Building trauma capability: using geospatial analysis
to consider military treatment facilities for trauma
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ABSTRACT

Background The Military Health System must develop
and sustain experienced surgical trauma teams while
facing decreased surgical volumes both during and
between deployments. Military trauma resources may
enhance local trauma systems by accepting civilian
patients for care at military treatment facilities (MTFs).
Some MTFs may be able to augment their regional
trauma systems by developing trauma center (TC)
capabilities. The aim of this study was to evaluate the
geographical proximity of MTFs to the continental US
(CONUS) population and relative to existing civilian adult
TCs, and then to determine which MTFs might benefit
most from TC development.

Methods Publicly available data were used to develop
a list of CONUS adult civilian level 1 and level 2 TCs and
also to generate a list of CONUS MTFs. Census data
were used to estimate adult population densities across
Zip codes. Distances were calculated between zip codes
and civilian TCs and MTFs. The affected population sizes
and reductions in distance were tabulated for every zip
code that was found to be closer to an MTF than an
existing TC.

Results 562 civilian adult level 1 and level 2 TCs

and 33 military medical centers and hospitals were
identified. Compared with their closest civilian TCs, MTFs
showed mean reductions in distance ranging from 0 to
30 miles, affecting populations ranging from 12000 to
over 900 000 adults. Seven MTFs were identified that
would offer clinically significant reductions in distance to
relatively large population centers.

Discussion Some MTFs may offer decreased transit
times and improved care to large adult populations
within their regional trauma systems by developing

level 1 or level 2 TC capabilities. The results of this study
provide recommendations to focus further study on seven
MTFs to identify those that merit further development
and integration with their local trauma systems.

Level of evidence V.

BACKGROUND

The Military Health System (MHS) is challenged
with the need to develop and sustain experienced
surgical teams capable of providing combat casu-
alty care in expeditionary environments. After the
formal completion of Operation Iraqi Freedom and
Operation Enduring Freedom, US and coalition
casualty rates have markedly decreased.! Decreased
trauma volumes threaten the loss of the hard-earned
lessons of combat casualty care within the MHS.

Furthermore, the development and increasing utili-
zation of smaller surgical teams have led to increased
deployment rates among military surgeons, who
are therefore faced with greater amounts of time
spent deployed in areas with fewer combat casual-
ties.2 Between deployments, military surgical teams
typically work at military medical treatment facility
(MTF) medical centers and community hospitals,
where their surgical volumes do not match those
of their civilian counterparts, except for very rare
exceptions.® Military surgical teams are therefore
faced with the additional challenge of maintaining
their clinical skills in a setting of decreased oppor-
tunities to practice care.

A number of solutions to this dilemma continue
to be presented and discussed within the mili-
tary medical community. Among the initiatives
proposed and under development are plans to
develop select MTFs into designated trauma centers
(TCs).* A Congressional mandate in the National
Defense Authorization Act (NDAA) of 2017 stipu-
lated that military medical centers must have “Level
1 or Level 2 trauma care capabilities.” Currently,
only two MTFs in the continental USA (CONUS)
are regionally designated TCs that actively partici-
pate in their local trauma systems.® Because of the
current surgical team trauma readiness gap and the
NDAA 2017, there is interest in determining which
other MTFs might also offer trauma services or
expand their current trauma capabilities.”

The benefits to developing CONUS military
trauma capabilities extend to the civilian sector.
The American College of Surgeons (ACS) has long
recognized the mutual benefits of military—civilian
collaboration on trauma care and has spent signif-
icant effort in advocating for a formal national
trauma system.® Among other initiatives, the appro-
priate development of select MTFs into civilian
TCs would make significant progress toward the
College’s goals. However, without careful plan-
ning at the regional level, there is little guarantee
that a newly integrated MTF TC would meaning-
fully benefit its local community, improve trauma
outcomes, or positively impact the patient volumes
and experiences of its forward deployable surgeons
and other critical wartime specialists.” It is well
established that decreasing geographical distance to
a TC improves time to definitive care and there-
fore improves patient outcomes. Prior work at the
regional level has included geospatial analysis to
determine where TCs might be placed to optimize
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trauma care delivery.!® Although regional TC placement and
distribution have been studied in civilian settings, no prior work
has analyzed the potential impact of including MTFs within
their local trauma systems. Using publicly available information
on the locations of civilian TCs and MTFs, as well as CONUS
population center information, it is possible to gain insight into
which MTFs are advantageously located within their regional
trauma systems. The goal of this study is to perform a pilot inves-
tigation into the proximity of MTFs to civilian TCs and CONUS
adult population centers to determine which facilities might best
benefit their local communities by developing into regionally
active TCs.

