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Abstract

Hemorrhage is a preventable cause of death among trauma patients, and management often
includes transfusion, either whole blood or a combination of blood components (packed red blood
cells, platelets, fresh frozen plasma). We used the 2009 National Trauma Data Bank to evaluate
the relationship between transfusion type and mortality in adult major trauma patients (n = 1745).
Logistic regression analysis identified three independent predictors of mortality: Injury Severity
Score, emergency transfer time, and type of blood transfusion, whole blood or components.
Transfusion of whole blood was associated with reduced mortality; thus, may provide superior
survival outcomes in this population.
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INTRODUCTION

Trauma is the leading cause of death for individuals aged 1-44 years.} Exsanguination is the
primary cause of preventable death;2-> traumatic hemorrhage accounts for 35% of pre-
hospital deaths, and more than 40% of deaths that occur within the first 24 hours after
injury.> Transfusion of whole blood or blood components is the primary means of managing
hemorrhagic shock that results from traumatic injury, in conjunction with effective control
of bleeding. Yet, there is a lack of evidence to support the most appropriate type of trauma
resuscitation transfusion, whole blood or blood components, which includes packed red
blood cells (PRBCs), platelets (PLTs), and fresh frozen plasma (FFP).

Approximately 5 million individuals receive blood or component transfusions in the United
States each year, with nearly 24 million units transfused annually.5.” An average transfusion
of PRBCs requires approximately three pints of donated blood, and a single trauma patient
may require up to 100 units of PRBCs during resuscitation.® In 2011, whole blood
transfusions accounted for only 0.15% of total transfusions; thus, blood components are the
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primary choice for transfusion.® In addition, 10.2% of all PRBC transfusions and 4.4% of all
PLT transfusions were used by the Trauma/Emergency Department (ED) services.8 The
average cost of a unit of PRBCs was $225.42 and a unit of apheresis PLTs was $535.17.8
Thus, transfusion consumes increasingly scarce financial resources and requires the
continuing generosity of millions of donors annually.

An association between blood transfusion and greater mortality has been previously
reported.?10 Kapan and colleagues found that in patients who required damage control
surgery for trauma, transfusion volume was an independent predictor of mortality; those
who died received 3 more units of blood than those who survived, in spite of similar injury
severity score (1SS).11 Cripps and colleagues found that in trauma patients who required
activation of the massive transfusion protocol, those who died received 8 more units of
PRBCs, and the ratio of PRBCs to FFP was also significantly greater (1.47/1.94).12
However, those who died had a significantly higher admission ISS and a lower Glasgow
coma score; thus, those who died were more severely injured. In a recent review of trauma
transfusion practices over 6 years, Kutcher and colleagues identified a decrease in the
volume of crystalloids infused, in conjunction with an attempt to emulate whole blood, using
the combination of PRBCs, FFP and platelet infusion; each reduction of 0.1 in the ratio of
PRBC/FFP was associated with a 6% reduction in mortality.13 Thus, there is evidence to
support the importance of not only the volume of transfusion, but also the type of blood
transfused in trauma patient outcomes.

Researchers recently suggested that the transition from transfusion of whole blood to blood
components during trauma resuscitation occurred without sufficient evidence to support this
ubiquitous change in practice.1* The transition to component transfusion occurred as longer
storage times were achieved, and was intended to enhance the efficient use of a scarce
resource, blood. Spinella and colleagues advocated for the use of whole blood transfusion
after observing that transfusion of warm, fresh whole blood for treatment of hemorrhagic
shock was associated with improved survival at both 24 hours (whole blood - 96%,
components - 88%, p = 0.018) and 30 days (whole blood - 95% components - 82%, p =
0.002), when compared to those transfused with multiple blood components.® Improved
survival with whole blood transfusion was attributed to lack of anticoagulants and additives
that are inherent to stored blood components.1® Similarly, Nessen and colleagues found that
infusion of fresh whole blood was an independent predictor of survival in those injured in
combat (~ 90% reduction in likelihood of mortality), when compared with those who
received multiple blood components, in spite of higher ISS, and lower admission blood
pressure and core body temperature.16

