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Objective: The objective is to describe by geographic proximity the extent to which the US pediatric population
(aged 0-17 years) has access to pediatric and other specialized critical care facilities, and to highlight regional
differences in population and critical resource distribution for preparedness planning and utilization during a

mass public health disaster.

Methods: The analysis focused on pediatric hospitals and pediatric and general medical/surgical hospitals
with specialized pediatric critical care capabilities, including pediatric intensive care units (PICU), pediatric
cardiac ICUs (PCICU), level | and Il trauma and pediatric trauma centers, and general and pediatric burn
centers. The proximity analysis uses a geographic information system overlay function: spatial buffers or zones
of a defined radius are superimposed on a dasymetric map of the pediatric population. By comparing the
population living within the zones to the total population, the proportion of children with access to each
type of specialized unit can be estimated. The project was conducted in three steps: preparation of the
geospatial layer of the pediatric population using dasymetric mapping methods; preparation of the geo-
spatial layer for each resource zone including the identification, verification, and location of hospital
facilities with the target resources; and proximity analysis of the pediatric population within these

Zones.

Results: Nationally, 63.7% of the pediatric population lives within 50 miles of a pediatric hospital; 81.5% lives
within 50 miles of a hospital with a PICU; 76.1% lives within 50 miles of a hospital with a PCICU; 80.2% lives
within 50 miles of a level | or Il trauma center; and 70.8% lives within 50 miles of a burn center. However,
state-specific proportions vary from less than 10% to virtually 100%. Restricting the burn and trauma cen-
ters to pediatric units only decreases the national proportion to 26.3% for pediatric burn centers and 53.1%

for pediatric trauma centers.

Conclusions: This geospatial analysis describes the current state of pediatric critical care hospital resources and
provides a visual and analytic overview of existing gaps in local pediatric hospital coverage. It also highlights
the use of dasymetric mapping as a tool for public health preparedness planning.

(Disaster Med Public Health Preparedness. 2012;6:117-125)
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based on a foundation of information about

existing resources so that they can be organized
effectively in a public health emergency. Unfortu-
nately, national information about existing pediatric
emergency and critical care resources is limited.

I )lanning for pediatric mass critical care must be

Children are not miniature adults. They have unique
physical, physiological, and emotional needs, and
when ill or injured, require specialized care
and equipment. Because of these unique needs, there
may be more children than expected in mass critical
care scenarios. Pediatric needs may predominate in
an epidemic involving pregnant or postpartum
women, a disaster or epidemic affecting schools or
child-related activities, a pathogen that mainly

infects children, or if children are intentional targets
of terrorism.!?