METHODS

Publicly available data were used to compile a list of level 1 and
level 2 adult TCs. The Trauma Center Association of America
(TCAA) website, ACS website, and state and District of Columbia
emergency medical system (EMS) websites were used to identify
and gather data on CONUS civilian level 1 and level 2 TCs. For
every state and the District of Columbia, the interactive map
maintained by the TCAA was used to identify and include all
facilities designated as adult level 1 or level 2 TC.'' Facilities
listed as pediatric TCs or level 3 or level 4 centers were excluded
from the analysis. For every facility, the TC name, level, and
street address were collected. These data were cross-referenced
with the ACS Committee on Trauma database of TCs.!? Each
state’s EMS or trauma system website was then used to confirm
TC names, locations, and designations (online supplemental file
1).1% Where discrepancies were found, state information was
used as the definitive source.

The MHS Defense Medical Information System Identifier
Tables database was used to produce a list of military hospitals
and medical centers for inclusion in the study.'* This list was
cross-referenced with publicly available information through
each of the service branch’s medical department websites.
Address information was obtained from the Defense Health
Agency’s (DHA) MTF search tool.

Population data were obtained from the US Census Bureau.
Their best-known product, the decennial US Census, was last
published from 2010 data and therefore believed to be too dated
for use in this study. To provide more current population data,
the Census Bureau performs an ongoing monthly survey titled
the American Community Survey. On an annual basis, these data
are used to update the definitive decennial population counts
with current estimates. Updates are based on cumulative esti-
mates in 1-year and S-year periods.” The granularity of demo-
graphic data differs between these products. The most recent
results of the 5-year American Community Survey, dated 2018,
were used to obtain population estimates for all adults (defined
as 18 years old or older) across CONUS.!® These estimates
were reported by Zip Code Tabulation Areas (ZCTAs). These
are roughly equivalent to US Postal Service zip codes and repre-
sent the smallest available geographical unit within the analyzed
American Community Survey data set.

Latitude and longitude data were obtained from publicly avail-
able information through the Google Maps platform. Google’s
geocoding application programming interface (API) receives
human-readable address information and returns geographical
coordinates.!”” The Python scripting language (Spyder V.4.1.5,
MacOS V.10.15.6) was used to obtain geographical information
for the collected data. For every TC and MTEF, Google Maps
API was used to obtain the latitude and longitude by providing
a street address. For population data, the same API was used by

providing each ZCTA’s associated zip code, which returned the
latitude and longitude of that zip code’s geographical centroid.

Python was again used to determine the distances between
every ZCTA and every civilian TC. The haversine formula was
used to determine great-circle distances between points to mini-
mize errors in straight-line approximation computations.'® The
script then determined which TC was closest to every ZCTA
and compiled the results into a database for further analysis. A
similar script was developed to determine the closest MTF for
every ZCTA in this study.

The R statistical analysis suite (RStudio V.1.1.456, MacOS
V.10.15.6) was then used for data analysis and visualization in
conjunction with the Python scripts. A map of CONUS was
developed to display the locations and relative sizes of every
ZCTA, as well as their relative distances to their closest civilian
TCs. A second map was generated after MTF data were included
in the distance analysis. ZCTAs found to be closest to MTFs
were then further analyzed to determine the overall reductions
in distance compared with their closest TCs.

RESULTS

A total of 562 adult civilian level 1 and level 2 TCs were iden-
tified within CONUS during the study period. During the same
time period, a total of 33 CONUS military medical centers
and hospitals were identified. The 2018 ACS data from the US
Census Bureau returned a total of 32 441 CONUS ZCTAs, with
a total adult population estimate of 244 816 647.

