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ABSTRACT: The purpose of this retrospective study is to compare the factors affecting the survival and devel- 
opmental outcome of examely low birthweight infants (ELBW, < 1,001 gms.). One hundred and forty of two 
hundred and twenty-three ELBW neonates (63%) from two Level LII NICUs born between 1986 and 1988 sur- 
vived until discharge. Lower birthweight. 5-minute Apgar d 3, and no administration of surfactant were the best 
predictors of infant mortality as assessed via logistic regression (correct classification = 78%). The functioning 
of 34 of these infants was assessed at approximately 18 months of age with the Bayley Scales of Infant Devel- 
opment. Mean performance on the Mental Development Index (MDI) was 88.65 ? 21.75, with 35.3% and 
20.6% of infants scoring. respectively, 1 (C85) and 2 (<70) standard deviations below the mean. Given sur- 
vival, intraventricular hemorrhage (IVH, Grade 111 or IV) was the best predictor of MI performance as as- 
sessed via stepwise multiple regression (adjusted R2 =.23). Cerebral palsy affected one fifth of the sample and 
was also best predicted by IVH. Discussion focuses on the conceptual and practical implications of the finding 
that infant survival and infant developmental status were associated with different factors. 

RESUMEN: El prop6sito de este estudio retrospectivo es comparar 10s factores que afectan la supervivencia y 
10s resultados de desarrollo de infantes nacidos con un peso extremadamente bajo (ELBW, C 1,001 gms.). 140 
de 223 ELBW reci6n nacidos (63%) de dos niveles IJI NICUs nacidos entre 1986 y 1988 sobrevivieron hasta 
que fueron dados de alta. Un peso m b  bajo al momento del nacimiento, cinco minutos de aplicaci6n del sistema 
Apgar con un resultado de 53. y la falta de administracidn de surfactantes fueron 10s mejores indicadores de 
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mortalidad infantil tal como heron evaluados por medio de la regresi6n logistics (clasificaci6n cor- 
recta = 78%). El funcionamiento de 34 de estos infantes fue evaluado aproximadamente a 10s 18 mesa de naci- 
dos con la Escala Bayley para el Desarrollo Infantil. El promedio de actuacih en cuanto al Indice de Dcsarrollo 
Mental (MDI) fue 88.65 2 21.75 con 35.3 y 20.6 por ciento del puntaje de 10s infantes, respectivamente; uno 
(< 85) y dos (< 70) con una variante de error por debajo del promcdio. Una determinada hemorragia intraven- 
tricular sobrevivida (M-I. grad0 III o rv) h e  el mejor indicador de la actuaci6n en el Indice de Desarrollo Men- 
tal tal como fue evaluado por medio de la regrcsi6n mirltiple paso por paso (ajustado R2 = .23). La padisis 
cerebral afect6 un quint0 de la muesm y tambitn la pndijo mejor la IVH. La discusi6n se cnfoca en las h p l i -  
caciones conceptuales y prkticas de 10s hallazgos de que la supervivencia del infante y la condici6n de desar- 
roll0 del mismo se asociaron con diferentes factons. 

&&: Le but de cette etude dtrospective est de cornparer Ies facteurs affectant la swie  et le dtveloppe- 
ment de nounissOns nts avec un poicis de naissance ext&mement bas (abdgt ELBW, C 1001 mgs.). 140 sur 
223 nouveau-nts ELBW (63%) de deux Unites de Soin Intensif Neonatal de Nvcau III nts entre 1986 et 1988 
ont survtcu jusqu’a leur sortie de I’hBpital. Un poi& de naissance plus faible. un Apgar de 5 minutes 2 3, et au- 
cune adminiswation de surfactant Ctaient les meillem facteurs de pdvision de morralitt infantile, tvalut par d- 
gession logistique (classification c o m e  = 78%). Le fonctionnement de 34 de ces nounissons a Cd Cvalut B 
approximativemcnt 18 mois avec les Echelles Bayley de Devcloppement Infantile. La performance moyennc SIX 

