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INTRODUCTION:  Narrative that briefly (one paragraph) describes the subject, purpose and 
scope of the research. 
 
 
 
 
 
 
 
   
 
 
 
 
 
 

1. KEYWORDS: Provide a brief list of keywords (limit to 20 words). 
 
 
 
 
 

2. ACCOMPLISHMENTS:  The PI is reminded that the recipient organization is required to 
obtain prior written approval from the awarding agency grants official whenever there are 
significant changes in the project or its direction.   
 
What were the major goals of the project? 
List the major goals of the project as stated in the approved SOW. If the application listed 
milestones/target dates for important activities or phases of the project, identify these dates and 
show actual completion dates or the percentage of completion.  
 

Objective #1:  Develop a framework and methodology for evaluating (i) the causes and pathophysiologic 
mechanisms of pre-hospital deaths; (ii) the appropriateness of EMS response and care delivered; and (iii) the 
potential for survivability under both optimal clinical circumstances and within the context of the actual pre-
hospital environment.   
Major Task 1: Adapt Protocol for Submission and Determination Months Completion 

Date 
% 

Complete 
Subtask 1: Prepare Regulatory Documents and Research Protocol for 
Study 1-3 

1/25/2018 100% 

Coordinate with Sites for IRB protocol determination as NHR 1-3 2/7/2018 100% 
Coordinate with Sites for Military 2nd level IRB review (ORP/HRPO) 1-6 N/A N/A 
Submit amendments, and protocol deviations as needed As 

Needed 
 N/A 

Milestone Achieved: Local IRB determination at UTHSCSA 3 01/31/2018 100% 

Advances in care in both trauma centers and trauma systems have substantially reduced death and 
disability associated with injury. However, there remains a substantial opportunity to further 
reduce deaths in the pre-hospital setting. Potential liabilities in civilian and military pre-hospital 
care must be identified and remediated in order to reduce the number of potentially preventable 
deaths on the battlefield and in the civilian environment. The purpose of this proposal is to develop 
a coordinated, multidisciplinary, multi-institutional effort within the civilian clinical sector to 
identify and characterize the causes of mortality from trauma in the pre-hospital setting and to 
identify potential high yield areas for research and development in pre-hospital medical care, injury 
prevention, and trauma systems. This effort will conduct a review of 3,000 pre-hospital deaths in 
six areas of the country to develop a more comprehensive understanding of the epidemiology of 
pre-hospital deaths and their potential survivability with the ultimate goal of identifying liabilities 
in our current trauma system and improving survival of both civilian and military casualties. 

Prehospital deaths, survivability, preventable deaths, trauma systems, system improvements 
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Milestone Achieved: HRPO acknowledgement for all protocols and 
local IRB determination as NHR through Sites  6 

12/28/2016 100% 

Major Task 2: Development of the review criteria  Months Completion 
Date 

% 
Complete 

Subtask1: Develop consensus regarding definitions and rules 1-3 09/13/2017 100% 

Subtask 2: Delivery of review criteria, definitions, and procedures to the 
government for recommendations and approval. 

4 09/18/2017 100% 

Milestone Achieved: Government recommendations and approval of review 
criteria, definitions, and procedures 4 10/11/2017 100% 

Objective #2:  Organize and standardize a multidisciplinary, multi-institutional network of experts who will 
apply the methodology described above to identify the causes of pre-hospital deaths due to trauma and 
estimate the potential for survivability. Study Group members will be trained to ensure standardization of 
assessments within and across panels.  
Major Task 1:  Provide training to Study Group members  Months Completion 

Date 
% 

Complete 
Subtask 1: Hold series of meetings by teleconference  3 01/07/2019 100% 
Milestone Achieved: Completed Study Group training  3 01/07/2019 100% 
Objective #3:  Using the methodology and network of experts described above, define the causes and 
pathophysiologic mechanisms of 3,000 pre-hospital deaths occurring in 6 regions of the country, and estimate 
the potential for survivability by mechanism of injury (e.g. blunt versus penetrating), geographic location of 
the injury (urban, suburban, rural, wilderness), the maturity of the local trauma system, and age of the 
decedent.  
Major Task 1:  Abstract data for all cases and enter into REDCap Months Completion 

Date 
% 

Complete 
Subtask 1:  Perform AIS Coding 2-24  100% 
Major Task 2: Develop Profiler Review  Months Completion 

Date 
% 

Complete 
Subtask 1: Develop Profiler Review System 8-18 08/23/2018 100% 
Subtask 2: Conduct Profiler System Testing 18-23 12/10/2018 100% 
Milestone Achieved:  Profiler system is used to conduct online reviews 23 1/16/2019 100% 
Major Task 3: Perform online mortality reviews  Months Completion 

Date 
% 

Complete 
Subtask 1: Disseminate cases to review team monthly 24-33  80% 
Milestone Achieved:  All panel reviews completed and data submitted 33  75% 
Objective #4:  Describe the epidemiology of pre-hospital mortality in the context of trauma system 
development and estimate its impact on society. The societal impact of pre-hospital deaths will be measured 
in terms years of potential life lost and lost productivity.  Most important, estimates of potential cost savings 
will be derived based on the analysis of potential survivability.   
Major Task 1:  Data Analysis Months Completion 

Date 
% 

Complete 
Subtask 1:  Coordinate with Sites & Data Core for monitoring data 
collection and data quality  

4-36  90% 

Subtask 2: Perform all analyses according to specifications, share 
output and finding with all investigators  

6-39  60% 
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Milestone Achieved: Report results from data analysis   0% 
Objective #5: Develop a blueprint for a sustained effort at public health injury mitigation strategies in the 
pre-hospital environment, identifying high priority areas for injury prevention, trauma systems performance 
improvement as well as opportunities for advancements in research and development.  
 
Major Task 1:  Steering Committee analysis and results 
dissemination planning 

Months Completion 
Date 

% 
Complete 

Subtask 1:  Work with data core and dissemination of findings 
(abstracts, presentation, publications, DOD, blueprint) 

36-42  0% 

Milestone Achieved: Dissemination materials produced 42  0% 
 
What was accomplished under these goals? 
For this reporting period describe: 1) major activities; 2) specific objectives; 3) significant 
results or key outcomes, including major findings, developments, or conclusions (both positive 
and negative); and/or 4) other achievements. Include a discussion of stated goals not met. 
Description shall include pertinent data and graphs in sufficient detail to explain any significant 
results achieved.  A succinct description of the methodology used shall be provided. As the 
project progresses to completion, the emphasis in reporting in this section should shift from 
reporting activities to reporting accomplishments.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Obj 1: Develop a framework and methodology for evaluating (i) the causes and pathophysiologic 
mechanisms of pre-hospital deaths; (ii) the appropriateness of EMS response and care delivered; 
and (iii) the potential for survivability under both optimal clinical circumstances and within the 
context of the actual pre-hospital environment.   

Major Task 1: Adapt Protocol for Submission and Determination 
Progress: Completed in Year 1 
 
Major Task 2: Development of the Review Criteria 
Progress: Completed in Year 1 
 
 

Obj. 2: Organize and standardize a multidisciplinary, multi-institutional network of experts who 
will apply the methodology 

• The current MIMIC review team consists of eighty reviewers from various disciplines 
including trauma surgery, pediatric trauma surgery, orthopedic surgery, neurosurgery, forensic 
pathology, prehospital care, EMS, and trauma systems. Representatives from both military and 
civilian sectors are represented on each review team. All MIMIC reviewers completed a survey 
via SurveyMonkey. The goal of the survey was to collect demographic and background 
information from each reviewer to ensure that we created multidisciplinary, multi-institutional, 
and diverse team compositions. The study team creates 13 team panels. Each panel has 6 team 
members: four surgeons, one Emergency Medicine/EMS member, and one Forensic member. 
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Major Task 1: Provide training to Study Group members 
Progress: All reviewers completed training through various opportunities in Year 2. 

 
Subtask 1: Hold series of meetings by teleconference 

• Study team meets ongoing with reviewers who have questions or need additional 
training regarding case reviews and adjudication.  

 
Obj. 3: Using the methodology and network of experts, define the causes and 
pathophysiologic mechanisms of 3,000 pre-hospital deaths. 

• Data requests have been submitted to receive NEMSIS data from each of the six 
states for cases in the MIMIC study that had an EMS intervention. 
-Oklahoma NEMSIS data was received on 17-Jun-2019 
-Maryland NEMSIS data was received on 15-Sept-2020 
-Washington DC data was received on 05-Aug-2021 
-New Mexico data was received on 31-Mar-2022 
-Connecticut was unable to retrieve their data due to a data corruption loss in their 
state. The study team was able to work with the ME team in the state to confirm 
inclusion criteria was met and additional information was included for all records. 
The absence of EMS data for Connecticut data will not negatively impact the 
project. Connecticut ME office was able to provide very thorough data. EMS data is 
aimed at providing additional information. 
-Iowa request was initially denied but was resubmitted. We are currently awaiting a 
decision. The case number requested of matching will not impact the project if 
approval is not obtained. Iowa ME office was able to provide very thorough data. 
EMS data is aimed at providing additional information 

Major Task 1: Abstract data for all cases and enter into REDCap 
Progress: All six Medical Examiner sites completed case abstraction in Year 3. GIS coding 
of all cases was also completed in Year 3. AIS coding, and ICD coding has been completed. 

 
Subtask 1: Perform AIS coding 

• As of March 2021, AIS and ICD coding has been completed for all cases.  
 
Major Task 2: Develop Profiler Review System to Conduct Online Case Reviews 
Subtask 1: Develop Profiler Review System 

• Development was completed and all Profiler changes were finalized in Year 2 
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Subtask 2: Conduct Profiler System Testing 

• Progress: The development of the Profiler system was completed in Year 2 and has 
been successfully running. System testing occurs on an ongoing basis. The Profiler 
development team works closely with the MIMIC study team to ensure that 
reviewers are able to complete initial case reviews, and online adjudication reviews 
through a seamless online process. Ongoing edits are incorporated into the Profiler 
system to improve user experience. The study team is available to present the 
Profiler review system. Please let us know if you would like us to provide a demo 
in-person, or via webinar.  

 
Major Task 3: Perform online mortality reviews 
Progress: Case reviews are currently in progress by all 13 review team panels. To date, 
2,285 cases have been sent out to reviewers to determine survivability. Cases are being 
launched by panel in a rolling timeline. The dates below indicate when the first panel was 
released for each round. During the review process, we have included online case 
adjudication for cases that do not meet initial consensus. At the time of this report, 2,285 
cases have been released to panels for review. Out of those cases, 2,043 cases have reached 
consensus, 64 cases are still under adjudication, 106 cases have been pushed to an outside 
adjudication team for further review, and 82 cases are still pending initial review. 
 
Subtask 1: Disseminate Cases to review Team Monthly 
• Round 1 cases were launched. 16-Jan-2019 
• Round 2 cases were launched. 22-March-2019 
• Round 3 cases were launched. 13-Jun-2019 
• Round 4 cases were launched. 27-Sept-2019 
• Round 5 cases were launched. 16-Jan-2020 
• Round 6 cases were launched. 27-Jul-2020 
• Round 7 cases were launched. 21-Sept-2020 
• Round 8 cases were launched. 18-May-2021 
• Round 9 cases were launched 31-Aug-2021 
• Round 10 will be launched in May 2022 

 
Obj. 4: Describe the epidemiology of pre-hospital mortality in the context of trauma system 
development and estimate its impact on society. The societal impact of pre-hospital deaths 
will be measured in terms years of potential life lost and lost productivity. Most important, 
estimates of potential cost savings will be derived based on the analysis of potential 
survivability.  

 
Major Task 1: Data Analysis 
Progress: Since all cases have now been abstracted, Johns Hopkins University has begun 
running preliminary data analysis. The study team has also developed data quality strategies 
that have been implemented to clean up data.  
 
Subtask 1: Coordinate with Sites & Data Core for monitoring data collection and data 
quality 

• Data quality checks are complete. 
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What opportunities for training and professional development has the project provided?  
 
If the project was not intended to provide training and professional development opportunities or 
there is nothing significant to report during this reporting period, state “Nothing to Report.” 
 
Describe opportunities for training and professional development provided to anyone who 
worked on the project or anyone who was involved in the activities supported by the project.  
“Training” activities are those in which individuals with advanced professional skills and 
experience assist others in attaining greater proficiency.  Training activities may include, for 
example, courses or one-on-one work with a mentor.  “Professional development” activities 
result in increased knowledge or skill in one’s area of expertise and may include workshops, 
conferences, seminars, study groups, and individual study.  Include participation in conferences, 
workshops, and seminars not listed under major activities.   
 
 
 
 
 
How were the results disseminated to communities of interest?   
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 
 
Describe how the results were disseminated to communities of interest.  Include any outreach 
activities that were undertaken to reach members of communities who are not usually aware of 
these project activities, for the purpose of enhancing public understanding and increasing 
interest in learning and careers in science, technology, and the humanities.   
 
What do you plan to do during the next reporting period to accomplish the goals?  

Nothing to Report 

Nothing to Report 

Subtask 2: Perform all analyses according to specifications, share output and 
finding with all investigators 

• Preliminary data findings have been shared with the MIMIC study group. 
The study team is drafting the main manuscript to be submitted to JAMA.  

 
Obj. 5: Develop a blueprint for a sustained effort at public health injury mitigation 
strategies in the pre-hospital environment, identifying high priority areas for injury 
prevention, trauma systems performance improvement as well as opportunities for 
advancements in research and development. 