Evidence demonstrates that access to risk-appropriate
care reduces mortality and morbidity.* However, in
spite of the evidence that specialized pediatric ser-
vices are beneficial,’” gaps in service locations'®!!
still exist and often interfere with use of existing
pediatric critical care resources. Effective use of
resources across entire regions is essential to maxi-
mize pediatric population outcomes. In a major
public health emergency, regions defined on the basis
of jurisdictional decision-making authority may
need to be larger for pediatric than adult services
and require more overlap in preparation for mass
casualty events.
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Mapping Pediatric Critical Care
Our study uses geospatial analyses to describe the current state METHODS
of pediatric critical care resources and to plan for future region- Pediatric hospitals and pediatric and general medical/surgical
alization of these resources. It provides a visual and analytic over- hospitals with specialized critical care units were targeted for
view of existing hospital resources to serve as the basis for the the analysis. The specialized units include pediatric intensive
regionalization of these resources in preparation for disasters. care units (PICU), pediatric cardiac ICUs (PCICU), level I and
Number and Percent of Pediatric Population Living Within 50 Miles of Selected Pediatric Critical Care Resources
by State
State Pediatric Hospital, No. (%) Hospital with PICU, No. (%) Hospital with PCICU, No. (%) Trauma Centers, No. (%)
United States 47126358 (64.1) 60249 067 (82.0) 56 286 769 (76.6) 50270895  (80.7)
Alabama 350212 (31.2) 768742 (68.5) 465808 (41.5) 484700  (43.2)
Arkansas 267827 (38.1) 245174 (34.9) 242 420 (34.5) 40124 (05.7)
Arizona 1067652 (62.5) 1375260 (80.6) 1375252 (80.6) 1372884  (80.4)
California 7701280 (82.2) 8029112 (85.7) 7641152 (81.6) 7958940 (85.0)
Colorado 935838 (77.5) 760461 (63.0) 758737 (62.9) 1067299 (88.4)
Connecticut 810289 (99.8) 801017 (98.6) 801017 (98.6) 810389 (99.8)
District of Columbia 107897 (96.3) 107 968 (96.4) 107 968 (96.4) 107978 (96.4)
Delaware 156903 (76.1) 159438 (77.3) 159438 (77.3) 150384  (77.3)
Florida 2689193 (67.2) 3525472 (88.0) 3454383 (86.3) 3268246 (81.6)
Georgia 1770695 (69.5) 2111359 (82.8) 2019954 (79.2) 2303162  (90.4)
lowa 37645 (05.3) 481447 (67.6) 477454 (67.0) 412810 (57.9)
Idaho 38443 (09.3) 272655 (66.1) 272655 (66.1) 119380 (28.9)
llinois 2506828 (81.7) 2899406 (91.2) 2898390 (91.2) 2550475  (80.2)
Indiana 915765 (57.8) 1425867 (90.0) 1400154 (88.4) 1419291 (89.6)
