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FIGURE 1. Neonatologists per 10,000 live births by neonatal intensive care regions (NICRs).

practitioners, and physician assistants). Using a strategy
of up to three mailings per unit and telephone calls to
nonresponders, the survey had a response rate of 100%.

Results

Variation in Neonatologist Workforce

Neonatologists per capita varied substantially across
NICRs (Figure 1). The number of neonatologists per
10,000 live births ranged from 1.2 to 25.6 (interquintile
range, 3.5 [20th percentile] to 8.5 [80th percentile[; medi-
an 5.8 ). As shown in Table 1, the overall rate of neona-
tologists varied more than four-fold from the very low
quintile of neonatologist supply (2.7 neonatologists per
10,000 births) to the very high quintile (11.6 per 10,000
births).

From the perspective of the physician, the volume
of low birthweight deliveries also varied substantially:
The number of low birthweight infants per neonatolo-
gist in the very high quintile of neonatologist supply was
66 compared with 263 in the very low quintile.

Table 2 shows the NICRs with the 25 highest
number of births and the highest number in each state.
Regions with a high ratio of local workforce relative to
the U.S. average include Washington, DC (2.48), Falls
Church, Virginia (1.81), Newark, New Jersey (1.80), and
Charleston, South Carolina (1.78). Regions with low
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ratios include Great Falls, Montana (0.20), Lebanon,
New Hampshire (0.37), Omaha, Nebraska (0.38), and
St. Louis, Missouri (0.40).

Neonatal Mid-Level Providers

The number of mid-level providers ranged from 0 to
127.4 per 10,000 live births (interquintile range, 1.6 to
14.1; median 5.7). To learn whether neonatologist varia-
tion is explained by substitution with mid-level
providers, we correlated the supply of mid-level
providers with neonatologists. The weakly positive cor-
relation (Spearman rank—correlation coefficient, 0.17;
P < 0.01) is not consistent with substitution.

Characteristics of Neonatologists

The characteristics of neonatologists were very similar
across quintiles of the neonatologist workforce (Table 3),
and the median age differed only slightly across the
quintiles. We also looked at two indicators of the pres-
ence of an academic medical center in the NICR: the
percentage of neonatal fellows and the percentage of
neonatologists engaged predominantly in research,
teaching, or administration. Little difference was seen in
either of these indicators. Thus, regions with a high per
capita number of neonatologists did not have a greater
presence of academic medical center neonatologists.
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TABLE 2

Neonatologist Workforce for the 25 Largest Regions in the United States and the Largest Region in
Each State

STATE NEONATAL INTENSIVE TOTAL BIRTHS NUMBER OF NEONATOLOGISTS RATIO OF LOCAL WORKFORCE
CARE REGION TO U.S. AVERAGE!
AK Anchorage 10,244 7 1.11
AL Birmingham 32,632 16 0.77
AR Little Rock 32,713 14 0.66
AZ Phoenix* 58,159 18 0.50
CA Los Angeles* 175,177 110 1.02
San Diego* 48,655 31 1.01
Orange* 48,132 42 1.41
Sacramento* 47,314 16 0.54
San Jose* 47,056 23 0.79
Oakland* 39,150 28 1.13
co Denver* 50,985 32 1.00
CT Hartford 21,440 19 1.42
DC Washington* 34,906 54 2.48
DE Wilmington 12,222 5 0.66
FL Miami* 32,933 28 1.34
GA Atlanta* 40,888 32 1.23
Hi Honolulu 18,595 15 1.28
1A lowa City 18,741 8 0.61
ID Boise 10,011 4 0.65
IL Chicago* 134,013 107 1.28
IN Indianapolis* 38,256 19 0.79
KS Wichita 19,067 7 0.59
KY Louisville 23,671 18 1.17
LA Shreveport 12,685 8 1.02
MA Boston* 64,079 53 1.32
MD Baltimore 28,493 28 1.56
ME Portland 11,385 7 0.90
Mi Detroit* 45,291 18 0.62
MN Minneapolis* 36,123 18 0.76
MO St. Louis 40,981 1 0.40
MS Jackson 25,369 11 0.68
MT Great Falls 8197 1 0.20
NC Charlotte 20,035 13 1.05
ND Fargo 8306 4 0.78
NE Omaha 22,846 6 0.38
NH Lebanon 7426 2 0.37
NJ Newark 20,120 23 1.80
NM Albuquerque 24,689 13 0.79
NV Las Vegas 17,100 10 0.95
NY Brooklyn* 42,121 13 0.48
OH Columbus* 40,456 13 0.49
OK Oklahoma City 27,176 1 0.66
OR Portland * 36,285 16 0.70
PA Pittsburgh* 37,708 19 0.80
RI Providence 19,551 6 0.45
SC Charleston 12,781 15 1.78
SD Sioux Falls 9996 7 1.13
TN Nashville* 34,038 17 0.79
TX Houston* 81,713 51 1.00
Dallas* 59,029 23 0.62
Fort Worth* 35,076 14 0.65
uT Salt Lake City 26,181 12 0.72
VA Falls Church 29,629 34 1.81
VT Burlington 7949 4 0.75
WA Seattle* 35,262 10 0.46
wi Milwaukee 25,816 22 1.34
wv Charleston 8873 3 0.55