Major Task 1: Steering Committee analysis and results dissemination planning 
Subtask 1: Work with data core and dissemination of findings 
 

• Progress: No progress at the time of this report 
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If this is the final report, state “Nothing to Report.”  Describe briefly what you plan to do during 
the next reporting period to accomplish the goals and objectives.  

4. IMPACT: Describe distinctive contributions, major accomplishments, innovations, successes, or
any change in practice or behavior that has come about as a result of the project relative to:

What was the impact on the development of the principal discipline(s) of the project?
If there is nothing significant to report during this reporting period, state “Nothing to Report.”

Describe how findings, results, techniques that were developed or extended, or other products
from the project made an impact or are likely to make an impact on the base of knowledge,
theory, and research in the principal disciplinary field(s) of the project.  Summarize using
language that an intelligent lay audience can understand (Scientific American style).

What was the impact on other disciplines?  
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 
Describe how the findings, results, or techniques that were developed or improved, or other 
products from the project made an impact or are likely to make an impact on other disciplines. 

 

What was the impact on technology transfer?   

If there is nothing significant to report during this reporting period, state “Nothing to Report.” 

 
 

What was the impact on society beyond science and technology? 
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 

Nothing to Report 

Nothing to Report 

Nothing to Report 

• Upload additional EMS data for New Mexico, and Iowa
• Continue working on case reviews
• Begin case adjudication with outside review panel
• Submit program process methods paper
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Describe how results from the project made an impact, or are likely to make an impact, beyond 
the bounds of science, engineering, and the academic world on areas such as: 
• improving public knowledge, attitudes, skills, and abilities; 
• changing behavior, practices, decision making, policies (including regulatory policies), 

or social actions; or 
• improving social, economic, civic, or environmental conditions. 

 
 
 

5. CHANGES/PROBLEMS:  The PD/PI is reminded that the recipient organization is required to 
obtain prior written approval from the awarding agency grants official whenever there are 
significant changes in the project or its direction. If not previously reported in writing, provide 
the following additional information or state, “Nothing to Report,” if applicable: 
Changes in approach and reasons for change Describe any changes in approach during the 
reporting period and reasons for these changes. Remember that significant changes in objectives 
and scope require prior approval of the agency.  
Actual or anticipated problems or delays and actions or plans to resolve them 
Describe problems or delays encountered during the reporting period and actions or plans to 
resolve them. 
 
 
 
 
 
 
 
 
 
Changes that had a significant impact on expenditures 
Describe changes during the reporting period that may have had a significant impact on 
expenditures, for example, delays in hiring staff or favorable developments that enable meeting 
objectives at less cost than anticipated. 
 
 
 
 
Significant changes in use or care of human subjects, vertebrate animals, biohazards, 
and/or select agents 
Significant changes in use or care of human subjects 

 
 

 
Significant changes in use or care of vertebrate animals 

 
 
 

Nothing to Report 
 

The project experienced a major slowdown of case reviews since reviewers have been focused on the 
COVID-19 crisis. The project team has begun to see a huge uptick in activity from the review team in 
completing case reviews and will complete the final round of reviews. After a long delay from the New 
Mexico Department of Health, we were able to finalize a data use agreement and begin receiving 
NEMSIS data. The project team continues to work on data cleaning, coding, and publications during 
this time.  

Nothing to Report 
 

Not applicable 

Not applicable 
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Significant changes in use of biohazards and/or select agents 
 
 
 
 
6. PRODUCTS:  List any products resulting from the project during the reporting period.  If 

there is nothing to report under a particular item, state “Nothing to Report.” 
 
• Publications, conference papers, and presentations    

Report only the major publication(s) resulting from the work under this award.  
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Not Applicable 

 
• Eastridge, BE. Multi-institutional Multidisciplinary Injury Mortality Investigation in the 

Civilian Pre-Hospital Environment (MIMIC). UT Health San Antonio Research Week, 
Department of Surgery Podium Presentation. April 8, 2021. https://lsom.uthscsa.edu/office-
research/research-day-2021/   

• Multi-institutional Multi-disciplinary Injury Mortality Investigation in Civilian Prehospital 
Environment (MIMIC): Focus on Improving Prehospital Trauma Survival.  American 
Trauma Society webinar presentation. September 22, 2021. 

• Eastridge BJ. Civilian Prehospital Trauma Mortality. Presentation at the National 
Association of Emergency Medical Technicians (NAEMT) World Trauma Symposium in 
Atlanta, GA, October 5, 2021. 

• Eastridge BJ. Multi-institutional Multidisciplinary Injury Mortality Investigation in Civilian 
Prehospital Environment (MIMIC): Trauma system Implications Civilian Prehospital 
Mortality. Presentation at the American College of Surgeons Committee on Trauma in 
Chicago, Il October 15, 2021 

• Eastridge BJ. Multi-institutional Multidisciplinary Injury Mortality Investigation in Civilian 
Prehospital Environment (MIMIC): Establishing Societal Impact and Remediation 
Strategies. Presentation at the 2021 Military City USA Trauma Collaborative Research 
Conference, October 21, 2021.  

• Eastridge BJ. Multi-Institutional Multidisciplinary Injury Mortality Investigation in Civilian 
Prehospital Environment (MIMIC): Establishing Societal Impact and Remediation 
Strategies. Presentation at the UT Health Think Tank Meeting, November 12, 2021. 

• Nicolas W. Medrano, Cynthia Lizette Villarreal, N. Clay Mann, Michelle A. Price, Kurt B 
Nolte, Ellen J. MacKenzie, Pam Bixby, Brian J. Eastridge & for the MIMIC Study 
Group (2022) Activation and on-scene intervals for severe trauma EMS interventions: An 
analysis of the NEMSIS database, Prehospital Emergency 
Care, DOI: 10.1080/10903127.2022.2053615 
 
 

https://lsom.uthscsa.edu/office-research/research-day-2021/
https://lsom.uthscsa.edu/office-research/research-day-2021/
https://urldefense.com/v3/__https:/doi.org/10.1080/10903127.2022.2053615__;!!KXH1hvEXyw!ce9o80gMtSbayjl_RbHRUFn5r6tFh1Lmk2GLwzn5tYolggaYuFrFdSvF8uCFRmelw3-hv9F2p-7NSJKsatAUww$
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Journal publications.   List peer-reviewed articles or papers appearing in scientific, 
technical, or professional journals.  Identify for each publication: Author(s); title; 
journal; volume: year; page numbers; status of publication (published; accepted, 
awaiting publication; submitted, under review; other); acknowledgement of federal 
support (yes/no). 

 
 
 

 
 
 
 
Books or other non-periodical, one-time publications.  Report any book, monograph, 
dissertation, abstract, or the like published as or in a separate publication, rather than a 
periodical or series.  Include any significant publication in the proceedings of a one-time 
conference or in the report of a one-time study, commission, or the like.  Identify for each 
one-time publication:  author(s); title; editor; title of collection, if applicable; 
bibliographic information; year; type of publication (e.g., book, thesis or dissertation); 
status of publication (published; accepted, awaiting publication; submitted, under 
review; other); acknowledgement of federal support (yes/no). 
 
 
 

 
Other publications, conference papers and presentations.  Identify any other 
publications, conference papers and/or presentations not reported above.  Specify the 
status of the publication as noted above.  List presentations made during the last year 
(international, national, local societies, military meetings, etc.).  Use an asterisk (*) if 
presentation produced a manuscript. 

 
 

 
• Website(s) or other Internet site(s) 

List the URL for any Internet site(s) that disseminates the results of the research 
activities.  A short description of each site should be provided.  It is not necessary to 
include the publications already specified above in this section. 
 
 

 
 

• Technologies or techniques 
Identify technologies or techniques that resulted from the research activities.  Describe 
the technologies or techniques were shared. 
 
 
 

Nothing to report 

Nothing to Report 

Nothing to Report 

Nothing to Report 

• Nicolas W. Medrano, Cynthia Lizette Villarreal, N. Clay Mann, Michelle A. 
Price, Kurt B Nolte, Ellen J. MacKenzie, Pam Bixby, Brian J. Eastridge & for the 
MIMIC Study Group (2022) Activation and on-scene intervals for severe trauma 
EMS interventions: An analysis of the NEMSIS database, Prehospital Emergency 
Care, DOI: 10.1080/10903127.2022.2053615 

 

https://urldefense.com/v3/__https:/doi.org/10.1080/10903127.2022.2053615__;!!KXH1hvEXyw!ce9o80gMtSbayjl_RbHRUFn5r6tFh1Lmk2GLwzn5tYolggaYuFrFdSvF8uCFRmelw3-hv9F2p-7NSJKsatAUww$
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• Inventions, patent applications, and/or licenses 

Identify inventions, patent applications with date, and/or licenses that have resulted from 
the research.  Submission of this information as part of an interim research performance 
progress report is not a substitute for any other invention reporting required under the 
terms and conditions of an award. 
 

 
 
 
 
• Other Products   

Identify any other reportable outcomes that were developed under this project.  
Reportable outcomes are defined as a research result that is or relates to a product, 
scientific advance, or research tool that makes a meaningful contribution toward the 
understanding, prevention, diagnosis, prognosis, treatment and /or rehabilitation of a 
disease, injury or condition, or to improve the quality of life.  Examples include: 

 
 
 

 
 

7.  PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS 
 

What individuals have worked on the project? 
Provide the following information for: (1) PDs/PIs; and (2) each person who has worked at least 
one person month per year on the project during the reporting period, regardless of the source 
of compensation (a person month equals approximately 160 hours of effort). If information is 
unchanged from a previous submission, provide the name only and indicate “no change”.  

  
Personnel Role Percent Effort 
Brian Eastridge PI 20%  
Amy Flores Controller 5% Sept 2021-Mar 2022 
Lizette Villarreal Program Manager 30% Mar 2021-Mar 2022 
Michelle Price Research Director 5% Mar 2021-Mar 2022 

Nick Medrano GIS Analyst 
95% Mar 2021-Aug 2021 
100% Sept 2021-Mar 2022 

Ana Guerrero Executive Assistant 5% Mar 2021-Mar 2022 
New Mexico Subaward Role Percent Effort 
Kurt B. Nolte PI/Co-I 17% 
Johns Hopkins University 
subaward Role Percent Effort 
Ellen Mackenzie PI/Co-I 5% 
Daniel Scharfstein Lead Statistician 2% 

Nothing to Report 

• Nothing to Report 
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Craig Remenapp Study Manager 60% 
Elias Weston-Farber Research Assistant 5% 
Aidan McDermott Data Analyst 10% 

Has there been a change in the active other support of the PD/PI(s) or senior/key personnel 
since the last reporting period?  
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 

If the active support has changed for the PD/PI(s) or senior/key personnel, then describe what 
the change has been.  Changes may occur, for example, if a previously active grant has closed 
and/or if a previously pending grant is now active.  Annotate this information so it is clear what 
has changed from the previous submission.  Submission of other support information is not 
necessary for pending changes or for changes in the level of effort for active support reported 
previously.  The awarding agency may require prior written approval if a change in active other 
support significantly impacts the effort on the project that is the subject of the project report. 

 

What other organizations were involved as partners?    
If there is nothing significant to report during this reporting period, state “Nothing to Report.” 

Describe partner organizations – academic institutions, other nonprofits, industrial or 
commercial firms, state or local governments, schools or school systems, or other organizations 
(foreign or domestic) – that were involved with the project.  Partner organizations may have 
provided financial or in-kind support, supplied facilities or equipment, collaborated in the 
research, exchanged personnel, or otherwise contributed.   

Provide the following information for each partnership: 
Organization Name:  
Location of Organization: (if foreign location list country) 
Partner’s contribution to the project (identify one or more) 
• Financial support;
• In-kind support (e.g., partner makes software, computers, equipment, etc.,

available to project staff);
• Facilities (e.g., project staff use the partner’s facilities for project activities);
• Collaboration (e.g., partner’s staff work with project staff on the project);
• Personnel exchanges (e.g., project staff and/or partner’s staff use each other’s facilities,

work at each other’s site); and
• Other.

Nothing to Report 
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8. SPECIAL REPORTING REQUIREMENTS

COLLABORATIVE AWARDS:  For collaborative awards, independent reports are required
from BOTH the Initiating Principal Investigator (PI) and the Collaborating/Partnering PI.  A
duplicative report is acceptable; however, tasks shall be clearly marked with the responsible PI
and research site.  A report shall be submitted to https://ers.amedd.army.mil for each unique
award.

QUAD CHARTS:  If applicable, the Quad Chart (available on https://www.usamraa.army.mil)
should be updated and submitted with attachments.

9. APPENDICES: Attach all appendices that contain information that supplements, clarifies or
supports the text.  Examples include original copies of journal articles, reprints of manuscripts
and abstracts, a curriculum vitae, patent applications, study questionnaires, and surveys, etc.

Quad Chart Attached 

• Copies of the 7 Products/Reportable Outcomes are attached.

The six states below have contributed death data to the project for the total review of 3,000 prehospital 
death cases. 

