNAP-II against SNAP11 because
the former was the simplified version of the latter and SNAP has been
widely used in clinical research.16–18 We used the area under the
Receiver Operator Characteristic (ROC) curve19,20 to compare
discrimination and the multiple regression model � - squared
analysis to compare explanatory power of the models. A higher � -
squared value indicates better explanatory power.

Theoretical consistency. Mean scores were compared for infants
with and without severe IVH and CLD. SNAP-II was plotted against
incidence of severe IVH and CLD.

Discrimination. We assessed performance of SNAP-II and other
risk variables for prediction of severe IVH and CLD using the area
under the ROC curve technique of Hanley and McNeil.19,20 The area
under the ROC curve (AUC) is a measure of discrimination, which
gives the probability of any patient with the disease having a higher
score than any patient without the disease.21,22 An AUC of 1.0
indicates perfect discrimination, whereas an area of 0.5 would be
completely random.

Predictive performance and calibration. Multiple logistic
regression23 was used to model IVH and CLD. In each model, SNAP-II
was tested singly and in combination with other risk variables.

Table 1 Characteristics of the Study Cohort

IVH sample
(n=3778 )

CLD sample
(n=4226 )

Male (%) 56.2 56.2

Mean birth weight±SD (g ) 1190±426 1390±457

Mean GA±SD (weeks ) 29±2 29±2

Apgar at 5 minutes <7 (%) 10.9 7.4

Outborn (%) 17.3 14.4

SGA (%) 5.2 4.0

Mean admission SNAP - II±SD 14±13 11±11
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Likelihood ratio statistics were used to examine if addition of SNAP-
II significantly (p<0.05) improved model prediction. The relative
contribution of each variable (SNAP-II, GA, and other traditional
risk factors ) to model predictive power was determined by examining
the relative decrease in likelihood ratio when each variable was
removed from the full model. We used the Hosmer-Lemeshow
method24 to test goodness of fit and assess deviations between the
observed and expected number of severe IVH and CLD cases. A p value
of >0.05 indicates no significant difference between the observed and
expected values, and therefore, the fit of the model is acceptable.

RESULTS
Criterion Validity
SNAP-II compared well with SNAP in predicting severe IVH and CLD.
For prediction of severe IVH, AUC were 0.73±0.01 for SNAP, and
0.73±0.02 for SNAP-II; model � 2 were 222 for SNAP, and 219 for
SNAP-II. For prediction of CLD, AUC were 0.74±0.01 for SNAP, and
0.78±0.01 for SNAP-II; model � 2 were 381 for SNAP, and 470 for
SNAP-II.

Theoretical Consistency
Mean SNAP-II was significantly (p<0.001) higher among infants
with severe IVH than among those without severe IVH (mean SNAP-
II=26.4 vs 13.6, respectively ) , and higher (p<0.001) among
infants with CLD than among those without CLD (mean SNAP-
II=20.5 vs 9.5, respectively ) . The incidence of severe IVH and CLD
increased with increasing SNAP-II (Figure 1) .

Discrimination
When used alone, SNAP-II discriminated presence from absence of
severe IVH and CLD with AUC of 0.73 and 0.78, respectively. For
comparison, the AUC for using GA alone was 0.75 for severe IVH and
0.77 for CLD, which were not significantly different from the AUC
using SNAP-II alone (p=0.13 for severe IVH; p=0.19 for CLD) .
Models using GA plus SGA (AUC=0.75 for IVH; 0.78 for CLD) were
not significantly different from models using GA alone and SNAP-II

alone. Addition of SNAP-II to models using GA plus SGA significantly
(p<0.05) improved AUC (0.78 for IVH; 0.82 for CLD) . The full
prediction models using SNAP-II plus GA and variables (outborn
status and low Apgar score for severe IVH; SGA, sex, low Apgar, and
outborn status for CLD) were more discriminative than models using
SNAP-II alone, GA alone, and GA plus variables in predicting severe
IVH and CLD (Table 2) .

Predictive Performance
SNAP-II was a significant predictor of severe IVH and CLD (Table 3) ,
even after adjustment for GA and other perinatal risks. Addition of
SNAP-II to models using GA plus variables significantly improved
model prediction ( likelihood ratio statistics=62.4 for severe IVH and
134.3 for CLD; both p<0.0001) . Each point increment in SNAP-II
score increased the odds of severe IVH and CLD by 4% and 5%,
respectively. Each week increment in GA decreased the odds of severe
IVH and CLD by 22% and 28%, respectively. Low Apgar score at
5 minutes and outborn status were associated with higher risk of
severe IVH and CLD. SGA and male sex were associated with
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Figure 1. Incidence of severe (�grade III ) IVH and CLD rises with increasing admission SNAP - II.

Table 2 Comparison of Prediction Model Performance for Severe
(�Grade III ) IVH and CLD

Model GA SNAP - II GA+variables* SNAP - II
+GA+variables*

IVH

AUC 0.75 0.73 0.78 0.80y
Hosmer - Lemeshow

p value
0.38 0.09 0.34 0.16

CLD

AUC 0.77 0.78 0.80 0.83y
Hosmer - Lemeshow

p value
0.98 0.01 0.87 0.51

*Variables are outborn status and Apgar at 5 minutes < 7 for IVH; SGA, male, Apgar at 5
minutes <7, and outborn status for CLD.
yIndicates AUC significantly ( p<0.05 ) different from models using GA, SNAP - II, and
GA+ variables for each outcome.
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increased risk of CLD. Removal of SNAP-II and other variables
from the full regression models resulted in a likelihood ratio
reduction of 17.5% for severe IVH and 21.7% for CLD. We calculated
relative contributions of SNAP-II and other variables to the model
predictive power. SNAP- II contributed a significant proportion to
model prediction (30% for severe IVH and CLD) , next only to GA
(Table 3) . SNAP- II and GA together accounted for most of model
prediction (71% for severe IVH and 84% for CLD) .