Kansas 245021 (35.0) 426177 (60.8) 425988 (60.8) 499537  (71.3)
Kentucky 592299 (58.8) 708930 (703) 708333 (70.3) 699817  (69.4)
Lovisiana 641275 (57.9) 827933 (74.7) 544219 (49.1) 61772 (41.7)
Massachusetts 1383946 (97.0) 1363634 (95.6) 1363634 (95.6) 1393744 (97.7)
Maryland 1187817 (88.6) 1225587 (91.4) 1201419 (89.6) 1221296 (91.1)
Maine 12790 (04.7) 59242 (216) 59242 (21.6) 233179 (84.8)
Michigan 1574224 (65.9) 2161993 (90.5) 2007924 (84.0) 2246982 (94.0)
Minnesota 806178 (64.3) 968339 (772) 965738 (77.0) 1047704  (83.5)
Missouri 825050 (58.0) 1024 848 (72.1) 1019668 (71.7) 908192 (63.9)
Mississippi 73771 (09.6) 300782 (39.2) 259432 (33.8) 79326 (10.3)
Montana 0 98662 (44.8) 59088 (26.8) 75220 (34.1)
North Carolina 646 601 (28.8) 2002822 (89.3) 1980943 (88.3) 1804213 (80.4)
North Dakota 0 60476 (42.3) 60476 (42.3) 96021 (67.1)
Nebraska 250827 (58.1) 268 046 (60.0) 268014 (60.0) 328696  (73.5)
New Hampshire 220479 (75.2) 213395 (72.7) 213395 (72.7) 269707 (91.9)
New Jersey 1968660 (96.1) 1985384 (97.0) 1982448 (96.8) 2017913 (98.6)
New Mexico 0 274171 (54.6) 274171 (54.6) 274145  (54.6)
Nevada 0 608 405 (91.1) 608 405 (91.1) 608014  (91.0)
New York 2701918 (61.3) 3750112 (85.1) 3749964 (85.1) 4180262 (94.8)
Ohio 2193837 (80.3) 2490999 (912) 2253459 (82.5) 2672456  (97.9)
Oklahoma 0 607 963 (67.1) 607 963 (67.1) 509677  (66.2)
Oregon 527 462 (60.8) 499298 (57.6) 498413 (57.4) 498562 (57.5)
Pennsylvania 2237838 (81.0) 2329885 (84.4) 2327 448 (84.3) 2609891  (97.8)
Rhode Island 212243 (92.9) 189310 (82.8) 189304 (82.8) 212154 (92.8)
South Carolina 391517 (36.7) 830479 (77.9) 830479 (77.9) 1063038  (99.7)
South Dakota 0 106053 (53.5) 106020 (53.5) 73131 (36.9)
Tennessee 1124976 (76.1) 1349320 (913) 1348 866 (91.2) 1230167  (83.2)
Texas 4117156 (61.2) 5735079 (85.3) 5136664 (76.4) 5208422  (77.7)
Utah 649976 (76.5) 683 337 (80.4) 542587 (63.9) 723002 (85.1)
Virginia 989992 (54.3) 1686979 (92.5) 1304 355 (71.5) 1036696 (56.9)
Vermont 1669 (01.3) 113595 (88.1) 113595 (88.1) 117665  (91.3)
Washington 1056738 (68.6) 926079 (60.1) 239627 (15.5) 1071040  (69.5)
Wisconsin 1010094 (76.8) 1132214 (86.1) 705327 (53.7) 1240984 (94.4)
West Virginia 26535 (06.9) 275862 (71.4) 255079 (66.1) 253738 (65.7)
Wyoming 0 303 (002) 303 (00.2) 29471 (22.9)
(continued)
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II trauma and pediatric trauma centers, and general and pedi-
atric burn centers. The term “unit” used in this study is de-
fined as records with quantifiable numbers of “staffed beds” for
that subspecialty. According to documentation of the Ameri-