Organization Name Location of Organization Contribution 
to the Project 

Oklahoma Office of the Medical Examiner 901 North Stonewall   
Oklahoma City, OK  73117 

Death data 

Washington DC Office of the Medical Examiner 401 E. Street SW  
Washington, DC  20024 

Death data 

Maryland Office of the Medical Examiner 900 W. Baltimore Street 
Baltimore, MD  21223 

Death data 

New Mexico Office of the Medical Examiner 1101 Camino de Salud NE 
Albuquerque, NM 87102 

Death data 

Iowa Office of the Medical Examiner 5244C Roy Carver Pavilion 
Iowa City, IA  52242 

Death data 

Connecticut Office of the Medical Examiner 11 Shuttle Road   
Farmington, CT  06032 

Death data 

https://ers.amedd.army.mil/
https://www.usamraa.army.mil/


Multi-institutional Multidisciplinary Injury Mortality Investigation in the Civilian Pre-Hospital Environment (MIMIC) 
BA150629
W81XWH-17-2-0010 

PI:  Brian Eastridge Org:  National Trauma Institute Award Amount: $3,979,380

Study/Product Aim(s)
• Develop a framework and methodology for evaluating (i) the
causes and pathophysiologic mechanisms of pre-hospital deaths;
(ii) the appropriateness of EMS response and care delivered; and
(iii) the potential for survivability under both optimal clinical
circumstances and within the context of each individual injury
event.
•Develop a blueprint for a sustained effort at public health injury
mitigation strategies including injury prevention, trauma systems,
and acute care.

Approach
The framework and methodology will be established by a multi-

institutional network of experts who will apply the methodology 
in review and analysis of approximately 3,000 pre-hospital 
death cases at six Medical Examiner sites including those 
serving urban, rural, and frontier environments. 

Goals/Milestones
CY17 Goal – Methodology determined, reviewers trained, data abstraction 

and reviews begin
 Protocol submitted; methodology determined
CY18, CY19, CY20, CY21 Goals – Virtual Reviews commence
 Data abstraction 
 Reviews in progress
CY22 –CY23 Goal – Data analysis, result dissemination
Reviews and adjudication in progress
Report results from data analysis and dissemination materials produced
Comments/Challenges/Issues/Concerns
• Final case reviews being completed and data analysis
Budget Expenditure to Date
• Projected Expenditure: $3,994,076 
• Actual Expenditure: $3,717,778 (as of 03-19-22)

Updated: (18 April 2022)

Timeline and Cost

Activities                      CY    17    18       19      20-23

Adapt Protocol for Submission; 
Develop review criteria

Estimated Budget ($K) $1,026  $1,198  $1,225   $546

Provide training to reviewers; 
Abstract data

Perform mortality reviews; Data 
analysis

Analysis and results 
dissemination

Accomplishment: Study case reviews by all 13 team panels consisting of eighty 
reviewers was launched in January 2019.  To date, the project is currently completing 
Round 7 of 10. 

Injury Survivability 
Methodology

Prehospital 
Mortality Reviews

Translation & 
Dissemination of 

Analysis
Representative US sample 
population derived from central 
medical examiner systems
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Objectives

• Establish the epidemiology of potentially 
survivable injury and preventable deaths after 
injury in adults and children 

• Utilize epidemiological data on trauma injury and 
death to highlight research and innovation gaps 
in early post injury hemostasis and resuscitation

4



Scope of the Problem



All Cause Death



Access to Trauma Center 
Care (Level I / II)

Branas, MacKenzie, E, et al: Access to Trauma Centers in the United States. JAMA. 2005; 293:2626-2633. 

Land Area:  28%
Population:  87%

Land Area:  28%
Population:  87%



110
# people in United States

who will 

DIE today

from potentially 
survivable injury 

before reaching medical 
care



Perspective
In one year, 
that number 
will equal the 
number of 
people it takes 
to fill Camden 
Yards in 
Baltimore



Background



Civilian Hospital Injury Mortality



Time and Injury Severity
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Number of Deaths
Cumulative %

53% Dead < 12 hrs

74% Dead < 48 hrs

Measures of Severity Mean value
Age 43
Glasgow Coma Score 5
Injury Severity Score 41
Revised Trauma Score 4
Calc. Probability of Survival 0.25

Trauma Center Mortality

Stewart: Analysis of 753 deaths in a Level I Trauma Center. J Trauma 2003.



Death Classification

Classification N Percent
Not Therapeutically Preventable 701 93.1%
Possibly Preventable 32 4.2%
Preventable 20 2.7%

Eliminating ALL errors, curing MOF, sepsis, DVT/PE, and 
secondary brain injury would theoretically reduce the 
number of deaths by 6.9%



Combat Hospital Injury Mortality



Died of Wounds Analysis



DOW Analysis
• Review died of wounds (DOW)deaths n=558
• Data sources

• DoD Trauma Registry
• Armed Forces Medical Examiner System (AFMES)

• Variables
– Demographics
– Mechanism and cause
– Injury severity

• Expert panel trauma surgeons, emergency physician, neurosurgeon,
and forensic pathologist graded deaths as non survivable or
potentially survivable.

• Goal: Identify areas for improved training, medical care, material,
research and development



DOW Analysis

• DOW rate 4.6%
• Non-Survivable = 271 (48.6%) 
• Potentially Survivable = 287 (51.4%)
• 51% presented in extremis with CPR on 

admission



DOW ISS

Eastridge et al: Died of Wounds on the Battlefield. J Trauma 2011



DOW
Non-Survivable Etiology
83 %

16 %

1
0

10
20
30
40
50
60
70
80
90

100

Traumatic Brain Injury Hemorrhage Other

Pe
rc

en
t o

f P
at

ie
nt

s

Eastridge et al: Died of Wounds on the Battlefield. J Trauma 2011



DOW
Potentially Survivable Etiology
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Timing of In-hospital Trauma Death
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20%

80%
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Martin et al., J Trauma 2009



Combat Hospital Death

Martin et al., J Trauma 2009
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The Therapeutic Turnip

• Trauma centers
• Trauma systems
• Dedicated performance

improvement activities
• Technological advances
• GME focus on training

“I fear there is 
very little blood 
to be squeezed 
from the 
therapeutic 
turnip“ 

Jonathan Rhoads, M.D.
William T. Fitts Lecture
American Association for the Surgery of 
Trauma, 1995



Genesis of the Research Question

How do we determine of 
survivability of those that never 
reach hospital care?

Much bigger population
More opportunities to effect outcomes



Battlefield Prehospital Mortality 
Mechanism and Causation



Empiric Probability Combat 
Death

Bellamy, J Trauma, 1984





Potentially Survivable 
Hemorrhagic Deaths on the  Battlefield

Torso 48%

Axilla/Groin
21%

Extremity 
31%

Nearly 50% of deaths not amenable to field control

Of PS deaths, 79% secondary to hemorrhage



• OEF / OIF analysis combat deaths
• 2003-04 (n = 486) vs. 2006 (n = 496)

– KIA 75%
– DOW 25%

• 24% deaths deemed potentially survivable
• Hemorrhage most prevalent cause of death in those 

with PS injuries (87% and 83%)
*Kelly et al. J Trauma 2008



Killed in Action Analysis



Battlefield Death Analysis

• Review battlefield deaths (n=4,596)
• Data sources

• DoD Trauma Registry
• Armed Forces Medical Examiner System (AFMES)

• Variables
– Demographics
– Mechanism and cause
– Injury severity

• Expert panel trauma surgeons, emergency physician, neurosurgeon, and
forensic pathologist graded deaths as non survivable or potentially
survivable.

• Assumption of immediate access to resuscitative / operative care
• Goal: Broadly identify areas for improved training, medical care, material,

research and development



KIA Analysis
• Nonsurvivable

– Dismemberment
– Traumatic brain injury
– Cervical cord transection (above C3)
– Airway transection within thorax
– Cardiac injury (>1/2”), thoracic aorta injury, 

pulmonary artery
– Hepatic avulsion
– Junctional lower extremity amputations with open 

pelvis with soft tissue loss



KIA Analysis

• Potentially survivable
– All other injuries



Where  Battlefield Casualties Die 
n=4,596
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Eastridge et al: Death on the Battlefield: Implications for the 
Future of Combat Casualty Care. J Trauma 2012
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Putting it in Perspective 

DOW

KIA



Distribution of Battlefield Death
n=4,596
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Battlefield Pre-Hospital 
Death Analysis

n=4,016 (DOW excluded)

Eastridge et al: Death on the Battlefield: Implications for the 
Future of Combat Casualty Care. J Trauma 2012
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Potentially Survivable 
Pre-MTF Death Analysis

(n=976)

Eastridge et al: Death on the Battlefield: Implications for the 
Future of Combat Casualty Care. J Trauma 2012
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Battlefield Acute Lethality
Potentially Survivable

n=976

Eastridge et al: Death on the Battlefield: Implications for the 
Future of Combat Casualty Care. J Trauma 2012
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Anatomic / Physiologic Cause 
of Death

67.3%
n=598

19.2%
n=171

13.5%
n=119

Truncal

Junctional

Extremity

36% Thoracic 
64% Abdominopelvic 

39% Cervical
61% Axilla and Groin

Eastridge BJ, Mabry RL, Seguin PG, et al. Death on the battlefield (2001-2011): implications for the future of combat casualty 
care. Journal of Trauma, 2012. In press. 



Can We Have An Impact?
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History of Battlefield Medical Innovation

World War I
• IV fluids
• Blood transfusions
• Motorized ambulances
• Topical antisepsis

World War II
• Whole blood/plasma available
• Specialty-specific surgical groups
• Antibiotics
• Fixed wing aero-medical 

evacuation

Korean Conflict
• Improved fluid resuscitation
• Forward availability of definitive 

surgery
• Helicopters for patient 

evac/transport
• Primary repair/grafts for vascular 

injury

Vietnam
• Improved use of helicopters
• Improved laboratory support
• Portable radiology equipment
• Mechanical ventilators in theater

Desert Shield/Storm
• Burn team augmentation of 

evacuation hospitals to provide 
theater-wide burn care

• Intercontinental aeromedical
transport of burn patients

OEF / OIF
•Military trauma system 

(JTS / DoDTR)
•Damage control resuscitation
•Tactical Combat Casualty Care
•Tourniquet  
•Understanding of preventable death
•Combat casualty care research



Summary

• Most battlefield casualties (87.3 %) die on the battlefield
• Majority of battlefield deaths (75.7%) are non-survivable

– Mitigation strategy: prevention
• Hemorrhage is the major mechanism of death in (90.9 %) 

of potentially survivable combat injuries 
– Mitigation strategy: hemorrhage control 

• Tourniquets
• Junctional hemorrhage control
• Intracorporeal hemostasis

– Freeze dried plasma
– TXA
– Novel therapeutics

• Damage control to point of injury
• Extending the survival time window from POI to MTF



Research Value
Death on the battlefield (2001–2011): implications for the 
future of combat casualty care
BJ Eastridge, RL Mabry, P Seguin… - Journal of trauma 
and …, 2012 - journals.lww.com
BACKGROUND Critical evaluation of all aspects of combat 
casualty care, including mortality, with a special focus on 
the incidence and causes of potentially preventable deaths
among US combat fatalities, is central to identifying gaps in 
knowledge, training, equipment …

Cited by 1514

https://journals.lww.com/jtrauma/FullText/2012/12005/Death_on_the_battlefield__2001_2011___.10.aspx?casa_token=MSx0wxqKKUMAAAAA:4Le7YzkAVV-Lb2CTRaJWzB1LFtAho8GHq4rOh5AMSS6CUyXOAodOufTGf0UxEWUmNfD8gI8L5rrWlQii1G5gP3ClBB0
https://scholar.google.com/scholar?cites=4600015973850014251&as_sdt=5,44&sciodt=0,44&hl=en&scioq=death+on+the+battlefield


Conclusion

• Value of understanding battlefield mortality in 
military context
– Joint Trauma System

• Strategic decision making

– Tactical Combat Casualty Care improvements
– Reprioritized combat casualty care research and 

development activities
– Command / leadership emphasis 



Translation of Combat Casualty Care Lessons to 
Civilian Injury Management

• Death secondary to injury major problem for
civilians and troops

• Most deaths in occur pre-hospital environment
• Many die from potentially survivable injury



National Trauma System
Vision

A unified effort is needed 
to ensure the delivery of 
optimal trauma care to 
save the lives of Americans 
injured within the United 
States and on the 
battlefield. 



Trauma System
Scope of the Problem

• Potentially survivable 
injuries US military 
operations
• 1,273 / 4,574 (27.6%)

• Potentially survivable 
injuries US civilian 
population 2014
• 147,790 x 0.276 = 

40,790



110
# people in United States

who will 

DIE today

from potentially 
survivable injury 

before reaching medical 
care



Research 
Needed to Get 

Beyond 
Estimates

Objective 
Establishment 
of the Impact 

on Society
50



NASEM Zero 
Preventable Death

Specific 
Recommendations 
for Medical 
Examiner system 
Integration

Gap: 
Linkages are incomplete or entirely missing 
among prehospital care; hospital-based 
acute care; rehabilitation; and medical 
examiner data.
“A critical but often neglected source of 
data—particularly in civilian systems—is 
autopsy reports on trauma deaths, which 
could be used to determine the 
preventability of fatalities based on a 
common, accepted lexicon.”

