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Abstract

Background—Neurocritical care provides multidisciplinary, specialized care to critically ill
neurological patients, yet an understanding of the proportion of the population able to rapidly
access specialized Neurocritical Care Units (NCUSs) in the United States is currently unknown. We
sought to quantify geographic access to NCUs by state, division, region, and for the US as a
whole. In addition, we examined how mode of transportation (ground or air ambulance), and
prehospital transport times affected population access to NCUs.

Methods—Data were obtained from the Neurocritical Care Society (NCS), US Census Bureau
and the Atlas and Database of Air Medical Services. Empirically derived prehospital time intervals
and validated models estimating prehospital ground and air travel times were used to calculate
total prehospital times. A discrete total prehospital time interval was calculated for each small unit
of geographic analysis (block group) and block group populations were summed to determine the
proportion of Americans able to reach a NCU within discrete time intervals (45, 60, 75, and 90
min). Results are presented for different geographies and for different modes of prehospital
transport (ground or air ambulance).

Correspondence to: Michael J. Ward.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ward et al. Page 2

Results—There are 73 NCUs in the US using ground transportation alone, 12.8, 20.5, 27.4, and
32.6% of the US population are within 45, 60, 75, and 90 min of an NCU, respectively. Use of air
ambulances increases access to 36.8, 50.4, 60, and 67.3 within 45, 60, 75, and 90 min,
respectively. The Northeast has the highest access rates in the US using ground ambulances and
for 45, 60, and 75 min transport times with the addition of air ambulances. At 90 min, the West has
the highest access rate. The Southern region has the lowest ground and air access to NCUs access
rates for all transport times.

Conclusions—Using NCUs registered with the NCS, current geographic access to NCUs is
limited in the US, and geographic disparities in access to care exist. While additional NCUs may
exist beyond those identified by the NCS database, we identify geographies with limited access to
NCUs and offer a population-based planning perspective on the further development of the US
neurocritical care system.

Keywords

Access to health care; Air ambulances; Delivery of health care; Emergency medical services;
Intensive care units; Nervous system diseases

Introduction

Traumatic brain injury, stroke, and subarachnoid hemorrhage comprise just a few of the
diseases treated in Neurocritical Care Units (NCUSs) that care for critically ill neurological
patients. Although, national data does not exist on the use of NCUs by patients with each of
these conditions, these diseases account for more than 180,000 deaths annually in the US [1,
2]. While neurocritical care is a young specialty, formally recognized as a medical specialty
in 2005 [3], treatment in multidisciplinary NCUs has been shown to reduce length of stay
and resource utilization, decrease costs, and improve outcomes for patients with
intracerebral hemorrhage, acute ischemic stroke (AlS), subarachnoid hemorrhage, and
trauma [4-8].

In addition to improved outcomes for critically ill neurological patients, recent data also
suggest that delayed access to NCUs may harm patient outcomes [9, 10]. Given the benefits
of NCU care, and the need for timely access to care, adequate access of the US population to
NCUs is warranted. The current distribution of NCUs throughout the United States is
unknown and units have emerged without a developed plan or strategic framework. A
population-based planning approach has been used in healthcare to identify accessibility of
resources and to create strategic plans to deliver care more efficiently [11]. This approach
has been used to more efficiently develop systems of care for other unplanned critical
illnesses requiring rapid access to facilities with specialized resources including trauma care,
stroke care, burn care, and critical care services [12-17].

As a nascent specialty with a tremendous growth opportunity and with an important tie to
many other conditions utilizing population-based planning, this approach can help
neurocritical care develop in a manner that maximizes timely access to care and synergy
with other developing integrated networks of care for time sensitive conditions. As an initial
step toward this goal, we sought to analyze access to NCUs throughout the United States on
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state, regional, divisional, and national levels to quantify where access to NCUs in the US
currently exists.

Materials and Methods

Data Sources

Population Data—Data from the US Census Bureau and US Postal Service (Claritas
Incorp., Ithaca, NY) were used to assemble population data [18, 19]. We utilized the
smallest unit of analysis that provides demographic characteristics (block groups) as our
primary geographic unit of analysis. For 2009, 208,667 US block groups were identified
with population estimates and population-weighted centroids. Each block group contains
between 600 and 3,000 people and does not cross state or county borders. Population-
weighted centroids were assigned to each block group based upon the geographic
distribution of residents so that a single point in space could be used to generate access
calculations.