The initial visualization of population centers yielded a
maximum adult ZCTA population estimate of 85256 and a
minimum population of 0. Distance from the closest adult
civilian level 1 or level 2 TC ranged from 0.03 to 232 miles.
Disparities were noted in distance to TCs, with relatively short
distances within major metropolitan areas and relatively longer
distances in sparsely populated areas (figure 1).

When visualized with the addition of MTF data, several
regions were identified with potentially significant improve-
ments in distance to trauma care (figure 2). A total of 1663
ZCTAs were found to be closer to one of the 33 identified MTFs
than any civilian TC. The mean distances from those ZCTAs to
their respective MTFs ranged from 1.18 to 69.99 miles. CONUS
MTFs were found to offer a reduction in mean distance from
their respective civilian TCs, ranging from 0 to 30 miles, with a
median of 15.08 miles (table 1).

To better understand the potential local effects of developing
MTFs into level 1 or level 2 TCs, the data were visualized and
tabulated at the state level for several regions. One such region
was North Carolina, where both MTFs in that state offered
mean distance reductions of over 20 miles to populations of
335000 to over 680000 adults. Furthermore, both MTFs were
located in regions with relatively long distances to level 1 or level
2 trauma care (figure 3).

Finally, to determine which CONUS MTFs offered significant
distance reductions to large populations, the results were visual-
ized as a scatter plot (figure 4). The median values for affected
population and mean distance reduction were used as axes to
categorize MTFs by their relative rank in each category. Seven
MTFs were found to offer greater-than-median reductions in
mean distance while also serving a greater-than-median popula-
tion: Womack Army Medical Center, Blanchfield Army Commu-
nity Hospital, Winn Army Community Hospital, Naval Medical
Center Camp Lejeune (NMCCL), Carl R Darnall Army Medical
Center, Bayne Jones Army Community Hospital, and General
Leonard Wood Army Community Hospital.
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Total adult population:

Largest ZCTA population: 85256
Smallest ZCTA population: 0

244,816,647

Shortest distance: 0.03 miles

Figure 1

Map of CONUS with relative population sizes and proximities to a civilian level 1 or level 2 trauma center. Every dot represents a single

ZCTA. Smaller dots represent sparsely populated ZCTAs, whereas larger dots represent densely populated ZCTAs. Blue dots are relatively close to a
civilian trauma center, whereas yellow dots are relatively distant. CONUS, continental USA; ZCTA, Zip Code Tabulation Area.

DISCUSSION

The results of this study show that clear differences exist
among MTFs with respect to their potential beneficial
effects on their local trauma systems. This pilot study should
be used to narrow the focus of analysis onto those MTFs that
may best benefit their local communities’ trauma networks.
Defining this standard is more elusive than simply ordering
the results by any one metric. The potential population
served, the mean distance to the MTF, and the reduction
in mean distance from the closest civilian TC may each
contribute differently to a regional trauma system.

When sorted by the mean distance reduction, 10 MTFs
offer improvements of 15 miles or greater compared with
the TCs closest to the affected ZCTAs. However, in many
cases the mean distance to the MTF itself remains quite
high, perhaps too long to offer a meaningful improvement
in trauma outcomes for the patients on those areas. Simi-
larly, when sorted by the mean distance to their closest
ZCTAs, many MTFs are located sufficiently close to offer an

Total adult population: 244,816,647

Largest ZCTA population: 85256
Smallest ZCTA population: 0

Shortest distance: 0.03 miles

acceptable time to definitive care. However, several of these
MTFs would only offer minimal reductions in mean distance
from a civilian TC, and others serve populations that are
relatively small and might therefore offer few opportunities
to provide trauma care.

To gauge the potential community impact of bringing new
trauma capabilities to an MTF, it may be beneficial to analyze
the MTFs that currently accept and treat civilian trauma
patients. Brooke Army Medical Center (BAMC) is the only
MTF that is currently designated and verified as a level 1
TC. BAMC is part of the Southwest Texas Regional Advisory
Council, and in 2019 had 4406 activations with 3035 admis-
sions.® According to our results, this facility is the closest
TC to 829 155 adults, the second highest population found
in this study. The remaining MTFs in the top quartile with
respect to populations served include Naval Medical Center
San Diego (915 753), Fort Belvoir Community Hospital
(700 467), Womack Army Medical Center (688 914), and
Madigan Army Medical Center (601 220). Although it is a