Recommendation 5: 
The Secretary of Health and Human 
Services and the Secretary of Defense, 
together with their governmental, private, 
and academic partners, should work jointly 
to ensure that military and civilian trauma 
systems collect and share common data 
spanning the entire continuum of care



Civilian Prehospital Injury Mortality



Background/Scientific Rationale
Pre-Hospital Mortality Civilian

Potential 
Survivability 

Poorly 
Defined

NASEM 
Report 

Emphasis
Case Fatality Rate (CFR) ~ 4.1% /
2-5 % Hospital Mortality Potentially Preventable

Impact Not 
Well 

Quantitated



Civilian Injury Death Pre-Hospital

Sauaia A, Moore FA, Moore EE, Moser KS, Brennan R, Read RA, Pons PT. Epidemiology of trauma deaths: a reassessment. J Trauma1995;38(2):185–193.
Meislin H, Criss EA, Judkins D, Berger R, Conroy C, Parks B, Spaite DW, Valenzuela TD. Fatal trauma: the modal distribution of time to death is a function of patient demographics 
and regional resources. J Trauma
1997;43(3):433–440.
Trunkey DD, Lim RC. Analysis of 425 consecutive trauma fatalities: anautopsy study. J Am Coll Emerg Phys 1974;3(6):368–371.
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Goal and Strategy  

Develop a framework and methodology for evaluating the causes 
and pathophysiologic mechanisms of pre-hospital deaths 
Describe the epidemiology of all pre-hospital injury deaths for 
defined populations 

• Age:  0-14; 15-24; 25-54; 55-74; 75 and older
• Type: Blunt vs. Penetrating vs. Other Sharp Forces  
• Geography: Urban/Suburban; Rural/Wilderness
• Major focus of pathophysiology associated with death

Develop blueprint for a sustained effort at public health injury 
mitigation strategies in the pre-hospital environment

Identifying high priority areas for injury prevention, 
trauma systems performance improvement and research and 
development. 



Study Setting 
Six Regions in the Country 

(all have a centralized ME system and use an electronic case 
management system to collect uniform data on all deaths)   

1.State of Connecticut.  Serves a population of 3.6 million.  They perform
approximately 2,200 autopsy examinations at a single, centralized facility
annually.

2.Johnson County, Iowa. Serves a population of 142,000. In 2014 JCME accepted
jurisdiction of 380 deaths and performed 118 autopsies.

3.State of Maryland. Serves a population of   approximately 6.0 million residents
.  They perform 4,220 autopsies at the single, centralized facility annually.

4.State of New Mexico. Serves a population of 2.0 million.  They perform
approximately 2,100 full autopsy examinations annually

5.State of Oklahoma. Serves a population of 3.8 million and conducts
investigation of roughly 4,000 deaths annually.

6.The District of Columbia. Serves a population of 659,000. They perform
approximately 1,110 examinations annually.



MIMIC ME Sites



Methods 

Steering Committee (Military and Civilian) to define definitions 
and process
Expert review panels (~ 80 Military and Civilian reviewers) (3-5 
individuals each) will be identified and trained  (Trauma Surgery, 
Emergency Medicine, Neurosurgery, Orthopedic Surgery, Forensic 
Pathology, EMS, Trauma Systems)
Panels will each review a certain number of cases using the 
PROFILER and assign a determination of survivability to each case 
– members of the panels will review cases independently (on-line 
without discussion with other panels members)
Discrepancies in determination of survivability will be identified by 
Coordinating Center and the panel will discuss these cases (either 
in person or via webex ) and a second vote taken – ideally to reach 
consensus for each case     



Methods 

Collaborate with selected centralized OCME sites to identify 3,000 cases that 
meet criteria 
Research Coordinators at each OCME will abstract defined set of data on each 
case and enter these data into REDCap

Data will then be used for following:
• Assign AIS injury codes (centrally by expert) and compute ISS, NISS … 

Abstractors will be trained on best way to describe each injury in 
detail

• ICD 10 injury codes and external causes of injury codes
• Geospatial mapping
• NEMSIS cross-referencing

Specific data from CRFs will be used to populate an on-line ‘Case PROFILER’ 
that will summarize the pertinent information about each case and provide 
electronic access to specific documents (e.g. ME summary, EMS run sheet) for 
electronic case review



Study Population 

Inclusion Criteria:
1. Pre-hospital deaths ( at scene, en route to hospital or

DOA – defined as no vitals upon arrival at hospital)
2. Due to a blunt, penetrating or other sharp force
3. Adequate forensic record

Exclusion Criteria: 
1. Non-mechanical causes: poisoning, incl. drug

overdoses, asphyxia, drowning,
2. Decomposed remains only (not fully fleshed with

distinguishable organs)



Survivability Definitions

• Non-Survivable- Death as a result of 
catastrophic anatomic injuries

• Possibly Survivable - Anatomic injuries that 
were severe but medically survivable

• Definitely Survivable- Minimal anatomic 
injuries with a high likelihood of survival

• Cannot Judge- information insufficient to 
make a determination



Anatomic Survivability
Medically Non-Survivable (MNS)

• Dismemberment / decapitation
• Traumatic Brain evisceration
• Cervical cord transection (above 

C3)
• Airway transection within thorax
• Cardiac injury > 2cm
• Uncontained hemorrhage, 

thoracic aorta
• Uncontained hemorrhage, 

pulmonary artery
• Hepatic avulsion
• Junctional lower extremity 

amputations with open pelvis 
• Injuries to the deep CNS nuclei, 

brainstem, or massive brain 
tissue injury

• Massive Pulmonary Tissue 
Disruption

Medically Potentially Survivable / 
Definitely Survivable

• All other



Integrating Geospatial Modeling



Data 
Abstraction

Sources
• ME reports
• CT Scans 
• Traffic investigation 

reports
• Death certificate
• Other

AIS and ICD 
Coding

REDCap PROFILER
1st Round

Case Review

Locations
• Maryland
• Oklahoma
• DC
• New Mexico
• Iowa
• Connecticut

Distance 
Calculations

(GIS)

Review by Outside
Adjudication Team

Consensus (END)

No Consensus

NEMSIS
Crossreference

PROFILER
Study 
Cases

Established linkages with 
State EMS systems

GIS Analyst Inputs
EMS, HEMS, and trauma 
center data in database

Adjudication 
within Review 

Team Panel

Consensus (END)

No Consensus



Results



Manner of Death

794

790

1308

20

Suicide Homicide Accident Undetermined



Preliminary Data
Principal Mechanism(s) of Death Frequency

Massive tissue disruption 146

Neurological – Traumatic Brain Injury 1342

Neurological - Spinal Cord 246

Hemorrhage - Truncal 393

Hemorrhage - Junctional 44

Hemorrhage - Peripheral 38

Airway 79

Traumatic Asphyxia 59

Tension Pneumothorax 32

Burn 133

Electrical 1

Other 84

Unknown 51



Preliminary Data
(All Patients)

Survivability Immediate Access
(All)

Actual Scenario
(All)

Non-survivable
318 (79.5%) 380 (95.0%)
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Preliminary Data
(Excluding Suicide)

Survivability Immediate Access
(Excluding Suicide)

Actual Scenario
(Excluding Suicide)

Non-survivable
150 (67.9%) 202 (91.4%)

Potentially 
Survivable 68 (30.8%) 19 (8.6%)
Definitely 
Survivable 3 (1.4%) 0 (0.0%)

Cannot Judge 0 (0.0%) 0 (0.0%)
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Mechanism of Death (All)
Ideal Circumstance
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Mechanism of Death (All)
Actual Circumstance
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Potentially Survivable (Hemorrhage Focus)
Actual Circumstance

62%23%
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Importance of Context (Location)
Does Where You Live Determine Whether You Live??

Del Rio to University Hospital = 152mi 
Ground Transport ≈ 2hr 33min | Air Transport ≈ 54min

Del Rio to SAMMC = 160mi
Ground Transport ≈ 2hr 40min | Air Transport ≈ 57min
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Preliminary Data
Injury prevention programs/devices or interventions might 
have improved the chances of survival 

Prevention Program(s) Frequency

Behavioral health 777
Alcohol / drug 469
Seat belt 149
Airbag 55

Helmet 34
Child Restraint 5
Protective Clothing 5

Personal Flotation Device 4



Trauma System Potential Benefits
Trauma

• Military / civilian trauma 
system evolution

• Performance improvement
– Engineering
– Medical devices / 

procedures
– EMS value validation
– Injury Prevention

• Integration of ME and injury 
data sources

• Collaboration between trauma 
and ME communities

Medical Examiner
• Support for enhanced ME 

systems / resources
• Funding for radiological 

imaging / advanced 
technology

• Bridge the gap between ME 
and trauma care providers



Conclusions

• Current assessment provides objective evidence to
support a more comprehensive understanding of
pre-hospital injury mortality

• Research highlights specific targets for future
focus of R&D to improve the pre-hospital
management and outcomes of the injured patient

• May be useful in the development and
implementation of mitigation strategies for
therapy and injury prevention to improve trauma
systems
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Scope of the Problem



All Cause Death



Access to Trauma Center 
Care (Level I / II)

Branas, MacKenzie, E, et al: Access to Trauma Centers in the United States. JAMA. 2005; 293:2626-2633. 

Land Area:  28%
Population:  87%

Land Area:  28%
Population:  87%



110
# people in United States

who will 

DIE today

from potentially 
survivable injury 

before reaching medical 
care



Perspective
In one year, 
that number 
will ~ equal the 
number of 
people it takes 
to fill Sun Trust 
Park in Atlanta



Hospital Injury Mortality



Time and Injury Severity
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Number of Deaths
Cumulative %

53% Dead < 12 hrs

74% Dead < 48 hrs

Measures of Severity Mean value
Age 43
Glasgow Coma Score 5
Injury Severity Score 41
Revised Trauma Score 4
Calc. Probability of Survival 0.25

Trauma Center Mortality

Stewart: Analysis of 753 deaths in a Level I Trauma Center. J Trauma 2003.



Death Classification

Classification N Percent
Not Therapeutically Preventable 701 93.1%
Possibly Preventable 32 4.2%
Preventable 20 2.7%

Eliminating ALL errors, curing MOF, sepsis, DVT/PE, and 
secondary brain injury would theoretically reduce the 
number of deaths by 6.9%



Timing of Trauma Death
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Combat Hospital Death

Martin et al., J Trauma 2009
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Died of Wounds Analysis



DOW Analysis
• Review died of wounds (DOW)deaths n=558
• Data sources

• DoD Trauma Registry
• Armed Forces Medical Examiner System (AFMES)

• Variables
– Demographics
– Mechanism and cause
– Injury severity

• Expert panel trauma surgeons, emergency physician, neurosurgeon, 
and forensic pathologist graded deaths as non survivable or 
potentially survivable.

• Goal: Identify areas for improved training, medical care, material, 
research and development



DOW Analysis

• DOW rate 4.6%
• Non-Survivable = 271 (48.6%)
• Potentially Survivable = 287 (51.4%)
• 51% presented in extremis with CPR on

admission
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The Therapeutic Turnip

• Trauma centers
• Trauma systems
• Performance

improvement
• Technological advances
• GME focus on training

With respect to 
hospital injury 
outcomes

“…there is very 
little blood to be 
squeezed from 
the therapeutic 
turnip“ 

Jonathan Rhoads, M.D.
William T. Fitts Lecture
American Association for the Surgery of 
Trauma, 1995



Prehospital - Hospital 
Transitional Injury Mortality



Gates Effect



Prehospital Time 
Noncompressible Torso Hemorrhage (All)

Alarhayem, Eastridge, et al:  Mortality in Trauma Patients with 
Hemorrhage from Torso Injury Occurs Long Before the “Golden Hour”
Presented at Southwestern Surgical Congress April 2016



Time is the Enemy
Prehospital Time in Noncompressible Torso Hemorrhage 

(GSW)

Alarhayem, Eastridge, et al:  Mortality in 
Trauma Patients with Hemorrhage from Torso 
Injury Occurs Long Before the “Golden Hour”
Am J Surg 2016

• High grade torso injury, AIS 
grades > 4, associated with 
significant hemorrhage.   

• Rise in patient mortality was 
exhibited in high grade injury 
demonstrated at prehospital 
times < 30 minutes

• Highlights critical nature of 
prehospital time in patients with 
non-compressible torso 
hemorrhage. 

• Evacuation times < 30 minutes 
not realistic, particularly in rural 
or austere environments, 

• Future efforts should be 
directed toward the 
development of therapies to 
increase the window of survival 
in the prehospital environment.
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Understanding 
Prehospital Injury Mortality

How do we determine of 
survivability of those that never 
reach hospital care?

Much bigger population injury mortality
*Most future opportunities to effect 
injury outcomes will be prehospital



Prehospital Mortality 
Battlefield



Empiric Probability Combat 
Death

Bellamy, J Trauma, 1984



Killed in Action Analysis



Battlefield Death Analysis

• Review battlefield deaths (n=4,596)
• Data sources

• DoD Trauma Registry
• Armed Forces Medical Examiner System (AFMES)

• Variables
– Demographics
– Mechanism and cause
– Injury severity

• Expert panel trauma surgeons, emergency physician, neurosurgeon, and 
forensic pathologist graded deaths as non survivable or potentially 
survivable.

• Goal: Identify areas for improved training, medical care, material, research 
and development



KIA Analysis
• Nonsurvivable

– Dismemberment
– Traumatic brain injury
– Cervical cord transection

(above C3)
– Airway transection within

thorax
– Cardiac injury (>1/2”),

thoracic aorta injury,
pulmonary artery

– Hepatic avulsion
– Junctional lower extremity

amputations with open
pelvis with soft tissue loss

• Potentially survivable
– All other injuries



Where  Battlefield Casualties Die 
n=4,596
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Future of Combat Casualty Care. J Trauma 2012
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Putting it in Perspective 

DOW

KIA



Battlefield Pre-Hospital 
Death Analysis

n=4,016 (DOW excluded)

Eastridge et al: Death on the Battlefield: Implications for the 
Future of Combat Casualty Care. J Trauma 2012
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Battlefield Acute Lethality
Potentially Survivable

n=976

Eastridge et al: Death on the Battlefield: Implications for the 
Future of Combat Casualty Care. J Trauma 2012
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Anatomic / Physiologic Cause 
of Death

67.3%
n=598

19.2%
n=171

13.5%
n=119

Truncal

Junctional

Extremity

36% Thoracic 
64% Abdominopelvic 

39% Cervical
61% Axilla and Groin

Eastridge BJ, Mabry RL, Seguin PG, et al. Death on the battlefield (2001-2011): implications for the future of combat casualty 
care. Journal of Trauma, 2012. In press. 