Neurocritical Care Units—NCUs were identified from publicly released data from the
Neurocritical Care Society (NCS) [20]. Sites independently reported their designation as a
NCU but no formal verification or accrediting agency was involved in their listing. To be
included in this study, every site registered with the NCS was independently reviewed to
determine whether the site was a NCU. We defined a NCU as a location that cared for both
medical and surgical patients who were critically ill with neurological illness in a dedicated
intensive care unit. Publicly available information through the internet was reviewed and if a
designation was ambiguous, center directors were contacted either by phone or through
email. Units that did not provide both medical and surgical care were excluded.

Air Ambulances—Data for air ambulance base station locations and capabilities were
obtained from the 2009 Atlas and Database of Air Medical Services [21]. These data include
location, type, and air speed of rotary aircraft housed at the base station that respond to
emergency calls in the US. Fixedwing aircraft were excluded from calculations.

Access Calculations

Access to NCUs was determined by summing the population that could reach a NCU within
four fixed prehospital care times (45, 60, 75, and 90 min) selected a priori because they had
been used in previous medical facility access calculations and because they were clinically
meaningful [12, 13, 15, 17]. To do this, we calculated the straight line distance from each
block group centroid to the closest NCU, converted this distance to drivable distance, and
applied empirically derived prehospital time intervals and drive speeds. All drive times
assume that prehospital providers may not cross state lines to arrive the closest NCU.
Exploratory analyses were done to examine how permitting the crossing of state lines would
impact access to care.

In the first step of this process, block groups were uniquely linked to the nearest NCU and
not counted twice. Straight line distances were calculated using the longitude and latitude
for block group centroids and NCUSs. These straight line distances were then converted into
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drivable distances using established mathematical conversions specific to the average
population density of the originating and the destination block group [22, 23]. Next,
population density specific and empirically derived prehospital drive speeds of 20.1, 47.5,
and 56.4 mph for urban, suburban, and rural populations, respectively, were used to
calculated ambulance transport intervals (Fig. 1) [16]. As this calculated time only
represented the driving time from patient to hospital, we multiplied by an empirically
derived coefficient describing the relation between the response interval (from dispatch to
scene arrival) and the transport interval (1.6, 1.5, and 1.4 min for urban, suburban, and rural
areas, respectively). All programing code was written in Visual C++ (Microsoft Corporation,
Redmond, WA).

While response and transport intervals (driving time) account for the majority of the total
prehospital time, complete measure of the prehospital time interval requires the inclusion of
additional times to account for other essential prehospital activities [16]. The time from the
911 telephone call until ambulance dispatch was 1.4, 1.4, and 2.9 min for urban, suburban,
and rural areas, respectively [16]. An additional 13.5, 13.5, and 15.1 min based on urban,
suburban, and rural areas were also added to the model to account for the time spent on
scene preparing the patient for transport as has been done previously [13, 15].

In the end, drive time estimates (response and transport intervals) as well as fixed prehospital
intervals (dispatch and on-scene intervals) were summed for each block group to determine
the total number of minutes it would take for the population of that block group to arrive at
the closest NCU. The populations of block groups meeting different time cut-offs (45, 60,
75, and 90 min) were then summed to determine the populations able to arrive at a NCU.
Results are presented at the level of the state, the division, the region, and for the US as a
whole across the four time intervals [22, 23].

In addition to the estimates above, we also calculated estimates to care for alternative
prehospital policies. In our time assessments including prehospital helicopter transport, we
assumed that helicopters travel in straight lines for the purpose of calculating distances. To
calculate flying times, we used helicopter depot-specific cruise speed by distance from
helicopter base to block group centroid and then the straight-line distance to the nearest
NCU. As in ground ambulance transport, additional time intervals that constitute important
components of the total prehospital interval were added into our model including an
activation time constant of 3.5 min and an on-scene time of 21.6 min [16]. Considering
various state regulations on interstate travel of ambulances which affect trauma, prehospital,
care and stroke care, we also evaluated the restriction or ability to cross state boundaries on
access rates. This analysis was exempt from full review by the Institutional Review Board at
the University of Pennsylvania.

