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Abstract
BACKGROUND—The purpose of this study was to characterize the cause of death in severely
injured trauma patients in order to define potential responses to resuscitation.

METHODS—Prospective analysis of 190 critically-injured patients who underwent massive
transfusion protocol activation (MTP) or received massive transfusion (MT; greater than 10 units
of packed red blood cells (pRBC)/24 hours). Cause of death was adjudicated into one of four
categories: 1) Exsanguination, 2) Early physiologic collapse, 3) Late physiologic collapse, and 4)
Non-survivable injury.

RESULTS—190 patients underwent MT or MTP with 76 deaths (40% mortality) of which 72
deaths were adjudicated to one of four categories: 33.3% died from exsanguination, 16.6% died
from early physiologic collapse, 11.1% died from late physiologic collapse, while 38.8% died
from non-survivable injuries. Patients who died from exsanguination were younger and had the
highest RBC:FFP ratio (2.97 ± 2.24), although the early physiologic collapse group survived long
enough to use the most blood products (p<0.001). The late physiologic collapse group had
significantly fewer penetrating injuries, was older, and had significantly more crystalloid use, but
received a lower RBC:FFP ratio (1.50 ± 0.42). Those who were determined to have a non-
survivable injury had a lower presenting GCS, fewer penetrating injuries, and higher initial blood
pressure reflecting a preponderance of non-survivable traumatic brain injury. The average survival
time for patients with potentially survivable injuries was 2.4 hrs versus 18.4 hours for non-
survivable injuries (p<0.001).

CONCLUSIONS—Severely injured patients requiring MTP have a high mortality rate. However,
no studies to date have addressed the cause of death after MTP. Characterization of cause of death
will allow targeting of surgical and resuscitative conduct to allow extension of the physiologic
reserve time therefore rendering previously non-survivable injury potentially survivable.
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LEVEL OF EVIDENCE—Prognostic study, Level III
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Massive transfusion; Cause of Death

INTRODUCTION
Considerable interest and research exist regarding optimal resuscitation of the severely
injured trauma patients. Multiple recent studies have shown that early usage of a balanced
resuscitation via a massive transfusion protocol (MTP) decreases mortality in these patients.
(1–6) Despite data that overwhelmingly supports these plasma based advances in
resuscitation, there is considerable disparity in effectiveness from center to center and from
study to study. Even in the most optimistic studies, the severely injured continue to have
considerable mortality. (7, 8) This high mortality rate lends to a large population of
potentially preventable deaths and the lack of data on the cause of early death after injury
makes it difficult to determine the true effectiveness of balanced resuscitation protocols on
patients with severe survivable injuries.

Indeed, the majority of epidemiologic studies have examined the mechanism of injury,
rather than the cause of or physiology preceding death. It has been well described that
trauma patients die at three distinct time points and that truncal hemorrhage is a leading
cause of potentially preventable death. (9, 10) Despite these characterizations, identification
of which patients die from anatomically non-survivable (and hence unresuscitatable) injury,
versus which patients exsanguinate from anatomically survivable injury, versus which
patients survive initially only to perish from late physiologic collapse has not been done.
Hence, we hypothesized that the characterization of the precise cause of death would
provide significant insight into not only epidemiologic reasons for mortality, but also
elucidate reasons for the effectiveness of resuscitation protocols. Ultimately, this would help
to more efficiently target resources and resuscitation of our injured warfighters and civilians
that could allow extension of the physiologic reserve time, thereby rendering previously
non-survivable injury potentially survivable.

METHODS
Data was prospectively collected from 190 critically-injured trauma patients who met the
highest level of trauma activation criteria on arrival to the emergency department (ED) of
San Francisco General Hospital from 2005 to 2011. Inclusion criteria consisted of all
patients in whom the MTP was activated (see below for definition of MTP). Patients who
were <18 years old, had >5% body surface area burns, received >2 liters of intravenous fluid
prior to arrival, or were transferred from another institution were excluded. Admission blood
samples were collected immediately upon arrival to the ED and processed as previously
described elsewhere. (11) Standard laboratory, resuscitation, and outcomes data were
prospectively collected in parallel. Consent was obtained as approved by the University of
California Institutional Committee on Human Research.

