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 INTRODUCTION

The epidemic of preterm birth continues to 
be a public health crisis for the United States. 
Approximately 12% of all pregnancies result 
in a preterm birth, a rate that has increased 

by 29% over the past two decades.1 Low-birth-
weight infants (birth weight of < 2,500 grams) 
comprise 11% of all deliveries, yet result in over 
90% of the neonatal deaths.2 Very-low-birth-
weight infants (birth weight < 1,500 grams) 
comprise 1% of all deliveries and result in 
greater than 60% of neonatal deaths.3 Prema-
turity and low-birth-weight continue to be the 
leading causes of neonatal mortality. 

Improved survival of newborns with gesta-
tional ages of 23–25 weeks and birth weights 
of 500 to 750 grams has been made possible 
by surfactant replacement therapy, improved 
prenatal management (including the use of 
prenatal steroids), new technologies for tem-
perature regulation, availability of precision 
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delivery infusion pumps for fluid and medica-
tion administration, more refined nutritional 
management, and continued improvement in 

ventilatory support (e.g., patient-triggered, 
high-frequency, pressure and volume support 
ventilation modalities, and in-line pulmonary 
function testing capabilities). This article will 
discuss recent accomplishments in the field 
of newborn medicine, current health outcome 
data, and future challenges facing the fields of 
neonatal and perinatal medicine.

OUTCOME DATA FOR INFANT MORTALITY 
AND MORBIDITY

Mortality
For the first time in 45 years, the infant mor-
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tality rate (IMR) increased in the United States 
in 2002 from 6.8/1,000 live births to 7.0/1,000 
live births.1,4 In year 2000, twenty-four other 
countries had lower IMRs than the United 
States, with Sweden’s rate approximately one-
half of the U.S.’s at 3.6/1,000 live births.5 If the 
U.S. were to achieve the IMR of Sweden, 13,940 
fewer infants would die each year. 

An extremely-low-birth-weight infant 
(ELBW) is defined as a neonate with a gesta-
tional age of ≤ 25 weeks and a birth weight of 
≤ 750 grams. A dramatic improvement in the 
survival of these infants has occurred over 
the past two decades. A National Institute 
of Child Health and Human Development 
(NICHD) survey of participating Neonatal 
Intensive Care Units (NICUs) documented 
survival rates of 21% at 22 weeks, 30% at 23 
weeks, 50% at 24 weeks, and 75% at 25 weeks 
gestational age.6 The survival rate was 11% and 
29% in newborns with birth weights of 401 to 
500 grams and 501 to 600 grams, respectively 
(Figure 1). Data from the Vermont Oxford 

Neonatal Network showed similar survival 
rates.7 The remarkable improvement in birth 
weight-specific neonatal mortality rates is pri-
marily a reflection of technological advances in 
neonatal medicine and an improvement in the 
understanding of neonatal physiology.

Significant health disparities exist between 
racial and ethnic groups. In 2001, infant mor-
tality rates were greatest for infants born of 
non-Hispanic black mothers (13.5 deaths per 
1,000 live births).4 African American infants 
have a greater than two-fold higher rate of 
low-birth weight and infant mortality than 
Caucasians.8 The African American:White ratio 
of infant deaths has actually increased by 45% 
over the past six decades from 1.69 to 2.46.4 
American Indians/Alaska Natives have an IMR 
22% higher than the general population, and 
60% higher than Caucasians (Figure 2).5 

Infant mortality rates are widely viewed as 
a reflection of social conditions and societal 
equity in the areas of social well-being and dis-
tributive justice (e.g., health care resource allo-

Figure 1. Logistic estimates of mortality risk by birth weight and gestational age based on singleton infants born in NICHD Neonatal Research Network 
Centers. The limits of the gray scale area indicate the upper 95th and lower 5th percentiles of birth weight for each gestational age. The curved lines 
indicate combinations of birth weight with gestational age with the same estimated probability of risk mortality, from 10% to 90%. Note that at each 
gestational age, a lower birth weight carried a higher mortality risk. (Reprinted from Lemmons JA, Bauer CR, Oh W, et al: Very-low-birth-weight outcomes 
of the NICHD Neonatal Research Network. Pediatrics 107, 1999 with permission of Pediatrics12)
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cation). In fact, measures of social disadvantage 
are highly correlated with prematurity.9 As a 
mother’s educational level decreases, the IMR 
increases.4 The mortality rate for infants whose 
mother had less than a high school education 
was 49% higher than that of mothers with more 
than 13 years of education.4 It is estimated that 
the reduction of social class differences could 
prevent over one-half of post-neonatal deaths 
as well as a significant number of perinatal 
deaths.10

 
Morbidity

Although survival rates have increased, there 
has not been a parallel improvement in the rate 
of morbidities in ELBW infants. A co-morbidity 
of prematurity is bronchopulmonary dyspla-
sia (BPD). This is defined as ongoing oxygen 
requirements at 36 weeks postmenstrual age 
and occurs most frequently in prematurely 
born infants who require prolonged mechanical 
ventilation and supplemental oxygen. Recent 
data has shown that 86% of survivors with 
birth weights of 401 to 500 grams and 62% of 
infants with birth weights of 501 to 600 grams 
develop BPD.2 

Neurological and neurodevelopmental out-
comes of extremely prematurely born infants 
remain a primary concern of neonatologists, 
perinatologists, and developmental pedia-
tricians. A NICHD follow-up study of 1,151 
ELBW infants found that 17% had cerebral 
palsy, 11% had hearing impairment, 9% had 
visual impairment, and 49% had abnormal 

neurodevelopment.11 Bayley scores < 70 (the 
subnormal range) for the mental developmen-
tal index were found in 37%, and psychomotor 
developmental index scores < 70 were noted 
in 29%. The EPICure study followed 1,185 30-
month olds who had been born at ≤ 25 weeks 
gestation, surveying all of the perinatal centers 
in the United Kingdom and the Republic of 
Ireland, to evaluate outcomes.12 Fifty percent 
of these children had no disability; however, 
25% had mild disability, and 23% had a severe 
form of disability (i.e., likely to need physical 
assistance to perform daily activities). Thirty 
percent had Bayley scores < 70, 18% had 
cerebral palsy, 10% had severe neuromotor 
disability, 2% were blind, and 3% required 
hearing aids. Some infants considered to have 
no disabilities were later found to have higher 
rates of attention-deficit hyperactivity disorder 
(ADHD) and learning disabilities in the areas 
of writing, math, and reading, in comparison 
to the general population.13

ELBW infants have been followed to adoles-
cent age. Saigal and colleagues conducted a 
longitudinal follow-up study in adolescents.14 
The authors compared psychometric assess-
ments and frequency of school difficulties 
in 150 ELBW survivors and 124 full-term 
controls. Twenty-eight percent of the ELBW 
survivors had neurosensory impairment, 57% 
experienced visual problems, 7% had a seizure 
disorder, and 9% were considered hyperactive. 