National Access

Seventy-three NCUs were identified in the US (Fig. 2). Nearly, 1 in 8 Americans (12.8%)
have access to a NCU within 45 min by ground transportation. Roughly, 1 in 5 Americans
(20.5%) have access to a NCU within 60 min, approximately 1 in 4 Americans (27.4%)
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within 75 min and almost 1 in 3 Americans within 90 min (32.6%). Use of air ambulances
improves access to NCUs with 36.8, 50.4, 60.0, and 67.3% of the US population have access
to a NCU within 45, 60, 75, and 90 min, respectively (Table 1; Fig. 2).

Of the four US Census regions, the West, Northeast, Midwest, and South have 17, 18, 18,
and 20 NCUs, respectively. Among divisions, the East South Central has the fewest with 2
NCUs and the Pacific and South Atlantic divisions each have the most with 13 NCUSs.

By ground transportation, the Northeast region has the highest access to NCUs. Rates
increase from 18.5, 29.0, 37.7 to 43.8% for 45, 60, 75, and 90 min, respectively. The South
has the lowest access to NCUs. Population access is 8.9, 15.3, 21.9, and 26.9% for 45, 60,
75, and 90 min, respectively (Table 1).

With the addition of helicopters as an option for transport, the Northeast continues to have
the highest access for 45, 60, and 75 min at 45.5, 59.8, and 67.2%. However, the West has
72.0% of the population within 90 min of NCU when flying or driving. The South still has
the lowest access despite the addition of helicopters at 30.0, 43.0, 55.9, and 64.0% within
45, 60, 75, and 90 min, respectively (Table 1).

At the state level, 30 states have at least one NCU and two have more than five NCUs
(California-10 and New York-7). No states have 100% access when using ground
transportation for any timeframe. When helicopters are an option, only one state
(Connecticut) has 100% access. Twenty-one states have no access regardless of timeframe or
mode of transportation (Table 1).

Interstate Border Policy

When ground ambulances are allowed to cross state borders, national access minimally
improves by 0.6, 1.4, 2.1, and 2.8% (with access rates of 13.4, 21.9, 29.5, and 35.4%) for 45,
60, 75, and 90 min, respectively. When helicopters are allowed to cross state borders, a
larger increase in access is noticed with intervals of 4.1, 6.7, 9.3, and 12.9% (with access
rates of 40.9, 57.1, 69.4, and 80.2%) within 45, 60, 75, and 90 min, respectively (Table 2).

Among regions, the Northeast had the highest incremental increase in access rates regardless
of mode of transportation. Using ground transportation, access rates increased by 1.7, 4.2,
6.7, and 9.6% (with access rates of 20.3, 33.2, 44.4, and 53.4%) and air ambulance transport
increased access rates by 14.4, 19.1, 21.4, and 24.9% (with access rates of 59.9, 78.9, 88.7,
and 95.4%) within 45, 60, 75, and 90 min, respectively. The South and West had minimal
improvement with the relaxation of the interstate restriction with increases of 0.2, 0.3, 0.4,
and 0.6% in the South (with access rates of 9.1, 15.7, 22.3, and 27.4%) and in the West, 0.1,
0.4, 0.5, and 0.6% with the West (with access rates of 13.3, 20.8, 27.4, and 32.8%) within
45, 60, 75, and 90 min, respectively. With the option of air transport, the West had the lowest
incremental increase in access with interval increases of 0.5, 0.6, 1.3, and 1.6% (with access
rates of 44.6, 59.2, 66.1, and 73.6%) within 45, 60, 75, and 90 min, respectively (Table 2).
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Discussion

We present the first data on population access to neurocritical care in the US. Only one-third
of the US has access to neurocritical care by ground within 90 min and there are significant
regional variations with the Northeast and the South having the highest and lowest respective
access, regardless of mode of transportation. While the West has the highest access for
intrastate transport, it requires the use of air ambulances and only minimally improves over
the Northeast. In addition, examination of state border policies shows that there is a minimal
improvement in access rates and the West drops to last when state borders restrictions are
relaxed. Even when air ambulances are utilized under the most relaxed conditions, one-third
of the country still does not have timely neurocritical care access. Allowing transportation
across state borders had a minimal effect for ground transportation but dramatically
increased access with the option of air ambulances.

Evaluating access to NCUs provides insight into state, regional, and national variability in
neurocritical care access. For a young specialty such as neurocritical care, this is essential to
move forward and identify which information is necessary to strategically plan where and
how to grow. Yet, this study also raises numerous questions and highlights the need for
additional data to further enhance population-based planning. For example, which patients
need immediate prehospital transportation to facilities with NCUs? What is the appropriate
number of neurocritical care beds for a population? Are there regional differences in need
for neurocritical care beds? What is the ideal timeframe to get a patient to a NCU to
optimize outcomes and does this vary by condition?