Activation of the MTP was based on clinician judgment, immediately on arrival, or if there
were ongoing transfusion requirements. Massive transfusion (MT) was defined as
transfusion of ≥10 units of red blood cells within the first 24h of admission, in patients
surviving to 24h; in order to account for survivor bias and to include patients who received
high-volume transfusion but did not survive to 24h, scaled transfusion of ≥5 units in patients
dying by 12h or ≥2.5 units in patients dying by 6h were also defined as MT. MTP activation
releases 4 units of FFP and 6 units of pRBC from the blood bank with apheresis platelets
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and cryoprecipitate being released on orders. At time of study, neither tranexamic acid
(TXA) nor Factor VII were part of the MTP.

The cause of death was codified and adjudicated by two independent trauma surgeons. The
cause of death categories were defined as: 1.)Exsanguination–the patient died due to
uncontrolled surgical hemorrhage; 2.)Early collapse–the patient died within 24 hours of
arrival to the hospital from physiologic collapse, after adequate control of surgical bleeding;
3.)Late cardiopulmonary collapse –the patient received surgical and/or intensive care
therapy, had adequate hemorrhage control, and died from cardiopulmonary failure later than
24 hours after admission; 4.)Non-survivable injury–For the purposes of this analysis,
survivability was based on chart documentation of the attending trauma surgeon or
neurosurgeon, in whose judgment the patient was deemed to have a non-survivable injury by
at least one of the following: physical exam, diagnostic imaging (ie CT scan), cerebral blood
flow imaging or operative findings. We then compared non-survivors in the three broad
categories of exsanguination, early collapse, and late collapse to each other using ANOVA,
Kruskal-Wallis, and chi-squared tests as appropriate. The corresponding data for survivors is
provided for reference.

All data are presented as mean ± standard deviation, median (inter-quartile range [IQR]), or
percentage; univariate comparisons were made using Student’s t-test for normally
distributed data, Wilcoxon rank-sum testing for skewed data, and Fisher’s exact test for
proportions. Kaplan-Meier time-to-event analysis and logrank testing were used to assess
differences in 24-hour and in-hospital mortality between groups. An alpha of 0.05 was
considered significant. All data analysis was performed by the authors using Stata version
12 (StataCorp; College Station, TX).

RESULTS
One hundred and ninety patients underwent MT or MTP, with 76 deaths (40% mortality) of
which 72 deaths were adjudicated to: Exsanguination, Early cardiovascular collapse, Late
cardiovascular collapse, or Non-survivable injury. Four deaths were excluded due to lack of
available documentation that could clearly identify the cause of death. In the entire cohort of
those patients that died, the average age was 38.4 +/− 18.5 years, with men constituting
75.3% of the population. Penetrating injuries were found in 50.5 %, and the average ISS was
28.3 +/−16.3.

Table 1 compares characteristics of survivors vs potentially survivable mortality vs
anatomically non-survivable injury, of which 61% (n=44) died from a potentially survivable
injury, while 38.8% (n=28) were deemed to have died from anatomically non-survivable
injuries. Potential survivors had more penetrating injuries and a greater base deficit, were
more hypotensive, acidotic, and coagulopathic than both the survivors and non-survivable
injured. The percentage of patients who received the full definition of an MT is listed as
percent massive transfusion (%MT). The physiologic parameters in the anatomically non-
survivable group were consistent with those seen in patients with traumatic brain injury
which was also identified by CT scan or physical exam in 96.4% of patients. (Table 5)

