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Introduction 

Since its birth in the 1950s and 1960s, the his-
tory of neonatal intensive care has been re-
markable.  It has grown from a new field with 
limited resources and limited capabilities into a 
comprehensive, technologically advanced dis-
cipline able to address a wide range of new-
born illnesses, and this growth has contributed 
to a rapid decline in neonatal mortality.  
Throughout this period, medical providers and 
public health officials have worked to under-
stand how best to organize increasingly spe-
cialized obstetric and neonatal services.  Re-
gionalized perinatal care systems were devel-
oped to increase access for high-risk mothers 
and sick newborns to these services.  The 
challenges of today are very different than 
those of several decades ago, however, and 
the planning of perinatal care has required 
continuous reevaluation and change.  In this 
article, we will review the history of regionalization 
in perinatal and neonatal intensive care, and ex-
amine the issues currently facing the medical and 
public health communities with regards to the 
optimal organization of perinatal care systems.   

Early Efforts at Regionalization 

The concept of regionalization of perinatal care 
and neonatology arose in the early 1970s, 
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mostly by default.  At the time, neonatal inten-
sive care was a new field built upon new tech-
nologies, and it was only available in selected 
centers.  It became apparent that care in these 
specialized units resulted in improved survival 
of high-risk infants, and regional systems for 
transferring sick newborns to these centers 
quickly developed.[1,2]  Although initial efforts 
focused on transfer of the ill newborn, experi-
ence showed that outcomes were further im-
proved by the antenatal transport of high-risk 
mothers to specialized centers with the coordi-
nation of high-risk obstetric and neonatal inten-
sive care services.  Consequently, efforts be-
gan to shift towards systems built around re-
gional perinatal centers.[3-5] 

The success of these systems prompted 
widespread advocacy for formalized planning 
of regionalized care,[6,7] eventually culmi-
nating in a landmark report from the multidis-
ciplinary Committee on Perinatal Health 
sponsored by the March of Dimes.[8]  The 
report called for regional networks of hospi-
tals stratified by level of maternal and neona-
tal services, with systems to ensure appro-
priate transfer of high-risk patients to high-
risk centers.  Three levels of care were de-
fined: Level I for routine deliveries with mini-
mal risk; Level II for deliveries with moderate 
risk; and Level III for deliveries with high risk.   
Level II centers would have intermediate 
level nurseries, and Level III centers would 
have neonatal intensive care units (NICUs).  
This categorization became the basis for 
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much of the organization of perinatal care in the decades to 
follow. 

Numerous studies documented the greater coordination and 
regionalization of perinatal services throughout the 1970s and 
early 1980s, with high-risk deliveries being increasingly per-
formed in higher level centers.[9-11]  Studies also continued to 
confirm improvements in neonatal mortality with concentration 
of high-risk deliveries in Level III centers, particularly for low 
birth weight (LBW) infants and very low birth weight (VLBW) 
infants.[11-14]  In 1975, the Robert Wood Johnson Foundation 
sponsored a five year multi-site demonstration program to 
evaluate the impact of planned perinatal regionalization; trends 
in regionalization were closely associated with declines in neo-
natal morbidity, but regionalization was so widespread that it 
occurred at similar rates in both demonstration sites and control 
sites.[15]   

By the end of the 1970s, most states had organized systems of 
perinatal care delivery, centered on the coordinated care of 
high-risk patients at regional Level III centers.  Although there 
was substantial variability among the states in terms of system 
structure and degree of government involvement, the basic ele-
ments were similar:  a broad complement of organized maternal 
and neonatal services integrated with defined programs for con-
sultation, referral, and patient transport.[1] 

Trends Against Regionalization 

In the 1980s and 1990s, challenges to the development of 
these regionalized systems began to appear.  Evidence accu-
mulated of a growing decentralization of perinatal care, and the 
distinction between Level II centers, which had been primarily 
community hospitals, and Level III centers, which had been 
almost exclusively large academic referral hospitals, began to 
blur.  In Missouri, more VLBW and extremely low birth weight 
(ELBW) infants were born at Level III centers in 1990-94 as 
compared with 1982-86, but this was mostly due to redesigna-
tion of Level II centers as Level III rather than altered referral or 
birthing patterns.[16]  In Washington and South Carolina, the 
percentage of LBW and VLBW infants delivered at Level III cen-
ters increased until the late 1980s, but then declined.[17,18]   A 
study by the National Perinatal Information Center in 1988 ex-
amined six regions and found providers reporting a general 
deterioration of regionalized care, amidst a widespread trend 
among community hospitals to provide higher levels of obstetric 
and neonatal care.[19]   A large study from California reported 
similar patterns.  Unlike most other states which classify perina-
tal services into three levels as outlined in the initial March of 
Dimes report from 1976, California has categorized hospitals 

into four levels: Level I, or basic; Level II, or community interme-
diate nursery; Level II+, or community NICU with the ability to 
ventilate infants; and Level III, or regional NICU with the full 
range of neonatal specialty services.   A study of all births in 
California from 1990 to 1997 found that over that time period, 
the number of Level III and intermediate Level II NICUs either 
remained the same or declined, but that the number of Level II+ 
community NICUs dramatically increased. The percentage of 
VLBW and ultra-low birth weight (ULBW, under 750 grams) 
increased in the hospitals with community Level II+ NICUs while 
decreasing in the hospitals with regional Level III NICUs.[20]  
Finally, a national survey of neonatal intensive care growth be-
tween 1980 and 1995 based on American Hospital Association 
data found a disproportionate increase in the number of hospi-
tals with small NICUs despite a lack of evidence of increased 
demand, and concluded there was evidence of significant dere-
gionalization of neonatal intensive care over this time period.[21] 