*City is one of the 25 largest regions in the United States.
TThe U.S. rate is 6.2 neonatologists per 10,000 live births.
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TABLE 3
Characteristics of Neonatologists by Quintile

QUINTILE MEDIAN AGE, yr WORK STATUS
FELLOWS* NONCLINICAL?
1 Verylow 44 14% 14%
2 Low 43 15% 13%
3 Middle 43 1% 12%
4  High 42 14% 12%
5  Very high 42 16% 14%

*Indicates (neonatal fellows / [neonatal fellows + clinically active neonatologists]) * 100.
TIndicates (research, teaching, or administration neonatologists / [research, teaching, or administration neonatologists + clinically

active neonatologists|) * 100.

Discussion

The number of neonatologists per newborn differs more
than four-fold across market-based regions. This varia-
tion represents substantial differences in the availability
of an important and costly pediatric specialty directed
toward our most vulnerable patients—sick newborns. As
a consequence of high neonatologist supply, regions in
the “very high” quintile had a particularly low number of
low birthweight infants per physician—66 on average
during the year compared with 263 in the “very low”
quintile. Although caring for premature infants is not
the sole activity of neonatologists, it is the area of care for
which effectiveness studies are most convincing.**

It is possible that the distribution of capacity
revealed in our study reflects regional differences in
patient need, such as rates of prematurity or congenital
anomalies. For example, differences in low birthweight
rates are known to vary across states by about two-fold.!”
Smaller areas, such as our NICRs, are likely to have a
higher degree of variation in risk. Although this study
does not examine regional differences in risk, neonatal
intensive care would be a singular medical care resource
if it coincided with need, since previous studies have
failed to find such an association in the location of hospi-
tal beds or the overall numbers of physicians in general.'®

Could these findings simply reflect measurement
error? Not likely. NICRs have minimal border crossing,
and in this sense they represent unusually discrete areas
of health care resources and populations. Furthermore,
we found only weak or nonsignificant correlations
between neonatologist supply and measures of NICR
border crossing (Spearman rank—correlation coefticient
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for localization of death vs. number of neonatologists,
0.143, P = 0.02; localization vs. beds 0.045, P > 0.2; see
Appendix for further details). This lack of correlation
confirms that the observed variation in neonatologists
cannot be explained by differences in NICR border
crossing. The regions are also large enough that capaci-
ty measures are highly precise. Delays in updating the
physicians’ survey data to their current activities are one
potential source of error, but this would be an implausi-
ble explanation for the magnitude of variation observed.

This study raises important questions of equity,
effectiveness, and efficiency. If neonatal intensive care
resources vary, then understanding their relationship to
risk is critically relevant to policy. If resources are
adjusted for risk, then do we know which adjusted rate
is right? That is, which rate provides maximum patient
benefits? Or, which achieves a reasonable level of cost-
effectiveness? And if it is not the highest rate, then why
should these services be supported when the unmet
health needs of children are extensive and well docu-
mented? !

Variation in a highly specialized workforce also
raises the issue of clinician performance. Low patient
volume in high-supply regions may, over time, erode
the skills that neonatologists need to care for newborns
with complicated illnesses. Although studies have gen-
erally shown that low unit volume leads to higher
mortality,’> 2 this area of research is incomplete, and
further research is critical as the number of units and
neonatologist continues to grow.

