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�
Advances in perinatal and neonatal
medicine including the use of antenatal
steroids,1 and magnesium sulfate,2  more
aggressive delivery room resuscitation,
surfactant,3 prophylactic indomethacin,4

improved ventilatory techniques5 and
nutritional management6-8 have signifi-
cantly improved survival rates of preterm
infants.9, 10  These improvements have
been most notable for  infants born
with extremely low birth weight
(ELBW < 1000 grams) and at the limits
of viability (22-24 weeks).11, 12  This im-
provement in survival has resulted in an
increasing prevalence of infants at risk for
neurodevelopmental impairments and
infants with special health care needs.  In
response, there has been an emergence of
specialized follow-up care programs at ter-
tiary care centers in the United States that
provide enhanced transitional care and
post-discharge care, and ongoing assess-
ments. All fellowship training programs
in Neonatology in the United States must
have a follow-up program for training
fellows that monitors the outcomes of
neonatal intensive care unit (NICU)
graduates.

VERY LOW BIRTH WEIGHT
(VLBW) SURVIVORS IN RHODE
ISLAND

Data from Women & Infants Hospi-
tal (WIH) is consistent with increased sur-
vival of our smallest and most vulnerable
infants. Infants considered at the limits of
viability are born at 22 to 24 weeks of ges-
tation. Although the Academy of Pediat-
rics does not recommend active resuscita-
tion of infants at 22 weeks gestation, it is
recommended that physicians consult with
families to develop a plan about the level of
intervention for infants born at 23 to 24
weeks.   Figure 1 shows the increase in the
number of live births and survivors for these
most immature infants of 23 to 24 weeks
gestation in Rhode Island from 1990 to
2007.  In 1990 there were 16 live births of
infants of 23-24 weeks gestation and 7 sur-
vivors. This number increased to 38 live
births in 2007 and 20 survivors. Increas-
ing numbers of infants are being discharged
on monitors, oxygen, special formulas,

medications, and gastrostomy tube feeds.
These infants with special heath care needs
and their families benefit from the support
of staff knowledgeable about the needs of
high risk infants.

The Neonatal Follow-up Program at
Women and Infants has been providing
supplemental care to high risk infants since
1974.  Initially infants seen in the Follow-up
Program had been cared for in a 20-bed
Special Care Nursery at the old Providence
Lying-In Hospital.  In 1984 the NICU was
expanded to 41 beds when the hospital
moved to its current site at 101 Dudley
Street.  Since that time the number of in-
fants born at WIH and cared for in the
NICU has increased, with a current daily
census of almost 70 being cared for in the
new 80-bed single room NICU.    The mis-
sion of the Follow-up Program is to provide
a continuum of specialized clinical care for
graduates of the NICU, to monitor specific
quality indicators, and to conduct prospec-
tive, longitudinal outcome studies including
descriptive studies, interventional studies, as
well as local and multicenter clinical trials.

CRITERIA FOR FOLLOW-UP AT
WOMEN & INFANTS HOSPITAL

Infants routinely scheduled for fol-
low-up include premature infants weigh-
ing less than 1500 grams at birth, infants
of any birth weight with neonatal compli-

cations that place them at developmental
risk including intraventricular hemor-
rhage (IVH), bronchopulmonary dyspla-
sia (BPD), periventricular leukomalacia
(PVL), asphyxia, meningitis, congenital
malformations and infants discharged on
cardiorespiratory monitors or oxygen.
Definitions of subgroups of high risk in-
fants seen are shown in Table 1.

The number of visits per year has in-
creased from approximately 200 in 1974 to
over 1268 in 2009, and the number of staff
has increased from 3 (physician, psycholo-
gist, and nurse) to 17 (4 pediatricians includ-
ing a medical director, 2 psychologists, nurse
practitioner, a social worker, a Rhode Island
Parent Information Network (RIPIN) par-
ent consultant, an occupational therapist, a
pulmonologist, 2 nutritionists, a manager, a
business representative, a chart coordinator,
and a data analyst). Staff provide compre-
hensive multidisciplinary assessments.