Evaluations revealed lower IQ scores as well 
as lower scores in math, reading, and spelling. 
Approximately 50% received special education, 
with 22% receiving full-time assistance. In 
addition, there was shorter stature and lower 
weight attainment in comparison to a control 
group. Chapieski and Evankovich found an 
increased rate of negative temperament char-
acteristics, ADHD, and lower levels of social 
competence in adolescents who were born pre-
maturely.15 In relation to long-term follow-up 
data, it is also important to be aware of the fast 
pace of change in perinatal and neonatal prac-
tice. The above referenced follow-up studies do 
not reflect such components of contemporary 
practice as antenatal steroids, prophylactic sur-
factant, and the virtual elimination of postna-
tal steroid use. There is also now an increased 
emphasis on broadening the approach to health 
measurements in neonatal follow-up studies, 
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incorporating quality of life assessments.16 

Outcome studies over the next 5 to 15 years will 
reflect more accurately the current perinatal 
and neonatal practice environments. It is also 
important to note that if we are truly going to 
optimize the outcome of high-risk infants, we 
need to address the socioeconomic factors that 
adversely affect children’s development after 
they are discharged from the hospital (e.g., 
poverty, lack of adequate health care insurance 
and access, exposure to violence, etc.). 

Evaluation of the Literature 
There are important caveats to consider 

when analyzing the current neonatal follow-
up literature as there is significant variation 
in both definitions and care philosophy be-
tween perinatal centers. There are differences 
between centers on whether all live births or 
just those births that were actively treated 
in the delivery room are included in survival 
and outcome statistics. When evaluating the 
outcome literature, factors to be aware of are: 1) 
whether every live birth above a specific birth 
weight and gestational age was resuscitated in 
the delivery room, or if infants were selectively 
treated in the delivery room based on their 
condition; 2) the criteria used to judge viability; 
3) indications for withdrawal of support; 4) the 
experience and skill level of team members for 
these high-risk deliveries; 5) comparability of 
racial, ethnic, socioeconomic, and demographic 
variables; and 6) percentage of inborn versus 
transported infants. The latter is important 
since infants who require transport have a 
higher level of morbidity and mortality. Out-
come evaluations among the NICHD Neonatal 
Network perinatal centers have shown “large 
and disturbing” differences between centers in 
both survival and neurodevelopmental sequel-
ae after adjustment for demographic variables 
and antenatal interventions.17 There is also a 
significant effect on long-term developmental 
outcome of family factors and social support, 
including early educational intervention.18 

Outcomes Research 
Higgins et al. list a number of the gaps in 

current knowledge that need to be addressed 
in both the obstetric and neonatal fields in the 
assessment and treatment of periviable infants 
and their mothers.19 Included in these are the 

following: 1) identifying sensitive markers for 
periviable birth that can help direct treatment 
before delivery; 2) developing tools to assess 
and treat subclinical intrauterine infections/in-
flammation and uteroplacental dysfunction; 3) 
identifying prenatal markers for poor neonatal 
outcomes after periviable birth that would al-
low individualized counseling and treatment 
of patients at risk; 4) developing better under-
standing of survival and morbidity rates after 
periviable birth, with respect to racial, ethnic, 
and gender variables; 5) establishing evidence-
based standards for fluid, electrolyte, nutrition, 
and environmental care; 6) making available 
infection prevention and treatment modalities 
to improve short-term and long-term outcomes; 
7) encouraging heightened attention to brain 
injury and healing, with specific attention to 
the affect of cytokines, drug, and oxygen on the 
developing brain and the development of neu-
roprotective mechanisms; 8) improving delivery 
room treatment of infants with attention to re-
suscitation, oxygen use, and surfactant admin-
istration; and 9) enhancing long-term outcomes 
for extremely-low-birth-weight infants, with 
attention to functional outcomes; psychiatric, 
behavioral, and attention issues; effects of de-
velopmental interventions on outcomes; and 
chronic medical illnesses such as BPD. 

ADVANCES IN THE 1990s

The 1990s was considered the decade of the 
micropremie (Figure 3). In 1992, the American 
Academy of Pediatrics (AAP) initiated what 
eventually became the “Back to Sleep” cam-
paign, which reduced the rate of Sudden Infant 
Death Syndrome by two-thirds, to 0.7/1,000 
live births.20 In 1994, the Pediatric AIDS Clini-
cal Trials Group Protocol 076 was published, 
recommending the use of perinatal zidovudine, 
which decreased the rate of perinatal trans-
mission of Human Immunodeficiency Virus by 
two-thirds.21 Als and Gilkerson introduced the 
Newborn Individualized Developmental Care 
and Assessment Program, which supported 
family-centered, individualized developmental 
care for premature infants,22 resulting in fewer 
ventilator days and improved developmental 
outcomes of Newborn Intensive Care Unit 
graduates.23 The development of databases 
and inter-institutional, randomized, prospec-
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tive studies continued to progress. One of 
the better known neonatal databases is the 
Vermont Oxford Network,24 and the Cochrane 
Collaboration is the best known meta-analysis 
in the field.25 There was an increased aware-
ness of the “neonatal golden hour” of delivery 
room and early newborn intensive care unit 
(NICU) management and its potential to af-
fect long-term outcome. Increased emphasis 
was placed on the benefits of prophylactic 
surfactant, the institution of early continuous 
positive airway pressure, the maintenance of 
normal body temperature, and the optimiza-
tion of a gentler transition to the ex-utero 
environment for extremely low-birth-weight 
infants. Other significant developments were 
the introduction of erythropoietin administra-
tion for the prevention of anemia in premature 
infants, a rethinking of indications for blood 
product transfusions based on an increased 
emphasis on physiological principles, and 
the formulation of Group B Beta hemolytic 
streptococcus maternal prophylaxis and neo-
natal evaluation/treatment guidelines by the 
AAP and the American College of Obstetrics 
and Gynecologists (ACOG).26 With improved 
perinatal management of neonatal sepsis, the 
mortality rates decreased from 90% in the 
early ‘30s to the current 4% to 6%.27 In 1999, 
the Food and Drug Administration approved 
the use of inhaled nitric oxide (iNO) for use in 
near-term and term infants with hypoxic respi-
ratory failure (HRF) complicated by persistent 
pulmonary hypertension (PPHN). HRF affects 
between 16,000 and 25,000 infants each year 
in the United States with about half of these 
infants presenting with PPHN.28 In 2000, the 

AAP recommended iNO for infants with pro-
gressive hypoxic respiratory failure.29 The need 
for extracorporeal membrane oxygenation de-
creased by 40% in infants treated with iNO in a 
National Institute of Child Health and Human 
Development (NICHD) sponsored study.3 

 
PERSPECTIVES ON CURRENT CHALLENGES 

Many challenges and opportunities face 
perinatal and neonatal medicine in the 21st 
Century. There needs to be a proactive discus-
sion on how to balance prioritizing the care 
of ELBW infants versus the impact the care 
has on the physical integrity of the infant, the 
psychosocial health of the family, and the fiscal 
strength of the health care system. Increasing-
ly, there are discussions among leaders in the 
field of neonatology regarding the question, “Is 
more neonatal intensive care always better?”30 

Kirby made the following relevant comment: 
“My hope is that it won’t be the epitaph of our 
generation that people will say: ‘Here was a 
community which developed the most amazing, 
dazzling fields of science and yet proved them-
selves so indifferent or incompetent, that they 
didn’t address the serious social and ethical 
consequences of what they were up to.’”31 

Impact on the family 
The impact of the birth of an ELBW infant 

on family dynamics has also been examined. 
Taylor found lower perceptions of parenting 
competence, an increased rate of child attach-
ment disorders, a general negative impact of 
the child’s health on the family, and higher 
rates of both child-related family stress and 
adverse family outcomes in comparison to a 
control group.32 These findings suggest that 
family sequelae persist into the school-age 
years. The degree of family impact was found to 
correlate with the severity of neonatal medical 
risks and complications.