Similar questions have been raised many times in
response to other studies showing variation in resources.
What makes neonatal intensive care unique is the
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detailed patient-level data collected on every birth

through vital records and the frequency of an important

and measurable outcome to judge effectiveness—neona-
tal mortality rates. The questions of regional equity,
effectiveness, and efficiency may not be known for
neonatal intensive care, but unlike many other types of
medical services, they are knowable with current data
and methods.

Take-Home Points

¢ In the past 30 years, the number of neonatologists
has increased dramatically, whereas the number of
births has remained constant.

¢ To learn how this workforce is distributed, we
looked at the geographic variation in the supply of
neonatologists in 246 hospital market regions.

¢ The regional supply of neonatologists varied
widely (ranging from 1.2 to 25.6 neonatologists per
10,000 births) as did physician experience with low
birthweight babies (ranging from 66 to 263 low
birthweight babies per neonatologist).

+ The variation was not explained by the substitution
of neonatal mid-level providers or by the presence of
academic medical centers.

¢ The benefit of a large neonatologist workforce is
unknown.
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Appendix

The accuracy of the definition of health service area for measur-
ing medical resources depends, in part, on the extent to which the
resources “match” the resident population. In other words, in
areas with minimal border crossing of patients to nonlocal
providers, the per capita resource rates will reflect accurate
numerators (the resources) and denominators (the populations).
Health service areas with populations that extensively seek care
from providers in other areas lead to spurious per capita rates
without adjustment for this border crossing.

We developed three indices of border crossing (localiza-
tion indices A, B, and C) that examine how maternal and newborn
populations “localize” to their own area’s intensive care
providers (Appendix Figure 1). Although vital records do not have
an explicit measure of place of care, three fields can be used to
infer travel for high-risk obstetric and neonatal services for low
birthweight infants: place of maternal residence, place of birth,
and place of neonatal death.

Localization index A was the proportion of very low birth-
weight infants born to mothers residing in a given neonatal inten-
sive care region (NICR) and whose births occurred within the same
NICR. Mothers in premature labor are transported whenever pos-

sible to a hospital with perinatal services and a neonatal intensive

Subset delivering in region X
Localization index A =

care unit. Similarly, localization index B was the proportion of very
low birthweight neonatal deaths occurring within a given NICR in
infants who were born within the same NICR. Finally, localization
index C was the proportion of very low birthweight neonatal deaths
of infants occurring in an NICR in which the mother resides. Since
most neonatal deaths occur within a neonatal intensive care unit,
high death localization indicates that care is generally occurring
within the “home” NICR regardless of whether home is defined as
the NICR of birth or maternal residence. Localization indices for all
246 NICRs are available from the authors.

As described in the Methods, we initially assigned newborn
service areas (NSAs) to NICRs on the basis of plurality of travel
from NSA of maternal residence to NSA of birth for low birthweight
infants. To achieve a high degree of localization of nhewborns to
the NICR of their medical care, we reassigned NICRs with either a
localization index A of less than 0.5 for all births or a localization
index B or C of less than 0.5 for very low birthweight infants.

The Appendix Table shows the characteristics of the
NICRs. The localization indices show that NICR populations cross
borders less often than those of other accepted health service
areas'® and are particularly suited for unbiased measures of peri-
natal resources.

APPENDIX FIGURE 1. Derivation of three localiza-
tion indices. A localization index of 1 indicates no

Mothers with VLBW babies residing in region X

Subset of babies dying in region X
Localization index B =

border crossing; a localization of 0.75 means that
border crossing has occurred in 25% of cases.
VLBW = very low birthweight.

VLBW babies being born in region X

Subset of mothers with babies dying in region X

Localization index C =

Mothers with VLBW babies residing in region X

APPENDIX TABLE
Characteristics of 246 NICRs*

CHARACTERISTIC MINIMUM 25TH PERCENTILE MEDIAN 75TH PERCENTILE MAXIMUM
Total births 1579 5932 10,236 19,205 175,177
Low birthweight birthst 75 444 755 1,355 11,300
Neonatologists, n 1 3 6 12 110
Neonatal intensive care units 1 1 2 4 40
Localization index A 0.51 0.79 0.89 0.94 1.00
Localization index B 0.70 0.96 1.00 1.00 1.00
Localization index C 0.52 0.75 0.88 0.94 1.00

*NICRs = neonatal intensive care regions.
TLow birthweight = <2500 g.

Effective Clinical Practice = July/August 2001 Volume 4 Number 4

149