Figure 2 CONUS map with relative population sizes and proximity to the closest civilian trauma center or military medical center or hospital. ZCTAs
closest to an MTF are colored green. Black squares represent the locations of civilian trauma centers and yellow squares represent the location of
MTF. CONUS, continental USA; MTF, military medical treatment facility; ZCTA, Zip Code Tabulation Area.
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Table 1 List of CONUS MTFs

Mean distance to L1/L2TC  Mean distance to MTF Mean distance
MTF name ZCTAs served* Total populationt (miles) (miles) reduction (miles)
Keller Army Community Hospital 4 256087 15.59 8.89 6.71
Walter Reed National Military 27 421111 9.70 9.70 0.00
Medical Center
Fort Belvoir Community Hospital 76 700467 32.43 27.69 4.75
Joint Base Langley-Eustis 96 200222 49.79 46.11 3.69
Naval Medical Center Portsmouth 69 570874 39.17 38.22 0.94
Womack Army Medical Center 72 688914 50.28 26.05 24.22
Naval Medical Center Camp Lejeune 54 335445 55.70 32.94 22.76
Naval Hospital Beaufort 37 189570 40.11 25.58 14.53
Dwight D Eisenhower Army Medical 37 156138 32.91 30.00 2.91
Center
Winn Army Community Hospital 81 426529 64.38 46.26 18.11
Martin Army Community Hospital 37 188278 40.89 36.35 4.54
Naval Hospital Jacksonville 7 189311 6.80 5.26 1.55
Eglin Air Force Base 17 139788 28.16 25.09 3.07
Naval Hospital Pensacola 14 155471 19.31 14.36 4.95
Blanchfield Army Community 128 546441 68.59 47.81 20.79
Hospital
Keesler Air Force Base 12 159254 22.94 14.05 8.90
Wright-Patterson Air Force Base 52 382079 25.94 21.05 4.89
Medical Center
Captain James A Lovell FHCC 3 31114 3.39 1.18 2.22
General Leonard Wood Army 115 307787 73.14 46.06 27.08
Community Hospital
Irwin Army Community Hospital 108 218951 76.32 50.03 26.29
Bayne Jones Army Community 77 367781 69.65 45.71 23.95
Hospital
Carl R Darnall Army Medical Center ~ 82 322166 84.55 69.46 15.08
Brooke Army Medical Center 79 829155 26.92 26.92 0.00
William Beaumont Army Medical 82 482814 71.99 69.12 2.87
Center
Evans Army Community Hospital 23 103818 46.49 44.02 2.47
Naval Hospital Twentynine Palms 33 194475 90.71 69.99 20.72
Mike O'Callaghan Military Medical 18 21829 48.17 44.85 333
Center
Naval Medical Center San Diego 39 915753 24.74 23.46 1.28
Naval Hospital Camp Pendleton 6 177232 13.29 6.71 6.59
Weed Army Community Hospital 14 60311 72.55 42.54 30.00
David Grant Air Force Medical 4 12362 15.71 12.20 3.51
Center
Naval Hospital Bremerton 47 306357 39.14 31.66 7.48
Madigan Army Medical Center 76 601220 37.85 37.85 0.00

*Number of ZCTAs for which the MTF is closer than a civilian level 1 or level 2 TC.

tEstimated adult population for which the MTF is closer than a civilian level 1 or level 2 TC.
CONUS, continental USA; FHCC, Federal Healthcare Center; L1, level 1; L2, level 2; MTF, military medical treatment facility; TC, trauma center; ZCTA, Zip Code Tabulation Area.

designated level 2 TC, Madigan Army Medical Center does
not currently accept civilian trauma patients on a regular
basis, and accordingly only recorded 336 trauma admis-
sions in fiscal year 2020, the majority of whom were Tricare
beneficiaries.!”” Naval Medical Center San Diego and Fort
Belvoir Community Hospital offer distance reductions of
under 5 miles. The results of our study suggest that these
two MTFs are not geographically positioned to benefit their
local trauma systems by offering a significant improvement
in access to care.