Mapping Pediatric Critical Care

tabase,!? “staffed beds” are beds that are set up for patient care

in a dedicated subspecialty care unit; that provide subspecialty
expertise and facilities for the support of vital functions; and
that use the skill of medical nursing and other staff experi-

can Hospital Association (AHA) Annual Hospital Survey Da- enced in the management of these problems.

Number and Percent of Pediatric Population Living Within 50 Miles of Selected Pediatric Critical Care Resources
by State (continued)
Total Pediatric

State Pediatric Trauma Centers, No. (%) Burn Centers, No. (%) Pediatric Burn Centers, No. (%) Population, No. (%)
United States 39256 969 (53.4) 52336748 (71.2) 19433504 (26.4) 73476729
Alabama 60742 (05.4) 509980 (45.5) 333608 (29.7) 1121877
Arkansas 0 280636 (39.9) 226 747 (32.3) 702 481
Arizona 1069452 (62.6) 1324542 (77.6) 1066 740 (62.5) 1707 221
California 6478750 (69.2) 8086001 (86.3) 844900 (09.0) 9364530
Colorado 934 308 (77.4) 814987 (67.5) 735508 (60.9) 1207135
Connecticut 808773 (99.6) 810493 (99.8) 1629 (00.2) 812213
District of Columbia 107 986 (96.4) 107929 (96.4) 107816 (96.3) 112016
Delaware 156 842 (76.1) 145155 (70.4) 129073 (62.6) 206229
Florida 2264079 (56.5) 2670108 (66.7) 766125 (19.1) 4004 271
Georgia 1965689 (77.1) 1668172 (65.4) 0 2548841
lowa 364734 (51.2) 474242 (66.5) 10650 (01.5) 712613
Idaho 38412 (09.3) 38540 (09.3) 0 412640
llinois 129676 (04.1) 2616639 (82.3) 264907 (08.3) 3179260
Indiana 982 411 (62.0) 1172477 (74.0) 941125 (59.4) 1584 681
Kansas 186013 (26.6) 426242 (60.8) 237 846 (34.0) 700485
Kentucky 386747 (38.4) 626 949 (62.2) 400843 (39.8) 1008 064
Louisiana 0 399357 (36.0) 0 1107973
Massachusetts 1341758 (94.0) 1366130 (95.7) 1143860 (80.2) 1427033
Maryland 1193524 (89.0) 1198460 (89.4) 1193420 (89.0) 1340583
Maine 0 148706 (54.1) 0 274867
Michigan 1980696 (82.9) 2124274 (88.9) 1163607 (48.7) 2390198
Minnesota 880685 (70.2) 846099 (67.4) 7002 (00.6) 1254 644
Missouri 0 1075618 (75.7) 809582 (57.0) 1421469
Mississippi 0 159876 (20.9) 0 766720
Montana 0 39573 (18.0) 0 220358
North Carolina 5273 (00.2) 949695 (42.3) 603242 (26.9) 2243677
North Dakota 0 0 0 143048
Nebraska 0 304711 (68.2) 0 446 995
New Hampshire 212635 (72.5) 183535 (62.6) 134147 (45.7) 293358
New Jersey 198825 (92.7) 1944050 (94.9) 720157 (35.2) 2047582
New Mexico 0 223079 (44.4) 0 502450
Nevada 479804 (71.8) 479842 (71.9) 0 667 801
New York 3058580 (69.4) 3814773 (86.5) 277137 (06.3) 4408016
Ohio 2338196 (85.6) 2482698 (90.9) 2060442 (75.5) 2730377
Oklahoma 329651 (36.4) 602734 (66.5) 330035 (36.4) 906 035
Oregon 0 485634 (56.0) 0 867575
Pennsylvania 1774569 (64.2) 2006770 (72.7) 1143040 (41.4) 2762004
Rhode Island 189464 (82.9) 225385 (98.6) 156 520 (68.5) 228540
South Carolina 116755 (11.0) 241507 (22.7) 0 1066227
South Dakota 70305 (35.5) 72797 (36.7) 69923 (35.3) 198309
Tennessee 398019 (26.9) 866 307 (58.6) 0 1478594
Texas 3870878 (57.6) 4159147 (61.8) 2416695 (35.9) 6725771
Utah 649 853 (76.5) 650201 (76.5) 0 849635
Virginia 582441 (31.9) 1453532 (79.7) 584870 (32.1) 1823201
Vermont 45717 (35.5) 76641 (59.4) 0 128930
Washington 934 284 (60.6) 1064 956 (69.1) 0 1541175
Wisconsin 874279 (66.5) 794725 (60.5) 548 344 41.7) 1314412
West Virginia 96 165 (24.9) 119465 (30.9) 3964 (01.0) 386158
Wyoming 0 3380 (02.6) 0 128457
Abbreviations: PICU, pediatric intensive care unit; PCICU, pediatric cardiac ICU.
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Location of Pediatric Hospitals and Proximity of
Pediatric Population (%) to Those Hospitals.

Pediatric hospitals Distance from pediatric hospital

O General medical-surgical (95) B <50 miles
@ Other specialty not psychiatric (28) @ 50-100 miles
0 >100 miles

B Populated area

-

Pediatric population (%) located within 50 miles of a pediatric hospital
M 80.0-99.8 E20.0-79.9 [10.0-19.9

The lack of standardized information regarding the capabilities
of the staff and available technology in any one PICU pre-
cluded our ability to evaluate the PICU level of care. Therefore,
all PICUs were treated as critical care units in this study, even
though some may be very small and offer as little additional care
as increased observation for moderately ill children.!

The project was conducted in three main steps: preparation of
the geospatial layer of the pediatric population (children aged
0-17 years) using dasymetric mapping methods; preparation of
the geospatial layer for each resource zone including the iden-
tification, verification, and location of hospital facilities with
the target resources; and the proximity analysis of the pediat-
ric population within these zones.