We next compared the survivors (n=114) to those who had died despite potentially
survivable injury (n=44) (Table 2) and found that these two groups were similar in age,
mechanism, ISS, temperature and heart rate. However, those who died presented with lower
GCS and systolic blood pressure (SBP) and were significantly more acidotic and
coagulopathic than those who survived. Also, the potentially survivable cohort utilized less
crystalloid, but significantly more blood products. The cause of death in potentially
survivable patients was divided into either: 1) Exsanguination, 2)Early physiologic collapse,
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or 3)Late physiologic collapse, and compared to the non-survivable injured; survivor data is
provided for reference (Table 3). 38.8% (n=28) of patients in this cohort died from
anatomically non-survivable injury and 33.3% died from exsanguination (n=24). The
percentage of deaths attributed to early physiologic collapse in this group was 16.6% (n=12),
while late physiologic collapse comprised 11.1% (n=8).

Evaluation of the demographics of each group shows that the late physiologic collapse group
was older and had significantly fewer penetrating injuries (p<0.02). Those who were
determined to have a non-survivable injury had a lower presenting GCS, fewer penetrating
injuries, and higher initial blood pressure (Table 3).

Analysis of the resuscitation of each group indicated that the late physiologic collapse group
had significantly more 24 hour crystalloid use, but the RBC:FFP ratio was 1.50 ± 0.42.
Patients who died from exsanguination were younger and had the highest RBC:FFP ratio,
although the early physiologic collapse group survived long enough to use the most blood
products (p<0.001).

We then performed a Kaplan-Meier time-to-event analysis using log-rank testing to assess
differences in 24-hour and in-hospital mortality between groups. The median survival time
for patients who died from exsanguination was 1.6 hours vs 5.7 hours for those who died
from early physiologic collapse. Those with non-survivable injuries died at a median of 18.4
hours after arrival, while those who died from late physiologic collapse had a median
survival time to 338.6 hours (p<0.001; Figure 1).

We next evaluated those patients with anatomically non-survivable injury (n=28) and
compared them to the rest of the study population at large (n=158), in order to identify
predictive factors for anatomically non-survivable injuries (Table 4). Again, the non-
survivable injured group had fewer penetrating injuries (p<0.013), significantly lower
presenting GCS (p<0.001), and higher initial systolic blood pressure (p<0.023). There were
no identifiable differences in the resuscitation of the two groups.

Finally, we compared only the patients that died, divided into those who had a potentially
survivable injury but still succumbed to their injuries, versus those who were deemed to
have an anatomically non-survivable injury (Table 5). This continued to show traumatic
brain injury as the driving force in patients with non-survivable injury. The non-survivable
injured patients had statistically significantly lower GCS, higher SBP, fewer penetrating
wounds, less acid-base derangement, and less coagulopathy. The non-survivable injured did
use more crystalloid, fewer pRBCs, and had a lower RBC:FFP ratio than those with
potentially survivable injuries. There was also a significantly longer time to activation of the
MTP in non-survivable injured patients of 67 minutes vs 19.5 minutes (p<0.001).

DISCUSSION
The cause of death confounds any discussion regarding the optimal resuscitation of severely
injured patients. Whether these deaths result from the failure of surgical care and
resuscitation or are the sequelae of overwhelming injury which is refractory to any
resuscitative conduct remains an open question. To address this requires investigation into
the causes of death and a classification of anatomically non-survivable versus potentially
survivable injury. Hence, the aim of this paper was to codify the cause of death of severely
injured trauma patients to learn more about the reasons for death and to better characterize
which of our patients have a chance of survival and would potentially benefit from
aggressive and progressive resuscitation.
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Often patients are said to bleed to death; however, this description can be highly variable.
Some patients bleed to death from giant holes in major vessels. In these cases, resuscitation
and the biology of coagulation are irrelevant; overwhelmed by the severity of injury, these
patients are in need of rapid transport to an operating theater for definitive surgical control
of their injuries. Other patients are described as having succumbed to their injuries despite
surgical control, with some dying from physiologic degradation in the operating room, while
others slowly decompensate in the ICU. While these codifications seem intuitive, they have
yet to be specifically described in the literature.

