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Burden of Trauma



• In 2016, trauma accounted for 29.2 million Emergency Department visits. 1

• Trauma is the leading cause of death for those aged 46 years and younger. 

• Trauma-related mortality has increased by 23% between 2000 and 2010. 2

• Accounting for medical expenditures and lost productivity, the annual burden of trauma care is approximately 
$670 billion in the US. 3

• The recognition of traumatic injuries as an addressable public health epidemic rather than unavoidable accidents 
has led to the birth and expansion of trauma systems.

• Trauma is responsible for 9% of mortality worldwide. 4

1. Accidents or Unintentional Injuries. CDC 2019, Dec 3

2. Rhee P. Increasing trauma deaths in the US. Ann Surg. 2014;260:13-21

3. Cost of Injury. The American Association for the Surgery of Trauma website 2019

4. Alharbi RJ. The effectiveness of trauma care systems W J of Emerg Surg.16, 38(2021)



History of Trauma Systems



Military Roots



• American Civil War - led to the medical evacuation system 5

• WW1 - mass casualties propagated triage through tiered echelons of increasingly capable care. 6

• Korean War - motorized transport i.e. helicopters. More expeditious evacuation. 

• Average injury-to-surgery time and mortality. 7

• WW1 - 12-18 hours. (8.5%)

• WW2 - 6-12 hours. (5.8%)

• Korean War - 2-4 hours. (2.4%)

• Vietnam War - 65 minutes. (1.7%)

5. Swanson R. The development of triage.National Museum of Civil War Medicine; 2014

6. Mullins RJ. A historical perspective of trauma system development in the US. J Trauma Acute Care Surg. 1999;47:S8

7. Trunkey DD. Trauma. Sci Am. 1983;249:28-35



National Spotlight



November 22, 1963



November 24, 1963



Timeline
• Lee Harvey Oswald initially held in the Dallas Police Department Building 

• Shortly after 11AM, he was brought down the elevator to be transferred, via armored truck, to the County 
Jail

• Jack Ruby, a local bar owner had clandestinely entered the building.

• At 11:20 Ruby approached Oswald from his left and fired a single 0.38-caliber shot.

• Oswald arrived Parkland Emergency Room at 11:30

• He was unconscious at this point

• Intubated and a left chest tube placed

• In the OR at 11:42





Surgical Team
• G. Tom Shires MD - Chairman Department of Surgery 

• 36th birthday was the day of Kennedy’s assassination.

• Robert McClelland MD - 34 years old. Assisted Dr. Shires.

• Kenneth Mattox - 25 years old, Fourth Year medical student on his surgery rotation.



Operation
• Oswald given oxygen, but no anesthetic was administered. Did not regain consciousness.

• Initially, no SBP with a HR of 130.

• Midline abdominal incision made. 2-3L of blood present.

• Bullet had injured: Spleen, stomach, right kidney, right lobe of liver. The Superior mesenteric artery was 
avulsed off the aorta and there was injury to the IVC as well. 

• First, a clamp was placed across the Right kidney hilum

• Spleen, left colon and pancreas were rotated medially. Pancreas appeared “shattered”

• Aorta cross clamped. Did record a SBP of 100 at this point.



Operation
• Cardiac dysrhythmia developed

• Left chest opened for open cardiac massage.

• Defibrillated the heart and a pacemaker was placed into the right ventricle

• No effective contraction. Fixed and dilated

• Declared dead at 1:07 (85 minutes)

• EBL: 8376mL

• Received 16U whole blood and 9L crystalloid. 8

8. Shires GT.  Typed Operative Report Record form for Lee Harvey Oswald



Aftermath
• Jack Ruby sentenced to death on March 14th, 1964.

• Appealed successfully on October 5, 1966.

• While awaiting second trial, Ruby admitted to Parkland with a cough December 9, 1966

• Workup revealed metastatic adenocarcinoma - Lung Primary.

• Given 5-fluorouricil chemotherapy - did poorly on this.

• Died January 3, 1967 of a massive pulmonary embolism.