Several factors were postulated to contribute to these trends 
towards ‘deregionalization.’  These included: 

• Expansion of neonatal intensive care services and the neo-
natology workforce:  Rapid expansions of training programs 
and rapid diffusion of technologies served to increase dra-
matically the numbers of available NICUs and neonatolo-
gists, which had been scarce resources in the early 1970s.  
One study of neonatal services in metropolitan service ar-
eas in the U.S. reported that between 1980 and 1995, the 
number of hospitals with NICU beds increased 98.9%, the 
number of NICU beds increased 137.9%, and the number 
of neonatologists increased 268%, despite only a 17.6% 
increase in the number of births.[21]  American Hospital 
Association data shows that NICUs and NICU beds have 
continued to grow, even in recent years.  From 2001 to 
2004, the number of hospitals in the U.S. reporting NICU 
beds increased 6.6%, and the total number of NICU beds 
increased 14.1% (see Table 1). 

• Competition and managed care:  With rising health care 
costs, competition increased among health care facilities to 
provide services to large insurance plans.  Hospitals sought 
to increase their market share through expansion of obstet-
ric services, and competition for obstetric care contributed 
to the proliferation of NICUs in community and suburban 
hospitals.[1,22] Increased penetrance of managed care 
was also seen as contributing to deregionalization, by di-
recting referrals of high-risk patients towards lower cost 
community hospitals and away from large academic re-
gional centers.[23,24]  In addition, as hospitals competed 

Table 1:  Neonatal Intensive Care Units and Neonatal Intensive Care Beds in the U.S:  1998, 2001, and 2004 

Year 1998 2001 2004 

Hospitals reporting NICU beds 760 787 839 

Total number of NICU beds 13,825 14,997 17,109 

Source of data:  American Hospital Association Annual Survey, Health Forum, LLC 
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on price, funds to support the educational and consultation 
functions of regional centers became increasingly scarce.  A 
case study of perinatal services in the Hartford, Connecticut 
area in the early 1990s found that the existing effective, re-
gionalized system was being directly challenged by forces 
mostly attributable to market competition and managed care.
[25]  A study of VLBW infants under 1250 grams born in Illi-
nois from 1989 to 1996 found that high HMO revenues were 
associated with a lower likelihood of transfer from a non-
tertiary hospital to a tertiary hospital,[26] although another 
study did not find an association between managed care en-
rollment and patterns of regionalization in four states.[27]  

• Medical malpractice: Increasing malpractice litigation led ob-
stetricians to exert pressure upon their hospitals to provide 
support for more high-risk maternity and neonatal intensive 
care services, again encouraging the development of NICUs 
in smaller community hospitals.[28] 

• Increased demand for neonatal intensive care:  Finally, the 
advances in neonatal intensive care also resulted in dramatic 
increases in the number of infants requiring NICU care.  In-
creasing survival at progressively lower gestational ages pro-
duced more infants eligible for neonatal intensive care ser-
vices, and it is possible that this demand overwhelmed the 
capabilities of the large regional centers.[29]  Indeed, the 
occupancy rate of NICUs increased 2.7% from 1980 to 1990, 
despite a dramatic increase in the number of NICU beds.[21] 

Regardless of the relative import of these and other factors, the 
overall effect was seen as “a cessation or even reversal of the 
general trend toward regionalization.”[1] 

‘Deregionalization’ and Neonatal Outcomes 

For the most part, the movement towards deregionalized perinatal 
care was met with concern and trepidation by the medical commu-
nity, and renewed appeals for continued emphasis on regionalized 
systems were made by the March of Dimes,[30] the American 
College of Obstetricians and the American Academy of Pediatrics.
[22]  However, the actual impact of these altered patterns of organiza-
tion of perinatal care on neonatal outcomes has not been clear.    