In 2018, NMCCL was designated by the State of North
Carolina and verified by the ACS as a level 3 TC. The devel-
opment and delivery of a verified TC at NMCCL were the
result of a military—civilian partner effort that identified
a need for trauma services in eastern North Carolina.?
NMCCL participates in the local trauma system and regu-
larly accepts civilian trauma patients. This collaboration
between the Department of the Navy and the state trauma
system resulted in 952 trauma activations with 430 admis-
sions in 2019.° Because our study reviewed only level 1 and
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MTFs closest to Adult Populations in North Carolina

MTF Name
Womack Army Medical Center 72 688914
Naval Medical Center Portsmouth 47 129853
Naval Medical Center Camp Lejeune 54 335445

ZCTAs Served Total Population Average Distance to L1/L2 TC (mi) Average Distance to MTF (mi) Distance Reduction (mi)

50.28 26.05 24.22
51.81 50.77 1.04
55.70 32.94 22.76

Figure 3 Visualized and tabulated results of analysis limited to North Carolina. L1, level 1; L2, level 2; MTF, military medical treatment facility; TC,

trauma center; ZCTA, Zip Code Tabulation Area.

level 2 TCs, NMCCL was analyzed in this study as a poten-
tial TC. In this context, it was found to be among the seven
MTFs that would provide a relatively large mean distance
reduction to a large adult population, providing validation
of this study’s methods and results.

Ultimately, the development of new civilian trauma
capabilities depends on the determination of a need within
the local community. Effective regional trauma systems
work best within a public health framework that includes
cyclical assessment of population injury data, development
of policies and allocation of resources to address unmet
needs, and regular assurance that public health goals are

1000000

being met.?! It would be prohibitively resource-intensive
for the DHA to engage in this level of analysis for all
markets in which MTFs exist. However, the results of this
study may be used to determine which MTFs would be best
suited to augment their local trauma systems. The ensuing
analyses would require a significant level of military—
civilian partnership in the communities where candidate
MTFs currently exist.

The results of this study must be viewed against some of the
inherent limitations of the used data sources. Population sizes
were used as proxies for trauma utilization. Although there is
an intuitive correlation between these metrics, historical data
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Figure 4 Scatter plot of all CONUS MTFs. Axes are placed at the median values for total population and mean distance reduction. MTFs found in the
upper-right quadrant are those that offer the greatest reduction in distance to the largest populations. CONUS, continental USA; MTF, military medical
treatment facility.
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on trauma utilization, such as those available in the National
Trauma Data Bank, may further refine the results of this study.

Distances in this study were determined by calculating
haversine distances from ZCTA geographical centroids
to medical facility street addresses. At the national level,
this provides a sufficient estimate and relative measure
of time to definitive care. However, distance calculations
performed in this manner do not account for differences
in traffic patterns and the availability of air transport for
trauma patients. Further studies of MTFs and their regional
trauma systems must obtain greater detail on transport
times. This will likely require geospatial analysis down to a
block or street level, using EMS historical data or geospatial
drive time data.

Data on transport times, detailed trauma patient registry
information, and TC admission information would augment
the results of this study and enable the use of analytical
tools such as the ACS Needs Based Assessment of Trauma
Systems.?? This would provide further information on
regional trauma systems in which an MTF could develop
level 1 or level 2 services.

Level 3 TCs were excluded when gathering data on civilian
facilities for this study, in alignment with NDAA 2017’s
directive for MTFs to develop level 1 or level 2 trauma capa-
bilities. The study results therefore indicate distances and
populations served only by level 1 or level 2 TCs, which may
overstate the potential benefit of some MTFs. During the
past 20 years of military conflict, combat casualties under-
went damage control resuscitation and/or surgery at forward
surgical facilities and expedited transfer to an in-theater
definitive care hospital with near equivalent capabilities of
a civilian level 1 or level 2 TC. With this model in mind,
NMCCLs success illustrates the potential value of devel-
oping MTFs into level 3 TCs, which serve a similar purpose
in civilian trauma systems.? Further consideration should
be done to consider the potential positive impact to civilian
trauma systems and military medical readiness by developing
more MTFs into level 3 TCs.

