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Injury mortality was classically described with a trimodal distribution, with 

immediate deaths at the scene, early deaths due to hemorrhage, and 

late deaths from organ failure. We hypothesized that the development 

of trauma systems has improved prehospital care, early resuscitation, 

and critical care and altered this pattern. This population-based study 

of all trauma deaths in an urban county with a mature trauma system 

reviewed data for 678 patients (median age, 33 years; 81% male; 43% 

gunshot, 20% motor vehicle crashes). Deaths were classified as immedi-

ate (scene), early (in hospital, ≤4 hours from injury), or late (>4 hours 

after injury). Multinomial regression was used to identify independent 

predictors of immediate and early versus late deaths, adjusted for age, 

gender, race, intention, mechanism, toxicology, and cause of death. 

Results showed 416 (61%) immediate, 199 (29%) early, and 63 (10%) 

late deaths. Compared with the classical description, the percentage 

of immediate deaths remained unchanged, and early deaths occurred 

much earlier (median 52 vs 120 minutes). However, unlike the classic 

trimodal distribution, the late peak was greatly diminished. Intentional 

injuries, alcohol intoxication, asphyxia, and injuries to the head and chest 

were independent predictors of immediate death. Alcohol intoxication 

and injuries to the chest were predictors of early death, while pelvic 

fractures and blunt assaults were associated with late deaths. In con-

clusion, trauma deaths now have a predominantly bimodal distribution. 

Near elimination of the late peak likely represents advancements in 

resuscitation and critical care that have reduced organ failure. Further 

reductions in mortality will likely come from prevention of intentional 

injuries and injuries associated with alcohol intoxication.

ver a quarter century ago, Cowley described the “golden 
hour” for resuscitation of the severely injured, implying 
that patients who received defi nitive care soon after 
injury had better outcomes (1, 2). In a classic paper 

in 1983, Trunkey described a trimodal distribution of trauma 
deaths based upon the time interval from injury to death (3) 
(Table 1). Subsequently, comprehensive trauma systems were 
developed to reduce the burden of injuries and trauma deaths 
by devising interventions to reduce all three types of trauma 
deaths (4). Over the last three decades, these developments 
have included injury prevention, use of prehospital advanced 
life support interventions, rapid transport, widespread adop-
tion of advanced trauma life support by prehospital providers 
and emergency departments, designated trauma centers with 

personnel and resources to care for the injured, evidence-based 
protocols for acute care of injuries, advances in critical care 
medicine, multidisciplinary care of the injured, and an emphasis 
on rehabilitation and reintegration into society. 

Th e impact of these developments in trauma systems on 
the outcome of trauma patients is not known. A single study 
published over a decade ago found a bimodal distribution of 
trauma deaths, with a persistent peak in immediate deaths and 
a second peak at 48 hours (5). However, the study population 
consisted of predominantly blunt injuries from a diverse geo-
graphical environment, with inconsistent access to prehospital 
care and trauma centers across the region. Th e purpose of the 
current study was to examine the time distribution of trauma 
deaths in an urban setting with a well-established and mature 
trauma system. We hypothesized that in a modern trauma 
system, there would be fewer immediate (at the scene) and 
early deaths (within hours of hospital arrival) and more delayed 
trauma deaths (multiple organ failure, sepsis).
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Table 1. Trunkey’s 1983 classification of immediate, early, 
and late trauma deaths*

Deaths Timing† Location Cause Interventions‡

Immediate Minutes Scene
Nonsurvivable 

injuries
Injury prevention

Early Hours Hospital

Severe injuries, 

potentially 

survivable with 

optimal care

Improved access to 

trauma care

Late Weeks Hospital
Multiple organ 

failure, sepsis

Improved resuscitation/

critical care

*From Trunkey, 1983 (3).

†Timing of death after sustaining injuries.