Calibration
Because models for prediction of severe IVH and CLD should
include SNAP-II plus all other significant variables (Table 2) ,
the relevant consideration is the calibration of the full model
and not the calibration of single variables alone in the model.
In this regard, the models using SNAP-II plus GA plus other
variables were well calibrated (p>0.05 for Hosmer-Lemeshow
goodness of fit test ) , indicating no significant difference between
the observed and expected number of IVH and CLD cases,
respectively (Table 2) .

DISCUSSION

Our results show that SNAP-II is an independent and significant
predictor of severe IVH and CLD. Addition of SNAP-II to
traditional risk factors, such as GA and perinatal risks, increases
the predictive performance and discriminative power of the models
for prediction of severe IVH and CLD without loss of calibration.
SNAP-II and GA together account for more than 70% of the
model prediction of severe IVH and CLD. Failure to control for
differences in admission illness severity may result in erroneous
conclusions about the true incidence of severe IVH and CLD when

comparing outcomes between institutions. In order to provide fair
and valid comparisons between institutions, outcome comparisons
should utilize the best tools available. Our results show that
SNAP-II improved the quantification of risk for prediction of
severe IVH and CLD, and should be used in addition to traditional
risk factors to more appropriately represent the case mix or initial
risk for severe IVH and CLD.

We found that SNAP-II performed as well as SNAP in predicting
severe IVH and CLD. Richardson et al.7 previously showed that SNAP-
II performed as well as SNAP for prediction of mortality. Because
SNAP-II ( six items) is quicker and simpler to use than SNAP (34
items) , SNAP-II should be used in preference to SNAP as a measure
of illness severity for most purposes.

Richardson et al.7 separately described SNAP-II Perinatal
Extension (SNAP-II -PE) as a mortality risk score. SNAPII -PE
incorporated three additional perinatal risk variables (SGA, BW,
Apgar score at 5 minutes ) into the score, which improved prediction
of mortality. We found that independently of SNAP-II, different risk
variables were predictive of IVH (GA, Apgar score at 5 minutes,
outborn status) and CLD (GA, SGA, Apgar score at 5 minutes, sex,
outborn status) in the multiple regression models (Tables 2 and 3) .
Outcomes other than IVH and CLD may utilize yet other different
combinations of risk variables in multiple regression analysis.
Therefore, SNAP- II should be used in preference to SNAP-II -PE as a
measure of illness severity. The underlying reason is that SNAP-II is
a pure measure of physiologic derangement, whereas SNAP-II -PE
incorporates nonphysiologic mortality risk variables that may not be
relevant to other outcomes. Consequently, each outcome should be
modeled separately using SNAP-II and relevant risk variables. The
Clinical Risk Index for Babies (CRIB)25 has the same drawback as
SNAP-II -PE because CRIB also incorporates perinatal risk variables
designed to optimize prediction of mortality risk but not necessarily
other outcomes.

SNAP- II is a simple, objective, physiology -based measure of
illness severity that is relatively inexpensive to obtain. The six
items in SNAP-II are readily available in neonatal medical records
and a score can be assigned in 4 to 6 minutes. An easily
calculated illness severity score can be used by clinicians to predict
patient outcomes and resource use. SNAP- II has the potential to
serve as an adjunct to existing clinical and administrative
databases. Routine collection of illness severity may enhance
studies of practice variation and facilitate quality improvement
efforts.

LIMITATIONS

The main limitation of SNAP-II is that it requires data collection
over 12 hours. Consequently, SNAP- II may measure not only
admission illness severity but also interventions during the first 12
hours of NICU admission. This limitation is intrinsic to all
physiologic scores such as SNAP and CRIB.26 Studies in adult and
pediatric intensive care suggest that reduction of the time interval

Table 3 Prediction Models for Severe (�Grade III ) IVH and CLD

Risk factors Odds
ratio

95% Confidence
interval

Percent contribution
to predictive power

Model: severe (�grade III ) IVH

GA 0.78 0.74, 0.82 41

SNAP - II 1.04 1.03, 1.05 30

Outborn status 2.77 2.08, 3.66 23

Apgar at 5 minutes <7 1.77 1.20, 2.42 6

Likelihood ratio reduction=17.5%

Hosmer - Lemeshow goodness of fit statistic, p=0.16

Model: CLD

GA 0.72 0.69, 0.75 54

SNAP - II 1.05 1.04, 1.06 30

SGA 3.92 2.66, 5.78 9

Male 1.43 1.18, 1.75 3

Apgar at 5 minutes <7 1.55 1.16, 2.08 2

Outborn status 1.48 1.15, 1.91 2

Likelihood ratio reduction=21.7%

Hosmer - Lemeshow goodness of fit statistic, p=0.51
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for data collection reduces the prediction of the scores
significantly.27 Given the clinical significance of illness severity
scores, the trade-off between purity and accuracy of measurement
is decidedly favorable.

CONCLUSION

SNAP-II predicts severe IVH and CLD independently of GA and
other perinatal risk factors. Addition of SNAP-II to GA and other
traditional risk factors increases the model prediction of severe IVH
and CLD. SNAP-II should be used in combination with other risk
variables for quantifying the case mix or initial risk in outcome
comparisons.
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