It should be noted that pediatric populations may vary in
these scenarios due to the expertise available in any one

unit. For example, some PCICUs may serve an older
population—beyond the ages defined in this study—if they
have a performance record for specific congenital cardiac
lesions and have followed up the same patient for years.
With the improved life expectancy of some rare childhood
conditions, it is possible that a small percentage of adults
with these conditions may still use pediatric resources. This
may or may not change with health reform and family insur-
ance until age 26 years.'*

The traditional methodological approach to a proximity analy-
sis is to use a geographic information system (GIS) overlay func-
tion, in which spatial buffers of a defined radius are placed around
a point and then superimposed on a distribution map of the pe-
diatric population to determine the number of persons living
within these radii. In addition, populations of children not liv-
ing within these radii can be determined, thus representing un-
served populations. By comparing the population living within
the radii to the total population, it is possible to estimate the
proportion of persons with access to each type of specialized unit.

The limitation of this traditional approach is that population
distribution maps have an inherent lack of spatial precision.
Annual population estimates obtained from most agencies
including the US Census® are not available in administra-
tive units small enough to overcome this lack of spatial pre-
cision. Population numbers assigned to administrative units
such as states and counties are assumed to be homogeneously
distributed throughout the entire area. This assumption is
not valid for nonresidential areas; this is especially problem-
atic for rural counties, which tend to have large unpopulated
areas. Furthermore, because large areas of the United States
west of the Mississippi River are rural,'® this lack of precision
in population distribution can introduce a regional bias in
GIS-derived estimates of unserved/served populations.
Therefore, in this analysis the underlying population distri-
bution map was refined to remove as much of this potential
source of bias as possible. Dasymetric distributions—defined
as the redistribution of regionally aggregated population sta-
tistics into smaller area units to reveal a more realistic
spatial population distribution—are preferable for proximity
studies because of this ability to realistically place population
over geography.

The GIS software used to accomplish the dasymetric redistri-
bution, create the hospital proximity zones, and the proximity
analysis for this project was ArcGIS version 9.3 from ESRI".

To refine the location of the pediatric population, a dasy-
metric map of the pediatric population was created. Dasy-
metric mapping is the process of transforming data from one
spatial aggregation—usually mapped as a choropleth map, in
which the entire land area is shaded according to one overall
value for the area—into a map that is a more accurate depic-
tion of the magnitude and spatial extent of the data.'” In this
study, county-level populations were redistributed and
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restricted to residential areas within each county. This pro-
cess involves the use of additional information about each
county—information that allows differentiation between
residential and nonresidential areas—to make the resulting
redistribution more meaningful. Although the field of public
health still relies heavily on choropleth (thematic) maps,
dasymetric maps are becoming more prevalent in the devel-
oping fields of public health preparedness and sustainable
development.

Lists of hospitals with the target pediatric specialty in the
continental United States were acquired from national and
international accrediting agencies. Each list was either geo-
coded using Centrus Desktop, where actual addresses were
available, or were linked with the 2010 Homeland Security
Infrastructure Program (HISP) Gold data set'® to create an
accurately located spatial layer of hospitals for each of the
five specialties.

A zonal radius of 50 miles was chosen because it is an approxi-
mation for the “golden” hour. The golden hour is referred to
by most trauma specialists as the need to get severely injured
persons from the accident scene to a trauma center within an
hour to achieve an optimal recovery outcome.'?! One hun-
dred miles is twice that distance, and appears to be the farthest
distance most people are willing to travel to get any type of spe-
cialized medical care.?*** Most medical providers agree that 100
miles is too far to travel for any type of critical medical care.

The hospital proximity zones were then split by the state bound-
aries, so the populations within the zones could be summa-
rized by state.

The national coverage by zone for each type of specialty was
mapped to visualize the extent of confluence (or lack of con-
fluence) of the zones over the population both at the 50-mile
radius and 100-mile radius. The population proportions were
also mapped by state to evaluate variability in access from state
to state.