]’Index de Wveloppement Mental (abrtgC MDI) Ctait de 88.65 2 21.75 avec 35,3 et 20.6 pourcent des nounis- 
sons marquant, respectivement, unc (C 85) et dew (< 70) erreurs types sous la moyenne. Suppost que I’enfant 
survive, I’htmomgie intraventiculaire (Mi. groupe III ou IV) ttait le meilleur facteur de prtdiction de la per- 
formance MDI, tvalut a wavers une regression multiple des ttapes (ajustet R2 =,23). La paralysie ctrtbrale a 
affect6 un cinquihe de I’tchantillon et ttait aussi la mieux prtdite par IVH. La discussion met l’accent sur les 
implications conceptuelles et pratiques de la dtcouverte que la s w i e  infantile et le statut de dtveloppement du 
nounisson ttaient associts 6 des facteurs difftrents. 

Over the past 15 years, improvements in perinatal care have resulted in a lower mortal- 
ity rate for ELBW infants, particularly those born in regional medical centers (Alberman 
& Botting 1991; Blackman, 1991; Hack & Fanaroff, 1988; Kitchen et al., 1991; Parker, 
Lindstrom, & Cotton, 1992; Robertson, Hrynchyshyn, Etches, & Pain, 1992; Victorian In- 
fant Collaborative Study Group [VrCSG], 1991). Factors associated with the survival of 
ELBW infants include higher Apgar scores, higher birthweights and greater gestational 
age (Allen, Donohue, Dusman, 1993; Horbar et al., 1993; Lipper, Ross, Auld, & Glass- 
man, 1990), the absence of intrauterine growth retardation (Phelps et al., 1991), and the 
administration of artificial surfactant (Bose et al., 1990, Repka, Hudak, Parsa, & ‘lielsch, 
1992; Zola et al., 1993). 

It is not clear to what degree declines in neonatal mortality have been paralleled by dif- 
ficulties in the development of these low birthweight infants (Kitchen et al., 1991; Robert- 
son et al., 1992; VICSG, 1991). The majority of ELBW infant survivors appear to have 
little or no developmental handicap. However, cognitive, motor, and/or sensory 
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impairment is frequent during infancy and childhood and may be particularly prevalent at 
moderate levels (Barrera, Rosenbaum, & Cunningham, 1987; Gorga, Stem, & Ross, 
1985; Hack et al., 1994; McCormick, Brooks-Gum, Workman-Daniels, Turner, & Peck- 
ham, 1992; Watt, 1986). This study identifies the factors associated with the survival of 
ELBW infants and, in separate analyses, the developmental integrity of older ELBW in- 
fants who survived the neonatal period. The focus is on whether neonatal survival and the 
adequacy of later functioning are associated with the same factors. 

METHODS 

The subjects for this retrospective study were 223 neonates born weighing less than 
1,001 grams who were admitted to two Level HI Newbom Intensive Care Units (NICU) 
staffed by a common team of neonatologists at the University of Utah Medical Center or 
Primary Children’s Medical Center between January 1, 1986, and December 31, 1988. 
Data, including diagnoses made by the attending neonatologist, were abstracted from the 
infants’ hospital records. Intraventricular hemorrhage (IVH) was diagnosed at 1 week by 
routine ultrasound and earlier if IVH was suspected. Variables with significant univariate 
associations were entered into a logistic regression to find the factors that best predicted 
infant survival. 

Of the 140 infants who survived until discharge, 41 (one of whom subsequently died 
and was excluded from analyses of follow-up status) were seen at least once at the 
Neonatal Follow-up Program of the Utah State Department of Health. A logistic regres- 
sion was used to determine if there were differences between survivors who returned for 
follow-up care and assessment and those who did not. The developmental course of the 
40 surviving infants was assessed through the clinical assessments of a multidisciplinary 
team. The Bayley Scales of Infant Development (Bayley, 1969) were administered by 
psychologists when infants were as close as possible to 18 months of age. In all, 19 Bay- 
leys were conducted at eighteen months, 4 at six months, 2 at nine months, 5 at twelve 
months, 1 at twenty-four months, and 3 at thirty months.‘ The infant’s age at administra- 
tion was corrected for prematurity (cf. Barrera et al., 1987) and the infant’s raw mental 
score was converted to a Mental Development Index (MDI). 