Referral Process
Infants are primarily referred to the

Follow-up Program from the NICU.  In
addition, Early Intervention (EI), primary
care providers, visiting nurses and parents
may refer for growth, neurologic, develop-
mental or behavioral concerns. Visits are
scheduled from birth to adolescence, as in-
dicated.    High risk NICU graduates who
move to Rhode Island from other parts of

TABLE 1. Common Definitions of Patients Seen in
Neonatal Follow-up Program

Premature - any neonate born before 37 completed weeks of gestation.
(37 weeks or less.)

Low birth weight (LBW) -  birth weight less than 2500 g
Very low birth weight (VLBW) - birth weight less than 1500 g.
Extremely low birth weight (ELBW) - birth weight less than 1000 g.
Micro premie - any neonate whose birth weight is less than 750 g.
Chronological Age - The age of the infant based on the number of weeks

or months since the actual date of delivery.
Corrected Age - The age of the infant calculated from the expected date of

delivery.  It may also be calculated by subtracting the number of weeks
of prematurity from the chronological age.  For example, an infant born
6 months ago with a gestational age of 28 weeks (3 months premature)
has a chronologic age of 6 months and a corrected age of 3 months.

Small for gestation – weight <10th % for gestation
Threshold of viability - 22-24 weeks gestation



152
MEDICINE & HEALTH/RHODE ISLAND

the country may also be referred for special-
ized follow-up.  Informed consent for study
involvement is obtained when indicated.

Age of Assessment
For premature infants born prior to 34

weeks gestation, corrected age (time since
mother’s expected date of delivery) is used
for assessments of growth, development and
nutrition in the first 30 months of life.
Chronologic age (time since birth) is used
thereafter.  In contrast, immunization sched-
ules are always based on chronologic age re-
gardless of gestational age at birth.  Infants
with special health care needs (such as home
oxygen or apnea monitor, feeding issues, or
neurologic injury/illness) are seen within 1
month of discharge and followed closely
thereafter.  Stable VLBW infants are seen
for standard visits at the corrected ages of 3,
7 and 18 months, and then at the chrono-
logical ages of 30 months and 5 years. School
age assessments are also completed on chil-
dren who are participating in long-term
studies or special programs. For example,
adolescents in the Indomethacin IVH Pre-
vention Trial are currently being assessed at
16 and 18 years of age.

Type of Assessments
The Follow-up Clinic provides medi-

cal management for graduates of the
NICU.  Infants with medical problems
such as apnea of prematurity, obstructive
apnea, BPD, reflux and failure to thrive,
are managed longitudinally until the
problem is resolved or well controlled.
Infants with more complex medical issues
are referred to specialty clinics.

Growth
Both appropriate-for-gestational age

and small-for-gestational age VLBW in-
fants are at increased risk of growth fail-
ure post discharge. Weight, length and
head circumference are routinely collected
longitudinally. Input is provided by the

staff nutritionists and recommendations
made to the family and primary provider.
Infants with significant growth failure are
referred on for further assessment and
possible candidacy for growth hormone.

NEURODEVELOPMENTAL
OUTCOMES

Premature infants are at increased
risk of cerebral palsy (CP), hearing loss,
vision impairments, developmental de-
lays, cognitive impairments and learning
problems. Early identification is impera-
tive so that appropriate referrals can be
made to support the optimal develop-
ment of these children.

Rates of CP in ELBW infants in RI
range from 9-12%. The most common
form of CP in this population is spastic
diplegia, accounting for 40% to 50% of all
cases, followed by spastic quadriplegia, and
hemiplegia. Although CP is the most well
known and potentially most disabling mo-
tor abnormality associated with prematu-
rity, preterm infants more often have less
severe differences in their neurologic de-
velopment including difficulties with fine
and gross motor coordination.  During the
first year of life transient findings of abnor-
mal tone and movement are common in
the motor development of VLBW infants.
Infants with suspect or abnormal neuro-
logic findings benefit from EI services.

