1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Injury. Author manuscript; available in PMC 2018 January 01.

-, HHS Public Access
«

Published in final edited form as:
Injury. 2017 January ; 48(1): 5-12. doi:10.1016/j.injury.2016.10.037.

Trends in 1029 Trauma Deaths at a Level 1 Trauma Center

Blessing T. Oyeniyi, BS1, Erin E. Fox, PhD?, Michelle Scerbo, M.D.}, Jeffrey S. Tomasek,
M.D.1, Charles E. Wade, PhD1, and John B. Holcomb, M.D.1

1Center for Translational Injury Research, Division of Acute Care Surgery, Department of Surgery,
Medical School, The University of Texas Health Science Center at Houston, Houston, TX, USA

Abstract

Background—Over the last decade the age of trauma patients and injury mortality has
increased. At the same time, many centers have implemented multiple interventions focused on
improved hemorrhage control, effectively resulting in a bleeding control bundle of care. The
objective of our study was to analyze the temporal distribution of trauma-related deaths, the
factors that characterize that distribution and how those factors have changed over time at our
urban level 1 trauma center.

Methods—Records at a urban Level 1 trauma center were reviewed. Two time periods (2005—
2006 and 2012-2013) were included in the analysis. Mortality rates were directly adjusted for age,
gender and mechanism of injury. The Mann-Whitney and chi square tests were used to compare
variables between periods, with significance set at 0.05.

Results—7080 patients (498 deaths) were examined in 2005-2006, while 8767 patients (531
deaths) were reviewed in 2012-2013. The median age increased 6 years, with a similar increase in
those who died. In patients that died, no differences by gender, race or ethnicity were observed.
Fall-related deaths are now the leading cause of death. Traumatic brain injury (TBI) and
hemorrhage accounted for > 91% of all deaths. TBI (61%) and multiple organ failure or sepsis
(6.2%) deaths were unchanged, while deaths associated with hemorrhage decreased from 36% to
25% (p<0.01). Across time periods, 26% of all deaths occurred within one hour of hospital arrival,
while 59% occurred within 24 hours. Unadjusted mortality dropped from 7.0% to 6.1% (p=0.01)
and in-hospital mortality dropped from 6.0% to 5.0% (p<0.01). Adjusted mortality dropped 24%
from 7.6% (95% CI: 6.9-8.2) to 5.8% (95% ClI: 5.3-6.3) and in-hospital mortality decreased 30%
from 6.6% (95% Cl: 6.0-7.2) to 4.7 (95% Cl: 4.2-5.1).

Conclusions—Over the same time frame of this study, increases in trauma death across the
globe have been reported. This single-site study demonstrated a significant reduction in mortality,
likely attributable to decreased hemorrhagic death. It is possible that efforts focused on
hemorrhage control interventions (a bleeding control bundle) resulted in this reduction. These
changing factors provide guidance on future prevention and intervention efforts.
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Background

Methods

The federal government supports research to improve the general health of the nation and
outcomes after disease and injury. As a result, life expectancy has increased by 11% from
70.8 to 78.8 (1970-2012)1 2), cancer mortality decreased (1991-2009) by 20%() and heart
disease declined (2000-2010) by 31%.* However, during similar periods, injury-related
mortality has risen. The past decade (2000-2010) has seen an increase in trauma-related
mortality in the US by 22.8%() and worldwide (1990-2010) by 24%.(®) An increase in
patient age, motor vehicle collisions by 46% and an increase in falls by 55% likely
contributed to the global rise in trauma mortality.(")

Internationally, injury-related mortality accounts for 1 in 10 deaths.(®: 7) In the United states,
trauma-related injuries (unintentional + suicides + drug overdose) is the 3™ leading cause of
death.(?) Between 2000 and 2010, traumatic injury increased from the leading cause of death
among individuals younger than 43 years to the leading cause in those younger than 46.0)
Likewise, traumatic injury increased from the leading cause of life-years lost up to age 65 to
the leading cause up to age 75.(8) Additionally, the mean age of trauma patients has
increased.(® Past studies have shown head injuries (42-52%) and hemorrhage (30-39%) to

be leading causes of trauma-related deaths while multiple organ failure (MOF) trails at 7—
11%.69.10)