Since the landmark trauma epidemiology paper by Baker et al in 1980 (12), there have been
multiple studies (10, 13–18) evaluating the epidemiology of trauma. These publications are
roughly divided into examinations of mechanism of injury and physiologic cause of death.
Although the vast majority of these epidemiology papers deal with the mechanism of injury
for the utilization of regional trauma management and injury prevention programs, there are
few which have focused on the reasons for death. To date, however, no studies have
examined the potential survivability after injury and effects of resuscitation.

Previous studies that have evaluated the cause of death demonstrate that CNS injury and
hemorrhage remain the two most significant causes of death, with each contributing 30–40%
(10, 16, 19, 20) of the mortality in trauma patients. In our study, we saw a similar injury
percentage rates to these previous reports, with exsanguination causing death in 33.3% of
the patients and 38.8% having injuries that were deemed to be non-survivable (96.4% had
brain injury).

Analysis of the cause of death in the recent military conflicts provides insight into
potentially survivable versus non-survivable injuries (21–23). Similar to our study, these
studies show that traumatic brain injury is a leading cause of non-survivable injury (22)
while hemorrhage, and more specifically, truncal hemorrhage, remains as the leading cause
of potentially survivable death in the military population (21–23). While these studies
highlight the improvements in survival made by Tactical Combat Casualty Care, our study
has increased the granularity of these military analyses by separating the potentially
survivable cause of death into hemorrhage, early physiologic collapse, and late physiologic
collapse.

The use of hemostatic resuscitation has been shown to improve survival in severely injured
patients. However, the ability to identify early which patients need hemostatic resuscitation
and the mathematical phenomenon of “decedent dropout” can hinder these studies. Early
activation of an MTP has been demonstrated to improve survival (1–6) but can result in
unnecessary MTP activation. We have attempted to address this by including the percent
MT (%MT) to provide more accurate description of how many patients in each category
achieved a “full MT” as defined in the methods section. Decedent dropout is the result of
early death in trauma patients which results in an elevated RBC:FFP ratio. This elevated
ratio is not necessarily reflective of the efficacy of the resuscitation, but instead, can indicate
death prior to FFP being available for transfusion. Ho et al (24) addresses decedent dropout
by utilizing a mathematical model to show the significant risk of survivorship bias in some
observational studies comparing low and high FFP administration. Our comparison of cause
of death identified the exsanguination group as having a statistically significant higher
RBC:FFP ratio. We believe that this is not a failure of transfusion ratios, but more likely a
lack of surgical control of hemorrhage from massive injury rendering resuscitative conduct
moot. Those who died from early or late physiologic collapse had similar ratios to the
survivors, raising interesting questions. Did the early physiologic collapse need ratios closer
to 1:1? Were patients in the late physiologic collapse group over-resuscitated early, leading
towards later collapse? The differences in transfusion ratios in our study calls for the
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codification of cause of death in clinical studies so that physiologic responses to
resuscitation strategies can be accurately stratified.