In reviewing the impact of a premature birth 
on the family, it is important to be aware of 
a growing body of information regarding the 
perceptions of, and preferences for, neonatal 
outcomes of ELBW infants among health care 
professionals, parents, and adolescents (who 
were born extremely prematurely). Consis-
tently, children and their parents had a more 
optimistic assessment of their current health 

Figure 3. Twenty-three week gestational age infant at 1 week of age.

A History of Neonatal Medicine: Part II



JPPT

148 J Pediatr Pharmacol Ther 2005 Vol. 10 No. 3 • www.ppag.org

status in comparison to that of health care 
professionals.33,34 

Ethical concerns
The American Academy of Pediatrics’ Com-

mittee on Fetus and Newborn published “Peri-
natal Care at the Threshold of Viability”35 and 
the Canadian Paediatric Society and Society 
of Obstetricians and Gynecologists published 
guidelines pertaining to the care of women at 
risk for the birth of an ELBW infant.36 The limit 
of viability is generally considered to be at 23 
weeks of gestation; however, some countries, 
notably Japan, provide care at 22 weeks of 
gestation. Because the outcome has not always 
been that of a healthy child, relevant ethical 
questions have been raised for the treatment 
of those infants born at 23 and 24 weeks ges-
tation. 

Futile care is frequently defined as “medical 
care that prolongs suffering, does not improve 
the quality of life, or fails to achieve a good 
outcome for the patient.”37 Efforts to prolong 
life, once considered an outcome of healing, are 
increasingly viewed by some as harmful acts of 
prolonging suffering. Because of the advances 
in neonatal care, and the accompanying abil-
ity to provide care to increasingly premature 
infants (with the associated increased risk for 
significant disability), there is a heightened 
awareness of the concept of futile care and 
quality of life issues for NICU survivors. The 
scope of this paper does not allow for a full 
discussion of this topic; hence, the reader is 
referred to a number of recent publications on 
this topic.38,39 

The existing standard is to recognize the pri-
mary responsibility and rights of the parents 
to make decisions on behalf of their children. 
The AAP, ACOG, and the Canadian Pediatric 
and Obstetrical Societies recommend providing 
parents with reliable prenatal and postnatal 
outcome data, based on both the perinatal 
center’s outcome data and a regionally or na-
tionally recognized comparison group, which 
are updated as the infant’s medical condition 
changes. This information will improve their 
decision making abilities and empower them 
to advocate for their infant both in the short 
term and long term. In a rapidly evolving field, 
where there is great variability in practices, it 
is hard to reach consensus in these matters. 

The majority of practices are reflected in the 
following guidelines: 1) do not offer support to 
infants born at less than 23 weeks of gestation; 
2) at 23 and 24 weeks gestation the primary 
decision maker for resuscitation is a fully in-
formed parent; and 3) at 25 weeks of gestation 
and greater the standard of care is to provide 
medical care.

There is a general consensus that “…where 
the risk of mortality and morbidity is signifi-
cant and the prospects of benefit are suffused 
in ambiguity and uncertainty—the decision on 
whether or not to institute medical treatment 
properly belongs to the parents.”40 There are 
times where agreement can still not be reached. 
In these situations, consultation with col-
leagues and a pediatric ethics committee may 
be helpful. Unfortunately, increasingly, legal 
recourse is being sought on both the part of the 
family and health care organizations in these 
matters.41 The increasing use of the courts 
highlights the importance of effective antici-
patory guidance and ongoing communication 
with parents, serving to keep them involved 
as partners with the health care team that is 
caring for their infant. These issues require 
that the practitioner attempt to balance the 
principles of parental autonomy and their own 
duties of beneficence, non-maleficience, and 
distributive justice. 

Societal Challenges  

In 1989, Rosenblatt coined the term “perina-
tal paradox” to highlight the ongoing challenges 
facing perinatal and neonatal medicine.42 In 
his commentary, he called attention to this 
“tyranny of the individual case over the public 
good.”42 The NICU is probably the most striking 
example of the lack of balance in the health 
care system where high-risk mothers often find 
it difficult to receive health insurance and find 
health care providers for their prenatal care 
despite its proven effectiveness, yet neonatal 
care is an “inalienable” right for all infants in 
NICUs with its much more uncertain outcomes. 
As a country, the United States’ health care 
systems can deliver high-quality care to an 
individual with a high-risk pregnancy or to 
an extremely low-birth weight infant, yet in 
aggregate continue to lag behind most other 
countries in perinatal health outcomes.43 We 
also fail to address the larger societal problems 

Lussky RC, et al.



JPPT

149J Pediatr Pharmacol Ther 2005 Vol. 10 No. 3 • www.ppag.org

that are in part responsible for these high-risk 
clinical situations. The National Commission to 
Prevent Infant Mortality stated in 1988, “The 
basic incongruity in American perinatal care 
lies in our superb ability to care for the indi-
vidual patient and our dismal failure to address 
the problems of the larger society.”44 

In 2002, hospital charges for all infants, in-
cluding healthy newborns, totaled $33.8 billion. 
Nearly half of that, $15.5 billion, was spent 
on babies born either prematurely or with 
low-birth-weight.1 Rates of prematurity, very-
low-birthweight, and infant mortality have 
not improved despite these costs, including 
an investment of billions of dollars into basic 
research on maternal and neonatal disease 
and funding of delivery programs that attempt 
to make products of this research available 
to women and their health care providers. 
There is also an inconsistency in public policy, 
funding, and societal asset allocation with an 
emphasis on very expensive cure-oriented and 
technologically-focused neonatal intensive care 
and less focus and decreasing funding sup-
port for the long-term health and educational 
needs of NICU graduates. Kliegman cautions: 
“The enthusiasm for the remarkable scientific 
advances in neonatology must be tempered 
by the significant neonatal, postneonatal, and 
childhood problems of low-birth-weight infants, 
and by the environment in which they are born 
and to which they return after surviving the 
hazards of premature birth.”8 

Finally, an open and honest dialogue of fac-
tors that contribute to racial and ethnic health 
disparities is urgently needed within the 
health care sector. Some of the proposed causes 
include the following: poor quality of care by 
some providers, racial bias and stereotyping, 
a lack of trust in health care providers, and 
differences in the preferences of patients for 
some medical interventions.45 The multifacto-
rial causes in the health care system of health 
disparities is addressed in the report of the 
Institute Of Medicine entitled Unequal Treat-
ment: confronting racial and ethnic disparities 
in health care.46

Medical vs. Social models of causation and the 
public health approach 

The heath care system must eliminate the 
“conceptual tension” and the “disciplinary an-

tagonism” between the social model (emphasis 
on social variables such as poverty and the 
need for societal change) and the medical model 
(emphasis on pathophysiology and clinical 
interventions). There is currently an isolation 
between these two models that is reflected in 
public policy, empirical research, and clinical 
care. A model needs to be developed based on 
the interactive nature of social and biologic 
influences. Figure 4 provides a schematic over-
view that incorporates components of both the 
traditional medical model and the social model. 
The paradigm needs to shift from the current 
ineffective medical crisis intervention model for 
the prevention of prematurity (that frequently 
involves trying to prevent a premature delivery 
by a woman that presents in advanced preterm 
labor) to a public health, population-based per-
spective that includes a better understanding 
of the proximate and antecedent risk factors 
and their inclusion in predictive models.