Can We Have An Impact?
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Future of Combat Casualty Care. J Trauma 2012


Chart1

		Pre- Tourniquet (Pre 2006)

		Transition (2006-2007)

		Post-Tourniquet (Post 2007)



Column2

TCCC Intervention

Isolated Extremity Deaths / Year

23.3

17.5

3.5



Sheet1

		Column1		Column2

		Pre- Tourniquet (Pre 2006)		23.3

		Transition (2006-2007)		17.5

		Post-Tourniquet (Post 2007)		3.5

				To resize chart data range, drag lower right corner of range.







History of Battlefield Medical Innovation

World War I
• IV fluids
• Blood transfusions
• Motorized ambulances
• Topical antisepsis

World War II
• Whole blood/plasma available
• Specialty-specific surgical groups
• Antibiotics
• Fixed wing aero-medical

evacuation

Korean Conflict
• Improved fluid resuscitation
• Forward availability of definitive 

surgery
• Helicopters for patient 

evac/transport
• Primary repair/grafts for vascular 

injury

Vietnam
• Improved use of helicopters
• Improved laboratory support
• Portable radiology equipment
• Mechanical ventilators in theater

Desert Shield/Storm
• Burn team augmentation of 

evacuation hospitals to provide 
theater-wide burn care

• Intercontinental aeromedical
transport of burn patients

OEF / OIF
•Military trauma system

(JTS / DoDTR)
•Damage control resuscitation
•Tactical Combat Casualty Care
•Tourniquet
•Understanding of preventable death
•Combat casualty care research



Summary

• Most battlefield casualties (87.3 %) die on the battlefield
• Majority of battlefield deaths (75.7%) are non-survivable

– Mitigation strategy: prevention
• Hemorrhage is the major mechanism of death in (90.9 %) 

of Potentially Survivable combat injuries 

– Mitigation strategy: hemorrhage control 
• Tourniquets
• Junctional hemorrhage control
• Intracorporeal hemostasis

– Freeze dried plasma
– TXA
– Novel therapeutics

• Damage control to point of injury
• Extending the survival time window from POI to MTF



Conclusion

• Value of understanding battlefield mortality in 
military context
– Joint Trauma System

• Strategic decision making

– TCCC improvements
– Reprioritized some combat casualty care research 

and development 
– Command / leadership emphasis 



Translation of Combat Casualty Care Lessons to 
Civilian Injury Management

• Death secondary to injury major problem for
civilians and troops

• Most deaths in occur pre-hospital environment
• Many die from potentially survivable injury



National Trauma System
Vision

A unified effort is needed 
to ensure the delivery of 
optimal trauma care to 
save the lives of Americans 
injured within the United 
States and on the 
battlefield. 



Trauma System
Scope of the Problem

• Potentially survivable 
injuries US military 
operations
• 1,273 / 4,574 (27.6%)

• Potentially survivable 
injuries US civilian 
population 2014
• 147,790 x 0.276 = 

40,790



110
# people in United States

who will 

DIE today

from potentially 
survivable injury 

before reaching medical 
care



Research 
Needed to Get 

Beyond 
Estimates

Objective 
Establishment 
of the Impact 

on Society
43



Civilian Prehospital Injury Mortality



Background/Scientific Rationale
Pre-Hospital Mortality Civilian

Potential 
Survivability 

Poorly 
Defined

NASEM 
Report 

Emphasis
Case Fatality Rate (CFR) ~ 4.1% /
2-5 % Hospital Mortality Potentially Preventable

Impact Not 
Well 

Quantitated



• “Golden Hour”

• Hemorrhage
control

• Prehospital
resuscitation

Revisit the Sacred Cows



Funded by USAMRMC 
(Department of Defense)

Purpose of this proposal is to develop 
a coordinated, multidisciplinary, multi-
institutional effort within the civilian 
clinical sector to identify and 
characterize the causes of pre-
mortality from trauma

Identify potential high yield areas for 
research and development in pre-
hospital medical care, injury 
prevention, and trauma systems. mimic

Multiinstitutional
Multidisciplinary Injury 
Mortality Investigation 
in Civilian PreHospital

Environment

PIs:Eastridge, Nolte, MacKenzie



MIMIC ME Sites



Study Population 

Inclusion Criteria:
1. Pre-hospital deaths ( at scene, en route to 

hospital or DOA – defined as no vitals upon 
arrival at hospital)

2. Due to a blunt, penetrating or other sharp force
3. Adequate forensic record

Exclusion Criteria: 
1. Non-mechanical causes: poisoning, incl. drug 

overdoses, asphyxia, drowning, 
2. Decomposed remains only (not fully fleshed 

with distinguishable organs)  



Integrating Geospatial Modeling



Survivability Definitions

• Non-Survivable- Death as a result of 
catastrophic anatomic injuries

• Possibly Survivable - Anatomic injuries that 
were severe but medically survivable

• Definitely Survivable- Minimal anatomic 
injuries with a high likelihood of survival

• Circumstances optimal versus actual



Data 
Abstraction

Sources
• ME reports
• CT Scans
• Traffic investigation

reports
• Death certificate
• Other

AIS and ICD 
Coding

REDCap PROFILER
1st Round

Case Review

Locations
• Maryland
• Oklahoma
• DC
• New Mexico
• Iowa
• Connecticut

Distance 
Calculations

(GIS)

Review by Outside
Adjudication Team

Consensus (END)

No Consensus

NEMSIS
Crossreference

PROFILER
Study 
Cases

Established linkages 
State EMS systems

GIS Analyst Inputs
EMS, HEMS, and trauma 
center data in database

Adjudication 
within Review 

Team Panel

Consensus (END)

No Consensus

Expert review panels (~ 80 Military 
and Civilian reviewers) (3-5 
individuals each) will be identified 
and trained  (Trauma Surgery, 
Emergency Medicine, Neurosurgery, 
Orthopedic Surgery, Forensic 
Pathology, EMS, Trauma Systems)



Results



Manner of Death
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Preliminary Data

Principal Mechanism(s) of Death Frequency

Massive tissue disruption 146

Neurological – Traumatic Brain Injury 1342

Neurological - Spinal Cord 246

Hemorrhage - Truncal 393

Hemorrhage - Junctional 44

Hemorrhage - Peripheral 38

Airway 79

Traumatic Asphyxia 59

Tension Pneumothorax 32

Burn 133

Electrical 1

Other 84

Unknown 51
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4 (1.0%) 0 (0.0%)
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0 (0.0%) 0 (0.0%)
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Preliminary Data
(Excluding Suicide)

Survivability Immediate Access
(Excluding Suicide)

Actual Scenario
(Excluding Suicide)

Non-survivable
150 (67.9%) 202 (91.4%)

Potentially 
Survivable 68 (30.8%) 19 (8.6%)
Definitely 
Survivable 3 (1.4%) 0 (0.0%)

Cannot Judge 0 (0.0%) 0 (0.0%)
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Mechanism of Death (All)
Ideal Circumstance
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Potentially Survivable 
(Hemorrhage Focus)
Ideal Circumstance

57%
26%

15%

2%
Potentially Survivable Ideal (Hemorrhage)



Mechanism of Death (All)
Actual Circumstance
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Potentially Survivable (Hemorrhage Focus)
Actual Circumstance

62%23%

15%

Potentially Survivable Actual Context (Hemorrhage)

Truncal Thorax
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Importance of Context (Location)
Does Where You Live Determine Whether You Live??

Del Rio to University Hospital = 152mi 
Ground Transport ≈ 2hr 33min | Air Transport ≈ 54min

Del Rio to SAMMC = 160mi
Ground Transport ≈ 2hr 40min | Air Transport ≈ 57min



Potential for 
Survival by 
Location
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Preliminary Data
Injury prevention programs/devices or interventions might 
have improved the chances of survival 

Prevention Program(s) Frequency

Behavioral health 777
Alcohol / drug 469
Seat belt 149
Airbag 55

Helmet 34
Child Restraint 5
Protective Clothing 5

Personal Flotation Device 4



Conclusions
• More comprehensive understanding of pre-

hospital injury mortality vital to future 
improvements in trauma care

• Specific targets for future focus of R&D to improve 
the pre-hospital management and outcomes of 
the injured patient 
– Resuscitation
– Novel technologies
– Automatic notification systems

• Useful in the development and implementation of 
mitigation strategies for therapy and injury 
prevention to improve trauma systems
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Scope of the Problem
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All Cause Death
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110
# people in United States

who will 

DIE today

from potentially 
survivable injury 

before reaching medical 
care



© American College of Surgeons 2021. All rights reserved Worldwide.

Hospital Injury Mortality
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Time and Injury Severity
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Number of Deaths
Cumulative %

53% Dead < 12 hrs

74% Dead < 48 hrs

Measures of Severity Mean value
Age 43
Glasgow Coma Score 5
Injury Severity Score 41
Revised Trauma Score 4
Calc. Probability of Survival 0.25

Trauma Center Mortality

Stewart: Analysis of 753 deaths in a Level I Trauma Center. J Trauma 2003.
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Classification N Percent
Not Therapeutically Preventable 701 93.1%
Possibly Preventable 32 4.2%
Preventable 20 2.7%

Eliminating ALL errors, curing MOF, sepsis, DVT/PE, and 
secondary brain injury would theoretically reduce the 
number of deaths by 6.9%

Death Classification
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• Trauma centers
• Trauma systems
• Performance 

improvement
• Technological advances
• GME focus on training

With respect to 
hospital injury 
outcomes

“…there is very 
little blood to be 
squeezed from 
the therapeutic 
turnip“ 

Jonathan Rhoads, M.D.
William T. Fitts Lecture
American Association for the Surgery of 
Trauma, 1995
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Understanding 
Prehospital Injury Mortality

How do we determine of survivability of 
those that never reach hospital care?

Much bigger population injury mortality
*Most future opportunities to effect
injury outcomes will be prehospital
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Prehospital Mortality 
Battlefield
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Battlefield Pre-Hospital Death Analysis
n=4,016 (DOW excluded)

Eastridge et al: Death on the Battlefield: Implications for the 
Future of Combat Casualty Care. J Trauma 2012
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Battlefield Acute Lethality
Potentially Survivable

n=976

Eastridge et al: Death on the Battlefield: Implications for the 
Future of Combat Casualty Care. J Trauma 2012
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Anatomic / Physiologic Cause 
of Death

67.3%
n=598

19.2%
n=171

13.5%
n=119

Truncal

Junctional

Extremity

36% Thoracic 
64% Abdominopelvic 

39% Cervical
61% Axilla and Groin

Eastridge BJ, Mabry RL, Seguin PG, et al. Death on the battlefield (2001-2011): implications for the future of combat casualty 
care. Journal of Trauma, 2012. In press. 
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Conclusion

• Value of understanding battlefield mortality in
military context
– Joint Trauma System

• Strategic decision making

– TCCC improvements
– Reprioritized some combat casualty care research

and development
– Command / leadership emphasis
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Translation of Combat Casualty Care Lessons to 
Civilian Injury Management

• Death secondary to injury major problem for
civilians and troops

• Most deaths in occur pre-hospital environment
• Many die from potentially survivable injury
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Trauma System Scope of the Problem

• Potentially survivable 
injuries US military 
operations
• 1,273 / 4,574 (27.6%)

• Potentially survivable 
injuries US civilian 
population 2014
• 147,790 x 0.276 = 

40,790
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Research Needed 
to Get Beyond 

Estimates

Objective 
Establishment 
of the Impact 

on Society

19
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Civilian Prehospital Injury Mortality
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Background/Scientific Rationale
Pre-Hospital Mortality Civilian

Potential 
Survivability 

Poorly 
Defined

NASEM 
Report 

Emphasis
Case Fatality Rate (CFR) ~ 4.1% /
2-5 % Hospital Mortality Potentially Preventable

Impact Not 
Well 

Quantitated
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MIMIC
Multi-Institutional 
Multidisciplinary 
Injury Mortality 

Investigation in the 
Civilian Pre-Hospital 

Environment 

(PI: Brian Eastridge, MD)

 Review 3,000 pre-hospital 
deaths in six areas of the 
country

 Develop a more 
comprehensive understanding 
of the epidemiology of pre-
hospital deaths, identify 
liabilities in the current trauma 
system, and improve survival

 Create a framework and 
methodology for evaluating 
the causes and 
pathophysiologic mechanisms 
of pre-hospital deaths, the 
appropriateness of EMS 
response and care delivered, 
and the potential for 
survivability under optimal 
clinical circumstances and 
within the context of each 
individual injury event 

22
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Data 
Abstraction

Sources
• ME reports
• CT Scans 
• Traffic investigation 

reports
• Death certificate
• Other

AIS and ICD 
Coding

REDCap PROFILER
1st Round

Case Review

Locations
• Maryland
• Oklahoma
• DC
• New Mexico
• Iowa
• Connecticut

Distance 
Calculations

(GIS)

Review by Outside
Adjudication Team

Consensus (END)

No Consensus

NEMSIS
Crossreference

PROFILER
Study 
Cases

Established linkages 
State EMS systems

GIS Analyst Inputs
EMS, HEMS, and trauma 
center data in database

Adjudication 
within Review 

Team Panel

Consensus (END)