Infants’ cerebral palsy (CP) and visual and auditory deficits were diagnosed, respec- 
tively, by a pediatric neurologist, a pediatric ophthalmologist, and a pediatric audiologist. 
From a functional perspective, the presence of CP indicated from slight to substantial in- 
terference with day-to-day activities. CP was diagnosed at 2 years and this diagnosis was 
confirmed at 5 years for six of the eight affected infants. Because severe sensory deficit 
was rare in this sample-with one case of bilateral blindness and no cases of deafness- 
these variables were not included in analyses. The socioeconomic status (SES) of the in- 
fant’s family (Hollingshead, 1975), yearly income, insurance coverage, and marital status 
were also assessed at follow-up. Both neonatal and SES variables were used as predictors 
of CP and Bayley MDI. 

‘If an infant did not have an 18-month score, the score administered at the age closest to 18 months was used. 
If there were two scores from administration at which the child’s age was equidistant from 18 months (e.g.. 12 
and 24 months), the score admitered at the older age was used. In six cases, there were no Bayley data be- 
cause of the unsuitability of the assessment. 
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Table 1 
Univariate Descriptors of Infants Who Did and Did Not Survive Until Hospital Discharge 

Neonatal deaths Neonatal survivors 
(n = 83) (n = 240) P 

5-min Apgar S 3 (%) 
Surfactant (5%) 
Parity + S.D. 
Binhweight in grams 
Outbom (46) 
Vaginal delivery (%) 

Male (Q) 
white (010) 
AGA (%) 

(m or N) (94 

54.3 
40.2 

2.76 (1.66) 
663.49 (150.20) 

14.5 
48.2 
21.7 
49.4 
89.1 
92.8 

10.9 
63.9 
2.19 (1.46) 

801.78 (121.68) 
17.8 
57.1 
22.1 
44.2 
89.1 
89.3 

.oo 

.oo 

.01 

.oo 

.5 1 

.20 

.93 

.46 
1 .oo 
.39 

Analysis Summary 

All dichotomous variables-infant survival until hospital discharge, infant presence at the 
follow-up clinic, and infant CP at follow-up-were predicted with logistic regressions. Bay- 
ley MDI at follow-up, a continuous variable, was predicted with a multiple regression. In 
preparation for each of these analyses, predictor and predicted variables were examined to 
assure their approximate normality or, in the case of dichotomous variables, their skew. For 
each prediction analysis, only predictor variables with significant associations (p < .05) with 
the predicted variable’were entered in the analyses. To assess Univariate significance, chi 
square or Fischer’s exact test was conducted when both predictor and predicted variables 
were categorical; t tests were conducted when one variable was categorical and the other 
continuous; and correlation coefficients were used when both variables were continuous. For 
each prediction analysis, correlation and chi square tables of the predictor variables we= in- 
spected and tests of tolerance were conducted to avoid multicollinearity. Both the logistic re- 
gression and multiple repssion analyses were run in SPSSX using forward entry (criterion 
for inclusion, p < .01; criterion for exclusion, p > .05). Residuals from these analyses were 
examined to insure the normality, linearity, and equivariance of their distributions. 

RESULTS 

Predicting Infant Survival and Follow-up 

Of the 223 neonates, 83 (37.2%) died in the hospital and 140 (62.8%) survived until 
discharge from the hospital. Demographic and neonatal characteristics of both groups are 
compared in Table 1. Univariate analyses indicated that neonates who survived until hos- 
pital discharge had higher birthweights, were more likely to have received surfactant, 
were less likely to have had a 5-minute Apgar of 3 or below, and had mothers with a 
smaller mean number of deliveries than neonates who did not survive &ti1 discharge? 