The injured patient in whom surgical control has been obtained and a vigorous resuscitation
has been utilized but who still succumbs to their injuries from early physiologic collapse
proves to be a very frustrating cohort. Anecdotally these are the patients with significant
injury who despite surgical control of the injury and an initial trajectory towards survival
becomes refractory to resuscitation and enter a spiral of decompensation and die. These
frustrating patients present with no predicting factors as compared to those who
exsanguinate, despite having achieved surgical hemorrhage control. What effect our
resuscitative efforts have on this cohort remains an open question. One hypothesis is that our
better resuscitative conduct allows for correction of coagulopathy and restoration of
appropriate physiology, providing more time for surgical bleeding control in a patient that
would have previously exsanguinated. In a subset of these patients, large-volume blood
product-based resuscitation may have merely prolonged survival past initial hemorrhage
control in patients who were essentially non-survivable injured, shifting their cause of death
to early physiologic collapse. Their significantly higher blood product usage, despite not
reaching optimal ratios, hints at this. Another theory is that these patients have a survivable
injury which, with better resuscitation, would not cross the threshold of physiologic
collapse. In this case, efforts at better resuscitation would prevent exhaustion of physiologic
reserve and ultimately lead to survival. This group utilizes the most blood products and still
has a poor outcome. This intuitively survivable cohort in whom resuscitation practices may
make the critical difference between survival and death should receive increased trauma
resuscitation research.

The prolonged median time to death from late physiologic collapse indicates that we are
improving in our ability to keep these patients alive longer than demonstrated in previous
studies (10, 14, 16, 19, 20). The time to death analysis are comparable with older studies that
(16, 20) reported 84.5% of their patients died within 48 hours and only 41 patients (6.5%)
lived greater than 1 week. Our analysis showed 89% of patients died within 48 hours and
11% had a median time to death of two weeks. This is a clear indication that our critical care
techniques are improving and that specific analysis of the cause of death in future studies
will aid in identifying targeted methods to improve outcomes.

Our data shows that those patients who were deemed to have a non-survivable injury who
still underwent a MTP did so with an average activation time of 67 minutes vs 19.5 minutes
for those who were deemed to have a potentially survivable injury, but died anyway. It is
interesting that there is such a long delay in these patients. This was not affected by
withdrawal of care, as only three patients who had care withdrawn (data not shown). We
hypothesize that this increase in lag time to activation of an MTP is secondary to the
prominence of TBI in these patients which may delay MTP activation until there is
progression of bleed, deterioration in clinical exam, etc. The earlier identification of these
patients may be prudent to assist families in decision making and to allocate resources in a
more efficient manner.

The choice of the cause of death categories is based on physiologic principles and the
clinical observation that patients who die after undergoing MT fall into distinct general
physiologic conditions. While we recognize that there are additional subsets of potential
interest, such as the presence or absence of coagulopathy, our study is limited by the total
number of patients in our dataset. The selection of these groups inherently affect some
aspects of the study results (such as time to death), but the differences in physiologic
parameters and resuscitation for each group identified here lends credence to these
categories as clinically relevant.
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As a result of our analysis, we believe that a staged approach to the goals of resuscitation
should be considered in discussions of trauma epidemiology. Patients who die of
uncontrolled hemorrhage are ultimately best served by injury prevention efforts and
optimization of evacuation to definitive surgical treatment. Those who die from early
physiologic collapse need better-targeted resuscitation. Those who die from late physiologic
collapse need improvements in critical care; however, the early resuscitation of these
patients may also play a critical role in their long-term trajectory.

CONCLUSION
This paper supports the need for a multi-institutional study and the start of a national
databank that codifies the cause of death in trauma patients to specifically identify risk
factors and better-targeted therapy for exsanguination, physiologic collapse, and non-
survivable injuries. The inclusion of this data into Quality Improvement Programs could
help identify areas of improvement in trauma resuscitation.
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FIGURE 1.
Time to death analysis. Those who died from exsanguination died the earliest at a median
time of 1.6 hours, while those who died from late physiologic collapse died at a median time
of about 2 weeks (338.6 hours).
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TABLE 1

Demographics and resuscitation of those who survived compared to those who had a potentially survivable
injury, but still died, and those with anatomically non-survivable injuries. Potential survivors had more
penetrating injuries, were more hypotensive, more acidotic, had a greater base deficit, were more
coagulopathic than both the survivors and non-survivable injured.