Keeping with the tenets of a learning health care system®1) the objective of our study was to
analyze mortality rates, the temporal distribution of the causes of trauma-related deaths, the
factors that characterize that distribution and how those factors have changed over time at
our urban level | trauma center. Since 2008, our center has focused on optimal resuscitation
and stopping bleeding, employing multiple methods in the prehospital and hospital areas of
care, resulting in a bleeding control bundle of care. None of these interventions were utilized
prior to 2008. We hypothesized that from 2005-2006 in comparison to 2012-2013, the
percentage of deaths would change, the distribution of cause-specific mortality would be
different and that the time to death for trauma patients would be dissimilar.

The trauma registry, weekly Morbidity & Mortality reports, autopsy reports and electronic
medical records at Memorial Hermann Hospital in Houston, TX were reviewed after
receiving Institution Review Board approval. The Memorial Hermann Hospital is one of two
level 1-trauma centers serving the greater Houston area and currently admits greater than
6000 injured patients a year.

Two time periods (2005-2006 and 2012-2013) were included in the analysis. These periods
of time represent two years before and after implementation of major changes in control of
bleeding and early resuscitation procedures.(12) Studies from our center and others have
documented specific interventions for improved bleeding control, such as the use of pelvic
binders, hemostatic dressings, extremity and junctional tourniquets, balloon occlusion of the
aorta, minimizing crystalloid resuscitation, coagulation monitoring by TEG,(3) use of TXA
in patients with increased fibrinolysis and prehospital and hospital balanced transfusion
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(damage control resuscitation) and rapid delivery of patients to the operating and
interventional radiology suites.(12-27) These interventions are usually performed
concurrently, but often analyzed separately. Few papers have examined the overall effects on
hemorrhage related mortality of these often concurrent interventions.

The study included all deceased patients seen at Hermann Hospital between 2005-2006 and
2012-2013. Patients with primary burn injuries and pediatric age (<16) patients were
excluded. Only patients declared dead in the hospital, including patients that were dead on
arrival were included in this analysis. For each patient, data was collected on baseline
characteristics, which included age, sex, mechanism of injury, cause of death, time of
hospital arrival and time of death (same as discharge time). The time to death was calculated
from time of hospital arrival to physician pronouncement of death or discharge time. At our
weekly Morbidity and Mortality meetings, the trauma team, involved in the patient’s care
reviewed each patient’s medical records to determine the primary cause of death. Autopsy
data were also reviewed, but these were often not available at the time of the M&M
conference. These data were recorded in each patient’s M&M report and entered into the
trauma registry. Patients were classified into one of several groups: (1) head injuries- fatal
brain injury; (2) hemorrhage- uncontrolled bleeding; (3) multiple organ failure and/or
systemic infection (MOF+ Sepsis); (4) Respiratory Failure- inadequate exchange of gases by
the lungs (Respiratory Fail); (5) Cardiac- sudden cardiac arrest; (6) Comorbid- presence of a
significant secondary disease contributing to mortality; (7) Pulmonary Embolism- embolus
lodging in pulmonary arteries (PE); (8) Other- primary cause of death not described by
previous primary categories; (9) Unknown- missing sufficient data to determine cause of
death (UNK). For patients with more than one factor contributing to death, each cause was
counted separately. This more accurately represents the fact that multiple etiologies may
have contributed to a patient’s death.

Penetrating injuries were defined as traumatic wounds that were a primary result of an object
puncturing the skin and entering the underlying tissue. Blunt injuries were defined as
injuries primarily resulting from the application of a non-penetrating mechanical force.