2To avoid spurious associations, the frequency of diagnoses of respiratory ailments made up to several weeks 
after birth (i.e., respiratory d i s a s s )  and their course of treatment (ix., number of days on supplemental oxygen) 
were not compared between groups. These variables tend to have spurious positive associations with infant sur- 
vival because the presence of such diagnoses and a greater number of days of treatment indicate an infant’s con- 
hued  swival  which, in turn, is associated with survival until hospital discharge. 
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Table 2 
Logistic Regression CoefJicients and Odds Ratios for Factors Predicting Neonatal Mortality 

Coefficient odds ratio 95% c1 of odds ratio p if excluded 

5 min. Apgar 5 3 1.843 6.3 16 2.68 1 - 14.925 .oo 
Surfactant -1.254 .285 .139-.587 . .oo 
Birthweight -.729* .482 .4 19-J56 .oo 
Constant 5.153 

*Per IOO-gram increase in birthweight. 

A logistic regression using stepwise entry indicated that lower birthweight, a 5-minute 
Apgar score of 3 or below, and absence of treatment with surfactant were each uniquely 
associated with neonatal mortality. The relative risk of each of these factors when control- 
ling for the other factors in the model is displayed in Table 2. Together these factors cor- 
rectly classified the outcome of 78% of the infants in the sample. 

Predicting Attendance at Follow-up 

The next task was to determine differences between the 41 survivors who were seen at 
least once at the Neonatal Follow-up Program and the 100 who did not return for follow- 
up. Table 3 shows univariate differences in measures of perinatal status, later diagnoses, 
and courses of treatment between these two groups. Infants who attended follow-up were 
more likely to have an in-state (Utah) address and more likely to have been outbom than 
infants who did not attend follow-up. In addition, they received supplemental oxygen for 
a greater number of days and were less likely to have been treated with surfactant than in- 
fants who did not attend follow-up. Forward entry logistic regression (see Table 4) indi- 
cated that having not received surfactant and having an in-state address made significant, 
unique contributions to predicting attendance at follow-up. Together these factors cor- 
rectly classified the follow-up status of 79% of neonatal survivors. 

Table 3 
Univariate Comparison of Perinatal Factors Among Infants Who Did and Did Not 
Attend Follow-Up 

Anended follow-up Did not anend follow-up 
(n = 41) (n = 99) P 

Surfactant (%) 29.7 77.1 .oo 
Parity (S.D.) 2.25 (1.48) 2.17 (1.46) .77 
Birthweight 782.05 (123.87) 809.67 (120.47) .23 
Outborn (%) 40.0 9.0 .oo 
Vaginal delivev (9%) 62.5 55.0 .42 
MI (El or IV) (%) 17.5 24.0 .40 
Male (9i) 37.5 47.0 .3 1 
White (5%) 84.6 90.9 .28 
AGA (%) 95.0 87.0 .I7 
In-state address (9%) 87.2 64.0 .oo 
Days on 0, (S.D.) 81.36 (56.73) 55.64 (36.74) .o 1 

5-min Apgax 5 3 (9%) 12.8 10.2 .66 
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Table 4 
Logistic Regression Coeficients and OddF Ratios for Factors Predicting Attendance 
at Neonatal Follow-Up 

odds ratio 
Coefficient (95% Confidence Interval) p if excluded 

Surfactant -2.016 -133 (.055-.326) 
In-state address 1.378 3.969 ( 1 29 1 - 12.198) 
Constant -0.848 

.oo 

.02 

Describing and Predicting Status at Follow-up 

Families seen at follow-up were of predominantly intermediate socioeconomic status, 
as indicated by their Hollingshead Scale scores and yearly family income, with a substan- 
tial degree of variability noted in yearly family income. Bayley MDIs of the follow-up 
sample indicate that although the majority of infants were functioning in the normal 
range, a third were either at risk or functioning at a suboptimal level (see Table 5). Table 5 
also indicates that infants whose Bayleys were administered before 12 months of age 
were overrepresented among infants functioning in the normal range. Infants with CP 
were overrepresented among the infants with at-risk or suboptimal MDIs. Univariate 
analyses [see Table 6(A)] indicated that two conditions that were relatively rare in this 
sample, IVH (Grades III or IV) and not being ethnically White, were associated with 
lower MDIs. Longer’periods of treatment with oxygen were also associated with lower 
MDIs [see Table 6(B)]. In addition, the younger an infant was when the Bayley was ad- 
ministered, the higher the MDI tended to be [see Table 6(B)]. 