Numerous studies in the 1980s and 1990s examined the relation-
ship between level of care and neonatal outcomes, and for the 
most part, continued to find that high-risk infants had lower neona-
tal mortality when born and managed at a Level III facility as com-
pared to infants born at Level II facilities.  This pattern was seen 
for infants under 2 kg born in Washington between 1980 and 
1991,[17] VLBW infants born in Missouri in 1982 to 1986 and 

1990 to 1994,[16] VLBW infants born in South Carolina from 
1993 to 1995,[18] infants under 2 kg born in North Carolina from 
1974 to 1994,[31] and VLBW infants born in the Cincinnati area 
between 1995 and 1997.[32]  Several reports from a Canadian 
series examining all infants under 32 weeks admitted to their 17 
regional NICUs from 1996 to 1997 found that those infants born 
at the regional centers had lower mortality and lower morbidities 
than those infants born at outside centers and subsequently 
transferred.[33,34]   

In addition to level of care, studies began to examine the rela-
tionship between NICU size and outcomes.  Two studies evalu-
ated outcomes of infants born in California, and found that larger 
units tended to have better outcomes than smaller units of the 
same level.  One study of all NICU admissions to non-federal 
California hospitals in 1990 found the risk-adjusted birth weight 
specific mortality to be lower for births that occurred in hospitals 
with Level III NICUs with an average daily census (ADC) of at 
least 15 as compared to births in hospitals with Level III NICUs 
with an ADC of less than 15.[35]  Another study of infants under 
2 kg born in California in non-federal hospitals from 1992 to 
1993 found that infants born in hospitals with Level III NICUs 
had lower risk-adjusted mortality than infants born in hospitals 
with Level II nurseries or Level II+ community NICUs with an 
ADC of less than 15, but similar mortality to infants born in hos-
pitals with Level II+ community NICUs with an ADC of greater 
than 15.[36]  Of note, a recent study from a region in Germany 
reported similar results; VLBW infants born under 30 weeks 
from 1991-1999 were found to have lower neonatal mortality in 
larger NICUs, defined as greater than 36 VLBW admissions per 
year, as compared with smaller NICUs.[37] 

While these studies provide further support for regionalization 
and concentration of high-risk deliveries in large Level III cen-
ters, other studies lead to a different conclusion about differ-
ences in outcomes between large referral centers and certain 
types of community NICUs.  A study in the Chicago area found 
that short-term outcomes were not different for ventilated infants 
admitted to the tertiary NICU as compared with community   
NICUs, after adjusting for birth weight.[38]  In Missouri, Level III 
NICUs formed during the 1980s and early 1990s did not have 
different neonatal mortality for VLBW infants than older estab-
lished Level III centers.[16]  In Pennsylvania, between 1985 and 
1994, small NICUs, defined as having less than 20 beds, had 
similar neonatal mortality rates as larger NICUs for infants with 
BW greater than 1000 grams, although larger NICUs had lower 
mortality rates for infants with BW less than 1000 grams.[39]  As 
mentioned above, the California study examining infants under  
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2 kg born from 1992 to 1993 did not find different mortality rates 
for infants born at Level III centers than infants born at commu-
nity hospitals with Level II+ NICUs and an ADC of at least 15.
[36]   The California study examining all births between 1990 
and 1997 found that community Level II+ NICUs and regional 
Level III NICUs had very similar mortality rates for VLBW and 
ULBW infants, with parallel declines in mortality rates over that 
time period.[20]  The Vermont-Oxford Network examined over 
7000 VLBWs born in 62 of its units between 1991 and 1992, 
and found that the variability of neonatal mortality among units 
was not due to differences in patient volume.[40]   Finally, two 
studies in the United Kingdom from the 1990s also did not find 
NICU volume to be associated with risk-adjusted neonatal mor-
tality.[41,42]   

Despite differences in the designs of these various studies, the 
contrasting results are notable.  The range of possible interpre-
tations can be illustrated by the conclusions reached in two of 
the studies.  The authors of the Washington study, in the context 
of apparent erosion of regionalization of perinatal care in a com-
petitive market, stated, “it would therefore be useful, we believe, 
to treat tertiary-level perinatal care as a public utility, exempt 
from the arrangements governing the structure and behaviors of 
any new health care system.”[17]  In contrast, the authors of one 
of the California studies concluded “although this expansion [of 
community NICUs] has attracted births away from regional NICU 
hospitals, we do not consider this to represent deregionalization, 
as we found no evidence that it has created a mismatch be-
tween level of need and level of care.”[20] 

Regionalization in the Current Era 

At the least, it appears that the traditional concepts of regionali-
zation of perinatal and neonatal care require reevaluation in the 
current era.  As a field that has experienced continued dramatic 

growth and dynamic change over the past several decades, it is 
not surprising that the optimal organization of neonatal intensive 
care services cannot be based upon principles developed in the 
1970s and 80s.   The historical review of the literature above can 
help identify several important lessons and issues to assist in cur-
rent and future discussions on regionalization of neonatal care. 

First, the traditional classification system of three levels of neo-
natal care, initially outlined in the 1970s and still widely em-
ployed, no longer appears adequate.  Originally, the Level III 
designation was meant to be reserved for large, regional referral 
centers, typically located within academic medical institutions.  
At that time, mechanical ventilation was the newest and most 
invasive technology available for the support of sick newborns, 
and thus came to be the defining feature of Level III care.  Cur-
rently, the highest level NICUs are defined by newer and more 
specialized techniques and technologies, such as high fre-
quency ventilation, nitric oxide, pediatric surgery and extracor-
poreal membrane oxygenation (ECMO), while conventional me-
chanical ventilation has diffused into a much more widespread 
and familiar technology, now used in many different types of 
neonatal care units.  Classification of neonatal units into three 
levels is thus problematic, and responses to this difficulty have 
varied; some states have created a Level II+ category while 
others have broadened the definition of Level III to include very 
different types and sizes of units. 