The major challenge of transforming MTFs into veri-
fied TCs must be carried out in the setting of current force
restructuring initiatives and limited fiscal, administrative,
and personnel resources. This study does not address all of
the components required for an MTF to become a level 1 or
level 2 TC fully integrated into a regional trauma system.
Verified TCs necessarily constitute a robust general surgery
foundation and high-quality critical care.?! This simple
statement belies the complexity and depth of the required
resources, including surgical subspecialty care, experienced
perioperative and critical care nursing, respiratory thera-
pists, the ability to provide renal replacement therapy and
advanced and interventional pulmonary/critical care, cardi-
ology, gastroenterology, and radiology support. Regional
cost analyses have shown that TCs require millions of dollars
to maintain their readiness to accept trauma patients.?
MTFs vary widely in their individual levels of infrastruc-
ture, funding, and manning, requiring detailed facility-level
analyses to identify gaps for potential level 1 or level 2
TCs and determine the resources required to close them.
Furthermore, the MHS does not generally collect payments
from its beneficiaries and has limited means of collecting
payments from non-beneficiaries. As most CONUS trauma
patients are likely to be civilian non-beneficiaries, this limits
the potential for revenue from billing to offset the costs of
maintaining a TC.

Despite these challenges, the MHS remains committed
to the expansion of its CONUS civilian trauma capabili-
ties. A recent DHA analysis of NMCCL’s performance since
its designation and verification has lent support within
the organization for its further development into a level 2
TC.?° Furthermore, there is active work within the DHA to
address collection issues, perform needs-based assessments
of MTFs for their involvement in a national trauma system,
and define a military-specific pathway to pursue new TC
designation.”

CONCLUSION

In response to the challenges that face today’s military
trauma capabilities, there is particular interest and oppor-
tunity in increasing military participation in civilian trauma
systems. By developing trauma capabilities and pursuing TC
designation, MTFs may offer significant mutual benefits to
the military and civilian communities in which they reside.
Careful planning is required to identify those facilities that
would provide the greatest benefit. The results of this study
provide recommendations to focus further study on seven
MTFs to identify those that merit further development and
integration with their local trauma systems.

Contributors Guarantor: BCL. Study conception and design: SDJ, BCL, CSM, DR-L.
Acquisition of data: BCL, EAN. Analysis and interpretation of data: BCL, CSM, SDJ.
Drafting of the article: BCL. Critical revision: MDT, SAS, SDJ, EAN.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Disclaimer BCL, CSM, EAN, MDT, SAS, and SDJ are military service members or
employees of the US Government or academic collaborators. This work was prepared
as part of official duties. Title 17 USC 105 provides that “Copyright protection under
this title is not available for any work of the United States Government.” Title 17
USC 101 defines a US Government work as a work prepared by a military service
member or employee of the US Government as part of that person’s official duties.

Map disclaimer The inclusion of any map (including the depiction of any
boundaries therein), or of any geographic or locational reference, does not imply the
expression of any opinion whatsoever on the part of BMJ concerning the legal status
of any country, territory, jurisdiction or area or of its authorities. Any such expression
remains solely that of the relevant source and is not endorsed by BMJ. Maps are
provided without any warranty of any kind, either express or implied.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval This study does not involve human participants.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

REFERENCES
1 Howard JT, Kotwal RS, Stern CA, Janak JC, Mazuchowski EL, Butler FK, Stockinger ZT,
Holcomb BR, Bono RC, Smith DJ. Use of combat casualty care data to assess the US

6 Lee BC, et al. Trauma Surg Acute Care Open 2022;7:¢000832. doi:10.1136/tsaco-2021-000832

"1ybuAdoo Ag paroalold 1sanb Aq #7202 ‘02 Yol uo jwod fwg ooesy//:dny woll papeojumoq ‘2zozZ AeN 6 U0 ZE8000-TZ0Z-02esy9sTT 0T Sk payslignd 1s11 :uadQ a1e) a1ndy BIns ewnel |


http://creativecommons.org/licenses/by-nc/4.0/
http://tsaco.bmj.com/

military trauma system during the Afghanistan and Iraq conflicts, 2001-2017. JAMA 14 Department of defense. Defense medical information system identifier tables. 2020.
Surg 2019;154:600-8. https://www.health.mil/Military-Health-Topics/Technology/Support-Areas/Geographic-

2 Edwards MJ, White CE, Remick KN, Edwards KD, Gross KR. Army general surgery'’s Reference-Information/DMIS-ID-Tables.
crisis of conscience. J Am Coll Surg 2018;226:1190—4. 15 U.S. Census Bureau. American Community Survey Information Guide. 2020. https://