Aftermath
• Dr. Shires

• 1966 - published Care of the Trauma Patient. One of the earliest trauma texts

• Received a National Institutes of Health grant to study fluid management in trauma patients.

• Dr. McClelland

• First Editor of Selected Readings in General Surgery.

• Dr. Mattox

• Described the Mattox maneuver 

• Trauma, Critical Care & Acute Care Surgery Conference



“The Oswald Injury”
• Uncommon and almost uniformly fatal.

• Lethal injury to the aorta and vena cava.

• Penetrating Aortic Injuries:

• A 1961 article identified only 22 case reports in the published literature. 9

• Penetrating Caval Injuries:

• A 1965 review of naval injuries at Parkland found 42 cases with 25 survivors (40%). 10

9. Bradham GB. Successful repair of a bullet wound of the abdominal aorta. Ann Surg. 1962;155(1):86-89

10. Duke JH. Management of injuries to the vena cava. Am J Surg. 1965;110(5):759-763





Legislation 



• Highlighted accidental injury as a neglected epidemic

• “Leading cause of death in the first half of life’s span”

• Underscored the deficient emergency medical care 
capacity 

• Urged the establishment of trauma registries, hospital 
trauma committees and increased funding

Accidental Death and Disability: 
The Neglected Disease of 
Modern Society 

1966



• Federal Government 

• Mandate of vehicle standards (seatbelts), 
improved road standards and public education 
of driver safety laws (driving while intoxicated)

• Rapid decrease in motor vehicle fatalities by 
1970

The National Traffic and 
Motor Vehicle Safety Act

1966



• Allocated the first federal funds to establish 
EMS systems

• Identified 15 components of an EMS system

• Emphasis placed on regional development and 
trauma care

Emergency Medical Services 
System Act of 1973

1973



Emergency Medical Services Systems Act
1973

• ACt provided structure and uniformity to the EMS System 

• Illinois was the first State to receive federal funds

• 4 million dollars to establish a statewide trauma system with 40 integrated centers

• Over the next 8 years, $300 million in federal grants helped establish 304 EMS regions



• American College of Surgeons

• Details what constitutes a trauma center

• Presents a method to designate trauma 
centers based on capabilities 

• 2022 Standards

• Level I - Level IV/V

Optimal Hospital Resources for 
Care of the Injured Patient 

1976



American College of Surgeons Committee on 
Trauma

• Oldest standing committee in the ACS - founded 1922 by Charles Scudder MD.

• Focuses on a multidisciplinary approach to the care of the injured patient. 

• Recognizes that trauma is a surgical disease requiring surgical leadership.

• Mission is to implement programs that support injury prevention and ensure optimal patient outcomes 

• Programs include: advocacy, education, best practice dissemination, outcome assessment, and performance 
improvement.





Institute of Medicine : To Err is Human
2000

• Brought to light:

• The high frequency of medical errors.

• Their impact on patients.

• Explained the mechanism by which errors occurred.

• Report acknowledged that humans in all forms of work make errors.

• Healthcare systems should change their focus from blaming individuals to preventing future errors by 
building safety into the system.

• These systems would make it difficult for providers to do the wrong thing and guide them to do the right 
thing.

• IOM supported the development of systems that absorb human failures and correct for them, to still deliver 
high quality care.



• Expert Panel to provide recommendations to 
reduce preventable death and disability after 
injury.

• Emphasized the importance of a learning 
health system so that trauma care might 
continuously improved based on lessons 
learned from available data.

National Academies of Sciences, 
Engineering and Medicine

2016



Legislative Setbacks
• Omnibus Budget Reconciliation Act of 1981

• Ended Federal Government support of EMS.

• Institute of Medicine and National Research Council Committee on Trauma Research Injury in America: A 
continuing Public Health Problem. National Academies Press. 1985

• Elucidated persistent deficiencies in coordinated trauma systems and lack of research funding

• Progress in the Development trauma systems in the US: results of a National Survey. JAMA 1995;273:395-401

• Found that only 20 states had adopted trauma systems, only 5 of which were fully functional.