This need for a more accurate classification system has been 
recognized by the AAP.  As recently as in its 2002 Guidelines 
for Perinatal Care, the AAP still listed three basic levels of neo-
natal care.[22]  A fourth level, the regional subspecialty center, 
was acknowledged in that edition, but its roles were limited to 
education and regional organization.  In 2004, the AAP issued a 
policy statement expanding this classification, further refining 

Table 2: Outline of Proposed Definitions for Levels of Neonatal Care, American Academy of Pediatrics43 

Level I Basic care, well-newborn nursery, 35+ weeks 

Level II 

  - Level IIA 

  - Level IIB 

Specialty care, infants > 32 weeks, > 1500 gm BW: 

- Moderately ill preterm infants, interim assisted ventilation if needed pending transfer 

- Short term mechanical ventilation or continuous positive airway pressure 

Level III 

  - Level IIIA 

  - Level IIIB 

  - Level IIIC 

Subspecialty care: 

- Infants > 28 weeks, > 1000 gm, sustained conventional mechanical ventilation, minor surgical procedures 

- Comprehensive care for ELBW, full range of subspecialists, major pediatric surgeries 

- Located within institution capable of providing ECMO and cardiac surgery 
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the standard three levels of care by defining 
additional categories within Levels II and III. 
(see Table 2).[43]   

Second, the benefits of planned organiza-
tion of perinatal care services and the con-
flict between regional cooperation and 
market competition suggest that regulation 
of perinatal services by states will con-
tinue to be important.  However, the in-
volvement of public health departments in 
the organization of perinatal care is varied, 
and in some cases limited.  As recently as 
2003, 15 states did not have formal defini-
tions of levels of perinatal care centers, 
and only 15 states used gestational age or 
birth weight as criteria for specifying level 
of risk.[43]  Variability in definitions and 
extent of regulations between states is 
likely to undermine the development of 
optimal systems of perinatal care.  In one 
study, among the Northeastern states, 
Pennsylvania was thought to have the 
least specific state regulations, and was 
found to have had the most dramatic in-
crease in the number of small NICUs over 
the 1980s and 90s.[21] 

Massachusetts, on the other hand, has 
traditionally had relatively strict state regu-
lations on perinatal care delivery.  Number 
and location of neonatal intensive care 
beds are carefully controlled, and in the 
past NICU beds were purposely restricted 
to tertiary academic centers.  In 2002, 
numerous factors prompted the state to 
re-examine this policy, including a growing 
demand for neonatal intensive care beds, 
changing patterns of obstetric services 
and deliveries, limited capacity within the 
tertiary care centers, and growing pres-
sures for cost-containment.  In response 
to these factors, and in recognition of the 
changing nature of neonatal intensive 
care, Massachusetts revised its guidelines 
to allow for the development of its first 
neonatal intensive care unit within a com-
munity hospital.[44]  This change in policy 
was made after extensive consultation 
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with the public and medical communities, and its consequences 
will be carefully monitored.  The process leading to this change 
may serve to be a useful example of the ability of a state regulatory 
agency to manage effectively its perinatal care systems and to 
respond to changing social, economic, and scientific environments.   

Third, studies examining systems of perinatal and neonatal care 
will need to utilize more refined measures of infant risk and out-
comes.  The majority of the studies to date have categorized 
neonates broadly, most typically as LBW or VLBW; these cate-
gorizations may not be sufficient, and it appears that different 
subgroups of these infants may behave differently in different 
settings.  It may be that some VLBW infants, perhaps of ex-
tremely low birth weight or extremely low gestational age, may 
in fact benefit from care at highly regionalized level III centers, 
while other VLBWs may have similar outcomes at community 
NICUs.  Recent studies have begun to utilize more specific defi-
nitions of infant subgroups, in addition to inclusion of risk ad-
justment based on physiologic variables, and this process 
should continue. Furthermore, the majority of the previous stud-
ies have relied on neonatal mortality as the primary outcome.  
With improvements in neonatal intensive care, mortality for 
most NICU patients is thankfully a rare event. Almost certainly, 
measures of morbidity, short and long-term, will be more accurate 
descriptors of differences in quality and effectiveness of care.  Ad-
dressing the issues of morbidity may also require more intensive and 
continuous efforts to accurately describe differences in types of NICUs 
beyond simply designating levels of care.  Efforts such as those sup-
ported by the Vermont-Oxford Network aim at improving care for all 
units regardless of size.[40,45] 

Finally, optimal structuring of perinatal care systems by the 
states will require careful incorporation of societal and eco-
nomic considerations in addition to an understanding of the best 
medical outcomes.  Returning to the recent Massachusetts ex-
perience, it was the limited availability of intensive care beds in 
the tertiary centers and changing demographics that prompted 
a reevaluation of the regulations on NICU beds.  The medical 
consideration of whether certain types of neonatal intensive 
care might be equally effective in a community hospital as a 
tertiary hospital was secondary.  In certain regions, economic, 
demographic, or simple supply and demand forces may play as 
large a role as medical factors in determining the structure of 
the perinatal care system.     