This study is the first step in beginning to systematically coordinate the planning of
neurocritical care in the US. These results provide clinicians, hospital administrators, and
public policy makers with information to identify public access to NCUs. By focusing on the
areas that have the lowest access, efforts can be targeted to maximize population access in an
efficient manner. Important next steps will need to consider the important overlap between
other related resources such as prehospital care, EDs, stroke centers, trauma centers, and
other critical care beds. The population-based approach to emergency care planning provides
the opportunity to develop an integrated, coordinated, and comprehensive system of
emergency care. Neurocritical care plays a growing and vital role in the emergency care
system. Given its multidisciplinary overlap in care of acutely ill and injured patients,
potential for growth, regional variation and identified disparities, neurocritical care and
critically ill neurological patients stand to benefit from such an approach.

Limitations

Our results should be considered in light of several limitations. There is no standardized
timeframe for access to care in a NCU. The time limits of 45, 60, 75, and 90 min were
chosen based on earlier study combined with our judgment as to what response times could
have been clinically meaningful [12, 13, 15-17]. In addition, this analysis was conducted
using publicly available information from the NCS and could result in a selection bias. The
purpose of this study was to identify access to NCUs given existing information and the
NCS is the only repository of such information. As the NCS list is a self-reported document
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compiled from members of that organization, there are two limitations to use this data
source. First, there is no standardized definition regarding characteristics of a NCU and thus
this list may include primary stroke centers (PSC) as designated by the Joint Commission,
which do not provide broader critical care coverage in addition to neurosurgical care. While
efforts were made to specifically differentiate PSCs from NCUs, misclassification could
potentially result. Without a standardized definition or accrediting body for NCUs, some
sites could have been inappropriately misclassified. Second, there may be NCUs that meet
the criteria for inclusion not in the NCS database that were not included in this study.
However, while standardizing the definition of NCUs and identifying all possible NCUs is
an important area of future research, is beyond the scope of available data and this study.
Such biases could result in either falsely increased or decreased access for particular regions
of the country. Another limitation is that our assumptions were based upon prehospital
transport of patients to facilities with NCUs rather than interfacility transportation.
Interfacility transfer would require prehospital diagnostics and destination protocols and a
realistic system would instead require comprehensive understanding of transfer patterns
between hospitals. Emergency Department boarding is another important consideration not
factored into this model because it could affect a patient’s ability to be cared for within a
NCU. But, models such as the one presented in this article provide insight and inform
planning. As understanding of system dynamics improves, more complex models can be
developed to capture additional facets of the care system. Further limitations include the use
of prehospital time intervals which were developed for trauma, not neurocritical care
emergencies. However, these are the best estimates of prehospital times that are available.
This model also fails to address neurocritical care emergencies that happen to inpatients in
facilities without NCUs. Finally, this analysis only takes into account the presence of a
NCU, not the specific number of resources available to a NCU (such as beds). Future use of
greater detail per hospital unit (i.e., bed size) could be used to refine future calculations of
geographic access to neurocritical care resources for large populations.

Conclusions

Current geographic access to NCUs is low throughout the US, particularly the Southern
region. A reliance on air ambulances is necessary until additional better geographic
distribution of NCUs can occur.
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Fig. 1.

Specific time intervals and time stamps for prehospital transportation of a patient. Adapted
with permission from prehospital emergency care by National Association of EMS

Physicians (US) reproduced with permission of Hanley & Belfus, Inc. in the format Journal

via Copyright Clearance Center
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Fig. 2.

National access to Neurocritical Care Units within 45 and 90 min of travel time for in-state
and cross-state restrictions by either ground or with the addition of air ambulance

Neurocrit Care. Author manuscript; available in PMC 2018 January 16.



Page 12

Ward et al.