No Consensus

Expert review panels (~ 80 Military 
and Civilian reviewers) (3-5 
individuals each) will be identified 
and trained  (Trauma Surgery, 
Emergency Medicine, Neurosurgery, 
Orthopedic Surgery, Forensic 
Pathology, EMS, Trauma Systems)
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Preliminary Partial Results
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Manner of Death

794

790

1308

20

Suicide Homicide Accident Undetermined
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Preliminary Data
Principal Mechanism(s) of Death Frequency

Massive tissue disruption 146

Neurological – Traumatic Brain Injury 1342

Neurological - Spinal Cord 246

Hemorrhage - Truncal 393

Hemorrhage - Junctional 44

Hemorrhage - Peripheral 38

Airway 79

Traumatic Asphyxia 59

Tension Pneumothorax 32

Burn 133

Electrical 1

Other 84

Unknown 51
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Preliminary Data
(All Patients)

Survivability Immediate Access
(All)

Actual Scenario
(All)

Non-survivable
318 (79.5%) 380 (95.0%)

Potentially 
Survivable

78 (19.5%) 20 (5.0%)

Definitely 
Survivable

4 (1.0%) 0 (0.0%)

Cannot Judge
0 (0.0%) 0 (0.0%)

RESEARCH AND 
DEVELOPMENT 
OPPORTUNITIES TO 
INFORM INJURY 
PREVENTION
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TRAUMA SYSTEM
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Preliminary Data
(All Patients)

Survivability Immediate Access
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Preliminary Data
(Excluding Suicide)

Survivability Immediate Access
(Excluding Suicide)

Actual Scenario
(Excluding Suicide)

Non-survivable
150 (67.9%) 202 (91.4%)

Potentially 
Survivable 68 (30.8%) 19 (8.6%)
Definitely 
Survivable 3 (1.4%) 0 (0.0%)

Cannot Judge 0 (0.0%) 0 (0.0%)
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Preliminary Data
(Excluding Suicide)

Survivability Immediate Access
(Excluding Suicide)

Actual Scenario
(Excluding Suicide)

Non-survivable 150 (67.9%) 202 (91.4%)

Potentially 
Survivable 68 (30.8%) 19 (8.6%)

Definitely 
Survivable 3 (1.4%) 0 (0.0%)

Cannot Judge 0 (0.0%) 0 (0.0%)

POTENTIALLY 
PREVENTABLE 
DEATHS
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Mechanism of Death (All)
Actual Circumstance

50.3%38.6%

11.1%

Potentially Survivable (Ideal)

Hemorrhage CNS Airway
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Conclusions

• More comprehensive understanding of pre-
hospital injury mortality vital to future 
improvements in trauma care

• Specific targets for future focus of R&D to improve 
the pre-hospital management and outcomes of 
the injured patient 
– Resuscitation
– Novel technologies
– Automatic notification systems

• Useful in the development and implementation of 
mitigation strategies for therapy and injury 
prevention to improve trauma systems
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Scope of the Problem



All Cause Death



110
# people in United States

who will 

DIE today

from potentially 
survivable injury 

before reaching medical 
care



Hospital Injury Mortality



Time and Injury Severity
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Number of Deaths
Cumulative %

53% Dead < 12 hrs

74% Dead < 48 hrs

Measures of Severity Mean value
Age 43
Glasgow Coma Score 5
Injury Severity Score 41
Revised Trauma Score 4
Calc. Probability of Survival 0.25

Trauma Center Mortality

Stewart: Analysis of 753 deaths in a Level I Trauma Center. J Trauma 2003.



Classification N Percent
Not Therapeutically Preventable 701 93.1%
Possibly Preventable 32 4.2%
Preventable 20 2.7%

Eliminating ALL errors, curing MOF, sepsis, DVT/PE, and 
secondary brain injury would theoretically reduce the 
number of deaths by 6.9%

Death Classification



• Trauma centers
• Trauma systems
• Performance improvement
• Technological advances
• GME focus on training

With respect to 
hospital injury 
outcomes

“…there is very 
little blood to be 
squeezed from 
the therapeutic 
turnip“ 

Jonathan Rhoads, M.D.
William T. Fitts Lecture
American Association for the Surgery of 
Trauma, 1995



Understanding 
Prehospital Injury Mortality

How do we determine of survivability of 
those that never reach hospital care?

Much bigger population injury mortality
*Most future opportunities to effect
injury outcomes will be prehospital



Prehospital Mortality 
Battlefield
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Battlefield Pre-Hospital Death Analysis
n=4,016 (DOW excluded)

Eastridge et al: Death on the Battlefield: Implications for the 
Future of Combat Casualty Care. J Trauma 2012
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Battlefield Acute Lethality
Potentially Survivable
n=976

Eastridge et al: Death on the Battlefield: Implications for the 
Future of Combat Casualty Care. J Trauma 2012
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Anatomic / Physiologic Cause of 
Death

67.3%
n=598

19.2%
n=171

13.5%
n=119

Truncal

Junctional

Extremity

36% Thoracic 
64% Abdominopelvic 

39% Cervical
61% Axilla and Groin

Eastridge BJ, Mabry RL, Seguin PG, et al. Death on the battlefield (2001-2011): implications for the future of combat casualty 
care. Journal of Trauma, 2012. In press. 



Summary
• Most battlefield casualties (87.3 %) die on the battlefield
• Majority of battlefield deaths (75.7%) are non-survivable

• Mitigation strategy: prevention
• Hemorrhage is the major mechanism of death in (90.9 %) of

Potentially Survivable combat injuries

• Mitigation strategy: hemorrhage control
• Tourniquets
• Junctional hemorrhage control
• Intracorporeal hemostasis

• Freeze dried plasma
• TXA
• Novel therapeutics

• Damage control to point of injury
• Extending the survival time window from POI to MTF



Conclusion

• Value of understanding battlefield mortality in 
military context

• Joint Trauma System
• Strategic decision making

• TCCC improvements
• Reprioritized some combat casualty care research and 

development 
• Command / leadership emphasis 



Translation of Combat Casualty Care Lessons to 
Civilian Injury Management

• Death secondary to injury major problem for civilians
and troops

• Most deaths in occur pre-hospital environment
• Many die from potentially survivable injury



Trauma System Scope of the Problem

• Potentially survivable
injuries US military
operations

• 1,273 / 4,574 (27.6%)

• Potentially survivable
injuries US civilian
population 2014

• 147,790 x 0.276 =
40,790



Research Needed 
to Get Beyond 

Estimates

Objective 
Establishment 

of the Impact on 
Society

20



Civilian Prehospital Injury Mortality



Background/Scientific Rationale
Pre-Hospital Mortality Civilian

Potential 
Survivability 

Poorly 
Defined

NASEM 
Report 

Emphasis
Case Fatality Rate (CFR) ~ 4.1% /
2-5 % Hospital Mortality Potentially Preventable

Impact Not 
Well 

Quantitated



MIMIC
Multi-Institutional 
Multidisciplinary 
Injury Mortality 
Investigation in 
the Civilian Pre-
Hospital 
Environment 

(PI: Brian Eastridge, MD)

 Review 3,000 pre-hospital
deaths in six areas of the
country

 Develop a more comprehensive
understanding of the 
epidemiology of pre-hospital 
deaths, identify liabilities in the 
current trauma system, and 
improve survival

 Create a framework and
methodology for evaluating the
causes and pathophysiologic
mechanisms of pre-hospital
deaths, the appropriateness of
EMS response and care
delivered, and the potential for
survivability under optimal
clinical circumstances and
within the context of each
individual injury event 23



Data 
Abstraction

Sources
• ME reports
• CT Scans
• Traffic investigation

reports
• Death certificate
• Other

AIS and ICD 
Coding

REDCap PROFILER
1st Round

Case Review

Locations
• Maryland
• Oklahoma
• DC
• New Mexico
• Iowa
• Connecticut

Distance 
Calculations

(GIS)

Review by Outside
Adjudication Team

Consensus (END)

No Consensus

NEMSIS
Crossreference

PROFILER
Study 
Cases

Established linkages 
State EMS systems

GIS Analyst Inputs
EMS, HEMS, and trauma 
center data in database

Adjudication 
within Review 

Team Panel

Consensus (END)

No Consensus

Expert review panels (~ 80 Military 
and Civilian reviewers) (3-5 
individuals each) will be identified 
and trained  (Trauma Surgery, 
Emergency Medicine, Neurosurgery, 
Orthopedic Surgery, Forensic 
Pathology, EMS, Trauma Systems)



Preliminary Partial Results
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Preliminary Data
Principal Mechanism(s) of Death Frequency

Massive tissue disruption 146

Neurological – Traumatic Brain Injury 1342

Neurological - Spinal Cord 246

Hemorrhage - Truncal 393

Hemorrhage - Junctional 44

Hemorrhage - Peripheral 38

Airway 79

Traumatic Asphyxia 59

Tension Pneumothorax 32

Burn 133

Electrical 1

Other 84

Unknown 51



Preliminary Data
(All Patients)

Survivability Immediate Access
(All)

Actual Scenario
(All)

Non-survivable
318 (79.5%) 380 (95.0%)

Potentially 
Survivable

78 (19.5%) 20 (5.0%)

Definitely 
Survivable

4 (1.0%) 0 (0.0%)

Cannot Judge
0 (0.0%) 0 (0.0%)

RESEARCH AND 
DEVELOPMENT 
OPPORTUNITIES TO 
INFORM INJURY 
PREVENTION
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Preliminary Data
(Excluding Suicide)

Survivability Immediate Access
(Excluding Suicide)

Actual Scenario
(Excluding Suicide)

Non-survivable
150 (67.9%) 202 (91.4%)

Potentially 
Survivable 68 (30.8%) 19 (8.6%)
Definitely 
Survivable 3 (1.4%) 0 (0.0%)

Cannot Judge 0 (0.0%) 0 (0.0%)
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Mechanism of Death (All)
Actual Circumstance

50.3%38.6%

11.1%

Potentially Survivable (Ideal)

Hemorrhage CNS Airway



Potentially Survivable (Hemorrhage Focus)
Actual Circumstance

62%23%

15%

Potentially Survivable Actual Context (Hemorrhage)

Truncal Thorax

Truncal Abdomen
Pelvis
Junctional Cervical



Conclusions
• More comprehensive understanding of pre-hospital

injury mortality vital to future improvements in
trauma care

• Specific targets for future focus of R&D to improve
the pre-hospital management and outcomes of the
injured patient

• Resuscitation
• Novel technologies
• Automatic notification systems

• Useful in the development and implementation of
mitigation strategies for therapy and injury
prevention to improve trauma systems
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2021 Military City USA Trauma Collaborative Research Conference 
Virtual, Livestreamed Podium Presentations via Microsoft Teams 

Hosted by:  UT Health San Antonio Trauma & Emergency Surgery 

October 20-21, 2021 

AGENDA 

Wednesday, October 20, 2021 

1:00-1:10pm  Welcome and Announcements 

Susannah E. Nicholson, MD, MS, FACS, Associate Professor, Director of Trauma Research, Division of Trauma 
and Emergency Surgery, Department of Surgery, UT Health San Antonio 

1:10-1:15pm  Introduction of Keynote Speaker 

Byron C. Hepburn, M.D., FAAFP, Maj Gen, USAF, (Ret), Director, Military Health Institute, Associate Vice 
President, UT Health San Antonio; Holder, USAA Patty and Joe Robles, Jr. Distinguished Chair for Military Health 

1:15-2:00pm Keynote Speaker 

Raquel C. Bono, MD, MBA, FACS VADM US NAVY (Ret), Chief Health Officer, Viking Cruise; 
Former Director and Chief Executive Officer, Defense Health Agency  

MHS Resiliency 

2:00-3:00pm Oxygen Delivery and Shock Management 

Moderator:  James A. Bynum, PhD, Research Scientist and Capability Area Manager, Blood and Blood 
Products, United States Army Institute of Surgical Research 

Maxwell Braverman, DO  UT Health San Antonio 
Reduction in Early Mortality for Patients with Hemorrhagic Shock: The Whole Blood Difference 

Michael Meledeo, PhD US Army Institute of Surgical Research 

Trauma Biomarkers in Military Casualties’ Plasma in the First 24 Hours 

Angelo Ciaraglia, MD UT Health San Antonio 

Effects of Hypocalcemia in Hemorrhagic Shock on Outcomes and Mortality 

Xiaowu Wu, MD US Army Institute of Surgical Research 

Administration of Prolyl Hydroxylase Domain Inhibitor Improves Survivability in Rats with Lethal 
Hemorrhagic Shock?  
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Wednesday, October 20, 2021 (continued) 

3:00-4:00pm Hemorrhage and Vascular Dysfunction 

 

Moderator:  Donald H. Jenkins, MD, FACS, Professor, Division of Trauma and Emergency Surgery, 
Vice Chair for Quality, Department of Surgery, Betty and Bob Kelso Distinguished Chair in Burn and 
Trauma Surgery, Associate Director, Military Health Institute, UT Health San Antonio 
 

 
 
Zhangsheng Yang, PhD 

 
US Army Institute of Surgical Research 

  
Intercommunication of Tri-opathies: Complementopathy, Endotheliopathy and Coagulopathy 
and Their Clinical Significance in Severe Poly-trauma Patients  
 

 
Stacy Shackelford, MD, Col, USAF, MC 
 

Joint Trauma System 

  
Analysis of Damage Control Surgery Procedures Performed by Small Surgical Teams 
 

 Craig Nowadly, MD, Capt, USAF, MC US Air Force 59th Medical Wing 

  
Automated Aortic Endovascular Balloon Titration Prevents Re-arrest After Return of 
Spontaneous Circulation: A Pilot Study in a Swine Model of Nontraumatic Cardiac Arrest  
 

 Erika Brigmon, MD UT Health San Antonio 

  
Whole Blood Transfusion in Non-trauma Patients 
 

4:00-5:00pm Metabolic Failure and Organ Dysfunction 

 

Moderator:  Andrew D.J. Meyer MD, MS, Associate Professor with Tenure of Pediatric Critical Care, UT 
Health San Antonio; Research Physician, US Army Institute of Surgical Research; Associate Faculty, 
Joint Graduate Program in Biomedical Engineering, UTHSA/UTSA 
 

 
 
Andrew D.J. Meyer, MD, MS UT Health San Antonio/USAISR 

  
Thrombin Generation in Extracorporeal Membrane Oxygenation is Reduced by 
Leukodepletion 
 

 Rafael Veraza, PhD, MPH Vascular Perfusion Solutions, Inc. 