The Appendix contains a detailed description of the processes
used for this study including the dasymetric redistribution of
the pediatric population; acquisition, verification, and link-
age of each critical care resource list and the calculations used.?*°

RESULTS

Pediatric Hospitals

Nationally, 64.1% of the pediatric population living in the con-
tinental United States (73.5 million children in 2008) lives
within 50 miles of a pediatric hospital (Table, Figure 1). In 10
states (District of Columbia, California, Illinois, Ohio, Penn-
sylvania, Maryland, New Jersey, Massachusetts, Connecticut,
and Rhode Island), 80% or more of the pediatric population
lives within 50 miles of a pediatric hospital; and in 13 states,
less than 20% of the pediatric population lives within 50 miles
of a pediatric hospital. The percent of the pediatric popula-

Mapping Pediatric Critical Care

Location of Hospitals with Pediatric Intensive Care
Units (PICU) and Proximity of Pediatric Population (%)
to Those Hospitals.

Hospitals by primary specialty Distance from hospital with PICU

O Children’s general (38) W <50 miles
© Children’s other not psychiatric (10) [ 50-100 miles
@ General medical-surgical (286) [0>100 miles

@ Other not psychiatric (5) B Populated area

ey

Pediatric population (%) located within 50 miles of a hospital with a PICU
W 80.0-98.6 M 20.0-79.9 [10.0-19.9

tion living within 50 miles of a pediatric hospital ranges, by state,
from less than 1% to greater than 99% (Table). In 7 of the 13
states with less than 20% of the pediatric population living within
50 miles of a pediatric hospital, none of the pediatric popula-
tion lives within 50 miles of a pediatric hospital (Table).

Hospitals with a PICU

Nationally, 82.0% of the pediatric population lives within 50
miles of a hospital that has a PICU (Table, Figure 2). In 24 states,
80% or more of the pediatric population lives within 50 miles
of a hospital with a PICU; and in only 1 state (Wyoming) does
less than 20% of the pediatric population live within 50 miles
of a hospital with a PICU. The range by state is from less than
1% to 98.6% (Table).
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Location of Hospitals with Pediatric Cardiac Intensive
Care Units (PCICU) and Proximity of Pediatric
Population (%) to Those Hospitals.

Hospitals by primary specialty Distance from hospital with PCICU

O Children’s general (12) W <50 miles
O Children’s other not psychiatric (4) @ 50-100 miles
@ General medical-surgical (248) [0 >100 miles

B Populated area

Pediatric population (%) located within 50 miles of a hospital with a PCICU
W 80.0-98.6 E20.0-79.9 [@O0.0-19.9

Hospitals with a PCICU

Nationally, 76.6% of the pediatric population lives within 50
miles of a hospital that has a PCICU (Table, Figure 3). In 19
states, 80% or more of the pediatric population lives within 50
miles of a hospital with a PCICUj; in only 2 states (Washing-
ton and Wyoming), does less than 20% of the pediatric popu-
lation live within 50 miles of a hospital with a PCICU. The
range by state is from less than 1% to 98.6% for hospitals with
PCICU:s (Table).

Hospitals with a Level | or Level Il Trauma Unit or
Pediatric Trauma Unit

Nationally, 80.7% of the pediatric population lives within 50
miles of any level I or II trauma center; but only 53.4% live within
50 miles of a pediatric trauma center (Table, Figure 4). In 26
states more than 80% of the pediatric population lives within

50 miles of any trauma center; but in 2 states (Arkansas and
Mississippi), less than 20% of the pediatric population lives
within 50 miles of any trauma center. The range by state is from
5.7% to greater than 99% for all trauma centers.

For pediatric trauma centers, there are 8 states (District of Co-
lumbia, Michigan, Ohio, Massachusetts, Connecticut, Rhode
Island, New Jersey, and Maryland) where more than 80% of
the pediatric population lives within 50 miles of a pediatric
trauma center; and in 16 states, 20% or less of the pediatric popu-
lation lives within 50 miles of a pediatric trauma center. The
range is from less than 1% to greater than 99% (Table). In 11
of the 16 states with less than 20% of the pediatric population
living within 50 miles of a pediatric trauma center, none of the
pediatric population lives within 50 miles of a pediatric trauma
center (Table).