78y 66 GG T9Z 90¢ Sl vEZ €9T (2) o
068 66,L L7, 0.5 685 LvS v €LC (&) NI
v'S8 vIL ¥6S S8y €9y SOy T9E L8 (@) sy
00 00 00 00 00 00 00 00 ) wi
T8y Gy GlE 76 LOE 6.C veEL 8GI (2) renuad yuoN 1sam
9T, 9G§9 0¥y €G 6T 98 6V €8I (™ 1m
L'€6 ¥E€L 8.5 v6E 9vE €82 GI¢ 9l (€) HO
0€8 8¢, 0¢5 06c €0r 62 8T¢ 66 (AT
00 00 00 00 00 00 00 00 (OXN]
808 €TL 669 8.5 L67y 8Ty GTIE L6T @
el 679 €05 TG TGE ¢6Z 0¢C GEl (TT) [eusd yuoN 1se3
679 095 v9y €€€ L€ 887 ST Tl (8T) 1s9MpIA
0€L 089 T6S <Ter LS v¥8Z €6T OTI (¥) vd
L'06 8S8 €6, 6v9 LT9 0G5 627 8.LC (L) AN
00 00 00 00 00 00 00 00 (0) cN
L'S9 6T9 095 €vr ¥Oor 0S€ 9z 99T (TT) onueny aIppIN
00 00 00 00 00 00 00 00 (0) LA
796 876 G€B 699 796 876 GE€8 699 (™1
00 00 00 00 00 00 00 00 (0) HN
086 2.6 LS8 %89 ¢69 TTI9 T6r 80E () YN
G68 €08 TeS TO0E V¥EE 9GS L6T Tl (Manw
000T 066 TG8 TeTr L8 TGE 9¥Z 8T (110
Z¥8 G¢8 90L 06y ¥ES ¥Sr CT9E 8€C (2) puejBbug meN
90L TL9 865 GGy 8E€y LlE 06 S8 (8T) 158341ION
€/9 009 v0S 89¢ 9T¢€ vz G0z 8T (e sn
06 S 09 S 06 S 09 S

ouB|NqUIE Jfe Jo punoio

soue|nque punoJio

uoire|ndod Jo o

(SNDIN J0 Jequinu) 81ess ‘UoKIAIP ‘uoife snsua)

Jodsuen

aoue|nqwre Jre [euondo 1o punoub Jaylls 1oj Ul 06 PUe ‘G ‘09 ‘Gz 10} S|aAS] 9181S pue ‘UOISIAIP ‘Uoifal snsuad ‘SN [e101 Ag SNDIN 01 SS82de uoljejndod

Author Manuscript

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Neurocrit Care. Author manuscript; available in PMC 2018 January 16.



Page 13

Ward et al.

00 00 00 00 00 00 00 00 (0 ai
998 €¥8 09L 07 62 68y TIr 002 (1) 02
00 00 00 00 00 00 00 00 (0) zv
96 Lve 6T €v¢ €ve 8T¢ §8T T2 (v) urelunon
0ZL 8v9 985 Tvr ¢2€ 697 Y0z CTET (21) 19\
819 ¥'SS v6r ¥eEyr S8 GIE L0C €0T (&) XL
09L TE€S €.€ ¥er 82 LOE viZ 802 (Mo
T/T 60T 86 ¢8 S6 L8 28 €L Mmv
00 00 00 00 00 00 00 00 (0) ¥v
L'7§ TSy 76ee Tve TIe 097 T8l 20T (S) renuad yINoS 1s3M
€0L 995 €8y GTe 80¢ ¥SZ 66T 92T (@) NL
00 00 00 00 00 00 00 00 (0) sw
00 00 00 00 00 00 00 00 (0) AM
00 00 00 00 00 00 00 00 v
Zvz G6T L9T 60T 90T 88 69 €V (2) renua) yinos 1seg
00 00 00 00 00 00 00 00 (0) AM
G68 €8 60¢ LT ¥8T 6%¥T 90T 89 VA
Z6y 09z LT gIl €€ ST S§6 L9 2s
088 vv. 0SS 0T¢ ¥iz L0z 92T 08 ON
786 8.6 v¥6 09. 8Ir G€€ 6%C TST an
9/, TL.9 T09 92 Svr 8SE ¥vZ 92T Vo
986 168 TV¥9 06 8T¢ LSz T8l 0T e
00 00 00 00 00 00 00 00 (0)oa
00 00 00 00 00 00 00 00 (0)3a
0€8 G€L G€S €€ ¢6C S€T €91 G6 (€T) anuepy yInos
0v9 665 0€r 00¢ 692 612 €ST 678 (02) winos
00 00 00 00 00 00 00 00 (0)as
00 00 00 00 00 00 00 00 (0)an
00 00 00 00 00 00 00 00 (0)aN
06 S. 09 Sr 06 S 09 S

SoUe|NgUIE Ire Jo punolo

Soue|nquie punoJo

uolre|ndod Jo 94

(SNDIN J0 Jeqwinu) 81ess ‘UOKIAIP ‘Uoifa I snsua)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Neurocrit Care. Author manuscript; available in PMC 2018 January 16.