Interventions and resources need to be redi-
rected to “upstream” aspects of perinatal health 
care provision. Universal access to health 
services may be ensured by removing barri-
ers to care, including those that are financial, 
cultural, educational, and those rooted in the 
health care system (e.g., institutional racism 
and bias). Whitehead’s and Dahlgren’s clas-
sic “rainbow” model incorporates a broader 
perspective on the determinants to health, 
including general socioeconomic factors, cul-
tural and environmental conditions, social 
and community networks, in addition to the 
traditionally addressed individual lifestyle and 
biological factors.47

Figure 4. The interactive nature of social, physical environment, and 
biological influences on perinatal health.
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Women’s health 
Early prenatal care (i.e., first trimester), 

and the attainment of optimal preconceptional 
health, reduces both infant mortality and poor 
birth outcomes. Infants born to women who 
do not receive prenatal care have increased 
rates of prematurity and low birth weight 
when compared to women receiving prenatal 
care.48-53 Additionally, these infants have higher 
complication rates and more NICU admissions 
than those born to women who received prena-
tal care.48,49,53 This lack of prenatal care leads 
to increases in neonatal morbidity, mortality, 
and costs for low-birth-weight births.48,49 The 
percent of women who received prenatal care 
during the first trimester increased from 68% 
to almost 84% from 1970 to 2002, respectively.1 
Although the increases were noted in all of 
the major racial and ethnic groups, disparities 
continue with the lowest rates reported for 
American Indian or Alaska Native women.1 

 In order to achieve optimal perinatal out-
comes for women and infants, it is necessary 
to focus on the health of women throughout 
their life, not just during pregnancy. This is 
increasingly important because of the shifting 
of infant mortality and disparities to lower 
birth weights and younger gestational ages, 
which will limit the time available for early 
prenatal care in these pregnancies. In order to 
accomplish this, it will be necessary to design 
a rational perinatal health care system for all 
women that incorporates social influences on 
maternal and child health. There is also a need 
to operationalize and measure social structural 
factors (e.g., segregation, neighborhood context, 
wealth inequalities, social stressors, and health 
care service inequalities). 

Adequate health insurance 
Financial concerns and a lack of adequate 

health insurance are major obstacles to ad-
equate prenatal care; hence, universal health 
care coverage for women and children is criti-
cally important. Providing medical insurance, 
and thereby enabling access to and utilization 
of preventive health services, is cost effective 
and results in better health outcomes. Rates 
of no insurance and underinsurance have been 
increasing and disproportionately affect minor-
ity populations and families with lower socio-
economic status.54 Over one-half million women 

give birth each year with no insurance cover-
age,42 and 17% of women in childbearing years 
(approximately 10 million) have neither private 
nor public health insurance.55 A significant 
percentage of children with special health care 
needs also lack adequate insurance coverage.56 

Although Medicaid coverage for pregnancy-re-
lated services has allowed more women in low 
income brackets to access care, reductions in 
Medicaid funding will increase health dispari-
ties because a larger percentage of minorities 
rely on Medicaid for health insurance.

PERSPECTIVES ON RESEARCH CHALLENGES 

Evidence-based medicine
Sackett defined evidence-based medicine as 

“the conscientious, explicit, and judicious use of 
the current best evidence in making decisions 
about the care of individual patients.”57 He 
further described it as a means of integrating 
individual clinical expertise with the best avail-
able external clinical evidence from system-
atic research. There are a number of recently 
published reviews pertaining to the practice 
of evidence-based medicine in pediatrics and 
neonatology.58-62 It is imperative that neona-
tology incorporate quality clinical outcome 
follow-up data into evidence-based decisions 
in clinical practice. An example of this is the 
recent history of the use of postnatal steroids 
to decrease the ventilatory requirements of 
infants with BPD, which was eventually shown 
to double the risk for the development of cere-
bral palsy, and has resulted in a caution from 
the AAP regarding the use of steroids in this 
patient population.63,64 Collaborative quality 
improvement efforts among perinatal centers 
with the objective of identifying best practices 
are needed, followed by encouragement of 
wide-spread adoption of these clinical practice 
guidelines.65 There is also a growing body of 
literature that questions the effectiveness of 
traditional continuing medical education ap-
proaches. Davis showed that the often used 
approach of conferences has little impact on 
professional practice, with patient-mediated 
interventions, outreach visits, and multifaceted 
activities being much more effective.66

Priorities for clinical research
Genetics. With the mapping of the human 
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genome by the Human Genome Project, there 
is a promise to better understand genetic and 
gene-environment causes of preterm birth. Ar-
eas of research will include host susceptibility 
to infections, genetic contributions to the regu-
lation of “host responses”, and the molecular 
biology underlying parturition.67,68 Research 
initiatives will involve evaluating: 1) high-risk 
phenotypes, 2) biobanking of biologic specimens 
of preterm births for future investigations; and 
3) advances in the areas of bio-information and 
animal models.69 There is great potential for 
the prevention of preterm births in furthering 
the understanding of the interactions between 
the social environment, individual patient fac-
tors, and genetics. 

Respiratory. In current practice, the vari-
ability in oxygenation status places infants at 
increased risk for hyperoxia and free oxygen 
radical exposure in addition to associated mor-
bidities such as retinopathy of prematurity and 
BPD. In order to further decrease morbidity 
and mortality due to respiratory disease, there 
needs to be a means to servo-control oxygen 
delivery based on an infant’s oxygen saturation 
determination by pulse oximetry. This would 
avoid the wide swings in oxygenation that are 
now seen in clinical practice.

Future research efforts are needed to deter-
mine oxygen saturation goals that optimize 
neurodevelopmental outcomes while minimiz-
ing damage from oxygen toxicity to developing 
organs. The clinical goal is to minimize the 
risks of four competing outcomes: mortality, 
retinopathy of prematurity, cerebral palsy, and 
BPD. A more detailed discussion of research 
needs is provided by Tu, who reviews a his-
tory of the past fifty years of neonatal oxygen 
therapy, exploring monitoring strategies, rec-
ommended upper and lower limits of oxygen-
ation, and future research needs.70

The development of complete synthetic 
surfactants that contain both phospholipids 
and apoproteins will provide infants with the 
benefit of surfactant administration while 
eliminating potential consequences of foreign 
protein exposure. A second area of focus should 
be to improve the respiratory management of 
RDS with the goal of decreasing the incidence 
and severity of BPD. An increased understand-
ing of the therapeutic uses of surfactant in 
respiratory distress syndrome (RDS) and other 

respiratory disorders (e.g., meconium aspira-
tion syndrome, pneumonia) is also needed.