The efforts outlined above will be difficult, and will require coop-
eration among large segments of the medical community, public 
health organizations, and local and state governments.  The 
improving quality and scope of recent studies as well as numer-
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ous examples of effective organization and management by 
states suggest, however, that these efforts are achievable.  
The goal of the medical and public health communities should 
continue to be careful planning of regionalized perinatal care 
systems; however, these efforts should be based on new defi-
nitions and measures of regionalization reflecting the current 
delivery of obstetric and neonatal care.   

References 

1.  McCormick MC, Richardson DK. Access to neonatal intensive 
care. Future Child 1995;5(1):162-75. 

2.  Schlesinger ER. Neonatal intensive care: planning for services 
and outcomes following care. J Pediatr 1973;82(6):916-20. 

3.  Harris TR, Isaman J, Giles HR. Improved neonatal survival 
through maternal transport. Obstet Gynecol 1978;52(3):294-300. 

4.  Cordero L, Backes CR, Zuspan FP. Very low-birth weight in-
fant. I. Influence of place of birth on survival. Am J Obstet Gynecol 
1982;143(5):533-7. 

5.  Harris BA, Jr., Wirtschafter DD, Huddleston JF, Perlis HW. In 
utero versus neonatal transportation of high-risk perinates: a com-
parison. Obstet Gynecol 1981;57(4):496-9. 

6.  Butterfield LJ. Organization of regional perinatal programs. 
Semin Perinatol 1977;1(3):217-33. 

7.  Lucey JF. Why we should regionalize perinatal care. Pediatrics 
1973;52(4):488-91. 

8.  Committee on Perinatal Health. Toward improving the outcome 
of pregnancy: recommendations for the regional development of 
maternal and perinatal health services. White Plains, N. Y.: Na-
tional Foundation-March of Dimes; 1976. 

9.  Shenai JP, Major CW, Gaylord MS, et al. A successful decade 
of regionalized perinatal care in Tennessee: the neonatal experi-
ence. J Perinatol 1991;11(2):137-43. 

10.  Tomich PG, Anderson CL. Analysis of a maternal transport 
service within a perinatal region. Am J Perinatol 1990;7(1):13-7. 

11. Bowes WA, Jr. A review of perinatal mortality in Colorado, 
1971 to 1978, and its relationship to the regionalization of perina-
tal services. Am J Obstet Gynecol 1981;141(8):1045-52. 

12. Paneth N, Kiely JL, Wallenstein S, Marcus M, Pakter J, Susser M. 
Newborn intensive care and neonatal mortality in low-birth-weight 
infants: a population study. N Engl J Med 1982;307(3):149-55. 

13. Gortmaker S, Sobol A, Clark C, Walker DK, Geronimus A. The 
survival of very low-birth weight infants by level of hospital of birth: 

                                                                             

a population study of perinatal systems in four states. Am J Ob-
stet Gynecol 1985;152(5):517-24. 

14. Hein HA. Evaluation of a rural perinatal care system. Pediatrics 
1980;66(4):540-6. 

15. McCormick MC, Shapiro S, Starfield BH. The regionalization of 
perinatal services. Summary of the evaluation of a national demon-
stration program. Jama 1985;253(6):799-804. 

16. Yeast JD, Poskin M, Stockbauer JW, Shaffer S. Changing pat-
terns in regionalization of perinatal care and the impact on neonatal 
mortality. Am J Obstet Gynecol 1998;178(1 Pt 1):131-5. 

17. Powell SL, Holt VL, Hickok DE, Easterling T, Connell FA. Re-
cent changes in delivery site of low-birth-weight infants in Washing-
ton: Impact on birth weight-specific mortality. American Journal of 
Obstetrics and Gynecology 1995;173(5):1585. 

18. Menard MK, Liu Q, Holgren EA, Sappenfield WM. Neona-
tal mortality for very low birth weight deliveries in South Caro-
lina by level of hospital perinatal service. Am J Obstet Gyne-
col 1998;179(2):374-81. 

19. Allison-Cook S, Schwartz RM, Gagnon DE. The Perinatal 
Partnership: An Approach to Organizing Care in the 1990s. 
Providence, RI.: National Perinatal Information Center; 1988. 

20. Gould JB, Marks AR, Chavez G. Expansion of commu-
nity-based perinatal care in California. J Perinatol 2002;22
(8):630-40. 

21. Howell EM, Richardson D, Ginsburg P, Foot B. Deregion-
alization of neonatal intensive care in urban areas. Am J 
Public Health 2002;92(1):119-24. 