Although management of hemorrhage focuses on control of blood loss and replacement of
circulating volume, best practices related to transfusion have yet to be established. Thus, the
aim of this study was to examine the association of type of blood transfusion, whole blood
or blood components, with mortality in adult major trauma patients. We hypothesized that
those who received whole blood would have a decreased likelihood of mortality compared
to those who were transfused a combination of blood components in the management of
their hemorrhage after trauma.
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We performed a secondary data analysis of the 2009 National Trauma Data Bank (NTDB)
data set.}” Five hundred sixty-seven facilities from across the United States voluntarily
submitted data from all trauma patient admissions in 2009 to form the database (n =
627,664).18 All data were de-identified prior to distribution of the data set.

We included those patients who were aged 18-45 years, had ISS greater than 25 indicating
critical injury, were admitted to the hospital after care in the ED, and who received blood
transfusion, either whole blood or blood components, as part of their emergency care.
Patients were excluded from the analyses when they were dead on arrival to the emergency
department, or were discharged to home after ED care and not admitted to the hospital.

Sociodemographic Variables—Sociodemographic variables included in the analyses
were age, gender, and ethnicity. Due to small numbers of minorities in the database,
ethnicity was classified as Caucasian or other. Older age (= 55 years of age) is a risk factor
for mortality in trauma victims because of pre-existing comorbidities, and decreased
physiological response to injury.1® Thus, we excluded those over age 45 years of age. We
controlled gender in our analyses, as there is evidence to support gender differences in
trauma survival and recovery, although this issue continues to be debated.20-24

Injury Severity—The ISS is a measure of trauma severity.25 Scores are based on the
extent of physiologic damage in the three most severely injured areas of the body (head/
neck, face, chest, abdominal/pelvic, extremities/pelvic girdle, external) using the
Abbreviated Injury Scale.2> These scores are then squared and summed to achieve the ISS.
Totals for the ISS range from to zero to 75, with higher scores indicating more severe injury.
A typical cutpoint used in the literature to identify more severely injured patients is an ISS
of 15 or greater, with a score of 25 indicating a critical state of injury.26-30 The NTDB
reports three versions of the ISS: the raw score reported by the hospital attending physicians,
the score calculated in the database from the reported AIS scores, and the score that is
calculated from International Classification of Diseases, Ninth Revision (ICD-9) codes.3!

For this analysis, the ISS calculated from the ICD-9 codes was used as this was deemed the
most valid for comparison purposes. The ISS is positively, although not linearly, correlated
to mortality. Although higher ISS scores translate to higher likelihood of mortality for the
trauma patient, given the scoring system of the ISS based on AlS scores, it is possible to
have greater mortality rates for lower ISS scores (i.e. higher mortality for patients with an
ISS of 16 versus 17) due to the physiologic location of the injury.25:32 The ISS has
equivocal evidence to support the reliability and validity33:34 of the measure, and there are
few evaluations of the psychometric properties. However, this measure continues to be
widely used in trauma practice, and it is an accepted standard for injury severity
measurement.32:35

J Trauma Nurs. Author manuscript; available in PMC 2015 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Jones and Frazier

Page 4

Emergency Medical System (EMS) Transfer Time—EMS transfer time was defined
as the time from dispatch of emergency medical services to the time the patient arrived at
the ED measured in minutes. We controlled the EMS transfer time because there is evidence
that prolonged time to definitive treatment is associated with greater blood loss,
hypothermia, and acidosis, thereby increasing risk for mortality.36

Transfer from Another Facility—Patients were dichotomized into those admitted
directly to the ED from EMS transfer and those transferred to a trauma center ED from
another clinical facility. We controlled for this variables, as this may produce delay in
definitive treatment.3’

Blood Product Administration—Blood products were categorized as administration of
PRBCs and PLTs in combination, or whole blood transfusion (WBT). Data were not
available for transfusion of fresh frozen plasma; thus, this component was not included in
this analysis.