Hospitals with a Burn Center

Nationally, 71.2% of the pediatric population lives within
50 miles of any burn center; but only 26.4% lives within 50
miles of a pediatric burn center (Table, Figure 5). Only 11
states (District of Columbia, California, Illinois, Michigan,
Ohio, New York, Massachusetts, Connecticut, Rhode Island,
New Jersey, and Maryland) have 80% or more of the pediat-
ric population living within 50 miles of any burn center, and
in 4 states (Idaho, Montana, Wyoming and North Dakota)
less than 20% of the pediatric population lives within 50
miles of any burn center. The range by state is from less than
1% to 99.8%.

In only 3 states (District of Columbia, Massachusetts, and Mary-
land) does more than 80% of the pediatric population live within
50 miles of a pediatric burn center; in 25 states, 20% or less of
the pediatric population lives within 50 miles of a pediatric burn
center. The range by state is from less than 1% to 96.3% (Table).
In 17 of the 25 states with less than 20% of the pediatric popu-
lation living within 50 miles of a pediatric burn center, none
of the pediatric population lives within 50 miles of a pediatric
burn center (Table).

COMMENT

Although many US states provide adequate geographic cover-
age for most of their pediatric population—based on location
of the population—for general pediatric, PICU, and PCICU
care, coverage for pediatric trauma and burn care is less equally
distributed. In particular, western mountain states represent the
geographic region with the least coverage for each of the five
pediatric critical care services.

Historically, as many as 30% of hospitalized victims of all ages
in public health emergencies have required intensive care.’!-?
Critical care needs projected by the Department of Homeland
Security National Planning Scenarios could exceed the entire
national ICU capacity.*
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Disaster planning and response to a mass casualty incident
involving the pediatric population pose unique demands on

medical and public health communities. Children, as a rec- Location of Level | and Il General and Pediatric Trauma
ognized vulnerable population, are often overrepresented as Centers and Proximity of Pediatric Population (%) to
victims in public health emergencies compared to other resi- Those Centers.

dential populations. Paired with the fact that children have
innate physiologic and social vulnerabilities, this compro-
mised distribution of care contributes to their morbidity and
mortality.”® Pediatric needs may predominate in emergencies
involving a pathogen targeting infants, children, or pregnant
women.*® An accident involving schools or other pediatric-
specific activities, or terrorism specifically targeting children
would result in surges of children disproportionate to the
overall population."*” Although exact disease-specific data
are often lacking, planners should anticipate a disproportion-
ate number of children needing intensive care is likely,
including children with chronic health conditions and spe-
cial health care needs.

Pediatric trauma center Distance from level | or Il -
or trauma center with trauma center 'k Populated area
As it can be difficult to visualize the difference among pediatric certification W <50 miles
. . . OYes (77) @ 50-100 miles
regions using independent small-scale maps (state and local), ® No 364) 0>100 miles

this study uses dasymetric mapping to illustrate potential
gaps and challenges in pediatric critical care resources across
the nation. These facts demonstrate the potential utility of
our dasymetric methodology and usefulness of having a more
realistic understanding of the pediatric population distribu-
tion and accessibility to critical care. This method serves
many purposes such as refining and expanding the method-
ology of preparedness and response in disaster planning.