22. American Academy of Pediatrics and American College 
of Obstetricians and Gynecologists. Guidelines for perinatal 
care. 5th ed. Elk Grove Village, IL, Washington, DC: Ameri-
can Academy of Pediatrics, American College of Obstetri-
cians and Gynecologists; 2002. 

23. Hartline JV. Comprehensive perinatal centers in the era 
of managed care. J Perinatol 1999;19(1):1-2. 

24. Hein HA. Regionalized perinatal care in North America. 
Semin Neonatol 2004;9(2):111-6. 

25. Richardson DK, Reed K, Cutler JC, et al. Perinatal re-
gionalization versus hospital competition: the Hartford      
example. Pediatrics 1995;96(3 Pt 1):417-23. 

26. Wall SN, Handler AS, Park CG. Hospital factors and 
nontransfer of small babies: a marker of deregionalized 

http://www.NeonatologyToday.net
http://www.neoconference2007.com


perinatal care? J Perinatol 2004;24
(6):351-9. 

27. Dobrez D, Gerber S, Budetti P. 
Trends in perinatal regionalization and 
the role of managed care. Obstet Gyne-
col 2006;108(4):839-45. 

28. Richardson D, Rosoff A, 
McMenamin JP. Referral practices and 
health care costs. The dilemma of high 
risk obstetrics. J Leg Med 1985;6
(4):427-64. 

29. Philip AG. The evolution of neona-
tology. Pediatr Res 2005;58(4):799-
815. 

30. Committee on Perinatal Health. 
Toward improving the outcome of preg-
nancy: the 90s and beyond. White 
Plains, N. Y.: National Foundation-
March of Dimes; 1993. 

31. Bode MM, O'Shea T M, Metzguer 
KR, Stiles AD. Perinatal regionalization 
and neonatal mortality in North       
Carolina, 1968-1994. Am J Obstet   
Gynecol 2001;184(6):1302-7. 

32. Warner B, Musial MJ, Chenier T, 
Donovan E. The effect of birth hospital 
type on the outcome of very low birth 
weight infants. Pediatrics 2004;113(1 Pt 
1):35-41. 

33. Lee SK, McMillan DD, Ohlsson A, 
et al. The benefit of preterm birth at 
tertiary care centers is related to gesta-
tional age. Am J Obstet Gynecol 
2003;188(3):617-22. 

34. Chien LY, Whyte R, Aziz K,       
Thiessen P, Matthew D, Lee SK. Im-
proved outcome of preterm infants 
when delivered in tertiary care centers. 
Obstet Gynecol 2001;98(2):247-52. 

35. Phibbs CS, Bronstein JM, Buxton E, 
Phibbs RH. The effects of patient vol-
ume and level of care at the hospital of 
birth on neonatal mortality. Jama 
1996;276(13):1054-9. 

www.NeonatologyToday.net  

NOVEMBER 2006                                                      8                                       NEONATOLOGY TODAY            

Corresponding Author: 
 
Munish Gupta, MD, MMSc  
Beth Israel Deaconess Medical     
Center                                          
Rose 318 
330 Brookline Ave 
Boston, MA 02215 USA 
617-667-3276 
Fax 617-667-7040 
mgupta@bidmc.harvard.edu 

Camilia R. Martin MD, MS 
Department of Neonatology 
Beth Israel Deaconess Medical     
Center,                                                     
Boston, MA USA 

Marie C. McCormick MD, ScD         
Department of Neonatology 
Beth Israel Deaconess Medical          
Center                                          
Boston, MA USA                                             
Harvard School of Public Health     
Boston, MA USA 

Neonatology Today would like to 
share your interesting stories or    

research in neonatology                            
and perinatology. 

Submit a brief summary of your                
proposed article to: 

Art icle@Neonate. bi z 

    The Barth Syndrome Foundation  
P.O. Box 974, Perry, FL 32348                                                    

Tel: 850.223.1128       info@barthsyndrome.org       www.barthsyndrome.org                  
Symptoms: Cardiomyopathy, Neutropenia, Muscle Weakness, Exercise Intolerance,              

Growth Retardation 

36. Cifuentes J, Bronstein J, Phibbs 
CS, Phibbs RH, Schmitt SK, Carlo WA. 
Mortality in low birth weight infants ac-
cording to level of neonatal care at hos-
pital of birth. Pediatrics 2002;109
(5):745-51. 

37. Bartels DB, Wypij D, Wenzlaff P, 
Dammann O, Poets CF. Hospital vol-
ume and neonatal mortality among very 
low birth weight infants. Pediatrics 
2006;117(6):2206-14. 

38. Meadow W, Mendez D, Makela J, 
Malin A, Gray C, Lantos JD. Can and 
should level II nurseries care for new-
borns who require mechanical ventila-
tion? Clin Perinatol 1996;23(3):551-61. 

39. Martin CR, Richardson DK, Howell 
EM, McCormick MC. Small NICU neo-
natal mortality rates (NMRs) equivalent 
to larger NICUs for birth weights (BW) > 
1000g. Pediatr Res 2002;51:148A. 