‡Primary interventions with the most potential to reduce trauma deaths.
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METHODS
We undertook a population-based study of all trauma-related 

deaths in an urban county in 2005. Data were obtained from 
the offi  ce of the county medical examiner. Under article 49.25 
of the state code of criminal procedure, the county medical 
examiner must be notifi ed when any person dies an unnatural 
death or when the circumstances of death are unknown or lead 
to suspicion that the death was the result of unlawful means 
(6). Th e chief medical examiner for the county requires that all 
deaths that are the direct or indirect result of injury undergo a 
complete forensic postmortem examination. Th is requirement 
provides a unique opportunity in Dallas County to capture all 
injury-related deaths, including scene deaths, hospital deaths, 
and late deaths if they were in any way related to trauma. Data 
reviewed consisted of information obtained through scene in-
vestigations, police reports, prehospital and hospital records, 
and autopsy and toxicology fi ndings.

A total of 4318 deaths were reported to the county medical 
examiner during calendar year 2005. All were reviewed to iden-
tify deaths due to injuries. Patients were excluded if their death 
resulted from a drug overdose, poisoning, burn, or foreign-body 
aspiration and if they were not a resident of the county. Th e fi nal 
study population consisted of 678 deaths, which constituted 
16% of all deaths in the county. Th e estimated population of 
the county on July 1, 2005, was 2,308,527, and this was used 
to calculate trauma mortality rates (7). Th e time from injury to 
death and location of death were used to classify each death into 
one of three categories as described by Trunkey (3). Patients who 
were pronounced dead at the scene were considered “immedi-
ate” deaths, while those who were transported to the hospital 
were classifi ed as “early” deaths (≤4 hours from injury) or “late” 
deaths (>4 hours from injury). Th ose who were transported to 
the hospital and were pronounced dead on arrival were classi-
fi ed as early deaths. 

Th e distribution of deaths in this study was compared with 
the classical trimodal distribution by plotting the two together. 
Further statistical analysis was undertaken to identify inde-
pendent predictors of each type of trauma death. Predictors 
explored included age, gender, mechanism of injury, intention, 
alcohol intoxication, and types of injuries. Correlations were 
performed to identify any interactions among the predictors. 
Variance infl ation factor was calculated to measure the im-
pact of collinearity among variables in the model. Any of the 
variables with a variance infl ation factor ≥10 were considered 

to have a high degree of collinearity and were removed from 
the model. Multinomial regression analysis was used to iden-
tify independent predictors of immediate and early versus late 
deaths, adjusted for the confounders listed above. Odds ratios 
were calculated with their 95% confi dence intervals. A P <0.05 
was considered signifi cant for all analyses. 

RESULTS
Th e trauma-specifi c mortality rate of the county was 29.4 

deaths per 100,000 residents, while the national rate was 42.5 
deaths. Th e median age of patients was 33 years, and 81% were 
male (Table 2). Almost half of all deaths were due to fi rearm 
injuries, while traffi  c-related deaths accounted for a quarter of all 
deaths (Figure 1). Th e most common injury leading to trauma 
deaths was isolated head injury followed by asphyxia, while a 
quarter of patients died from multiple injuries (Figure 2). 

A majority of the deaths occurred immediately (416, 61%). 
Of the rest, 199 (29%) were early, and only 63 (9%) were 

Table 2. Description of trauma deaths in Dallas County, 2005

All
(n � 678)

Immediate
(n � 416)

Early
(n � 199)

Late
(n � 63)

Median age (years) 33 35 28 33

Gender: male 81% 80% 87% 70%

Race: white 62% 73% 47% 41%

Intentional 62% 73% 47% 27%

Alcohol related 36% 40% 35% 10%

Figure 1. Mechanism of injury among 678 trauma deaths in Dallas County, 

2005. GSW indicates gunshot wound; MVC, motor vehicle crash; MPC, motor 

vehicle vs pedestrian; MCC, motorcycle crash.
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from the analysis, the results were similar, as were the propor-
tions of immediate, early, and late deaths (60%, 30%, and 
10%, respectively). 