The optimal level of supplemental oxygen 
for resuscitation of infants at different ges-
tational ages and the best means to monitor 
oxygenation status needs to be determined. 
The effect of 100% oxygen on cell growth and 
death, gene activation, and DNA damage needs 
further study. The differential effect of room 
air versus 100% oxygen on oxidative stress, 
cerebral blood flow, cerebral microcirculation, 
brain cell injury, pulmonary and cardiovascular 
systems, and ultimate survival are also critical 
areas for further research.71 

Cardiovascular. Research that improves both 
the definition of, and our understanding of, the 
normal ranges of systemic blood pressure will 
help to optimize cerebral blood flow. The advent 
of prostaglandin E1 and E2 have greatly altered 
care of the neonate with congenital heart 
disease. Although the use of prostaglandin 
inhibitors (NSAID) has improved the standard 
of care of patent ductus arterious in infants, 
there needs to be consensus on the optimal 
prophylactic and therapeutic management 
of the patent ductus arteriosus in high-risk 
ELBW infants. 

Neurodevelopment. Enhancements in contin-
uous video-electroencephalogram monitoring 
with correlation to clinical seizure activity will 
enable the practitioner to optimize therapeutic 
interventions. This would require the insti-
tutional commitment to fund the equipment 
purchases and have the technologists available 
to use the equipment, along with the availabil-
ity of personnel (i.e., pediatric neurologists) to 
help interpret and manage the patient based 
on these findings. It should also be a priority 
for NICUs to improve the monitoring of cere-
bral blood flow and cerebral metabolism, and 
to incorporate these parameters into clinical 
practice. Finally, we need an improved under-
standing of the biologic basis of injury to the 
developing brain, potential neuroprotective fac-
tors, and the role of cytokine and inflammatory 
mediators in both brain injury and protective 
mechanisms.

Growth and nutrition. Although significant 
strides have been made in our understand-
ing of substrate utilization and growth needs 
in the neonate, clinical studies that further 
evaluate the optimal parenteral and enteral 
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administration of nutrition are needed. A bet-
ter understanding of what is ideal growth for 
the ELBW infant, and what is the optimal way 
to monitor this (e.g., growth curves [derived 
from fetal or postnatal data], anthropometric 
measurements, or biochemical assessments), 
is essential if improved outcomes are to be 
achieved.

Growth and nutrition have significant po-
tential impact on the long-term health and 
neurodevelopmental outcome for prematurely 
born infants. The typical ELBW infant is dis-
charged from the hospital with significant nu-
tritional compromise. The “Barker hypothesis” 
postulates that a number of organs, affected by 
fetal nutrition, undergo programming during 
embryonic and fetal life.72 This programming 
can increase the risk for cardiovascular disease, 
type-2 diabetes, and other diseases in adult-
hood; hence, fetal and early infant nutrition 
can have a life-long impact on an individual’s 
health. 

Pharmacotherapy. Almost 40 years ago, Harry 
Shirky coined the term “therapeutic orphans” 
to describe the lack of research on medications 
in infants and children.73 The advent of recent 
legislation (i.e., FDAMA, the Pediatric Rule, 
ICH E-11, and the Final Rule) has been an 
important advance for the field of pediatric 
pharmacotherapy.74 The reader is referred to a 
review of these legislative initiatives.74 Spiel-
berg wrote, “The challenges remain to maintain 
a collaborative and cooperative focus on the 
needs of sick children among governmental 
agencies, academia and practice-based pedia-
tricians, pharmacy groups, pediatric societies 
and hospitals, and the pharmaceutical indus-
try.”74 The NICHD Network of NICUs and the 
Pediatric Pharmacology Research Unit must 
work in a collaborative manner to identify and 
address many of the critical issues in neonatal 
pharmacokinetics and pharmacodynamics. 
The groups could better define the ontogeny 
of hepatic and gut cytochrome P450 isozymes 
that are necessary for drug absorption and 
elimination. Likewise, it is imperative that 
federal funds be allocated to basic and trans-
lational science if we are to better understand 
the pathogenesis and pharmacological therapy 
for neonatal disease. Prospective studies 
should also be conducted assessing the long-
term effects of maternal therapeutic drugs on 

periviable infants (gestational ages of 23-25 
weeks) and on the effects of medication on or-
ganogenesis and neurodevelopment. It is criti-
cally important, considering the increasing rate 
of preterm delivery, for future interventional 
studies in the field of obstetrics to include long-
term outcome assessment as a component of 
the evaluation of prenatal therapies. Very little 
work has been done in evaluating the long-term 
effects on the fetus and infant of such prena-
tal therapies as antibiotic use with periviable 
pregnancies, tocolytics, and thyrotropin-releas-
ing hormone.75 A database pertaining to the 
short-term and long-term safety and effects of 
antibiotic therapy on periviable infants should 
also be developed. 

A glaring example of the therapeutic neglect 
of the newborn infant was that pain control was 
not adequately addressed until the ‘80s, when 
discussions were centered on neonatal circum-
cisions.76 It was not until the misperception 
that immature, and even the mature newborn 
infant, did not experience pain was challenged 
and proved wrong, that the benefits of analge-
sia and anesthesia were routinely provided to 
this vulnerable population.77 Pain assessment 
and control guidelines have now become part of 
standard care.78-80 Unfortunately, the therapeu-
tic armamentarium remains relatively limited, 
and the risk/benefit analysis will take years of 
clinical practice to be fully completed. Today, 
neonatal pain management is increasingly a 
comprehensive approach, incorporating com-
fort measures, behavioral approaches, oral su-
crose, non-steroidal anti-inflammatory agents, 
and natural and synthetic opioid agents.78

Mello et al. described wide variations in how 
academic medical centers work with sponsor-
ing pharmaceutical companies in the analysis 
and publication of sponsored clinical trials.81 
Fifty percent of centers would allow sponsoring 
companies to write the manuscripts, 24% al-
lowed companies to perform their own statisti-
cal analysis, and 41% would allow contracts to 
restrict physicians and scientists from indepen-
dently disclosing trial results. These practices 
raise serious concerns regarding the integrity 
of the scientific literature. A number of profes-
sional organizations, including the American 
Medical Association, the International Com-
mittee of Medical Journal Editors, and the 
Association of American Medical Colleges are 
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in the process of creating principles and policies 
pertaining to company sponsored research and 
reporting that will address these issues.

Medication Errors. The 1999 Institute of Med-
icine report, To err is Human: Building a Better 
Health Care System,82 brought national atten-
tion to medical errors in hospitals and their 
impact on patient safety. Pediatric patients 
were identified as being at particularly high 
risk for experiencing injury and even death due 
to medication errors. Medication errors cause 
the greatest harm to the very-low-birth-weight 
infants cared for in NICUs.83 Factors contrib-
uting to this increased risk are weight-based 
dosing, decreased communication abilities of 
children and infants, and a use of stock medi-
cine dilution. In a prospective cohort study in a 
NICU, there were 91 medication errors and 50 
potential adverse drug events (ADEs) per 100 
admissions.84 The three most common types 
of medication errors and potential ADEs were 
physician ordering errors (79%), transcription 
and dispensing errors, and medication admin-
istration errors. Potential solutions include an 
increased research focus in developing process-
oriented and accountable prevention strategies, 
prioritizing this area in hospital-based quality 
assurance and improvement programs, use 
of computerized physician order entry and 
bar code identification, and the elimination 
of selected abbreviations.85,86 Guidelines for 
preventing medication error in pediatrics were 
jointly developed by The Pediatric Pharmacy 
Advocacy Group and Institute for Safe Medica-
tion Practices.87 In order to reduce or eliminate 
medication errors, a national registry should be 
created to identify and track medication errors 
in pediatric patients. 