40. Horbar JD, Badger GJ, Lewit EM, 
Rogowski J, Shiono PH. Hospital and 
patient characteristics associated with 
variation in 28-day mortality rates for 
very low birth weight infants. Vermont 
Oxford Network. Pediatrics 1997;99
(2):149-56. 

41. Tucker J. Patient volume, staffing, 
and workload in relation to risk-adjusted 
outcomes in a random stratified sample 
of UK neonatal intensive care units: a 
prospective evaluat ion. Lancet 
2002;359(9301):99-107. 

42. Field D, Draper ES. Survival and 
place of delivery following preterm birth: 
1994-96. Arch Dis Child Fetal Neonatal 
Ed 1999;80(2):F111-4. 

43. American Academy of Pediatrics 
CoFaN. Levels of neonatal care. Pedi-
atrics 2004;114(5):1341-7. 

44.  Massachusetts Department of Pub-
lic Health. Memorandum: Final approval 
of proposed revisions to the Determina-

tion of Need guidelines for Neonatal 
Intensive Care Units. 2002. 

45.  Rogowski JA, Horbar JD, Staiger 
DO, Kenny M, Carpenter J, Geppert J. 
Indirect vs direct hospital quality indica-
tors for very low-birth-weight infants. 
Jama 2004;291(2):202-9. 

NT  

mailto:Article@Neonate.biz
http://www.NeonatologyToday.net
mailto:mgrupta@bidmc.harvard.edu


NEONATOLOGY TODAY                                        9                                                     NOVEMBER 2006 

www.NeonatologyToday.net 

Researchers Identify Agents That May 
Make Vaccines Effective at Birth 

Newborn babies have immature immune 
systems, making them highly vulnerable to 
severe infections and unable to mount an 
effective immune response to most vac-
cines, thereby frustrating efforts to protect 
them. Researchers at Children's Hospital    
Boston now believe they have found a way 
to enhance the immune system at birth and 
boost newborns' vaccine responses. 

In a study published in the online edition of 
the journal Blood on April 25, 2006 Ofer 
Levy, MD, PhD and colleagues in Chil-
dren's Division of Infectious Diseases show 
that the newborn immune system functions 
differently than that of adults, but that one 
portion of the immune response is fully 
functional and can be harnessed to boost 
immunity in these tiny infants, possibly 
making infections like respiratory syncytial 
virus, pneumococcus, pertussis, HIV and 
rotavirus much less of a threat. 

For about a decade it's been known that 
people's first line of defense against infec-
tion is a group of receptors known as Toll-
like receptors (TLRs) on the surface of cer-
tain white blood cells. Functioning like an 
early radar system, TLRs detect the pres-
ence of invading bacteria and viruses and 
trigger production of "danger signals" -- 
proteins known as cytokines that trigger 
other immune cells to mount a defense 
against the infection. People have 10 differ-
ent kinds of TLRs, and Levy's team de-
cided to examine how well they function in 
newborns by studying white blood cells 
from their cord blood. 

"We found that when most Toll-like recep-
tors are stimulated, newborns' immune 
responses are very impaired," Levy says. 
"But there was one important exception." 

                                                                             

Levy's team, including Harvard graduate 
Eugenie Suter and senior author Michael 
Wessels, MD, showed that one TLR, 
known as TLR8, triggered a robust im-
mune response in a group of white blood 
cells (called antigen-presenting cells) that 
is crucial for vaccine responses. When 
TLR8 was stimulated by various agents 
that mimic viral antigens, the cells pro-
duced normal, adult levels of two key 
cytokines - TNF-alpha and IL-12 - and 
another immune-system stimulant, CD40. 

"These findings suggest that agents that 
stimulate TLR8 could be used to enhance 
immune responses in newborns, perhaps 
as adjuvants given along with vaccines," 
Levy says. "We plan to test this approach in 
animals, and eventually in human babies." 

Levy notes that the ability to vaccinate 
newborns -- rather than wait until they 
reach 2 months of age -- would provide 
important global health benefits. "Birth is 
a point of contact with healthcare sys-
tems," he says. "Families may not see a 
health care provider after that. From a 
global health perspective, if you can give 
a vaccine at birth, a much higher percent-
age of the population can be covered." 

Conceivably, TLR8 stimulators could also 
be given alone in special circumstances -
- to help a baby fight off an infection in 
progress, or as a preventive measure in 
the event of a disease outbreak or bio-
terrorist threat, Levy adds. 

Levy's team is uncovering other differ-
ences between the newborn and adult 
immune systems that could lead to addi-
tional targets for drugs or vaccines. A 
related paper, to be published soon in the 
journal Pediatric Research, finds that 
when newborns' TLRs are stimulated 
during the first week of life, their white 
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cells' production of the cytokine IL-6, which inhibits parts of 
the immune response, is greater than that in adults. 