Multinomial regression analyses demonstrated that inten-
tional injuries, alcohol intoxication, asphyxia, and injuries to the 
head and chest were independent predictors of immediate death 
(Table 3). Alcohol intoxication and injuries to the chest were 
predictors of early death, while pelvic fractures and blunt assault 
were associated with late deaths. Early deaths were further ana-
lyzed to examine possible explanations for the shift to a shorter 
interval from injury to death. Th e median transport time was 
about 40 minutes (interquartile range, 31–48), indicating that 
most of these patients were pronounced dead within minutes 
of hospital arrival. Injuries resulting in early deaths were then 
categorized into nonsurvivable (traumatic brain injury, injury 
of heart or aorta) and potentially survivable (all other injuries). 
Of the early deaths, 76% of patients died of nonsurvivable 
injuries, suggesting that many patients who were transported 

late. Compared with the historical controls, this represented an 
increase in the percentage of immediate deaths, a decrease in 
late deaths, and no change in early deaths (Figure 3). Ninety-
six percent of all deaths occurred within the fi rst 24 hours. Of 
those who were transported to the hospital, 84% died within 
the fi rst 12 hours and 89% in the fi rst 24 hours. When the 
deaths were plotted against time, we found a persistent peak 
in immediate and early deaths (Figure 4). However, the early 
deaths occurred earlier (historical median 120 minutes vs 
52 minutes in the present study), suggesting improvements 
in prehospital care resulting in earlier arrival of severely in-
jured patients at the hospital (Figure 5). Most importantly, 
only 4% of deaths occurred after the fi rst 24 hours, resulting 
in a markedly diminished late peak, suggesting improvements 
in resuscitation, critical care, and prevention and treatment of 
complications. Asphyxia, which was defi ned as strangulation, 
hanging, or drowning, may represent a diff erent entity than 
other forms of trauma. However, when asphyxia was excluded 

Figure 3. Timing of trauma deaths in the historical group from Trunkey’s 

1983 study (3) and in the group of 678 trauma deaths in Dallas County in 

2005.
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Figure 4. Timing distribution of trauma deaths compared with the historical 

trimodal distribution. The black line represents the historical trimodal distribution; 

bars represent the present study.
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Figure 5. Time shift in early deaths in the group of 678 trauma deaths in Dallas 

County in 2005 compared with the historical group from Trunkey’s 1983 study (3).
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Table 3. Predictors of immediate and early versus late deaths 
among 678 trauma deaths in Dallas County, 2005

Predictors

Odds ratios with 95% confidence intervals

Immediate Early

Age 0.98 (0.97–1.01) 1.02 (1.01–1.03)*

Intentional injury 5.0 (2.7–9.5)* 1.46 (0.8–2.8)

Alcohol intoxication 7.0 (2.8–7.2)* 4.8 (1.9–11.9)*

Head injury 2.2 (1.2–4.2)* 1.01 (0.53–1.9)

Chest injury 3.6 (1.5–8.8)* 4.3 (1.8–10.5)*

Asphyxia 17.8 (2.3–14.2)* 6.9 (0.85–55.5)

Pelvis injury 0.21 (0.06–0.75)* 0.31 (0.09–1.08)

Blunt assault 0.16 (0.06–0.47)* 0.17 (0.05–0.61)

*P � 0.05.

Changing epidemiology of trauma deaths leads to a bimodal distribution
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to the hospital were moribund. Such patients may have been 
classifi ed in the immediate category by Trunkey.

Substance abuse was prominent, as 56% of all deaths and 
63% of immediate deaths had a positive toxicology screen on 
postmortem examination. Alcohol was the most frequent sub-
stance identifi ed, comprising 35% of all deaths and 40% of 
immediate deaths. Furthermore, 54% of those who died from 
penetrating injuries had detectable levels of illicit drugs in their 
postmortem blood, most commonly marijuana (25%) and co-
caine (16%).