While much less common than mo-
tor disabilities, rates of neurosensory disabili-
ties are higher in ELBW infants than the
general population.  Unilateral or bilateral
blindness rates in Rhode Island are usually
about 1% of ELBW infants.  Milder visual
impairments including myopia, strabismus,
and lack of stereopsis (depth perception)
occur more frequently.  Hearing impair-
ment benefiting from amplification occurs
in about 1-3 % of VLBW infants.

The most common impairment seen
in VLBW and ELBW infants at 18 and 30
months is cognitive impairment, defined as
scores that are more than 2 standard devia-
tions below the mean on standardized cog-
nitive testing. At school age 50% of former
VLBW children will need some type of re-
source or special education supports.

The Follow-Up Program provides
neurodevelomental assessments and man-
agement. Neurosensory, neuromotor, be-
havior, and developmental assessments are
completed on all infants at each visit.  De-
velopmental assessments include the follow-

Figure 1. Number of live births and surviving 23 to 24 week gestation infants at
Women & Infants Hospital by birth cohort.

The number of
visits per year has

increased from
approximately 200

in 1974 to over
1268 in 2009…
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ing: Cognitive, Language (Receptive and
Expressive), Gross Motor, Fine Motor, Be-
havior (Internalizing and Externalizing and
Adaptive Behavior), Executive Functioning,
Memory, Achievement and Phonological
Processing. Referrals are made to EI and
the Department of Education as needed.

Feedback
Results with recommendations are pro-

vided to parents at the end of each follow-
up visit.  A summary letter with findings and
recommendations for appropriate supple-
mental support services including specialty
services and early intervention within the
community is sent to the primary provider.

Teaching
The Follow-up Clinic is heavily com-

mitted to teaching fellows, residents, and
medical students.  In addition, visiting
nurse practitioner students, fellows and
physicians from other institutions and
countries spend time in the clinic.

Data Base
The Neonatal Follow-up Program

maintains a comprehensive data base of neo-
natal characteristics, neonatal outcomes, and
post-discharge outcomes. This data is used
for in-house monitoring of outcomes and is
a quality indicator for management in the
NICU.  Long term outcomes are consid-
ered important because of a known discon-
nect between neonatal outcome and post-
discharge outcome.13,14  The most demon-
strative example of this was the use of high
doses of ambient oxygen in the management
of respiratory distress which through long
term follow-up studies was associated with
the subsequent diagnosis of retinopathy of
prematurity with significant vision impair-
ment or blindness.15,16 The program has
both data entry staff for collection of neona-
tal and follow-up data, and a data analyst.

Transition Home Care
In 2006-2007 with the support of

March of Dimes, CVS Charitable Trust,
and the Department of Pediatrics, the Fol-
low-up Program expanded services to pro-
vide comprehensive health integration ser-
vices for infants considered at highest risk.
The primary objective was to provide en-
hanced parent education, seamless support,
and specialized infant services closely linked
to the medical home (primary provider)
during the first 6 months after discharge.

Nationally, 50% of ELBW infants are re-
hospitalized by 18 months of age. The ob-
jective of the enhanced services was to
achieve fewer rehospitalizations and im-
prove outcomes. Data collected from 2007
to 2008 indicate a significant decrease in
the number of infants rehospitalized.

In summary, the Women & Infants
Neonatal Follow-up Program plays an im-
portant clinical role to guarantee that all
VLBW and high risk NICU graduates re-
ceive appropriate transition care, assessment
and referral for community services as needed
after discharge. In addition, ongoing surveil-
lance of annual neonatal and post-discharge
outcomes of high risk infants within an ever
changing NICU environment permits the
systematic monitoring of quality indicators
and an audit of NICU interventions. In a
2004 publication comparing
neurodevelopmental outcomes or death of
ELBW infants cared for in the 12 centers of
the NICHD Neonatal Research Network,
our NICU had the lowest rates of cerebral
palsy and the lowest combined outcome of
any neurodevelopmental impairment or
death. 17  Data such as these provide the evi-
dence for changes and innovations in man-
agement that result in the continual im-
provement in acute NICU care, survival of
premature infants, and in long term out-
comes for Rhode Island’s NICU graduates.