In hospital mortalities excludes all patients that were dead on arrival. Mortality rates were
directly adjusted for age, gender and mechanism of injury using direct standardization,
utilizing the data analysis program STATA 13.1. The trauma population from the two time
periods was used as a standard population.

Results are expressed comparing 2005-2006 with 2012-2013. The Mann-Whitney rank sum
and chi square tests, utilizing Fisher’s exact test, were used to compare variables between
periods, with significance set at 0.05. Data is presented as medians and inter-quartile ranges
(IQR). Analysis was conducted using STATA 13.1.

We reviewed 15,874 trauma patients and 1029 deaths from the 4-year study period. 7080
patients including 498 deaths were examined in the early time period (2005-2006), while
8767 patients including 531 deaths were reviewed in the recent period (2012-2013). There
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was a 23% increase in the number of admissions in the recent period. The overall trauma
population showed differences in age and gender over time but were similar in race/ethnicity
distribution (Table 1). The median age of all patients increased by 6 years, 38 (24-52) to 44
(28-62) (p<0.01) years. The percent of male trauma patients seen at the trauma center
decreased from 72% to 68% (p<0.01). In patients that died, no differences by gender, race or
ethnicity were observed, however they differed in age. The median age of patients that died
increased by 7 years from 46 (28-67) to 53 (32-73) (p<0.01) years. The median Injury
Severity Score (ISS) was 26 (25-38) and did not change (p=0.09) (Table 1).

Age, gender, and mechanism of injury were found to be different among the overall trauma
population. Thus, mortality rates were directly adjusted by these factors. Adjusted overall
mortality (including those dead on arrival) dropped 24% from 7.6% (95% CI: 6.9-8.2) to
5.8% (95% CI: 5.3-6.3) (Table 2) between the two time periods. Adjusted in-hospital
mortality (excluding dead on arrivals) decreased 30% from 6.6% (95% Cl: 6.0-7.2) to 4.7%
(95% CI: 4.2-5.1).

In 2005-2006 motor vehicle collisions (MVCs) represented the primary mechanism of
injury, resulting in 38.8% of all mortalities (Figure 1). By 20122013, deaths resulting from
MVCs dropped to 24.9% to become the 2" leading mechanism of injury resulting in death
(p<0.01). Taking its place as the leading mechanism of injury resulting in death, fall-related
deaths increased from 20% to 28% (p<0.01). “Other blunt injuries” saw a change overtime
from 4.2% to 7.2% (p=0.06), however this category included several miscellaneous groups
of blunt injury. No other mechanisms of injury changed over time. Blunt injuries continued
to comprise the majority of trauma related deaths and did not change (81% to 80%; p=0.56).

Head injuries and hemorrhage continued to comprise the leading causes of death with head
injuries accounting for the majority of deaths (Figure 2). Deaths resulting from head injury
(61%) (p=0.85) and multiple organ failure & sepsis (6.2%) (p=0.15) stayed constant. The
head AIS increased from a median of 4 to 4.5 but this increase was not significant (p=0.19).
Hemorrhage-related mortality decreased significantly from 36% to 25% (p<0.01).

The median time to death (Table 3) decreased from 22.6 hours to 17.4 hours for patients
with head injuries (p=0.02) and remained at 1.65 hours for hemorrhage, and 11 days for
multiple organ failure. The overall time to death (14.6 hours) (p=0.95) did not change
significantly over time, therefore we grouped the data from both groups to examine the time
to death for all patients in the study. We found only one peak in the temporal distribution of
deaths (including DOAS) (Figure 3). We found that 26% of all in-hospital deaths (including
dead on arrival, DOAS) occurred within one hour of hospital arrival, while 59% occurred
within 24 hours (Figure 4). The apparent increase in death at week 3 is due to a change in
the interval on the x-axis. 78% of all deaths occurred by day 3, and 98% occurred within 30
days of injury. Concentrating on the first hour post injury, the primary cause of death
changed from hemorrhage (60.3%) followed by head injury (37.5%) in 2005-2006 to mostly
head injuries (52.7%) followed by hemorrhage (38%) in 2012-2013 (Table 4). In the first 8
hours, head injuries accounted for 47% of injuries and hemorrhage accounted for 50%.
Between 8-48 hours, head injuries accounted for 83% of deaths while hemorrhage
accounted for 17%. At the 8-hour time point, head injuries were associated with the majority
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of trauma injuries and continued to be a major contributor to death thereafter (Table 5).
Hemorrhage was a major factor in deaths occurring soon after injury (1-8 hours) while
MOF/sepsis was more important in later deaths (>7 days).