Technology and Systems Integration. Cau-
tious inclusion of new technologies into clinical 
practice based on a critical evaluation of their 
efficacy, safety profile, and effect on the larger 
system of care is critically needed.88 One exam-
ple of this is the routine use of electronic fetal 
monitoring in obstetrics today where it has 
been shown that in the low-risk patient popu-
lation there is an increased rate of cesarean 
sections with no improved health outcomes.89 
All too often, promising innovations, studied in 
limited numbers of patients under controlled 
conditions, have had unanticipated side effects 
when applied to larger populations. In the care 

of prematurely born infants, it has been said 
that the “technological throttle is stuck open.” 
As technologies are introduced in the fields of 
neonatal and perinatal medicine, a prospective 
evaluation of their impact on clinical outcomes 
is an absolute necessity. 

Advocacy/community participation and pro-
fessionalism. Individual health outcomes are 
significantly affected by social, economic, and 
environmental factors. Health care profession-
als have a primary ethical and professional re-
sponsibility to address these factors that affect 
their patients. Advocacy efforts in health care 
policy and an increased engagement in improv-
ing systems of care and population health offer 
an opportunity to have a much wider impact on 
improving the health of populations than that 
offered by the traditional individual patient-
physician relationship. In this regard, Gruen 
states , “Successful advocacy requires clarity of 
purpose, good data, and effective strategies.”90 

Importantly, “It relies on promotion of the skills 
and attitudes of good citizenship in medical 
education.” 91

Most current maternal interventions, in-
cluding enhanced prenatal care programs, 
nutritional support, home monitoring for early 
detection of labor, and bed rest,92 have proved 
to be ineffective in preventing premature 
births.93 Tocolytic agents are effective in the 
initial management of acute preterm labor and 
may provide time to use prenatal steroids.94 
However, there is no documented long-term 
benefit of tocolytic therapy beyond this acute 
management.95 The March of Dimes has devel-
oped a national Prematurity Campaign with 
the goal to decrease the rate of premature 
birth from 12.1% in 2002 to 7.6% in 2010, in 
accordance with the U.S. Public Health Service 
Healthy People 2010 objective. This will result 
in 186,000 fewer prematurely born infants each 
year. The aims of the Campaign are to: 1) gener-
ate concern and action around the problem of 
prematurity; 2) educate women of childbearing 
age about risk reduction and warning signs of 
premature birth; 3) provide affected families 
with information, emotional support, and op-
portunities to help other families; 4) assist 
health practitioners in improving prematurity 
risk detection and addressing risk-associated 
factors; 5) encourage investment of more public 
and private research dollars to identify causes 
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of preterm labor and prematurity, and to 
identify and test promising interventions; and 
6) advocate to expand access to health cover-
age in order to improve maternity care and 
infant health outcomes. The March of Dimes 
has developed a prevention strategy that is 
multifactorial, that uses a population-based 
approach, and that incorporates an emphasis 
on improved health of women throughout 
their life span. Considering the heterogeneous 
causations of preterm birth, single therapeutic 
interventions are not likely to significantly im-
pact the public health problem of prematurity. 
For additional information, see http://www.
marchofdimes.com. 

Neonatal and perinatal medicine have made 
great gains. Yet, there is much more to do if 
we are going to truly optimize the health of 
all women, children, and families throughout 
their lifetimes. The future is truly in our hands 
(Figure 5)!

DISCLOSURE: The authors declare no conflicts or finan-
cial interest in any product or service mentioned in the 
manuscript, including grants, equipment, medications, 
employment, gifts, and honoraria.

ACKNOWLEDGEMENTS: We would like to thank Martha 
Driscoll and Rose Olness for technical assistance in manu-
script preparation. 

REFERENCES

1. http://www.marchofdimes.com/peristats 
The March of Dimes’ perinatal statistics 
collection system. (accessed on 12/5/05).

2. Noble L. Developments in neonatal technol-
ogy continue to improve infant outcomes. 
Pediatr Ann 2003;32:595-603.

3. The neonatal inhaled nitric oxide study 
group. Inhaled nitric oxide in full-term 
and nearly full-term infants with hypoxic 
respiratory failure. NEJM 1997;336:597-
604. 

4. CDC’s National Center for Health Sta-
tistics’ National Vital Statistics Sys-
tem) http://www.cdc.gov/mmwr/preview/
mmwrhtml/mm5405a5.html (accessed 
12/5/05) 

5. Arias E, MacDorman MF, Strobino DM, 
Guyer B. Annual summary of vital statis-
tics-2002. Pediatrics 2003;112:1215-1230.

6. Lemons JA, Bauer CR, Oh W, et al. Very 
low birth weight outcomes of the National 
Institute of Child Health and Development 
Neonatal Research Network. January 1995 
through December 1996. NICHD Neonatal 
Research Network. Pediatrics 2001;107:
E1.

7. Horbar JD. Vermont Oxford Neonatal Net-
work 2001 Database Summary. Burlington, 
VT: Vermont Oxford Network; 2002.

8. Kliegman RM. Neonatal technology, peri-
natal survival, social consequences, and 
the perinatal paradox. Am J Pub Health 
1995;85:909-913. 

9. McGauhey PJ, Starfield B, Alexander C, 
Ensminger ME. Social environment and 
vulnerability of low birth weight children: 
A social-epidemiological perspective. Pedi-
atrics 1991;88:943-953.

10. Delke I, Hyatt R, Feinkind L, Minkoff H. 
Avoidable causes of perinatal death at or 
after term pregnancy in an inner-city hos-
pital: medical versus social. Am J Obstet 
Gynecol 1988;159:562-566.

11. Vohr BR, Wright LL, Dusick AM, et al. 
Neurodevelopmental and functional 
outcomes of extremely low birth weight 
infants in the National Institute of Child 
Health and Human Development Neonatal 
Research Network, 1993-1994. Pediatrics 
2000;105:1216-1226.

Figure 5.

Lussky RC, et al.



JPPT

155J Pediatr Pharmacol Ther 2005 Vol. 10 No. 3 • www.ppag.org

12. Wood NS, Costeloe K, Gibson AT, et al. The 
EPICure study: growth and associated 
problems in children born at 25 weeks of 
gestational age or less. Arch Dis Child Fetal 
Neonatal Ed 2003;88:F492-500.

13. Whitfield MR, Grunau RV, Holsti L. Ex-
tremely premature (< or = 800 g) schoolchil-
dren: multiple areas of hidden disability. 
Arch Dis Child Fetal Neonatal Ed 1997;77:
F85-F90.

14. Saigal S, Hoult LA, Streiner DL, et al. 
School difficulties at adolescence in a 
regional cohort of children who were 
extremely low birth weight. Pediatrics 
2000;105:325-331.

15. Chapieski ML, Evankovich KD. Behavioral 
effects of prematurity. Semin Perinatol 
1997;21:221-239.

16. Colver A, Jessen C. Measurement of health 
status and quality of life in neonatal follow-
up studies. Semin Neonatol 2000;5:149-
157.