3 Hall AB, Davis E, Vasquez M, Umberger J, Tadlock MD, Qureshi |, Walker A, Glaser J, www.census.gov/content/dam/Census/programs-surveys/acs/about/ACS_Information_
McClendon H, Gurney JM. Current challenges in military trauma readiness: insufficient Guide.pdf.
relevant surgical case volumes in military treatment facilities. / Trauma Acute Care 16 U.S. Census Bureau. ACS 5-year estimates for age and sex population counts by ZCTA.
Surg 2020;89:1054-60. 2018. https://data.census.gov/cedsci/ (01 May 2020).

4 Edwards MJ, Edwards KD, White C, Shepps C, Shackelford S. Saving the military 17 API. Google maps geo coding API documentation. 2020. https://developers.google.
surgeon: maintaining critical clinical skills in a changing military and medical com/maps/documentation/geocoding/overview.
environment. JAm Coll Surg 2016;222:1258-64. 18 US Census Bureau. GIS FAQ Q5.1: great circle distance between 2 points. originally

5 National defense authorization act for 2017, PUB L. No. 114-328, section 1073d, published by U.S. Census Bureau (now archived). 2020. http://www.movable-type.co.
2016. https://www.congress.gov/114/plaws/publ328/PLAW-114publ328.pdf. uk/scripts/gis-fag-5.1.html.

6 Military health system. Military health system trauma metrics 2019 personal 19 Defense health agency. Defense health agency trauma enterprise report. personal
communication. 2019. https://health.mil/News/Articles/2022/01/28/BAMC-earns-re- communication. 2021. https://www.health.mil/About-MHS/OASDHA/Defense-Health-
verification-as-Level-|-Trauma-Center. Agency/Administration-and-Management/DHA-Publications.

7 Defense Health Agency. DHA FY21 Campaign Plan. 2020. https://health.mil/ 20 Defense Health Agency. Military Health System (MHS) Section 703 workgroup use
Reference-Center/Publications/2020/11/17/DHA-Campaign-Plan-2020 (16 Jul case decision package: Naval Medical Center Camp Lejeune (NMCCL) Volume 1. 2020.
2021). https://www.health.mil/Reference-Center/Reports/2020/02/18/Naval-Medical-Center-

8 American College of Surgeons Committee on Trauma. Putting the Pieces Together: Camp-Lejeune-Vol-1 (16 Jul 2021).

A National Effort to Complete the U.S. Trauma System. https://www.facs.org/quality- 21 Rotondo MF, Cribari C, Smith RS. Resources for optimal care of the injured patient:
programs/trauma/tqp/systems-programs/trauma-series (04 Aug 2021). American College of Surgeons, 2014. https://www.facs.org/quality-programs/trauma/

9 Tepas JJ, Kerwin AJ, Ra JH. Unregulated proliferation of trauma centers undermines tgp/center-programs/vrc/resources.
cost efficiency of population-based injury control. / Trauma Acute Care Surg 22 Uribe-Leitz T, Esquivel MM, Knowlton LM, Ciesla D, Lin F, Hsia RY, Spain DA, Winchell
2014;76:576-81. RJ, Staudenmayer KL. The American College of surgeons needs-based assessment

10 Horst MA, Jammula S, Gross BW, Bradburn EH, Cook AD, Altenburg J, Morgan of trauma systems: estimates for the state of California. J Trauma Acute Care Surg
M, Von Nieda D, Rogers FB. Development of a trauma system and optimal 2017;82:861-6.
placement of trauma centers using geospatial mapping. / Trauma Acute Care Surg 23 Tadlock MD, Carr M, Diaz J, Rhee P, Cannon JW, Eastridge BJ, Morgan MM, Brink E,
2018;84:441-8. Shackelford SA, Gurney JM, et al. How to maintain the readiness of forward deployed
11 Trauma center association of American. Interactive map. 2020. https://www. caregivers. J Trauma Acute Care Surg 2021;90:e87-94.
traumacenters.org/page/TraumaCentersMap. 24 Ashley DW, Mullins RF, Dente CJ, Garlow L, Medeiros RS, Atkins EV, Solomon G,
12 American college of surgeons. Trauma center lookup tool. 2020. https://www.facs.org/ Abston D, Ferdinand CH. Members of the Georgia research Institute for trauma (GRIT).
search/trauma-centers. what are the costs of trauma readiness? defining and standardizing readiness costs
13 State/local EMS websites (15 Apr 2020), 2020. for trauma centers statewide. Am Surg 2017;83:979-90.
Lee BG, et al. Trauma Surg Acute Care Open 2022;7:€000832. doi: 10.1136/tsaco-2021-000832 7