Discussion

Worldwide, injury-related deaths has increased by 24% (1990-2010)®. 7) while US data
shows a 23% increase in death rate due to trauma over the past decade (2000—2010).(5. 6)
Dutton et al. (2010) in a similar single-site study showed an increase in mortality over time
(1997-2008).(%) However the data at our single-site study demonstrates a significant
reduction in adjusted overall and in-hospital mortality. While our data does not reflect the
entire population of the greater Houston area, our patient population has increased 23.8%
over the study period, without major changes in prehospital distribution of patients, or new
adult Level 1 centers. The goal of our study was to describe the change in injury patterns
over the last 8 years and in what population, if any, we have improved outcomes. In future
studies, it would be worthwhile to examine which interventions may have resulted in the
reduction in mortality in this population and whether such techniques can effectively impact
mortality at other trauma centers.

Over the last decade, there have been significant clinical efforts, both throughout the country
and at our center, attempting to improve outcomes after injury and to combat increasing
trauma-related mortality. Resuscitation changes included the development of a damage
control resuscitation protocol which called for decreased use of crystalloids and utilizing a
balanced 1:1:1 plasma:platelet:RBC ratio.(12: 14-17) |t js possible that concentrated efforts on
improving resuscitation and multiple other hemorrhage control interventions resulted in the
observed reduction in hemorrhage related mortality. For example, the PROMMT study
found that a larger plasma and platelet ratio administered earlier in resuscitation resulted in a
reduction in mortality among some patients in the first 24 hours post hospital admission.(28)
The randomized PROPPR study showed decreased death from exsanguination when
utilizing a 1:1:1 approach but no change in TBI deaths.(?%) The use of damage control
resuscitation has shown improved outcomes after significant blunt liver injury.3% Likewise,
adoption of hemorrhage-control techniques from the recent war, such as tourniquets and
hemostatic dressings may have impacted trends in mortality in the civilian population.(18-23)
One study in a civilian population show that a hemostatic dressing demonstrated improved
hemorrhage control in 74% — 92% of bleeding patients hemorrhages.(?% The use of
extremity and junctional tourniquets in both military and civilian populations has been
shown control hemorrhage and improve mortality in several studies.(t9 22. 23) We have
utilized TEG instead of conventional coagulation tests for many years, and feel they deliver
faster and superior information to the bedside.(13) Additionally, it has been shown that in a
trauma setting, resuscitative endovascular balloon occlusion of the aorta (REBOA) may be
effective in controlling hemorrhage until definitive hemostasis can be achieved and is
associated with improved survival.(24: 25 We have also focused on decreasing times to the
operating room and interventional radiology suite.(?6) TXA is used in patients with evidence
of significant (= 3%) fibrinolysis on admission.(2”) Finally, ratio driven resuscitation is
utilized when patients are bleeding rapidly, and when hemorrhage control methods are
becoming successful and hemorrhage is slowing, transition to goal directed resuscitation
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ensues.(3D) These studies suggest that implementation of a multi-modal bleeding control
bundle encompassing accurate identification of the bleeding patient, transfusion,
hemorrhage control techniques, devices, coagulation monitoring and process improvement
in civilian trauma patients may decrease death from hemorrhage (Table 6).(32 Our data,
although retrospective seem to support this concept.