Components of a Trauma System



Dphhs.mt.gov
• A trauma system is organized to protect people from unnecessary deaths and morbidity due to trauma.

• Mature trauma systems encompass a full continuum of service components - from injury research and prevention, 
pre-hospital care and hospital care - to rehabilitation services and performance improvement activities.

• Obstacles faced by patients and providers in Montana:

• Geographic isolation 

• Time between injury and discovery

• Extrication issues

• Distance to immediate healthcare

• Local healthcare resource availability 





ACS COT - Education
• ATLS

• Established 1978 - Dr. James Styner

• Adopted by ACS COT in 1980

• Currently taught in 80 countries and has trained 1 million physicians

• ASSET (Advanced Surgical Sills for Exposure in Trauma)

• ATOM (Advanced Trauma Operative Management)

• Rural Trauma Team Development course - is an organization improvement course that assists physicians and 
administrators in developing communication strategies to allow rapid transfer of trauma patients to more 
capable facilities



ACS COT - Research
• AAST (American Association for the Surgery of Trauma.

• Founded 1937

• Premier scholars organization in the field of trauma and critical care

• Publishes the Journal of Trauma and Acute Care Surgery 

• Brain Trauma Foundation

• American Spinal Injury Association 

• Chest Wall Injury Society



ACS COT - Advocacy
• 50 Million of funding for firearm morbidity and mortality research 

• MISSION ZERO Act - funds the embedding of military trauma professionals within civilian trauma centers to 
promote collaboration

• Hartford Consensus - Stop the Bleed 

• Response to the Sandy Hook Elementary School shooting



ACS COT - Data Collection

• NTDB (National Trauma Data Bank)

• Supports quality improvement and benchmarking

• TQIP (Trauma Quality Improvement Program)



Trauma System Value



Alharbi RJ. The effectiveness of trauma care systems at different stages of 
development in reducing mortality: a systematic review and meta-analysis. 

World Journal of Emergency Surgery.16,38(2021)

2021

• 52 studies with over 1.1 million trauma patients

• When patients were treated in a non-trauma system compared to a trauma system, the odds of mortality 
rates increased (OR 1.17 [95% CI 1.10-1.24];p < 0.001)

• When patients were treated in a post-implementation/initial system compared to a mature system, odds of 
mortality were significantly higher (OR 1.46 [95% CI 1.37-1.55];p < 0.001)

• Data indicates a significant reduction in mortality following the introduction of the trauma system which is 
further enhanced as the system matures.



“But, these patients are going to come here 
anyway.”        Anonymous CEO



Value of the Trauma Program to the Hospital 
System

• Trauma patients often arrive unexpectedly and at “off-hours,” requiring intensive and varied resources that 
must be in place at a single location and ready at all times.

• There is frequently little or no marking for error or delay and the gap between good and bad outcomes is 
often great.

• Trauma centers accept patients traveling long distances regardless of the existing comorbid disease state.

• Even after discharge, patients commonly require significant and ongoing speciality care.



Taheri P. Trauma Center Downstream Revenue: The 
Impact of Incremental Patients Within a Health System. J 

Trauma. 2007;62:615-621
• 2 year study period 2002-2004

• 3,679 trauma patients admitted - initial admission revenue was 103 million. Downstream inpatient facility 
revenues were 26 million.

• 60% came from outside the normal catchment area.



Downstream Revenue
• High AIS head and chest - drives initial admission revenue.

• Age, co-morbidities, High AIS muscular-skeletal - drives downstream revenue.

• Many trauma patients do not fit the typical health system profile and as such have no obvious reason other 
than their traumatic injuries to access the health system. Put differently, this downstream revenue is truly 
incremental system activity.

• The economic case for trauma care must include downstream activity to accurately reflect both the economic 
and professional commitment.

• Trauma centers must endeavor to understand not only how an individual trauma patient’s initial visit affects 
the system, but also develop a more comprehensive perspective on how these patients influence the system 
during the long term.