Mortality—Mortality was defined as death during the hospital stay for trauma, and was
determined and reported by the attending physician.

Statistical Analyses

RESULTS

Sample characteristics were analyzed using descriptive statistics, independent t-tests and 42
as appropriate to describe the entire sample, and to compare those receiving blood
components (PRBCs, PLTs, PRBCs/PLTs) with those who received whole blood,
respectively. We used logistic regression to test the hypothesis that those transfused with
whole blood would have a decreased likelihood of mortality compared to patients transfused
with blood components after controlling for age, gender, and ISS. Demographic variables
age, gender, and 1SS were entered into the first regression block; EMS transfer time and
transfer of the patient from another facility were entered into the second block. The blood
product transfusion type, whole blood or components, was entered into the third block. An
alpha level of 0.05 was set a priori to determine significance, and all analyses were
performed using PASW, release 20.0 (SPSS, Inc., Chicago, IL).

Characteristics of the Participants

Participants (n = 1745) included in this analysis were primarily male (72%), Caucasians
(63%), aged 29 + 8 years with an Injury Severity Score of 35 + 13 indicating critical injury
(Table 1.).26-29 Heart rate (HR) and systolic blood pressure (SBP) were available from both
the EMS and emergency department records. Participants had a mean EMS HR of 99 + 26
and a mean emergency department HR of 101 + 26. Mean EMS SBP for the sample was 122
+ 28, with a mean emergency department SBP of 127 + 30. The average EMS transfer time
for these patients was 19 *+ 16 minutes, with a median time of 14 minutes. Only 21% of
patients were transferred from another facility. Twenty-six percent of these patients died
during hospitalization for their traumatic injuries. Ninety-five percent of participants
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received blood components (n = 1,662); only 5% received whole blood (n = 83); this
demonstrated the ubiquitous nature of component transfusion.

Those receiving whole blood and those receiving blood components were compared with
independent t-tests or 2 analyses based on the level of measurement (Table 1). Patients who
received whole blood were 2 years younger than those who received components (whole
blood - 27 + 8 years, components - 29 + 8 years, p = 0.01), and the proportion of females
who received blood components was significantly greater than the proportion who received
whole blood (components - 29%, whole blood -17%, p = 0.02). While a statistically
significant difference in mean SBP was detected among the transfusion groups when
measured in the emergency department, this difference was not clinically significant (whole
blood — 112 + 29 mmHg, components — 120 + 32 mmHg, p = 0.036). There were no other
differences between the groups.

Mortality Predictors

We used logistic regression to determine independent predictors of mortality (Table 2). The
model fit was evaluated using the Omnibus Tests of Model Coefficients and the Hosmer-
Lemeshow test; these analyses determined that we identified a significant model (p < 0.001)
with acceptable model fit (p = 0.318), respectively. Data were entered into the regression in
blocks to control potential confounding variables and evaluate their relationship to mortality.

The regression revealed three independent predictors of mortality: the ISS, EMS transfer
time and type of transfusion, whole blood or components (Table 2). With each one-unit
increase in ISS, patients were 14% more likely to die (OR 1.014, 95% CI 1.005 - 1.024, p =
0.004), and for each minute increase in EMS time, patients experienced a 1.2% decrease in
likelihood of mortality (OR 0.987, 95% CI 0.975 — 0.999, p = 0.035). After controlling for
age, gender, EMS transfer time and transfer from another facility, those patients who were
transfused with blood components were 3.2 times more likely to die when compared with
those who received whole blood (OR 3.164, 95% CI 1.314 — 7.618, p = 0.010). Thus, our
hypothesis was supported by the analysis.

DISCUSSION

We found that in this large sample of adult trauma patients, the type of transfusion, whole
blood or blood component, was an independent predictor of mortality; those patients who
received blood component transfusion were 3 times more likely to die when compared with
those who received whole blood transfusion, even though ISS was identical. Other
independent predictors of mortality were the ISS and the EMS transfer time. Mortality risk
increased 14% for each one unit increase in 1SS, and decreased by 1% for each additional
minute of EMS transfer time.