There are clearly multiple limitations of these data. Due to constraints in retrospectively
reviewing old paper and new electronic charts the incidence of hemorrhagic shock,
laboratory data, crystalloid and transfusion amounts were not available. Therefore, we were
unable to present hemorrhage adjusted mortality due to a lack of denominator. While age
gender and mechanism did change over the study period, direct adjustment of these factors
should have minimized the confounding effects to the observed reduction in mortality.
However, it is likely that unaccounted elements may have influenced these changes as well.
For example, it is possible that the reduction in motor vehicle collisions influenced the
reduction in mortality. Additionally, the scene time was not recorded which may have
impacted the time to death. These data only describe patients who died in our hospital and
are therefore inadequate to tell the entire story of trauma deaths in the greater Houston
region.

Trunkey first described the tri-modal distribution of trauma fatalities over 30 years ago.(33)
The first peak in death distribution accounted for more than half of fatalities and occurred
within 1 hour of injury. Deaths resulted primarily from central nervous system, cardiac or
major vascular injuries. The second peak occurred within hours of injury and fatalities were
largely a result of intracranial bleeds and exsanguination. The third peak occurred days to
weeks later and was mostly a result of multiple organ failure or infection. This tri-modal
distribution has guided the field of trauma for over 30 years. However, recent research has
shown that this pattern of distribution no longer exists.(19: 34-38) |n 1997 Meislin, et al.(3%)
described a bimodal distribution with 23% of deaths occurring within the first hour and 35%
of deaths between 24 to 48 hours. Similarly, in 2005 Demetriades, et al.(34) showed only two
peaks in fatalities, the first (50.2%) within one hour of injury and the second (18.3%)
between 1-6 hours. Deaths occurring after one week only accounted for 7.6% of total
fatalities. Our study supports a change from Trunkey’s tri-modal distribution towards a
unimodal distribution (Figure 3) with 26% of deaths occurring within the first hour. The
second and third peak described in 1983 has disappeared. The remaining 30% of deaths
(from many different causes) are spread out somewhat evenly over the ensuing days to
weeks that these seriously injured patients stay in the hospital.

Past research has shown that 46% of deaths from head injuries occurred within the first 24
hours post injury, compared to 83% of hemorrhagic deaths. Tishermans et al multicenter
study showed that the median time to death was 29 hours among head injuries and 2 hours
among hemorrhage.(®® Our single center study showed a very similar temporal distribution
with 55% of head and 81% of hemorrhage related deaths occurring in the first 24 hours. The
median time to death was 20 hours for head injuries and 1.7 hours for hemorrhagic injuries.
Interestingly, we noted a significant reduction in the time to death over time for head injuries
(Table 3). This may be a result of earlier withdrawal from life support in older patients dying
from falls or that have a worse prognosis.
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Like others, we found that the majority of deaths were concentrated very soon after injury
with 59% of deaths occurring within the first day after injury and few deaths per day
scattered somewhat evenly over the following days to weeks. This implies that efforts in
controlling trauma mortality must continue to be concentrated on prehospital prevention and
intervention or in the first hours after hospital admission. With the majority of deaths
occurring so soon after injury, increased prevention efforts or reductions in mortality during
this time period will show the greatest impact in reducing the overall mortality rate and
addressing the increasing trend in mortality. It could be argued that concentrating on very
early deaths is futile as their injuries are too severe and not amendable to effective
intervention. However, we showed a significant reduction in mortality from hemorrhage as a
proportion of early injuries (Table 4) even though the time to death did not change
significantly over time. Much like the recent military data, reduction in hemorrhage related
mortality appears to be an area in which impacts on mortality can be demonstrated.(0)
When one considers that bleeding accounts for a substantial amount of early deaths,
multimodal hemorrhage control methods should continue to be an area of focus for future
improvement in clinical care and research.