Page 14

Ward et al.

|aAe1) 8181S UIYIIM 0] PaloLiIsal sI uorreniodsuel |

TTL .89 0S9 6S €61 8%l T0T 9§ (1) vmi
L'8L 0%9 V09 vvy ¥y 8Tr LS ¥LC (myo
218 G.. TOL TOL TES TIr 0T &€ (M IH
6'€6 978 9€.L ¥SS LLE vO0E LTz 9€T (01 vo
00 00 00 00 00 00 00 00 (0) Mv
788 T8, €0L 627 9S T6z 2T¢ 9€T (€T) ay19ed
00 00 00 00 00 00 00 00 (0) AMm
00 00 00 00 00 00 00 00 (0) AN
v/8 6S8 TTI8 G€. ¥69 TLS GLlv CT6E (@ 1n
995 6€S G0S TLE TTr L6E 99 00 (1) NN
00 00 00 00 00 00 00 00 (0) 1N
06 S. 09 Sr 06 S 09 S

SoUe|NgUIE Ire Jo punolo

Soue|nquie punoJo

uolre|ndod Jo 94

(SNDIN J0 Jeqwinu) 81ess ‘UOKIAIP ‘Uoifa I snsua)

Author Manuscript

Author Manuscript Author Manuscript

Author Manuscript

Neurocrit Care. Author manuscript; available in PMC 2018 January 16.



Page 15

Ward et al.

208 0G99 LS TeEr 08y €E€F L9E T¥e (2) o
768 C08 9L 78S 685 LVS vvy €l (&) NI
998 LZ. 009 98 €9y GOF T9E L8 (@) sy
6T 96 00 00 00 00 00 00 ) wi
€09 805 ¥vyr G¥E 8SE Gee €.z T8l (£) 1enuaD YpoN Isam
768 TSL 06y v9Z L€E 68 6V €8T (™ 1m
6v6 29. 9€9 0T 9¥E €82 ST 9T (€) HO
v88  LG. LTS TO0E €0r 62 8TZ 66 (AT
98 T¥9 €91 §9 00T S§9 TZT CO (OXN]
8¢6 L6, 6G. ST9 O0¥S LSy OvE 80C @
906 €S, ¥9S T8 LLE CTTIE 0€ 8ET (TT) IenudD YHON ise3
I8 6.9 LG 0LE TLE 9TE €v¢ TSI (8T) 1s9MpIA
76 T8, 809 9Er LSE v¥8Z €6T OTI (¥) vd
216 658 G§6L TTIL 0€9 TSS 6 8L (L) AN
000T 000T +6 TS9 9Ly 9€ G0Z 06 (0) cN
066 G98 9L ¥TI9 €T €Ty 80t 98I (TT) onueny aIppIN
z9y  0TE 8¢ 00 €0 00 00 00 (0) LA
0'00T 000T 666 ¥6. ¥96 0€ GE€8 699 (™1
66 ¥96 9€€ S0 99 TO 00 00 (0) HN
000T .66 6€ 8%, 9SL 0.9 vv¥S LcE () YN
G68 €08 TS TOE ¥EE 9GSz L6T Tl (Manw
000T 000T 966 O¥S 285 O0Sr G62 9T (110
996 Lv¥6 €78 LSS ¥6S G0S 86E 06 (2) puejBbug meN
66 L8 68L 665 VES vvyr TEE €0C (8T) 158341ION
208 ¥69 TS 60y vSE G6Z 6T¢ VET (e sn
06 GL 09 oy 06 S 09 S

ouB|NqUIE Jfe Jo punoio

soue|nque punoJio

uoire|ndod Jo o

(SNDIN J0 Jequinu) 81ess ‘UoKIAIP ‘uoife snsua)

Jodsuen

aoue|nqwre Jre [euondo 1o punoub Jaylls 1oj Ul 06 PUe ‘G ‘09 ‘Gz 10} S|aAS] 9181S pue ‘UOISIAIP ‘Uoifal snsuad ‘SN [e101 Ag SNDIN 01 SS82de uoljejndod

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Neurocrit Care. Author manuscript; available in PMC 2018 January 16.