It is clear from the maps that most pediatric critical care
resources are located in highly urbanized environments,
often with large distances between them. This geographic
and economic reality can challenge pediatric regionalized >
systems in a disaster in which transport may not be possible Pediatric population (%) located within 50 miles of a level I or Ii trauma center
or inappropriate.’® To accomplish critical care for mass casu- W80.0998 H200759 000199

alty disasters or pandemics, coordination is needed from the
community to tertiary care. Current research in pediatric
disasters preparedness and rural medicine has focused on
strengthening the capabilities of communities without local
pediatric resources by keeping patients in local hospitals and
applying pediatric medicine via telemedicine or robotics.”!
However, depending on the disaster, the communication
resources needed for telemedicine and robotics may not be
available; therefore, reliance on this option needs to be tem-
pered with adequate alternate resources on site. In any case,
close cooperation, agreements, and unique delivery systems
will be needed to provide appropriate pediatric emergency
mass critical care. Each state and region must review current
emergency operations and devise a plan that is most appro-

) . . . Pediatric population (%) located within 50 miles of a pediatric W 80.0-99.6
priate to address the population-based needs of children in level | or Il trauma center 220.0-79.9
large-scale disasters. This planning includes not only think- 00.0-19.9
ing beyond the need to share resources across state lines but
also the consideration of sharing resources across borders.*
Disaster Medicine and Public Health Preparedness 123

©2012 American Medical Association. All rights reserved.
https://doi.org/10.1001/dmp.2012.28 Published online by Cambridge University Press


https://doi.org/10.1001/dmp.2012.28

Mapping Pediatric Critical Care

Location of General and Pediatric Burn Genters and
Proximity of Pediatric Population (%) to Those
Centers. ABA Indicates American Burn Association.

@ ABA pediatric (12)

Burn center accreditation and patient population Distance from burn center
O ABA adult (95) W General (24) H <50 miles
© ABA adult and pediatric (9) [ Pediatric (5) [ 50-100 miles

.k Populated area  — >100 miles

Pediatric population (%) located within 50 miles of a burn center
H 80.0-99.8 M 20.0-79.9 [00.0-19.9

A
Pediatric population (%) located within 50 miles of a pediatric W 80.0-99.6
burn center [ 20.0-79.9
J0.0-19.9

This study supports the steady streams of reports and articles
that highlight the increasing concern of health care policy mak-
ers, planners, administrators, and medical consumers regard-
ing the need to improve access to pediatric intensive capabili-
ties supporting the care of critically ill and injured children. Our
study focuses on the pediatric population’s proximity to care
as an indicator for measuring accessibility to critical care re-
sources. However, this research does not provide information
on the number of functional beds with sufficient staff, space,
and other regional inventories of equipment and supplies, or
transportation needs to and from resources. In addition, be-
cause PICUs are not evaluated on a scale based on technology
and staff capabilities as are NICUs and trauma centers, it is im-
possible to separate out the subspecialty PICUs from nonsub-
specialty PICUs. Nor does it provide information regarding re-
gions that are currently engaged in collaboration for
regionalization of pediatric critical care resources such as those
building on or creating pediatric telemedicine forums that bring
together individuals with expertise in pediatric and neonatal
medicine, pediatric emergency and critical care medicine, pe-
diatric surgery, and emergency management that consider plan-
ning issues and serve as a medical resource once a disaster in-
cident begins. Likewise no information is provided regarding
those areas in which jurisdictional rules may not permit ease
in facilitating the use of regional resources.

Finally, this study focuses on pediatric resources. Recent expe-
rience with the HIN1 influenza pandemic indicates that con-
ditions involving pregnant women may also result in a surge of
severely ill newborns needing critical care.’ Less attention has
been given to planning for perinatal critical care in public health
emergencies. Data are available regarding perinatal issues of the
mother and her newborn infant; however, the authors have
elected to address neonatal resources and maternal obstetrics
capacity separately.

CONCLUSIONS

This geospatial analysis describes the current state of pediatric
critical care resources and supplies a set of data for regionaliza-
tion of these resources. It provides a visual and analytic over-
view of existing gaps in local pediatric hospital resources. It also
highlights the use of dasymetric mapping as a tool for public
health preparedness planning. Dasymetric mapping for popu-
lation density studies is preferable over other methods because
of its ability to place the population data in a more precise geo-
graphic location.
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