  
Novel Biostasis-inducing Compound for Prolonged Ex-vivo Preservation of Amputated 
Limbs 
 

 Robert Laverty, MD, Capt, USAF Brooke Army Medical Center 

  
Tube Thoracostomy Complications in Patients with ARDS Requiring ECMO: Worse in 
COVID-19 Patients?  
 

 Kelly M. Ivins-O'Keefe, MD, CPT, MC Brooke Army Medical Center 

  
Percutaneous Pulmonary Artery Cannulation to Treat Acute Secondary Right Heart Failure 
While on Veno-venous Extracorporeal Membrane Oxygenation  
 

5:00pm Closing Comments 

  

6:00-8:00pm Social Networking Event:  BIG’Z Burger Joint, 2303 N Loop 1604 W, San Antonio, TX 78258 
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Thursday, October 21, 2021 

1:00-1:15pm Welcome and Announcements 

Susannah E. Nicholson, MD, MS, FACS, Associate Professor, Director of Trauma Research, Division 
of Trauma and Emergency Surgery, Department of Surgery, UT Health San Antonio 

1:15-1:45pm Plenary Speaker 

COL Andrew P. Cap, MS, MD, PhD, FACP, Director of Research, US Army Institute of Surgical 
Research; Hematology-Oncology Consultant to the US Army Surgeon General; Professor of Medicine, 
Uniformed Services University 

Transformational Change in Combat Casualty Care Research 

1:45-2:45pm Wound Progression and Infection 

Moderator:  Valerie G. Sams, MD, Lt Col, MC, USAF, Trauma Medical Director, Brooke Army Medical 
Center, Department of Surgery, Trauma Critical Care Division 

Kaitlin Pruskowski, PharmD, BCPS, BCCCP US Army Institute of Surgical Research 
Fungal Infections in Burn Patients from 2014-2019: A 5-year Retrospective Review 

Holly Chapapas, MS Joint Base San Antonio Lackland 

Directed Energy Exposure Medical Evaluation using a Swine (Sus scrofa domestica) 
Magnetic Resonance Imaging and Biomarker Model 

William Davis, MD, MPH, Maj, USAF En Route Care Research Center 

Descriptive Analysis of COVID-19 Aeromedical Evacuations by Critical Care Air Transport 
Teams 

Alexandra Adams, MD, MPH Brooke Army Medical Center 

Tracheostomy Placement in Patients with ARDS Requiring ECMO: Did COVID-19 Change 
Our Practice?  

2:45-3:45pm Pain, Sensory Trauma, and Mental Status 

Moderator:  Firas Kaddouh, MD, Assistant Professor/Clinical, Department of Neurosurgery, UT Health 
San Antonio 

John Clifford, PhD US Army Institute of Surgical Research 
Analgesic Efficacy of a Non-euphoric Cannabinoid Extract (NEPE14) in a Rat Model for 
Burn Pain 

Natasha Sosanya, PhD US Army Institute of Surgical Research 

Exploring the Secretome’s Biomarker and Analgesic Potential 

Carmen Hinojosa-Laborde, PhD, FAPS US Army Institute of Surgical Research 

Effects of the Opioid Analgesic, Sufentanil, on Respiration after Extremity Trauma and 
Severe Conscious Hemorrhage in Rats 

Michael Urban, PhD US Army Institute of Surgical Research 

Battlefield Pain – Implications of Acute Trauma in an Experimental Combat and Operational 
Stress Model 
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3:45-4:45pm Engineering Solutions to Enable Combat Casualty Care 

 

Moderator:  Jose Salinas, PhD, Science Lead, Engineering, Technology, and Automation CRT (CRT 
6); Capability Area Manager, Medical Robotics and Autonomous Systems (MedRAS) Program, US 
Army Institute of Surgical Research 
 

 
Saketh Ram Peri, MS 

 
University of Texas at San Antonio 

  
Battlefield Ready Innovative Suction Kit (BRISK) for Combat and Civilian Emergencies  
 

 Derek Lumbard, MD UT Health San Antonio 

  
Pooled Analysis of Level I Trauma Centers Better Predicts Risk Factors for Gun Violence 
Recidivism  
 

 Steven Schauer, DO, MSCR, MAJ, USA, MC US Army Institute of Surgical Research 

  
A Concept for Development of a Novel Radio-frequency Based Ultrasound Machine 
Learning System  
 

 Brian Eastridge, MD, FACS UT Health San Antonio/CNTR 

  
Multiinstitutional Multidisciplinary Injury Mortality Investigation in Civilian Prehospital 
Environment (MIMIC): Establishing Societal Impact and Remediation Strategies 
 

4:45-5:00pm Awards Presentation 
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Good Afternoon,

There will be a Think Tank meeting this Friday, November 12th at 12pm.  Dr. Brian
Eastridge will be presenting, “Multi-Institutional Multidisciplinary Injury Mortality
Investigation in Civilian Prehospital Environment (MIMIC): Establishing Societal Impact
and Remediation Strategies”. This will be a hybrid meeting.
If you plan to attend the meeting onsite, please reply to this email by 10:00am on

Thursday November 11th, so that I know to order a box lunch for you.  Please also let us
know of any dietary restrictions.  Note: If you do not RSVP for your attendance, you will
not receive a box lunch.

Calendar invite to follow this email.
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Activation and On-Scene Intervals for Severe Trauma EMS Interventions:
An Analysis of the NEMSIS Database

Nicolas W. Medranoa , Cynthia Lizette Villarreala, N. Clay Mannb , Michelle A. Pricea, Kurt B. Noltec,
Ellen J. MacKenzied, Pam Bixbya, Brian J. Eastridgee, for the MIMIC Study Group†

aCoalition for National Trauma Research, San Antonio, Texas; bDepartment of Pediatrics, University of Utah School of Medicine, Salt Lake
City, Utah; cDepartment of Pathology, University of New Mexico School of Medicine, Albuquerque, New Mexico; dBloomberg School of
Public Health, Johns Hopkins University, Baltimore, Maryland; eDepartment of Surgery, UT Health San Antonio, San Antonio, Texas

ABSTRACT
Objective: Time to care is a determinant of trauma patient outcomes, and timely delivery of
trauma care to severely injured patients is critical in reducing mortality. Numerous studies have
analyzed access to care using prehospital intervals from a Carr et al. meta-analysis of studies from
1975 to 2005. Carr et al.’s research sought to determine national mean activation and on-scene
intervals for trauma patients using contemporary emergency medical services (EMS) records. Since
the Carr et al. meta-analysis was published, the National Highway Traffic Safety Administration
(NHTSA) created and refined the National Emergency Medical Services Information System
(NEMSIS) database. We sought to perform a modern analysis of prehospital intervals to establish
current standards and temporal patterns.
Methods: We utilized NEMSIS to analyze EMS data of trauma patients from 2016 to 2019. The
dataset comprises more than 94 million EMS records, which we filtered to select for severe trauma
and stratified by type of transport and rurality to calculate mean activation and on-scene intervals.
Furthermore, we explored the impact of basic life support (BLS) and advanced life support (ALS)
of ground units on activation and on-scene time intervals.
Results: Mean activation and on-scene intervals for ground transport were statistically different when
stratified by rurality. Urban, suburban, and rural ground activation intervals were 2.60±3.94, 2.88±3.89,
and 3.33±4.58minutes, respectively. On-scene intervals were 15.50±10.46, 17.56±11.27, and
18.07±16.13minutes, respectively. Mean helicopter transport activation time was 13.75±7.44minutes
and on-scene time was 19.42±16.09minutes. This analysis provides an empirically defined mean for
activation and on-scene times for trauma patients based on transport type and rurality. Results from
this analysis proved to be significantly longer than the previous analysis, except for helicopter transport
on-scene time. Shorter mean intervals were seen in ALS compared to BLS for activation intervals, how-
ever ALS on-scene intervals were marginally longer than BLS.
Conclusions: With the increasing sophistication of geospatial technologies employed to analyze
access to care, these intervals are the most accurate and up-to-date and should be included in
access to care models.
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Introduction

Injury remains the leading cause of death in individuals up
to the age of 44 and the leading cause of morbidity and
mortality among children in the U.S. (1). Of these trauma
deaths, between 200,000 and 300,000 over 10 years would be
potentially preventable if the patients received rapid and
high-quality trauma care (2, 3). Furthermore, a 2016 report
from the National Academies of Science, Engineering and
Medicine (NASEM), entitled “A National Trauma Care
System: Integrating Military and Civilian Trauma Systems to
Achieve Zero Preventable Deaths After Injury,” estimated
that approximately 30,000 of the 147,790 people who died as
a result of trauma in 2014 had potentially survivable injuries
(4). During the last several decades, advances in care in
trauma centers and across trauma systems have substantially

reduced death and disability associated with injury (5, 6).
However, there remains a substantial opportunity to further
reduce the number of deaths in the prehospital setting.

The first hour after traumatic injury is historically known
as the “golden hour” and is the period of care following an
injury in which rapid assessment and resuscitation are fun-
damental to survival (7). Though there is no true golden
hour, the time lapse between injury and care is a critical
element for patients with severe injury (8–12), with longer
prehospital transport times likely contributing to higher
mortality rates in more severely injured patients. This effect
is more prominent among rural trauma patients than simi-
larly injured urban patients (13–17). To substantiate this
assertion, it has been demonstrated that states with poor
trauma care access have more prehospital deaths,
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contributing to higher overall injury mortality (9). Because
of the “access effect” on mortality and morbidity rates, hav-
ing an accurate understanding of prehospital intervals is
imperative to identifying geographic “trauma care deserts,”
where there is decreased access to immediate care.

Numerous researchers have created models to analyze
access to trauma care in recent years, breaking the total preho-
spital time into four time intervals: activation, response, on-
scene, and transport. The activation interval is defined as the
time from emergency call to ambulance dispatch. The response
interval is the time from ambulance dispatch to arrival at the
scene. The on-scene interval is the time from ambulance
arrival at the scene to the time the ambulance departs from
the scene. Finally, the transport interval is the time from
ambulance departure from the scene to arrival at the hospital.
Many of the models created to estimate access to care have
used mean activation and on-scene intervals calculated from a
2005 meta-analysis conducted by Carr et al. (18). Some models
combine mean activation and on-scene times from this meta-
analysis with mean driving speeds based on rurality (19–22),
while more recent studies have begun utilizing geographic
information systems (GIS) and road networks built with actual
traffic data (23–26). Results from the 2005 meta-analysis (18)
of 49 observational studies have been immensely valuable;
however, we believe mean activation and on-scene intervals
derived from more current datasets will be more applicable to
the current era of trauma care and systems and would better
support future access to care research. This study aimed to
recalculate and update activation and on-scene prehospital
intervals using datasets from a single data source, the National

Emergency Medical Services Information System (NEMSIS). In
doing so, our goal was to produce empirically derived preho-
spital means from more contemporary data to support future
access to care models and provide a blueprint for future util-
ization of the NEMSIS dataset for time analyses.

Methods

Data Collection

National Emergency Medical Services Information System
records were obtained for 2016–2019, accounting for approxi-
mately 94.5 million EMS events over four years. The NEMSIS
database is a product of the National Highway Traffic Safety
Administration’s (NHTSA) Office of EMS, which uses a uni-
versal standard for patient care information resulting from an
emergency 911 call for assistance. The NEMSIS is a collabora-
tive system created to improve patient care through standard-
ization, aggregation, and utilization of point of care EMS data
at a local, state, and national level. The data was submitted by
more than 11,000 participating EMS agencies in 49 states. In
2017, the NEMSIS Version 2 data dictionary standard officially
closed, and states migrated to Version 3. Therefore, this ana-
lysis comprises data from Version 2 and Version 3 data dic-
tionaries (27).

Case Selection

Each year’s dataset was imported into SAS 9.4 for analysis,
where data elements were used to select EMS responses for

Table 1. Data elements used for trauma case selection.