Page 16

Ward et al.

g9 00 00 00 00 00 00 00 (0 ai
998 €¥8 09. 02 6 68 TTIr 002 (Moo
00 00 00 00 00 00 00 00 (0) zv
98¢ ¥9¢ 6T€ €¥Z €vZ 8Tz G8T 1Tl (¥) ureyunopy
9€L  T99 T6S 9¥yr 8T vlz 80¢ €€l (LT) 159\
Z¥9  T8G L6y Ger 98 GIE L0c €01 (&) XL
V8L LYS €€  ¥6Z 87 LO0E vLiZ 80 (Mo
86T 60T 86 ¢8 S6 L8 I8 €L @mwv1
vey  vEeT GG LT ¥vT 2T v0 00 (0) ¥v
85 €8y 66€ ¢¥E ¥TIE T9Z 8T 0T (S) renuad yINoS 159/
0LL G665 €8y GTE 80E ¥GZ 66T 9Tl (@ NL
9Ce 0ST 98 67 ¥T  TO 00 00 (0) s
6€8 9¥S L6l €8 06 S8 8L 67 (0) AN
90y L2e € ¥0 ZT ¥0 20 00 (0) v
129 LTr 6S L€ €€l 60T 88 GG (2) renuad yinos 1se3
T2y ¥ST 80 00 00 00 00 00 (0) Am
78 CT6 €85 86T ¥8T 6T 90T 89 VA
19, z0e L.T T¢Il €€ el 96 L9 oS
L'68 &Y. 0SS 0TZ ¥LlZz L0z 92T 08 ON
000T T66 676 T9. 6Tr GE€ 6 TGl an
978 169 T09 9V Gy 89 vz 9Tl \6)
986 168 T¥9 066 8T LG T8T GOT e
000T 000T 000T 000T 00 00 00 00 (0)oa
000T 000T 6¥8 Z¥S I8 L¢ 00 00 (0)3a
716 €8L ¥6S ¥Se €62 GEZ €9l G6 (€T) anuepy ynos
9L 0€9 6Ly 9TE vl €2 LST T6 (02) umnos
00 00 00 00 00 00 00 00 (0)as
00 00 00 00 00 00 00 00 (0)an
€0 00 00 00 00 00 00 00 (0) 3N
06 7 09 sy 06 S. 09 S

soue|NquIe Ire Jo punoio

soue|nquie punoJo

uoire|ndod JO 9,

(SNDIN {0 Jeqwinu) a1ess ‘UOKIAIP ‘UoiBa 1 snNsua)

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

Neurocrit Care. Author manuscript; available in PMC 2018 January 16.



Page 17

Ward et al.

S19pJI0Q 81LIS SS0JD UL UoleodsueRl |

€8, 69L 8TL 0TS LSz v0z Lvl TL (1) vmi
88L O0V9 ¥09 ¥vr v¥r 8Tr LS ¥LC (M ¥o
¢18 §LL ¢0L zOL TES TIvr 0TIE §E€C M IH
6'€6 978 9€L ¥SS Lle v0E LT¢ 9¢€T (01) vo
00 00 00 00 00 00 00 00 (0) Mv
068 ¢6L CT. 965 G9€ 86z 8T¢ 8E€T (€T) 91y19ed
€e LT 00 00 00 00 00 00 (0) AM
80z 6€T 00 00 00 00 00 00 (0) AN
v/8 698 TI8 G€. v¥69 TLS GLlv CT6E (@ 1n
995 6€§ S0S ¢l TTyr L6E 99€ 00 (1) NN
00 00 00 00 00 00 00 00 (0) 1
06 7 09 sy 06 S. 09 S

soue|NquIe Ire Jo punoio

soue|nquie punoJo

uoire|ndod JO 9,

(SNDIN {0 Jeqwinu) a1ess ‘UOKIAIP ‘UoiBa 1 snNsua)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Neurocrit Care. Author manuscript; available in PMC 2018 January 16.



	Abstract
	Introduction
	Materials and Methods
	Data Sources
	Population Data
	Neurocritical Care Units
	Air Ambulances

	Access Calculations

	Results
	National Access
	Interstate Border Policy

	Discussion
	Limitations
	Conclusions
	References
	Fig. 1
	Fig. 2
	Table 1
	Table 2