In a stepwise multiple regression, IVH was a unique predictor of MDI, explaining 23% 
of the adjusted variance (see Table 7). Infants with IVH obtained significantly lower MDI 
scores from other infants. No other variable(s) accounted for a significant portion of the 
remaining variance in MDI score. Nevertheless, concerns about the association between 
IVH effects and the age at which the Bayley had been administered were addressed in 
two ways. First, when the age of Bayley administration was forced to enter the regression 
equation first (adj. R2 = .13, p = .ll), the effect of IVH remained significant (adj. 
R2 = .27, p = .Ol), rendering the effect of age nonsignificant. Second, when the analysis 
was limited only to infants whose Bayleys had been administered at 18 months of age, 
IVH remained the sole significant predictor (adj. R2 = .33, p = .Ol). 

Table 5 
Bayley MDI and Cerebral Palsy (CP) Status at Follow-up 

Number (96) with Bayley 
Number (%) before 12 months Number (9%) with any CP 

MDI < 70 7 (20.6) 0 (0) 2 (40) 
MDI 70-84 5 (14.7) l(16.7) 3 (60) 
Total h4DI < 85 12 (35.3) l(16.7) 5 (100) 
MDI 2 85 22 (64.7) 5 (83.3) 0 
Missing 6 0 3 
Total 40 6 8 
Mean (SD) 88.65 (21.75) 96.50 65.20 (8.67) 
Median 94 99 70 
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Table qA)  
Distribution of Dichotomous Infanr Status Variables and Their Univariate Associations with the 
Bayley MDI (n = 34) 

5-min Apgar 5 3  
Surfactant 
IVH (III or IV) 
Male 
Ethnic White 
Resp. distress 
In-state address 
Married 

Identifier present 

# MDI Mean (SD) 

4 
8 
5 

22 
30 
4 

31 
30 

76.25 (29.34) 
86.25 (8.87) 
60.00 (14.14) 
88.27 (20.35) 
92.64 (20.30) 

100.00 (10.42) 
88.61 (22.39) 
90.00 (21.03) 

Identifier absent 

# MDI Mean (SD) 

30 90.93 (20.69) 
26 88.30 (22.00) 
29 90.24 (20.22) 
12 89.33 (25.07) 
4a 70.80 (21.99) 

30 87.13 (22.52) 
3 89.00 (17.06) 
4 86.50 (26.41) 

p value 

.22 

.83 

.oo 

.89 

.04 

.27 

.98 

.77 

T w o  of these infants were Native American and two were Hispanic. 

IVH was the only infant status variable with a significant univariate association with 
CP and emerged as a significant predictor of the presence of CP in a stepwise logistic re- 
gression, correctly classifying 85% of the infants. To insure that the association between 
IVH and lowered MDIs was not confined to infants with CP, a multiple regression pre- 
dicting MDI was run that excluded infants with CP (see Table 8). IVH remained the most 
powerful predictor (adj. R2 = .28) in this analysis, with number of days on oxygen ac- 
counting for the remaining variance (adj. R2 = S2). 

DISCUSSION 

This retrospective study describes and predicts the incidence of survival and the later 
functioning of extremely low birthweight infants. The neonatal survival rate of 63% doc- 
umented here is comparable to the rate in other Level I11 hospitals during overlapping pe- 
riods (Hack & Fanaroff, 1988; see also Collin, Halsey, & Anderson, 1991). Findings that 
lower birthweight, an Apgar score of 3 or below at 5 minutes, and not receiving surfactant 
were each independently associated with increased neonatal mortality replicate the results 
of others (Horbar et al., 1993; Lipper et al., 1990; Phelps et al., 1991). The finding that ar- 
tificial surfactant was associated with increased rates of infant survival in a noncontrolled 
clinical setting corroborates identical experimental findings (Bose et al., 1990; Repka et 
al., 1992; Zola et al., 1993). These results suggest the importance of prenatal measures 