DISCUSSION
Th e classical trimodal distribution of trauma deaths was 

described by Trunkey in 1983, based upon the distribution of 
deaths due to injuries in several counties of northern California 
(3). Th e fi ndings of the current study show several important 
changes in the distribution of trauma deaths since then, as 
well as several similarities. With advances in trauma systems, 
the deaths have now assumed a largely bimodal distribution, 
with a vast majority of deaths occurring within the fi rst few 
hours. Patients who survive beyond that are likely to live, with 
a dramatic decrease in the number of late deaths. At the same 
time, large numbers of immediate and early deaths emphasize 
a persistent need for ongoing eff orts in injury prevention and 
control.

With development of prehospital and trauma systems, a 
large number of trauma patients are rapidly transported to trau-
ma centers, where they are treated aggressively. Hence, when 
we undertook this study, we expected to see a reduction in the 
number of early deaths and an increase in the number of late 
deaths due to a larger number of patients surviving the initial 
insult. A late peak in deaths occurring days to weeks later has 
generally been attributed to the consequences of initial shock 
and crystalloid resuscitation (8, 9). Th e resulting ischemia-
reperfusion injury leads to cellular damage, subsequently re-
sulting in multiple organ dysfunction, such as acute respira-
tory distress syndrome, acute renal failure, cardiac dysfunction, 
infections, and sepsis (10–15). Near elimination of late deaths 
probably refl ects improving outcomes of patients with multiple 
organ dysfunction. For example, recent critical care data sug-
gest a reduction in mortality due to acute respiratory distress 
syndrome and acute renal failure (16, 17). Th ese reductions 
have been attributed to improvements in critical care, such as 
intensivist-led units, evidence-based medicine (such as low-
stretch ventilation), protocol-driven care, and minimization of 
errors (18, 19). Also, improvements in resuscitation methods, 
such as early use of blood products, utilization of massive trans-
fusion protocols, and an emphasis on minimizing crystalloid 
resuscitation, may have contributed to reduction in late deaths 
(20).

Another important fi nding of this study was a change in the 
timing of early deaths. Again, with improvements in trauma 
systems, we expected that the peak in early deaths would shift 
to the right, i.e., patients with life-threatening but survivable 
injuries who made it to the hospital were being treated early and 
aggressively, and thus many deaths were prevented or prolonged. 

However, our data showed a shift to the left, suggesting that 
patients who made it to the hospital were actually dying earlier 
than historical controls. Th ere are two possible explanations: 
either prehospital providers are bringing to the hospital sicker 
patients who are essentially dead upon arrival, or the initial re-
suscitation and management at the hospital are not as eff ective as 
they used to be. We believe that the former explanation is more 
plausible. Unfortunately, we were not able to determine which 
patients were pronounced dead upon arrival to the hospital. 
However, in our data, the median time from injury to hospital 
arrival was 42 minutes, while the median time from injury to 
death was 52 minutes. Th e short time interval between arrival at 
the hospital and time of death suggest that most of the patients 
in the early death group were moribund during transport. In 
a mature trauma system, prehospital times are probably much 
shorter now than they were before the trauma systems were 
developed, especially in an urban environment. Th is may also 
refl ect a “scoop and run” approach by local paramedics. Hence, 
it is possible that many of the patients who would have previ-
ously been pronounced at the scene are now transported to 
hospitals. As such, it is likely that many of the deaths that we 
classifi ed as early deaths in the current study were classifi ed as 
immediate deaths in Trunkey’s study. Th is logic is supported by 
the fact that a majority of early deaths were due to nonsurviv-
able injuries, such as an aortic transection, heart laceration, or 
severe brain injury.