17. Vohr BR, Wright LL, Dusick AM, Perritt R, 
Poole WK, Tyson JE, et al. Center differ-
ences and outcomes of extremely low birth 
weight infants. Pediatrics 2004;113:781-
789.

18. Hogan DP, Park JM. Family factors and 
social support in the developmental out-
comes of very low-birth weight children. 
Clin Perinatol 2000;27:433-459.

19. Higgins RD, Delivoria-Papadopoulos M, 
Raju TN. Executive summary of the work-
shop on the border of viability. Pediatrics 
2005;115:1392-1396.

20. American Academy of Pediatrics’ Task 
Force on Infant Positioning and SIDS: posi-
tioning and SIDS. Pediatrics 1992;89:1120-
1126.

21. Connor EM, Sperling RS, Gelber R, et al. 
Reduction of maternal-infant transmission 
of human immunodeficiency virus Type 
1 with zidovudine treatment. Pediatric 
AIDS Clinical Trials Group Protocol 076 
Study Group. N Engl J Med 1994;331:1173-
1180.

22. Als H, Gilkerson L. The role of relation-
ship-based developmentally supportive 
newborn intensive care in strengthening 
outcome of preterm infants. Semin Peri-
natol 1997;21:178-189.

23. Als H, Lawhon G, Duffy FH, et al. Indi-
vidualized developmental care for the 
very low birth-weight preterm infant: 
medical and neurofunctional effects. JAMA 
1994;272:853-858.

24. The Vermont Oxford Network 33 Kilburn 
Street Burlington, Vermont 05401 Phone: 
(802) 865-4814. http://www.vtoxford.org. 
(accessed 12-5-05)

25. The Cochrane Collaboration Secretariat 
PO Box 726 Oxford, UK OX2 7UX Phone: 
+44 1865 310138. http://www.cochrane.org. 
(accessed 12-5-05)

26. Centers for Disease Control and Preven-
tion. Prevention of perinatal greoup B 
streptococcal disease: a public health per-
spective. MMWR 1996;45:1-24.

27. Centers for Disease Control and Preven-
tion: Group B streptococcal disease in 
the United States, 1990: Report from a 
Multistate Active Surveillance System 
1992;41:25-32.

28. Angus DC. Epidemiology of neonatal respi-
ratory failure in the US: Projections from 
California and New York. Am J Resp Crit 
Care Med 2001;164:1154-1160.

29. American Academy of Pediatrics, Commit-
tee on Fetus and Newborn. Use of inhaled 
nitric oxide. Pediatrics 2000;106:344-345.

30. Thompson LA, Goodman DC, Little GA. 
Is more neonatal intensive care always 
better? Insights from cross-national com-
parison of reproductive care. Pediatrics 
2002;109:1036-1043.

31. Kirby J. What rules embryology? Manches-
ter Guardian Weekly February 7, 1981. 
[editorial]

32. Taylor HG, Klein N, Minich NM, Hack M. 
Long-term family outcomes for children 
with very low birth weights. Arch Pediatr 
Adolesc Med 2001;155:155-161.

33. Saigal S. Perception of health status and 
quality of life of extremely low-birth weight 
survivors. The consumer, the provider, and 
the child. Clin Perinatol 2000;27:403-419.

34. Saigal S, Stoskopf BL, Feeny D, et al. Differ-
ences in preferences for neonatal outcomes 
among health care professionals, parents, 
and adolescents. JAMA 1999;281:1991-
1997.

A History of Neonatal Medicine: Part II



JPPT

156 J Pediatr Pharmacol Ther 2005 Vol. 10 No. 3 • www.ppag.org

35. MacDonald H and American Academy of 
Pediatrics’ Committee on Fetus and New-
born. Perinatal care at the threshold of 
viability. Pediatrics 2002;110:1024-1027.

36. Canadian Paediatric Society’s fetus and 
Newborn Committee, Society of Obstetri-
cians and Gynecologists’ Maternal-Fetal 
Medicine Committee. Management of the 
woman with threatened birthof an infant 
of extremely low gestational age. Can Med 
Assoc J 1994;151:547-553. 

37. Cogliano JF. The medical futility controver-
sy: biomedical implications for the critical 
care nurse. Crit Care Nurs Q 1999;22:81-
88.

38. Carter BS. Comfort care principles for 
the high-risk newborn. NeoReviews 
2004;5:484-494.

39. Romesberg TL. Futile care and the new-
born. Neonatal Network 2003;3:213-219.

40. Paris JJ, Schrieber MD, Elias-Jones A. Re-
suscitation of the preterm infant against 
parental wishes. Arch Dis Child Fetal 
Neonatal Ed 2005;90:F208-F210.

41. Boyle RJ. Paradigm cases in decision mak-
ing for neonates. NeoReviews 2004;5:e477-
e488.

42. Rosenblatt RA. The perinatal paradox: do-
ing more and accomplishing less. Health 
Aff 1989;8:158-168.

43. Claxton I. America’s underfunded invest-
ment. Bus Health 1988;5:6-9.

44. National Commission to Prevent Infant 
Mortality. Death before life: The tragedy of 
infant mortality. Statistical Bulletin April-
June, 1988:pp 2-9.

45. Lavizzo-Mourey R, Knickman JR. Racial 
disparities-The need for research and ac-
tion. NEJM 2003;349:1379-1380.

46. Smedley BD, Stith AY, Nelson AR, eds. 
Unequal treatment: confronting racial and 
ethnic disparities in health care. Wash-
ington, D.C.: National Academies Press, 
2003.

47. Whitehead M, Dahlgren G. What can be 
done about inequalities in health? The 
Lancet 1991;338:1059-1063.

48. Leaven KJ, Cunningham FG, Roark ML, et 
al. Prenatal care and the low birth weight 
infant. Obstet Gynecol 1985;66:599-605. 

49. Moore TR, Origel W, Key TC, Resnik R. The 
perinatal and economic impact of prenatal 
care in a low-socioeconomic population. Am 
J Obstet Gynecol 1986;154:29-33. 

50. Ryan GM Jr, Sweeney PJ, Solola AS. Pre-
natal care and pregnancy outcome. Am J 
Obstet Gynecol 1980;137:876-881. 

51. Greenberg RS. The impact of prenatal care 
in different social groups. Am J Obstet 
Gynecol 1983;145:797-801. 

52. Klein L. Nonregistered obstetric patients. 
Am J Obstet Gynecol 1971;110:795-800. 

53. Giblin PT, Poland ML, Waller JB Jr, Ager 
JW. Correlates of parenting on a neonatal 
intensive care unit: maternal characteris-
tics and family resources. J Genet Psychol 
1988;149:505-514.

54. Phelan JC, Link BG, Diez-Roux A, et al. 
“Fundamental causes” of social inequalities 
in mortality: a test of the theory. J Health 
Soc Behav 2004;45:265-285. 

55. Monheit A, Cunningham P. Children 
without health insurance. The future of 
children. 1992;2:154-170.

56. Honberg L, McPherson M, Stricklan B, Gage 
JC, Newacheck PW. Assuring adequate 
health insurance: Results of the national 
survey of children with special health care 
needs. Pediatrics 2005;115:1233-1239.