"1ybuAdoo Ag paroalold 1sanb Aq #7202 ‘02 Yol uo jwod fwg ooesy//:dny woll papeojumoq ‘2zozZ AeN 6 U0 ZE8000-TZ0Z-02esy9sTT 0T Sk payslignd 1s11 :uadQ a1e) a1ndy BIns ewnel |


http://dx.doi.org/10.1001/jamasurg.2019.0151
http://dx.doi.org/10.1001/jamasurg.2019.0151
http://dx.doi.org/10.1016/j.jamcollsurg.2018.03.001
http://dx.doi.org/10.1097/TA.0000000000002871
http://dx.doi.org/10.1097/TA.0000000000002871
http://dx.doi.org/10.1016/j.jamcollsurg.2016.03.031
https://www.congress.gov/114/plaws/publ328/PLAW-114publ328.pdf
https://health.mil/News/Articles/2022/01/28/BAMC-earns-re-verification-as-Level-I-Trauma-Center
https://health.mil/News/Articles/2022/01/28/BAMC-earns-re-verification-as-Level-I-Trauma-Center
https://health.mil/Reference-Center/Publications/2020/11/17/DHA-Campaign-Plan-2020
https://health.mil/Reference-Center/Publications/2020/11/17/DHA-Campaign-Plan-2020
https://www.facs.org/quality-programs/trauma/tqp/systems-programs/trauma-series
https://www.facs.org/quality-programs/trauma/tqp/systems-programs/trauma-series
http://dx.doi.org/10.1097/TA.0000000000000125
http://dx.doi.org/10.1097/TA.0000000000001782
https://www.traumacenters.org/page/TraumaCentersMap
https://www.traumacenters.org/page/TraumaCentersMap
https://www.facs.org/search/trauma-centers
https://www.facs.org/search/trauma-centers
https://www.health.mil/Military-Health-Topics/Technology/Support-Areas/Geographic-Reference-Information/DMIS-ID-Tables
https://www.health.mil/Military-Health-Topics/Technology/Support-Areas/Geographic-Reference-Information/DMIS-ID-Tables
https://www.census.gov/content/dam/Census/programs-surveys/acs/about/ACS_Information_Guide.pdf
https://www.census.gov/content/dam/Census/programs-surveys/acs/about/ACS_Information_Guide.pdf
https://www.census.gov/content/dam/Census/programs-surveys/acs/about/ACS_Information_Guide.pdf
https://data.census.gov/cedsci/
https://developers.google.com/maps/documentation/geocoding/overview
https://developers.google.com/maps/documentation/geocoding/overview
http://www.movable-type.co.uk/scripts/gis-faq-5.1.html
http://www.movable-type.co.uk/scripts/gis-faq-5.1.html
https://www.health.mil/About-MHS/OASDHA/Defense-Health-Agency/Administration-and-Management/DHA-Publications
https://www.health.mil/About-MHS/OASDHA/Defense-Health-Agency/Administration-and-Management/DHA-Publications
https://www.health.mil/Reference-Center/Reports/2020/02/18/Naval-Medical-Center-Camp-Lejeune-Vol-1
https://www.health.mil/Reference-Center/Reports/2020/02/18/Naval-Medical-Center-Camp-Lejeune-Vol-1
https://www.facs.org/quality-programs/trauma/tqp/center-programs/vrc/resources
https://www.facs.org/quality-programs/trauma/tqp/center-programs/vrc/resources
http://dx.doi.org/10.1097/TA.0000000000001408
http://dx.doi.org/10.1097/TA.0000000000003054
http://tsaco.bmj.com/

	Building trauma capability: using geospatial analysis to consider military treatment facilities for trauma center development
	Abstract
	Background
	Methods
	Results
	Discussion
	Conclusion
	References