Survivors (n = 114) Potential survivors (n = 44) Anatomically Non-survivable (n = 28) P-value

Age (years) 35.8 ± 16.4 38.3 ± 17.8 45.7 ± 23.0 0.033

% male 74.6% 84.1% 64.3% 0.167

% penetrating 53.5% 61.4% 28.6% 0.021

AIS-head 2.2 ± 2.0 2.4 ± 2.0 2.9 ± 2.3 0.511

ISS 26.0 ± 14.9 31.5 ± 16.5 35.9 ± 19.1 0.009

GCS 15 (11 – 15) 6 (3 – 12) 3 (3 – 5.5) <0.001

Temperature (C) 35.8 ± 0.8 35.1 ± 1.6 35.3 ± 1.2 0.016

HR (BPM) 106.7 ± 28.5 101.8 ± 45.9 99.4 ± 36.6 0.508

SBP (mmHg) 104.0 ± 32.6 88.2 ± 43.8 124.2 ± 52.3 <0.001

pH 7.25 ± 0.15 7.04 ± 0.19 7.23 ± 0.13 <0.001

Base deficit −8.6 ± 5.3 −15.9 ± 7.2 −8.8 ± 6.0 <0.001

Hgb (g/dL) 12.0 ± 2.3 10.8 ± 2.6 11.3 ± 2.0 0.018

INR 1.3 (1.1 – 1.5) 1.7 (1.4 – 2.3) 1.3 (1.2 – 1.6) <0.001

PT 15.4 (14.3 – 17.5) 19.7 (17.3 – 24.5) 15.9 (14.9 – 19.7) <0.001

PTT 28.4 (24.9 – 32.9) 40.0 (33.3 – 54.8) 38.7 (31.5 – 55.0) <0.001

Platelets×103 276 ± 93 180 ± 90 243 ± 111 <0.001

WBC103/mm3 11.0 (8.0 – 14.2) 8.3 (5.3 – 11.6) 9.7 (6.4 – 13.6) 0.006

Creatinine(mg/dL) 1.0 (0.8 – 1.3) 1.3 (1.1 – 1.4) 1.0 (0.9 – 1.3) 0.002

Prehospital IVF (mL) 250 (50 – 500) 100 (25 – 750) 150 (25 – 1400) 0.892

24h crystalloid (mL) 6.3 (4.4 – 10.1) 4.0 (2.0 – 9.0) 8.3 (4.1 – 11.4) 0.017

24h colloid(mL) 0 (0 – 0) 0 (0 – 0) 0 (0 – 0) 0.362

24h PRBC(units) 10 (6 – 17) 23.5 (13 – 38.5) 13 (8.5 – 19) <0.001

24h FFP(units) 8 (4 – 12) 13 (4.5 – 24) 10 (4.5 – 14) 0.035

24h platelets (apheresis unit) 1 (0 – 2) 1 (0 – 4) 1 (0 – 2) 0.572

% MT 56.1% 86.4% 67.9% 0.001

24h RBC:FFP ratio 1.47 ± 0.86 2.32 ± 1.76 1.56 ± 0.73 <0.001

Minutes to MTP 46.5 (26 – 103.5) 19.5 (15 – 25) 67 (35 – 93) <0.001

AIS = Abbreviated Injury Score; ISS = Injury Severity Score; GCS = Glascow Coma Score; HR = heart rate; BPM = Beats per Minute; SBP =
Systolic blood pressure; Hgb = Hemoglobin; %MT = Percent of patients receiving full massive transfusion; pRBC = packed red blood cells; FFP =
Fresh Frozen Plasma; IVF = Intravenous fluids Normally distributed data are reported in mean +/− SD; skewed data reported as median (Inter-
quartile Range)
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TABLE 2

Demographics and resuscitation of those who survived compared to those who had potentially survivable
injuries but died. These groups were similar in age, percentage of penetrating mechanism, ISS, temperature
and heart rate, but those who died presented with lower GCS and systolic blood pressure (SBP), and were
significantly more acidotic and coagulopathic than those who survived.