Changes in the characteristics of the trauma population may have affected trends in mortality
distribution. Many studies have shown changes in the age of patients dying from trauma-
related injuries. In 2000, trauma was the leading cause of death in those 43 years of age and
younger.(®) By 2010, trauma increased to become the leading cause of death in those 46
years of age and younger. This represents an aging population among trauma fatalities. We
likewise observed an aging population of all trauma patients and among trauma deaths in our
center. As the general US population continues to age, and as trauma becomes more of a
problem with an older population, future intervention should be focused on this group. It is
reassuring that despite the aging population at our center, efforts to decrease hemorrhage
related mortality still seem to be effective.

Internationally, the leading mechanisms of injury are transportation related injuries, self-
harm and falls.(®: ) The majority (68%) of injury-related deaths were sustained by men and
was highest in the younger age groups, with 52% of deaths occurring in men between the
age of 10 to 24.6: ) The mechanism of injury in trauma deaths also seems to be changing
over time in association with the increasing age of the patient population.() Studies have
shown an increase in falls as a primary mechanism of injury in trauma-related deaths.(“1 42)
This trend was also observed in our data and is likely a reflection of the aging trauma
population. As falls are now the leading cause of death in our large urban trauma center, this
further emphasizes the need for aggressive prevention efforts in this group and specialized
care of this vulnerable population.(43)

Despite the increasing trend in injury related mortality, there is significantly less federal
funding for trauma research as compared to other causes of death such as cancer, HIV and
heart disease.(4) With adequate funding, these diseases have shown a reduction in mortality
over time. As other major causes of death decline in mortality rates, and trauma increases to
become a more prominent cause of death — particularly among the elderly — increased
resources and efforts must be directed towards addressing this issue. In 1983, Trunkey
documented a discrepancy between life years lost and trauma funding and Rhee documented
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that by 2012, this gap has actually expanded.® 33) In 2012, there was about 8 billion dollars
funding research on cancer, 4 billion on heart disease, 4 billion on HIV/AIDS and only 700
million on Trauma.®) In addition, there is ineffective lobbying for research and no institute
at the National Institute of Heath (NIH) that is solely devoted to injury. Without such an
institute and focused, coordinated effort, there is inadequate funding for trauma research,
which results in the lack of high quality research that can rapidly change practice.(4>)

Conclusion

Injury is a leading cause of mortality in the US and around the world. The dominant causes
of death are TBI and hemorrhage. In this single center retrospective study, we demonstrated
a reduction in hemorrhagic death rates, while TBI and MOF/sepsis rates remained
unchanged. This change was likely associated with implementing a multimodal bleeding
control bundle of care, rather than any one specific intervention. Adequate funding for high
quality prehospital and early hospital based intervention studies will be important to verify
and expand these results.
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Figure 1.
Mechanism of injury among trauma deaths in 2006—-2006 and 2012-2013.

There was a significant change in falls, motor vehicle collisions, and other blunt injuries, (p
<0.05).
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Figure 2.
Cause of death in 2005-2006 and 2012-2013.

*Significant decrease in hemorrhage related deaths and unknown (p < 0.01). The cumulative
percentage is greater than 100% due to patients with multiple contributing causes of death.
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Figure 3.
Temporal Distribution of trauma mortality showing a unimodal distribution in mortality.

a. 74% died in the first 72 hours.
b. An additional 26% died over the next 174 days. 12 people died after 40 days.
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Figure 4.
Temporal distribution of trauma mortality in 2005-2006 & 2012-2013.

The x-axis changes from days to weeks after day 14. The apparent increase in death at week
3 is due to a change in the interval on the x-axis.
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Table 1
Patient Characteristics
Total 2005-2006 2012-2013 p
N= 1029 N= 498 N=531
Age
All Trauma Patients, median (IQR) 41 (26-57) 38 (24-52) 44 (28-62) <0.01
Trauma Deaths, median (IQR) 50 (30-69) 46 (28-67) 53 (32-73) <0.01
Gender- Male
All Trauma Patients, n (%) 11008/15847 (69.5)  5068/7080 (71.6)  5940/8767 (67.8)  <0.01
Trauma Deaths, n (%) 737/1029 (71.6) 364/498 (73.1) 373/531(70.2)  0.35
Race/Ethnicity (Trauma Deaths)
Black, n (%) 141/1029 (13.7) 66/498 (13.3) 75/531 (14.1) 075
Hispanic/Latino, n (%) 211/1029 (20.5) 102/500 (20.5) 109/531 (20.5) 1.00
Other, n (%) 57/1029 (5.54) 25/498 (5.02) 32/531 (6.03) 0.57
White, n (%) 620/1029 (60.3) 305/498 (61.2)  315/531(59.3)  0.57
Injury Severity Score, median (IQR) 26 (25-38) 26.5 (25-43) 26 (25-36) 0.09