A third study, to be published in the Journal of Immunology, 
finds that newborns' cord blood also has high levels of 
adenosine, providing an explanation for newborns' altered 
immune response: adenosine alters the physiology of white 
cells to suppress production of TNF-alpha (but not of IL-6) 
when TLRs are stimulated. When Levy's team used antago-
nists to inhibit adenosine's activity, newborns' white blood 
cells produced normal, adult levels of TNF-alpha in response 
to bacterial and viral triggers. "In the future, we could try to 
block adenosine in newborn animals to see if this helps pro-
tect against infection," Levy says. 

Levy believes the differences his team has uncovered in 
newborns' immune response patterns may serve an evolu-
tionary purpose. Nature may suppress babies' production of 
inflammatory cytokines like TNF-alpha and IL-12 before birth 
because they can trigger preterm labor, while increasing pro-
duction of adenosine and IL-6, which may have a protective 
effect on the pregnancy. 

In 1999, Levy discovered that newborns are deficient in a 

natural antibiotic called bactericidal/permeability-increasing 
protein (BPI), produced by white blood cells known as neu-
trophils. Based on this discovery, clinical trials are now un-
derway at the University of Texas Southwestern Medical 
Center in Dallas to replace the missing BPI in high-risk new-
borns with heart conditions who are undergoing cardiac by-
pass operations. 

"As we better understand the molecular pathways that ac-
count for newborns' susceptibility to infections, we can lever-
age them to enhance their immune defenses," Levy says. 

The current study was funded by the National Institutes of 
Health and the Patterson Trust. All three studies were pre-
sented at the Pediatric Academic Societies meeting on Satur-
day, April 29, 2006 in San  Francisco. 

 

Boosting Newborns' Immune Responses 

Newborns are unable to mount an effective immune response 
to most vaccines, just when they at high risk for infections. 
Researchers at Children's Hospital Boston believe they have 
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possibly making infections like respira-
tory syncytial virus, pneumococcus and 
rotavirus much less of a threat. 

Newborn babies have immature immune 
systems, making them highly vulnerable 
to severe infections and unable to mount 
an effective immune response to most 
vaccines, thereby frustrating efforts to 
protect them. Researchers at Children's 
Hospital Boston now believe they have 
found a way to enhance the immune 
system at birth and boost newborns' 
vaccine responses. 

In a study published in the online edition 
of the journal Blood on April 25, Ofer 
Levy, MD, PhD and colleagues in Chil-
dren's Division of Infectious Diseases 
show that the newborn immune system 
functions differently than that of adults, 
but that one portion of the immune re-
sponse is fully functional and can be 
harnessed to boost immunity in these 
tiny infants, possibly making infections 
like respiratory syncytial virus, pneumo-
coccus, pertussis, HIV and rotavirus 
much less of a threat. 

For about a decade it's been known that 
people's first line of defense against 
infection is a group of receptors known 
as Toll-like receptors (TLRs) on the sur-
face of certain white blood cells. Func-
tioning like an early radar system, TLRs 
detect the presence of invading bacteria 
and viruses and trigger production of 
"danger signals" - proteins known as 
cytokines that trigger other immune cells 
to mount a defense against the infection. 
People have 10 different kinds of TLRs, 
and Levy's team decided to examine 
how well they function in newborns by 
studying white blood cells from their 
cord blood. 

"We found that when most Toll-like re-
ceptors are stimulated, newborns' im-
mune responses are very impaired," 
Levy says. "But there was one important 
exception." 

Levy's team, including Harvard graduate 
Eugenie Suter and senior author       
Michael Wessels, MD, showed that one 
TLR, known as TLR8, triggered a robust 
immune response in a group of white 
blood cells (called antigen-presenting 
cells) that is crucial for vaccine re-
sponses. When TLR8 was stimulated by 
various agents that mimic viral antigens, 
the cells produced normal, adult levels 
of two key cytokines - TNF-alpha and IL-
12 - and another immune-system stimu-
lant, CD40. 

"These findings suggest that agents that 
stimulate TLR8 could be used to en-
hance immune responses in newborns, 
perhaps as adjuvants given along with 
vaccines," Levy says. "We plan to test 
this approach in animals, and eventually 
in human babies." 

Levy notes that the ability to vaccinate 
newborns - rather than wait until they 
reach 2 months of age - would provide 
important global health benefits. "Birth is 
a point of contact with healthcare sys-
tems," he says. "Families may not see a 
health care provider after that. From a 
global health perspective, if you can give 
a vaccine at birth, a much higher per-
centage of the population can be cov-
ered." 

Conceivably, TLR8 stimulators could 
also be given alone in special circum-
stances - to help a baby fight off an in-
fection in progress, or as a preventive 
measure in the event of a disease out-
break or bio-terrorist threat, Levy adds. 

"As we better understand the molecular 
pathways that account for newborns' 
susceptibility to infections, we can lever-
age them to enhance their immune de-
fenses," Levy says. 

The current study was funded by the 
National Institutes of Health and the   
Patterson Trust. For more information 
visit: www.childrenshospital.org. 
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