Economics of Trauma Systems
• Trauma programs must reinvent themselves to be identified as economic engines of their hospital system. 

• Trauma and Emergency General Surgery services provide a large and stable revenue source for hospitals and 
health systems.



Performance Improvement 
• Tool to improve how care is delivered.

• Pareto Principle - 80% of the problems come from 20% of the causes.

• Measuring and analyzing data - if you don’t measure something, you can’t fix it.

• Mean or Median - estimate of the “central tendency”

• Standard deviation - estimate of variability

• Estimate the amount of bias.

• There is a lot within Systems engineering: quality management strategies  (Lean and Six Sigma,) Statistical 
process control, high-reliability approaches, human-factors engineering, complexity science, safety tools (RCA 
and Failure Modes and Effective Analyses FEMAs)



Performance Improvement - Steps
• Define a set of Quality Measures to track and trend.

• For Mortality - need definitions:

• Anticipated: Death expected as a result of the injuries or co-morbid conditions.

• Unanticipated: Death not expected as a result of the injuries sustained.

• Failure to Rescue: Death following a treatable condition.

• Factors playing a role in the pathway leading to mortality.

• JCAHO Patient Safety Event Taxonomy.11

• Mitigation Strategies designed to prevent recurrent harm

11. Vioque SM. Classifying errors in preventable and potentially preventable trauma deaths. Am J Surg. 2014;208(2):187-194



JCAHO Patient Safety Event Taxonomy
• Type of Error

• Communication (inadequate handover)

• Patient management (inadequate followup of critical results)

• Clinical performance (intervention or diagnostic error)

• The Domain

• Setting, staff involved, patient type

• The Cause

• Human

• Systems



Hierarchy of Intervention of Effectiveness

• Tool to review proposed mitigation strategies 

• Ranks error prevention strategies from low-level, person-focused to higher-level, system-focused

• Low Level Example:

• Direct Feedback to the involved healthcare provider. Passive knowledge dissemination.

• Higher Level Example:

• Improving Care Principles and norms - Rules, policies and guidelines.

• Introduction of checklists for important steps of care or resource changes (central line insertion bundle)

• Highest Level Example:

• Forcing Functions - features preventing electronic medication ordering unless patient allergy profile is completed





Hamad DM. Error reduction in trauma care: Lessons from an 
anonymized national, multi center mortality reporting system. J 

Trauma Acute Care Surg. 2022;92(3):473-478

• The care of injured patients remains particularly sensitive to errors

• Harm mitigation and prevention is crucial to improving the quality of trauma and surgical patients. 

• Authors found that, despite the complexity of the issues identified, mitigation strategies to prevent recurrent 
errors were frequently limited to low-impact, person-focused interventions, known to be insufficient to 
improve patient safety.

• A 20-year study found that the rates of deaths associated with an error at a Level 1 increased from 2.5% to 
2.9% of all mortalities. 12

12.LaGrone LN.  Changes in error patterns in unanticipated trauma deaths. J Trauma Acute Care Surg. 2020;89:1046-1053



PI - future directions
• Development of systems that absorb human errors and correct them, to still deliver high-quality care.

• High-reliability organizations in high-stakes and high-complexity fields:

• Aviation

• Nuclear Power

• Organizations with high-reliability overcome human capacity  for errors by anticipating failures and 
designing safety into their systems and processes.

• Hospital Systems can support this:

• Develop supportive organizational structure, effective processes, policies and a safe workplace culture



Montana Trauma Systems
• Work collaboratively not competitively as trauma systems

• A predetermined and organized response to managing injured patients.

• Best utilization of resources and funding.

• Collaboration on violence prevention.

• Working to ensure use of best practices.



Regional Trauma System
• One Call System

• Shared Protocols

• Data Sharing.

• Having more trauma centers in a state compared with other states was associated with higher injury related 
mortality. 13

13. Troung EI. Do statewide increases in trauma centers reduce injury-related mortality? J Trauma Acute Care Surg.2021;91(1):171-177



Lets make the Last Best Place the 
First Best Place for Rural Trauma 

Care
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