IQR- Interquartile Ratio; ISS, Injury Severity Score
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Table 2

Mortality rates directly adjusted for age, gender and mechanism of injury

2005-2006  2012-2013
Rates (N=7080) (N=8767)

Total Mortality, % (95% CI) 7.6(6.9-8.2) 5.8(5.3-6.3)
In-hospital Mortality, % (95% Cl) 6.6 (6.0-7.2) 4.7 (4.2-5.1)

ClI- confidence interval
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Table 3
Time to Trauma Deaths Based on Cause of Death
Total 2005-2006 2012-2013 p
(N=1029) (N=498) (N=531)
Overall, med (IQR) 14.6 (0.87,78.5) 13.0(0.52,80.3) 16.2(1.10,77.9) 0.95
Head Injury, med (IQR) 19.6 (2.75-78.3) 226 (3.95-91.5) 17.4(2.08-54.3) 0.02
Hemorrhage, med (IQR) 1.65(0.22-12.4) 152 (0.20-11.6) 1.78 (0.24-15.2)  0.61
MOF + Sepsis, med (IQR) 256 (122-456) 287 (147-690) 215 (101-406)  0.09
Respiratory Failure, med (IQR) 170 (66-263) 250 (184-621) 109 (24-193) 0.01
Cardiac, med (IQR) 35.9 (4.5-134)  27.5(2.1-172)  359(6.9-134) 055
Comorbid, med (IQR) 124 (53-185) 142 (66-255) 102 (43-168)  0.46
Other, med (IQR) 90.2 (19-199) 75 (3.5-118) 180 (34-199)  0.35
Unknown, med (IQR) 0.08 (0.1-0.2) 0.1(0.1-0.3)  0.04(0.03-0.1) 0.1
PE, med (IQR) 68 (13-313) 313 (13-412) 40 (12-68) 0.25

med- median; IQR- interquartile ratio; MOF- multiple organ failure; PE- pulmonary embolism
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Table 4

Cause of Death 1 hr and 24 hrs Post Injury for Major Causes of Death

Total 2005-2006 2012-2013 p

1 hour post Injury N=265 N=136 N=129
Head Injury, n (%)  119/265 (44.9)  51/136 (37.5)  68/129 (52.7)  0.02
Hemorrhage, n (%) 131/265 (49.4)  82/136 (60.3)  49/129 (38.0)  <0.01
24 hours post Injury N=610 N=302 N=308
Head Injury, n (%)  347/610 (56.9) 158/302 (52.3) 189/308 (61.4)  0.03
Hemorrhage, n (%) 253/610 (41.5)  147/302 (48.7)  106/308 (34.4)  <0.01
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Table 6

Bleeding Control Bundle of Care

Identify the bleeding patient

Prehospital and hospital damage control resuscitation
Prehospital and hospital extremity and junctional tourniquets
Prehospital and hospital pelvic binders

Prehospital and hospital hemostatic dressings

Resuscitative endovascular balloon occlusion of the aorta
Coagulation monitoring with thromboelastrography

TXA for patients with significant fibrinolysis

Decreased time to operating room

Decreased time to interventional radiology

Goal directed resuscitation with blood products as bleeding slows

Injury. Author manuscript; available in PMC 2018 January 01.

Page 20



	Abstract
	Background
	Methods
	Results
	Discussion
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