Survivors (n = 114) Potential Survivors (n = 44) P-value

Age (years) 35.8 ± 16.4 38.3 ± 17.8 0.426

% male 74.6% 84.1% 0.290

% penetrating 53.5% 61.4% 0.475

AIS-head 2.2 ± 2.0 2.4 ± 2.0 0.739

ISS 26.0 ± 14.9 31.5 ± 16.5 0.115

GCS 15 (11 – 15) 6 (3 – 12) <0.001

Temperature (C) 35.8 ± 0.8 35.1 ± 1.6 0.082

HR (BPM) 106.7 ± 28.5 101.8 ± 45.9 0.522

SBP (mmHg) 104.0 ± 32.6 88.2 ± 43.8 0.036

pH 7.25 ± 0.15 7.04 ± 0.19 <0.001

Base deficit −8.6 ± 5.3 −15.9 ± 7.2 <0.001

Hgb (g/dL) 12.0 ± 2.3 10.8 ± 2.6 0.013

INR 1.3 (1.1 – 1.5) 1.7 (1.4 – 2.3) <0.001

PT 15.4 (14.3 – 17.5) 19.7 (17.3 – 24.5) <0.001

PTT 28.4 (24.9 – 32.9) 40.0 (33.3 – 54.8) <0.001

Platelets×103 276 ± 93 180 ± 90 <0.001

WBC103/mm3 11.0 (8.0 – 14.2) 8.3 (5.3 – 11.6) 0.002

Creatinine(mg/dL) 1.0 (0.8 – 1.3) 1.3 (1.1 – 1.4) <0.001

Prehospital IVF (mL) 250 (50 – 500) 100 (25 – 750) 0.663

24h crystalloid (mL) 6.3 (4.4 – 10.1) 4.0 (2.0 – 9.0) 0.008

24h colloid(mL) 0 (0 – 0) 0 (0 – 0) 0.591

24h PRBC(units) 10 (6 – 17) 23.5 (13 – 38.5) <0.001

24h FFP(units) 8 (4 – 12) 13 (4.5 – 24) 0.013

24h platelets (apheresis unit) 1 (0 – 2) 1 (0 – 4) 0.540

% MT 56.10% 86.4% <0.001

24h RBC:FFP ratio 1.47 ± 0.86 2.32 ± 1.76 0.005

Minutes to MTP 46.5 (26 – 103.5) 19.5 (15 – 25) <0.001
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TABLE 4

Demographics and resuscitation for all survivable injured patients versus those with anatomically non-
survivable injuries to identify predictive factors for anatomically non-survivable injuries. There is a
preponderance of blunt injury, depressed GCS, and elevated blood pressure in the non-survivable injured
group.