In our study, the trauma-specifi c mortality rate was 29.4 
per 100,000, signifi cantly lower than the national rate of 42.5. 
Th e most plausible explanation for this discrepancy is access 
to trauma care. Dallas County is a large urban county with 
readily available ground and air medical transport throughout 
the region. In addition, there are two level 1 and one level 2 
trauma centers in the county, and more than 80% of the patients 
were transported to these hospitals. Th e national rate includes 
patients from both urban and rural areas, a large portion of 
whom may not have direct access to trauma care. Furthermore, 
the mechanism and severity of injury may diff er between urban 
and rural environments. 

We believe that the most important fi nding of our study 
is a persistent need for injury prevention and control in our 
community. Our data show that a large majority of patients in 
Dallas County died of nonsurvivable injuries, suggesting that 
further reduction in trauma deaths may not be achieved with 
improvements in postinjury care. Even if all patients with po-
tentially survivable injuries were salvaged with perfect therapies 
delivered in a fl awless system of clinical care, the reduction in 
total number of trauma deaths would be rather small. Th erefore, 
prevention of the injuries is likely to have the greatest impact 
on trauma mortality. 

Multinomial analyses suggest potential targets for interven-
tion, such as intentional injuries, primarily due to fi rearms, and 
injuries associated with alcohol intoxication. Substance abuse 
was a common fi nding on postmortem examination. While no 
direct causal relationship can be determined, the frequency of 
substance abuse among the trauma deaths suggests that it may 
be a signifi cant contributing factor. Furthermore, the autopsy 
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rates identifying substances of abuse may underestimate the 
actual frequency, as those who died later following their injuries 
may have eliminated the drugs or alcohol from their systems, 
resulting in a negative screen. Brief alcohol interventions and 
programs such as “Drive Alive,” which link alcohol consump-
tion to injury, have demonstrated short-term success in reducing 
the number of recurrent injuries related to alcohol. However, 
those patients have already sustained and survived their in-
juries, and a long-term benefi t from these programs has not 
yet been demonstrated (21–24). Additional prevention eff orts 
should target the larger population at risk to modify behavior 
and attitudes towards alcohol and drug abuse. Unfortunately, 
the focus of trauma research continues to be fi nding the next 
best clinical therapy (25, 26). We strongly recommend that 
the trauma community support a similar emphasis on primary 
prevention of injuries through infl uencing the research agenda 
of the funding agencies. 

Th is study has several potential limitations. It was a retro-
spective review of preexisting data and suff ers from inherent 
limitations of such studies. Specifi cally, some data points may 
be subject to recall bias, such as the time of injury. However, we 
believe that the data were reliable, as they were obtained either 
from the report of a fi eld investigator or from prehospital pro-
viders. Th e fi ndings refl ect the experience of a single, large urban 
county with three major trauma centers. Hence, the study may 
not be representative of all trauma deaths in the country. Also, 
a comparison of trauma system in Trunkey’s study in 1983 to 
Dallas County in 2005 would be interesting. However, those 
descriptions were not available for analysis. In addition, we 
were not able to capture county residents who may have died 
of injuries outside the county jurisdiction, which may alter our 
estimate of the trauma-specifi c mortality rate. We assigned the 
cause of death based upon our assessment of all the injuries that 
were found at autopsy. Since many patients sustained multiple 
injuries, it is impossible to determine which injury directly led 
to the death of the patient. Finally, it should be recognized that 
comparison with historical controls was limited. Th is study was 
based on a visual comparison of recent data with a historical 
analysis, as we were not able to obtain the original historical 
data. Hence, a valid statistical comparative analysis of the two 
studies was not possible. Th erefore, no defi nitive conclusions 
may be drawn from this analysis.