REFERENCES
1. Crowley PA. Antenatal corticosteroid therapy. Am

J Obstet Gynecol 1995;173:322-35.
2. Rouse DJ, Hirtz DG, et al. A randomized, con-

trolled trial of magnesium sulfate for the preven-
tion of cerebral palsy. NEJM 2008;359:895-905.

3. Schwartz RM, Luby AM, et al. Effect of surfac-
tant on morbidity, mortality, and resource use in
newborn infants weighing 500 to 1500 g. NEJM
1994;330:1476-80.

4. Ment LR, Oh W, Ehrenkranz RA, et al. Low-dose
indomethacin and prevention of intraventricular
hemorrhage. Pediatrics 1994;93:543-50.

5. HIFI Study Group. High-frequency oscillatory
ventilation compared with conventional ventila-
tion in the treatment of respiratory failure in
preterm infants. NEJM 1989;320:88-93.

6. Dinerstein A, Nieto RM, et al. Early and aggres-
sive nutritional strategy decreases postnatal growth
failure in very low birth weight infants. J Perinatol
2006;26:436-42.

7. Stephens BE, Walden RV, et al. First-week protein
and energy intakes are associated with 18-month
developmental outcomes in extremely low birth
weight infants. Pediatrics 2009;123:1337-43.

8. Thureen PJ, Melara D, et al. Effect of low versus
high intravenous amino acid intake on very low
birth weight infants in the early neonatal period.
Pediatr Res 2003;53:24-32.

9. Fanaroff AA, Hack M, Walsh MC. The NICHD
neonatal research network. Semin Perinatol
2003;27:281-7.

10. Lemons JA, Bauer CR, et al. Very low birth weight
outcomes of the National Institute of Child Health
and Human Development Neonatal Research
Network, January 1995 through December
1996. NICHD Neonatal Research Network. Pe-
diatrics 2001;107(1):E1.

11. Hintz SR, Poole WK, et al. Changes in mortality
and morbidities among infants born at less than
25 weeks during the post-surfactant era. Arch Dis
Child Fetal Neonatal Ed 2005;90(2):F128-33.

12. El-Metwally D, Vohr B, Tucker R. Survival and
neonatal morbidity at the limits of viability in the
mid 1990s: 22 to 25 weeks. J Pediatr
2000;137:616-22.

13. Vohr BR,  Allan WC, et al.  School age outcomes
of very low birth weight infants in the indometha-
cin intraventricular prevention trial.  Pediatrics
2003:111(4):e340-6.

14. Ment LR, Vohr B, et al.  Change in cognitive
function over time in very low-birth-weight in-
fants.  JAMA 2003;289:705-11.

15. Terry TL. Extreme prematurity and fibroblastic
overgrowth of persistent vascular sheath behind
each crystalline lens. Am. J. Ophthalmol 1942;
25:203-4.

16. Kinsey VE, Jacobus JT, Hemphill FM. Retrolen-
tal fibroplasia. Arch Ophthalmol 1956;56:481-
543.

17. Vohr BR, Wright LL, et al. Center differences and
outcomes of Extremely Low Birth Weight Infants.
Pediatrics 2004;113:781-9.

Betty Vohr, MD, is the Director of the
Neonatal Follow-up Program at Women &
Infants Hospital, and Professor of Pediat-
rics, Warren Alpert Medical School of
Brown University.

Bonnie Stephens, MD, is a staff neo-
natologist at Women and Infants Hospital
&  Assistant Professor of Pediatrics, War-
ren Alpert Medical School of Brown Uni-
versity.

Richard Tucker is the Data Analyst
for the Neonatal Follow-up Program at
Women &  Infants Hospital.

Disclosure of Financial Interests
The authors and their spouses/sig-

nificant others have no financial interests
to disclose.

CORRESPONDENCE
Betty Vohr, MD
Women & Infants Hospital
101 Dudley Street
Providence, RI 02905
Phone:  (401) 274-1122, ext. 1235
e-mail: bvohr@wihri.org