Survivable injured (n = 158) Anatomically Non-survivable (n = 28) P-value

Age (years) 36.5 ± 16.8 45.7 ± 23.0 0.052

% male 77.2% 64.3% 0.158

% penetrating 55.7% 28.6% 0.013

AIS-head 2.2 ± 2.0 2.9 ± 2.3 0.296

ISS 27.1 ± 15.4 35.9 ± 19.1 0.031

GCS 14 (6 – 15) 3 (3 – 5.5) <0.001

Temperature (C) 35.7 ± 1.1 35.3 ± 1.2 0.197

HR (BPM) 105.4 ± 33.9 99.4 ± 36.6 0.420

SBP (mmHg) 99.6 ± 36.6 124.2 ± 52.3 0.023

pH 7.20 ± 0.19 7.23 ± 0.13 0.268

Base deficit −10.3 ± 6.6 −8.8 ± 6.0 0.236

Hgb (g/dL) 11.7 ± 2.4 11.3 ± 2.0 0.369

INR 1.3 (1.2 – 1.6) 1.3 (1.2 – 1.6) 0.895

PT 15.8 (14.5 – 18.7) 15.9 (14.9 – 19.7) 0.255

PTT 30.2 (26 – 38.1) 38.7 (31.5 – 55.0) 0.001

Platelets×103 252 ± 101 243 ± 111 0.696

WBC103/mm3 9.8 (7.5 – 13.4) 9.7 (6.4 – 13.6) 0.938

Creatinine(mg/dL) 1.1 (0.9 – 1.4) 1.0 (0.9 – 1.3) 0.416

Prehospital IVF (mL) 250 (50 – 500) 150 (25 – 1400) 0.910

24h crystalloid (mL) 5.9 (3.1 – 9.8) 8.3 (4.1 – 11.4) 0.215

24h colloid(mL) 0 (0 – 0) 0 (0 – 0) 0.187

24h PRBC(units) 13 (7 – 21) 13 (8.5 – 19) 0.976

24h FFP(units) 8 (4 – 17) 10 (4.5 – 14) 0.864

24h platelets (apheresis unit) 1 (0 – 2) 1 (0 – 2) 0.396

% MT 64.6% 67.9% 0.832

24h RBC:FFP ratio 1.71 ± 1.24 1.56 ± 0.73 0.381

Minutes to MTP 37 (19 – 77) 67 (35 – 93) 0.103
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TABLE 5

Demographics and resuscitation of those who were survivable injured, but still died versus those with
anatomically non-survivable injuries identifies traumatic brain injury as driving force of anatomically non-
survivable cohort.

Potential Survivors (n = 44) Anatomically Non-survivable (n = 28) P-value

Age (years) 38.3 ± 17.8 45.7 ± 23.0 0.154

% male 84.1% 64.3% 0.086

% penetrating 61.4% 28.6% 0.008

AIS-head 2.4 ± 2.0 2.9 ± 2.3 0.462

ISS 31.5 ± 16.5 35.9 ± 19.1 0.367

GCS 6 (3 – 12) 3 (3 – 5.5) 0.018

TBI 20.5% 96.4% <0.001

Temperature (C) 35.1 ± 1.6 35.3 ± 1.2 0.695

HR (BPM) 101.8 ± 45.9 99.4 ± 36.6 0.807

SBP (mmHg) 88.2 ± 43.8 124.2 ± 52.3 0.004

pH 7.04 ± 0.19 7.23 ± 0.13 <0.001

Base deficit −15.9 ± 7.2 −8.8 ± 6.0 <0.001

Hgb (g/dL) 10.8 ± 2.6 11.3 ± 2.0 0.360

INR 1.7 (1.4 – 2.3) 1.3 (1.2 – 1.6) 0.005

PT 19.7 (17.3 – 24.5) 15.9 (14.9 – 19.7) 0.036

PTT 40 (33.3 – 54.8) 38.7 (31.5 – 55.0) 0.801

Platelets×103 180 ± 90 243 ± 111 0.019

WBC103/mm3 8.3 (5.3 – 11.6) 9.7 (6.4 – 13.6) 0.073

Creatinine(mg/dL) 1.3 (1.1 – 1.4) 1.0 (0.9 – 1.3) 0.012

Prehospital IVF (mL) 100 (25 – 750) 150 (25 – 1400) 0.632

24h crystalloid (mL) 4.0 (2 – 9) 8.3 (4.1 – 11.4) 0.033

24h colloid(mL) 0 (0 – 0) 0 (0 – 0) 0.355

24h PRBC(units) 23.5 (13 – 38.5) 13 (8.5 – 19) 0.001

24h FFP(units) 13 (4.5 – 24) 10 (4.5 – 14) 0.133

24h platelets (apheresis unit) 1 (0 – 4) 1 (0 – 2) 0.267

% MT 86.40% 67.9% 0.077

24h RBC:FFP ratio 2.32 ± 1.76 1.56 ± 0.73 0.016

Minutes to MTP 19.5 (15 – 25) 67 (35 – 93) <0.001
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