57. Sackett DL, Rosenberg WM, Gray JA, et 
al. Evidence based medicine: what it is and 
what it isn’t. BMJ 1996;312:71-72.

58. Onady GM, Raslich MA. Evidence-based 
medicine: Asking the answerable questions 
(question templates as tools). Pediatr Rev 
2003;24:262-265.

59. Onady GM, Raslich MA. Evidence-based 
medicine: Searching the literature and da-
tabases for clinical evidence (search tools). 
Pediatr Rev 2004;25:358-363.

60. Christakis DA, Davis R, Rivara FP. Pediat-
ric evidence-based medicine: Past, present, 
and future. J Pediatr 2000;136:383-389.

61. Sackett DL. Evidence-based medicine. 
Semin Perinatol 1997;21:3-5.

62. Osborn D, Evans N, Beeby P, Jeffery H. Do 
we practice evidence-based care in our neo-
natal intensive care units? Clin Perinatol 
2003;30:333-342.

Lussky RC, et al.



JPPT

157J Pediatr Pharmacol Ther 2005 Vol. 10 No. 3 • www.ppag.org

63. Shinwell ES, Karplus M, Reich D, et al. 
Early postnatal dexamethasone treatment 
and increased incidence of cerebral palsy. 
Arch Dis Child Fetal Neonatal Ed. 2000;83:
F177-81.

64. Committee on Fetus and Newborn, Ameri-
can Academy of Pediatrics. Postnatal 
corticosteroids to treat or prevent chronic 
lung disease in preterm infants. Pediatrics 
2002;109:330-8.

65. Henderson-Smart DJ, Crowther CA. The 
Cochrane databases of randomized con-
trolled trials and systematic reviews in 
pregnancy, childbirth and neonatal care. 
Semin Neonatol 1997;2:211-219.

66. Davis DA, Thomson MA, Oxman AD, 
Haynes RB. Changing physician practice. 
A systematic review of the effect of continu-
ing medical education strategies. JAMA 
1995;274:700-705.

67. Dizon-Townson DS. Preterm labour and 
delivery: a genetic predisposition. Paediatr 
Perinat Epidemiol 2001;15:57-62.

68. Romero R, Chaiworapongsa T, Kuivanie-
mi H, Tromp G. Bacterial vaginosis, the 
inflammatory response and the risk of 
preterm birth: a role for genetic epidemiol-
ogy in the prevention of preterm birth. Am 
J Obstet Gynecol 2004;190:1509-1519.

69. Green N, Damus K, Simpson J, et al. Re-
search agenda for preterm birth: Recom-
mendations from the March of Dimes. Am 
J Obstet Gynecol 2005;193:626-635.

70. Tu W, Wariyar U. Giving small babies 
oxygen: 50 years of uncertainty. Semin 
Neonatol 2002;7:361-367.

71. Saugstad OD. The role of oxygen in 
neonatal resuscitation. Clin Perinatol 
2004;31:431-443.

72. Barker DJ. Fetal programming of coronary 
heart disease. Trends Endocrinol Metab 
2002;13:364-368.

73. Shirkey H. Editorial Comment: Therapeu-
tic Orphans. J Pediatr 1968;72:119-120.

74. Spielberg SP. Pediatric therapy for the new 
millennium. J Pediatr Pharmacol Ther 
2001;6:6-9.

75. Ramsey PS, Rouse DJ. Therapies adminis-
tered to mothers at risk for preterm birth 
and neurodevelopmental outcome in their 
infants. Clin Perinatol 2002;29:725-743. 

76. Kirya C, Werthmann MW. Neonatal cir-
cumcision and penile dorsal nerve block: a 
painless procedure. J Pediatr 1978;96:998-
1000.

77. Anand KJS, Sippell WG, Ainsley-Green A. 
Randomized trial of fentanyl anesthesia 
in preterm babies undergoing surgery: 
effects on the stress response. Lancet 
1987;1(8524):62-65.

78. Stevens B, Gibbins S. Clinical utility and 
clinical significance in the assessment and 
management of pain in vulnerable infants. 
Clin Perinat 2002;29:459-468.

79. AAP, Committee on Psychological Aspects 
of Child and Family Health. The assess-
ment and management of acute pain in 
infants, children, and adolescents. Pediat-
rics 2001;108:793-797.

80. Anand KJS, and the International Evi-
dence-based Group for Neonatal Pain. 
Consensus statement for the prevention 
and management of pain in the newborn. 
Arch Pediatr Adolesc Med 2001;155:173-
180.

81. Mello MM, Phil M, Clarridge BR, Studdert 
DM. Academic medical centers’ standards 
for clinical-trial agreements with industry. 
NEJM 2005;352:2202-2210.

82. Institute of Medicine. To err is human: 
Building a safer health care system. Cor-
rigan L, Donaldson M (Eds.). Washington, 
DC: National Academy Press.

83. Horns KM, Loper DL. Medication errors: 
analysis not blame. J Obstet Gynecol Neo-
natal Nurs 2002;31:347-354.

84. Kaushal R, Bates RW, Landrigan C, et 
al. Medication errors and adverse drug 
events in pediatric inpatients. JAMA 
2001;285;2114-2120. 

85. Ungard W, Anderson D. Medication errors 
in neonatal intensive care units: Common 
causes and error reduction strategies. Neo-
natol Intensive Care 2004;17:22-24.

86. Thomas MP. Medication errors. Clin Pedi-
atr 2003;42:287-294.

87. Levine SR, Cohen MR, Blanchard NR, et 
al. Guidelines for preventing medication 
errors in pediatrics. J Pediatr Pharmacol 
Ther 2001;6:426-442.

88. Jennet B. High technology and quality 
of life. Intl J Technol Assess Health Care 
1987;3:51-60.

A History of Neonatal Medicine: Part II



JPPT

158 J Pediatr Pharmacol Ther 2005 Vol. 10 No. 3 • www.ppag.org

89. Thacker SB. The efficacy of intrapartum 
electronic fetal monitoring. Am J Obstr 
Gynecol 1987;156:24-30.

90. Gruen RL, Pearson DS, Brennan TA. Physi-
cian-citizens-public roles and professional 
obligations. JAMA 2004;291:94-98.

91. Coulehan J, Williams PC, Van McCrary 
S, Belling C. The best lack all conviction: 
biomedical ethics, professionalism, and so-
cial responsibility. Camb Q Healthc Ethics 
2003;12:21-38. 

92. Powers WF, Miller TC. Bed rest in twin 
pregnancy: identification of critical period 
and its cost implications. Am J Obstet Gy-
necol 1979;134:23-29. 

93. Huddleston JF, Sanchez-Ramos L, Hud-
dleston KW. Acute management of preterm 
labor. Clin Perinatol 2003;30:803-824.

94. King JF, Grant AM, Keirse MJNC, Chalm-
ers I. Beta-mimetics in preterm labour: an 
overview of randomized controlled trials. 
Br J Obstet Gynaecol 1988;95:211-222. 

95. Lewis R, Mercer BM, Salama M, Walsh MA, 
Sibai BM. Oral terbutaline after parenteral 
tocolysis: A randomized, double-blind, pla-
cebo-controlled trial. Am J Obstet Gynecol 
1996;175:834-837. 

Lussky RC, et al.