Table 6(B) 
Descriptors of Continuous Infant Status Variables (n = 40) and Their Univariate Associations 
with the Bayley MDI (n = 34) 

~ ~~~ ~~ 

Parameters Mean Median SD SE Correlation coefficient P 

Yearly income $24,291 $22,000 $1,860 $2.735 .04 .a4 

Days on 0, 81.36 79.00 56.73 9.08 -.35 .04 
Age at Bayley 16.41 18.00 6.28 1.08 - .45 .O I 

Hollingshead 2.88 3 1.27 0 -. lo .6 I 
Birthweight 782.05 795.00 123.87 19.59 .I0 .58 
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Table 7 
Regression Equation Predicting the Bayley MDI 

95% confidence Adjusted R 
Variable B S E B  Beta interval Squm p if excluded 

IVH (m or IV) -30.01 9.25 -0.50 -48.90 to -1  1.12 .23 .oo 
Constant 93.89 3.60 

designed to avoid ELBW births and, in the case of ELBW births, the importance of sur- 
factant administration and aggressive resuscitation, to survival. 

As in other retrospective studies, subject attrition was a difficulty. Approximately two 
thirds of the infants discharged alive from the hospital were not seen at follow-up. Infants 
seen at follow-up were less likely to have received surfactant and more likely to have 
lived within the same state as the follow-up clinic. Living in-state suggests the influence 
of familial convenience and does not indicate a systematic medical bias distinguishing in- 
fants seen at follow-up from other survivors. However, infants seen at follow-up were less 
likely to have been treated with surfactant and univariate analyses indicated that these in- 
fants were treated with oxygen for longer time periods. This suggests that infants seen at 
follow-up were more likely to have received extensive (but not prophylactic) treatment 
for respiratory difficulties. 

Approximately one third (12/34) of the sample showed at-risk or delayed cognitive 
performance. The rates of low perfonnance on tests for mental ability parallel reports 
from other studies of ELBW infants assessed at school age (Hack et al., 1994; Mc- 
Cormick et al.. 1992). However, the 20% CP rate (8/40) in this study appears to be ele- 
vated in comparison with studies of other ELBW infants (9%; Hack et al., 1994) and a 
meta-analysis of infants with birthweights under 1,500 grams (median rate 7.7%; Esco- 
bar, Littenberg, & Pettiti, 1990). The high rate of CP observed may be due to an overrep- 
resentation of disabled infants in this follow-up sample. 

These observations suggest the results of the developmental analyses may be most gen- 
eralizable to high-risk samples with relatively lengthy periods of oxygen dependence and 
relatively high rates of CP. In future studies, geater follow-up compliance might be 
achieved by assessing parents' perceptions of their infants' health status, tracking family 
moves and changes in infant health care providers, as well as by specifically targeting in- 
fants with shorter periods of intensive neonatal care who did not show CP for aggressive 
recruitment campaigns. 

Table 8 
Logistic Regression Coeficients and Odds Ratios Involved in Predicting Cerebral Palsy 

~ ~~ ~~ ~~ 

odds ratio 
Coefficient (95% confidence interval) p if excluded 

lVH(IIIorIV) 2.59 13.330 (1.974 - 90.017) 
constant -2.306 

.01 
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A factor impacting the predictive validity of the study was that the seven infants who 
received their Bayley exams early, at 6 or 9 months, had higher MDI scores than other in- 
fants (see Tables 5 and 6B). Before 1 year, MDI performance is typically dependent on 
sensorimotor competence and motor control. After 1 year, MDI performance is typically 
dependent on more sophisticated cognitive tasks such as using means to ends, matching 
shapes, and demonstrating object constancy. It may be that the ELBW infants in this sam- 
ple showed greater deficits on these more advanced items. Alternately or in addition, the 
competence of ELBW infants may have declined over the age span that Bayleys were ad- 
ministered. In either case, it is possible that we underestimated the deficits of the seven 
infants whose Bayley exams were administered before 12 months. More generally, the fu- 
ture prognosis of these ELBW infants is unclear, with some researchers reporting a reduc- 
tion in handicap (Kitchen et al., 1987) and other researchers reporting an increase in at 
least minor deficits (Collin et al., 1991) between infancy and early childhood. 