In conclusion, we have shown that trauma-related deaths 
now have a largely bimodal, rather than a trimodal, distribu-
tion. Th e greatly diminished late peak in deaths likely implies 
improvements in resuscitation and critical care. Th e “golden 
hour” is real and remains relevant, as a majority of deaths occur 
rapidly following a severe injury. However, any further signifi -
cant reduction in trauma deaths in Dallas County will come 
from primary prevention of intentional injuries and injuries 
associated with alcohol intoxication.
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BILL ASTON

Board of Trustees, Baylor University 
Medical Center at Dallas and Baylor 
Health Care System

Bill Aston (Figure) died on July 8, 2010, 
at the age of 82. Proceedings published an 
interview of Mr. Aston in the April 2010 
issue (see http://www.baylorhealth.edu/
proceedings/23_2/23_2_aston_intrvw.
pdf), and the following text adapted from 
the interview introduction summarizes his life.

Bill Aston was born in Irving, Texas, on October 6, 1927. 
He grew up during the Depression mostly in small rural towns 
in East and Central Texas. He was the second of four boys, and 
his father was rarely seen. Money was in short supply, and by 
age 12 he was contributing much to the ability of the family 
to survive. Neither parent fi nished high school, but Bill was a 
good student. He was curious, responsible, talented, and honest, 
and he read a lot and had good instincts. After a tour in the US 
Navy for 12 months in 1945 to 1946, he came to Dallas and 
got a job with the Dallas Power & Light (DP&L) Company 
clearing the ground under major power line poles. By 1983, 
he was its president and chief executive offi  cer and by 1986, 
its chairman. After working 40 years for DP&L, he retired in 
1986 at age 59. 

Not long after joining the company, he realized that the only 
way to rise in the hierarchy was to acquire a college degree. After 
taking several math courses at a local high school during the 
evenings, he enrolled in the night school of Southern Methodist 
University (SMU) and graduated 6 years later—at the top of 
his class. (He later received a Distinguished Alumnus Award 
from SMU.) At age 40 he had a heart attack, which changed 
his lifestyle immensely. He threw away his cigarettes, started 
running, and began eating a much healthier diet. 

His volunteer activities for the community were legendary. 
After serving on the board of trustees at St. Paul’s Hospital, he 
joined the board of trustees of Baylor University Medical Center 
at Dallas (BUMC) and the Baylor Health Care System. He 
later became chairman of the BUMC board and chairman of 
the Baylor Heart and Vascular Hospital board. Mr. Aston also 
served as chairman of the board of the Texas Healthcare Trustees 
and in 2003, in recognition of his role in health care leader-
ship, he was recognized for excellence in hospital governance 
by the Texas Healthcare Trustees Foundation’s Texas Academy 
of Governance. He also received the Trustee of the Year Award 
from the Dallas County Medical Society and a Distinguished 
Health Service Award from the Dallas–Fort Worth Hospital 
Council. He was chairman of the local, regional, state, and 
national American Heart Association (AHA), serving over 30 
years on its behalf. In addition, he served as president of the 
Rotary Club of Dallas, as governor of Rotary District 5810, 
and as a board member of Baylor University, Dallas Area Rapid 
Transit, the Greater Dallas Crime Commission, the Greater 
Dallas Planning Council, the Dallas Opera, the Dallas Sympho-
ny Association, the Better Business Bureau, the Children’s Medi-
cal Foundation of Texas, the Dallas Chamber of Commerce, 
and the Cotton Bowl Council.

Mr. Aston received many honors and awards for his com-
mitment to volunteerism, community service, and patriotism, 
including the Dwight D. Eisenhower Volunteer of the Year 
Award from the Texas affi  liate of the AHA, the Brotherhood 
Citation Award of the National Conference of Christians and 
Jews, and the US Department of the Treasury Award for Patri-
otic Service. He was a Paul Harris Fellow of Rotary International 
and was SMU’s Corporate Community Volunteer of the Year. 
He was also a volunteer driver of the McKinney Avenue trolley 
for over 15 years. He and his wife, Evelyn, had two daughters 
and two grandchildren. 

In memoriam

Figure. Bill Aston.