Data element V2 code V3 code Code description

Type of service 30 2205001 911 response
Response mode to scene 390 2224015 Lights and sirens
Complaint reported by dispatch 410 2301005 Animal bite

415 2301007 Assault
N/A 2301009 Automated crash notification
430 2301015 Burns
470 2301029 Electrocution
475 2301031 Eye problem
480 2301033 Fall victim
495 2301045 Heat/cold exposure
500 4301043 Hemorrhage/laceration
505 2301047 Industrial accident
530 2301063 Stab/gunshot wound
540 2301069 Traffic accident
545 2301073 Traumatic injury

Possible injury 1 9922005 Yes
Transport mode from scene 4965 4218011 Lights and sirens
Type of destination 7280 4221003 Hospital
Unit transport and equipment 7340 4221015 Other EMS responder

1030 2207011 Air transport-helicopter
2207003 Ground transport

990 2215001 BLS – first responder
995 2215003 BLS – basic/EMT

2215005 BLS – AEMT
2215007 BLS – intermediate
2215023 BLS – community paramedicine

1000 2215009
1005 2215011 ALS – AEMT
1010 2215013 ALS – intermediate

2215015 ALS – paramedic
2215017 ALS – community paramedicine
2215019 ALS – nurse

ALS - physician
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severe traumatic injury. We defined trauma cases through a
combination of data elements: type of service, response
mode to scene, complaint reported by dispatch, possible
injury, transport mode from scene, and type of destination
(Table 1). Lights and sirens being utilized for response
mode to scene and transport mode from scene was used to
identify time-sensitive severe trauma cases where EMS res-
ponders facilitated patient transport in an urgent manner.

After the selection of severe trauma cases, records were
filtered by transportation type, level of care basic life support
(BLS) and advanced life support (ALS), and rurality. Due to
their lower frequency, helicopter transport cases were not
stratified by rurality. Rurality in NEMSIS is categorized by
USDA Urban Influence Codes that form a classification
scheme distinguishing metropolitan counties by population
size of the metro area, and nonmetropolitan counties by the
size of the largest city or town and proximity to metro areas
(28). Ground transport cases were stratified by rurality into
urban, suburban, and rural cohorts. This is an important
qualification, as EMS infrastructure, resources, and opera-
tions vary significantly among these environments. Events
coded as frontier/wilderness were also classified as rural.
Finally, the NEMSIS data element EMSSceneTime was used
for mean on-scene interval; and the elapsed time intervals
EMSDispatchCenterTime and EMSChuteTime were summed
for the mean activation interval. EMSDispatchCenterTime
represents the time difference between when the 911 call is
received by dispatch and when the ambulance unit is noti-
fied. EMSChuteTime represents the time difference between
when the ambulance unit is notified and when it is en route.
For activation intervals, lights and sirens were required for

the response interval to meet inclusion criteria. For the on-
scene interval, lights and sirens were required for the trans-
port interval to meet inclusion criteria (Figure 1).

Data Analysis

Case removal was required for records with null values for
any time element, times less than or equal to zero, and out-
liers. Derived elapsed time elements were excluded from the
analysis if outside the standardized range set by NEMSIS
(29). This includes dispatch times greater than, or equal to,
one hour and on scene times greater than, or equal to, one
day. Median, mean and standard deviation was calculated
for both activation intervals, and on-scene intervals, and
Student’s t-Tests were performed for statistical comparisons
between transportation type and rurality. Finally, an
Independent Samples t-Test was used to compare this
NEMSIS analysis with Carr et al.’s meta-analysis results.

Results

In total, approximately 1.9 million records were identified
for activation interval analysis, represented by 35,557 air
transport and 1,835,586 ground transport activations. Urban
EMS activations accounted for most ground transport find-
ings, with 1,573,823 events. For the on-scene interval,
542,912 EMS activations were identified, represented by
46,962 helicopter transport and 495,950 ground transport
events. Urban EMS on-scene events accounted for most
ground transport findings, with 415,475 events. The EMS
activations provided from the NEMSIS analysis were more

Figure 1. Filter diagram of NEMSIS data.

PREHOSPITAL EMERGENCY CARE 3



robust than Carr et al., except for suburban ground data
(Table 2).

Helicopter transport mean activation and on-scene time
intervals were significantly longer than those for ground trans-
port, regardless of rurality (p< 0.01) (Table 3). Statistically sig-
nificant differences were noted between all mean ground
intervals, with urban total activation and on-scene intervals
being significantly shorter than suburban and rural (p< 0.01).
Furthermore, while EMSDispatchCenterTime was quite similar
between all ground units, EMSChuteTime varied, with rural
being more than two times longer than urban.

When comparing NEMSIS data to the meta-analysis data,
there were mixed results. Mean activation intervals for all
NEMSIS data were significantly longer than those from Carr
et al. (p< 0.01) (Table 3). The difference in the helicopter
transport mean activation interval was quite stark. The
NEMSIS interval was more than three times longer than the
interval calculated from Carr et al. Alternatively, the mean
helicopter interval for on-scene time was significantly less
for the NEMSIS data (p< 0.01). All other NEMSIS mean
on-scene intervals were significantly longer than those pro-
vided by Carr et al. (p< 0.01).

An extensive analysis evaluating the impact of advanced life
support (ALS) and basic life support (BLS) of ground units
showed mixed results. Shorter mean times were seen in ALS
compared to BLS for all activation intervals across all ruralities
(p< 0.01). The largest difference between ALS and BLS for the
total activation interval was seen in the rural environment
(3.10±4.31 and 4.84±5.86 respectively). Conversely, overall
mean on-scene intervals were quite similar, with marginally
longer intervals for ALS (p< 0.01). Intervals between ALS and
BLS were quite similar in urban environments (15.54±10.73
and 15.38±9.47minutes respectively) but varied substantially
for suburban (18.02±11.60 and 16.03±9.93minutes) and rural
(18.67±15.18 and 16.31±18.57minutes) responses (Table 4).

Discussion

Our analysis of EMS elapsed service times calculated activa-
tion and on-scene prehospital intervals using datasets from a
single modern and uniform data source. These empirically
derived prehospital intervals provide valuable data for future
access to care models and serve as a blueprint for future
utilization of the NEMSIS dataset. With longer prehospital
times contributing to higher mortality rates in severely
injured patients, making sure patients have timely access to
trauma care is an essential component of reaching the goal
of “Zero Preventable Deaths After Injury” set by the
NASEM report (4). Therefore, accurately estimating trauma

care accessibility is of utmost importance when identifying
trauma care deserts, where timely access to care is absent.

Prehospital Intervals

Surprisingly, except for helicopter transport on-scene times,
NEMSIS time intervals were significantly longer than results
from the meta-analysis completed by Carr et al. We believe
this may be due to a few reasons. First, as stated in the ana-
lysis by Carr et al., “… strict definitions of prehospital time
intervals and conformity to existing definitions could not be
controlled as inconsistencies exist with the literature
reviewed for this analysis.” This limitation should be mini-
mized with the current analysis due to the standardization
present within the NEMSIS database. Also, all cases with a
time of zero were removed from this analysis, as these are
not possible or useful when determining mean time inter-
vals. If an EMS provider reported the same time for arrival
and departure from a scene, we considered this a data
reporting error or an instance when EMS did not provide
aid. It is possible that some articles in the meta-analysis
included times of zero and, therefore, lowered the mean
time intervals. Second, the significantly longer times calcu-
lated from the NEMSIS dataset are due to a difference in
the activation interval definition. According to Carr et al.,
the activation interval is defined as “the time from call was
received to time of alarm.” This assumes the ambulance is
en route to the scene instantaneously at the time of notifica-
tion. The two-component time definition of the activation
interval is more accurate and realistic because it includes the
time from the 911 call to unit notification and the time
between when the unit is notified and when the unit is
en route.

While all activation and on-scene times from our analysis
are statistically different from one another, it was quite sur-
prising to see such similarities, especially regarding all
ground unit EMSDispatchCenterTime and on-scene time
between suburban and rural communities. Furthermore,
analysis of the two activation components suggests the acti-
vation interval variability among ruralities is mainly due to
EMSChuteTime, the time from EMS notification until the
unit is en route. We suspect this difference is due to the vol-
unteer-based systems more commonly found in rural com-
munities. Finally, if total activation and on-scene intervals
are summed, more stark differences between the ruralities
begin to emerge.

The analysis of the NEMSIS dataset showed considerable
differences in activation intervals, but on-scene intervals
were comparable. There was a difference of 1.47minutes
between BLS and ALS for total activation time, with ALS

Table 2. Number of activations for prehospital intervals of helicopter and ground transport of trauma patients.

Helicopter transport Urban ground transport Suburban ground transport Rural ground transport

Activation interval
NEMSIS 35,557 1,573,823 91,560 170,203
Carr et al 2,281 105,145 105,145 6,846

On-scene interval
NEMSIS 46,962 415,475 27,916 52,559
Carr et al 4,047 139,866 127,850 30,047
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being 58% faster than BLS at getting en route to the scene.
In urban environments, this discrepancy was driven by
EMSDispatchCenterTime, while in suburban and rural envi-
ronments it was caused more by EMSChuteTime. It is pos-
sible that the more expeditious ALS response were due to
differences in injury severity, with ALS being utilized more
frequently for severe injuries, and therefore urgency is pri-
oritized. While total on-scene times were very similar, on-
scene time for ALS was longer than BLS for all ruralities.
These differences are very minor in urban environments but
become substantial in suburban and rural locations. We
believe this is due to the increased capabilities and invasive
methods used by ALS.

Limitations

There are limitations associated with the NEMSIS dataset
that must be acknowledged. First, the dataset is a large con-
venience sample, consisting solely of data submitted by par-
ticipating EMS agencies and may not represent the entire
U.S. population. It likely includes a disproportionate number
of EMS agencies with the resources and leadership necessary
to participate in the program. This may explain the large
number of urban results compared to suburban and rural
environments. While under the Census Bureau designation,
roughly 23 percent of the population is considered rural,
only approximately 10 percent of the sample was repre-
sented by rural EMS providers. Second, while the NEMSIS
database contains data from a wide array of states, the
authors cannot say for certain how many states are repre-
sented once case selection was completed. The NEMSIS
public-release research does not disclose the state in which
the record was generated. However, results include activa-
tions from all nine U.S. Census Divisions, representing a

diverse geographic sample. Third, NEMSIS contains records
from two-tier EMS response systems consisting of a first
responder crew and transporting crew. In these two-tier sys-
tems, the transporting crew is often not required to respond
with the same urgency as the first responding crew. There is
no definitive way to identify records from these systems,
and therefore both are potentially included, resulting in lon-
ger dispatch intervals. Finally, due to differences in inclu-
sion/exclusion criteria, potential selection bias could have
occurred and affected case selection during the filtering pro-
cess (29).

Conclusion

As GIS technology is becoming more widely utilized in this
field, accurate activation and on-scene intervals are essential
for geospatial models analyzing access to trauma care. The val-
ues derived from this analysis represent a more accurate and
up-to-date representation of prehospital intervals from EMS
systems currently in place. This analysis more effectively
defines the EMS activation and on-scene intervals by utilizing
the national standardized data protocol from EMS agencies
across the nation. In addition to establishing the modern base-
line metric for these critical prehospital care intervals, these
data will be important to identifying and quantifying areas for
focused process improvement, enhancing access to care, and
assessing the impact of any such interventions by comparing
pre and post-intervention interval times.

Disclaimer

The U. S. Army Medical Research Acquisition Activity, 820 Chandler
Street, Fort Detrick MD 21702-5014, is the awarding and administering
acquisition office. This work was supported by the Office of the

Table 3. Mean and standard deviations for activation and on-scene intervals (mins) of helicopter and ground units for trauma responses.

Helicopter transport Urban ground transport Suburban ground transport Rural ground transport

Activation Interval
NEMSIS
EMSDispatchCenterTime 5.19 ± 6.79 1.59 ± 3.65 1.55 ± 3.31 1.36 ± 3.40
EMSChuteTime 8.57 ± 4.90 1.01 ± 1.56 1.34 ± 2.14 1.97 ± 3.00
Total activation interval 13.75 ± 7.44 2.60 ± 3.94 2.88 ± 3.89 3.33 ± 4.58
Median 12.00 1.68 2.00 2.00
Carr et al. 3.53 ± 3.81 1.40 ± 1.41 1.40 ± 1.41 2.89 ± 1.64

On-Scene Interval
NEMSIS
Median 16.00 14.00 16.00 15.92
Mean & SD
Carr et al.

19.42 ± 16.09
21.60 ± 18.90

15.50 ± 10.46
13.50 ± 3.71

17.56 ± 11.27
13.45 ± 21.80

18.07 ± 16.13
15.06 ± 16.80

Table 4. Mean and standard deviations for activation and on-scene intervals for BLS and ALS ground units for trauma responses.

Urban BLS Urban ALS Suburban BLS Suburban ALS Rural BLS Rural ALS All BLS All ALS

Activation Interval
NEMSIS
EMSDispatchCenterTime 2.48 ± 5.32 1.49 ± 3.40 1.96 ± 3.68 1.50 ± 3.27 1.61 ± 3.92 1.31 ± 3.32 2.35 ± 5.11 1.47 ± 3.39
EMSChuteTime 1.37 ± 2.15 0.97 ± 1.48 2.35 ± 3.56 1.22 ± 1.87 3.22 ± 4.26 1.78 ± 2.70 1.64 ± 2.65 1.06 ± 1.66
Total activation interval 3.86 ± 5.60 2.46 ± 3.69 4.30 ± 4.80 2.72 ± 3.73 4.84 ± 5.86 3.10 ± 4.31 4.00 ± 5.60 2.53 ± 3.75
Median 2.18 1.62 3.00 2.00 3.00 2.00 2.32 1.68
n 157,853 1,415,970 9,540 82,020 22,746 147,457 190,139 1,645,447

On-Scene Interval
Median 13.92 14.00 14.00 16.00 14.00 16.00 14.00 14.25
Mean & SD 15.38 ± 9.47 15.54 ± 10.73 16.03 ± 9.93 18.02 ± 11.60 16.31 ± 18.57 18.67 ± 15.18 15.52 ± 10.93 16.00 ± 11.38
n 96,402 319,073 6,394 21,522 13,296 39,263 116,092 379,858
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