Forced entry multiple regression indicated that IVH was a robust and consistent predic- 
tor of MDI whose presence rendered the tendency of Bayley MDIs to decline with age 
nonsignificant. In fact, when we limited the analysis to infants whose Bayleys had been 
administered at 18 months of age, the link between IVH and MDI scores became 
stronger. IVH predicted close to a quarter of the variability in infant MDI functioning in 
the sample as a whole. This parallels other findings indicating that increased severity of 
IVH is associated with lower scores on tests of mental performance (Hack et al., 1994; 
Landry, Chapieski, Fletcher, & Denson, 1988; Msall et al., 1994). As in other studies 
Hack et al., 1994; Msall et al., 1994), IVH was also a significant predictor of CP. These 
results underscore the degree to which insult to the developing brain affects later mental 
functioning and sensorimotor competence. 

Though there was a univariate association between dependence on oxygen and MDI 
Performance in the sample as a whole, IVH more adequately accounted for this variance 
when “competing” with oxygen dependence. Among infants who did not have CP, how- 
ever, number of days of oxygen dependence was also associated with cognitive perfor- 
mance. These results are similar to the findings of other researchers who have found that 
both cerebral insult (IVH) and indices of chronic respiratory disease explain variance in 
cognitive performance (Hack et al., 1994; Landry et al., 1988). 

This study’s most important finding was that infant survival and later developmental 
functioning were associated with different factors. As in studies by others, infant birth- 
weight, 5-minute Apgar score, and the administration of artificial surfactant were strong 
predictors of infant survival (e.g., Bose et al., 1990; Horbar et al., 1993; Lipper et al., 
1990; Phelps et al., 1991). However, once survival had been established, these factors 
were not associated with the degree of developmental deficit seen in the second and first 
years of life. A similar pattern has been reported by Hack et al. (1994), who found that 
when IVH and long-term oxygen dependence were used to account for cognitive perfor- 
mance and incidence of CP, birthweight ceased to be a significant predictor. Conversely, 
grade of intraventricular hemorrhage had the strongest influence on later developmental 
status and no significant association with survival before discharge from the hospital. In 
fact, we know of only one study (Msall et al., 1994) in which IVH was associated with in- 
fant mortality. 

Mortality and later morbidity are often seen as points along a scale. In this view, nor- 
mal functioning is an extreme point on the scale, developmental deficit is a middle 
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ground, and neonatal death is at the opposite extreme. This study suggests the analogy is 
not apt. Although survival is an obvious precursor to healthy development, neonatal mor- 
tality and developmental deficits appear to be associated with different factors. Higher 
birthweight and adequacy of cardiovascular and respiratory functioning best predict sur- 
vival. Once survival is established, deficits in later functioning are best predicted by cere- 
bral insult. This suggests that the incidence of neonatal survival and developmental 
deficits in ELBW infants may be different dimensions of functioning. 

One proviso is that factors necessitating continued dependence on oxygen may be re- 
lated to neonatal mortality and often emerge as predictors of later disability. Nevertheless, 
medical staff should be aware of the possibility that the factors that endanger the lives of 
neonates may differ from the factors that, if the neonates survive, have the most direct 
bearing on their later functioning. Resources devoted to preventing mortality among 
ELBW infants may or may not reduce levels of developmental deficit among survivors. 

In conclusion, two thirds of extremely low birthweight infants were discharged alive 
from Level III hospitals and survivorship could be predicted by birthweight, 5-minute A p  
gar score, and the administration of surfactant. Three eighths of the infants seen at follow- 
up (15 out of 40) showed CP or a below normal Bayley MDI. These outcomes were most 
adequately predicted by the grade of neonatal IVH, a measure of cerebral insult. The re- 
sults suggest that neonatal survival and functioning in and around the second year of life 
may be linked to different factors. Prospective studies with aggressive follow-up are 
needed to explore this possibility. 
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