Similar to our finding, other investigators have found that transfusion of whole blood
produced superior survival compared to component transfusion. Combat patients who
received whole blood had twice the likelihood of 30-day survival compared to those
receiving blood components (OR 2.15, 95% CI 1.21-3.8, p = 0.016). Seghatchian and
Samama concluded that fresh whole blood was superior to stored component transfusion
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with a 1:1:1 ratio (PRBCs:FFP:PLTSs) in the prevention of coagulopathy in trauma patients,
and Makley and colleagues found that transfusion of whole blood averted an inflammatory
response produced by crystalloid resuscitation in animals after trauma.38:39 In contrast, Ho
and Leonard found no difference in 30-day mortality in patients who received whole blood
compared with components for massive transfusion, defined as = 10 units; however, only
one fourth of these patients were treated for traumatic injuries, patients were older than ours
(mean age 52 + 20 years), and diagnoses included gastrointestinal bleeding, cardiothoracic
surgery and other types of surgery.“? Thus, preexisting comorbidities may have produced a
confounding effect on mortality.

There is evidence that the age of blood components may have a significant effect on survival
after transfusion. Current blood bank practices include the rotation of older PRBCs to
trauma centers with high patient volume to reduce waste, as these centers are more likely to
transfuse these components before they reach expiration and must be discarded.4! Although
the storage life of PRBCs is 42 days, there are predictable and identifiable morphological,
biochemical, and functional alterations that occur and produce a “storage lesion”; the older
the age of stored components, the greater the changes.

Morphological alterations found with storage lesion include change from the normal
smooth, deformable disc-shape erythrocytes that easily bend to flow through the
microcirculation, to a spheroechinocyte, a sphere-shaped cell with protrusions, which is
rigid and more likely to adhere to the endothelium of the microcirculation.#243 Release of
submicron-sized fragments of the cellular membrane and hemoglobin, known as
microparticles, is also a component of the storage lesion.** These microparticles stimulate
inflammation, have procoagulant activity, and contain hemoglobin, which is a scavenger of
nitric oxide, an endothelium-derived relaxing factor.

Biochemical alterations found with the storage lesion are associated with continued cellular
metabolism after donation, and include reduction in 2,3 diphosphoglycerate (2,3 DPG),%°
which is important in the release of oxygen from the hemoglobin molecule, decreased
cellular pH,*8 increased lactate*6 and intracellular potassium,*’ increased release of
ubiquitin, an immune modulating protein,*® and collection of lipids, cytokines and free iron
released from hemolyzed cells.® The global consequences of the storage lesion after
transfusion are rapid destruction of spheroechinocytes, reduced microcirculatory blood flow,
altered coagulation, reduction in tissue oxygen delivery, ineffective endothelial
vasoregulation,*® impaired immune response, and systemic inflammation.

There are also significant differences in 24-hour survival of erythrocytes after transfusion;
packed cells stored for 25-35 days demonstrated double the degree of hemolysis when
compared with those stored for less than 10 days (11% versus 22%, p < 0.05).4°
Unfortunately, we were unable to determine whether the storage lesion in the infused
PRBCs was an independent predictor of mortality, as age of the transfused products was not
available in the data set. This is an important focus for continued research.

We also found that the ISS was an independent predictor of mortality. This is not surprising,
and provides additional evidence for the construct validity of the ISS. Numerous other
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investigators have also found the ISS to be a predictor not only for mortality, but also
adverse outcomes and complications in the trauma population.30-56 Dutton, Lefering, and
Lynn found higher ISS to be predictive of both an increased risk for transfusion and an
increased volume of transfused blood or blood components.5” Similar findings were
reported in a systematic review performed, indicating injury severity as an important
predictor of the need for transfusion in the trauma population.>® As those included in our
analysis had the statistically same ISS, the need for transfusion should have been statistically
equivalent based on this evidence.

The third independent predictor of mortality was the EMS transfer time with each additional
minute of transfer time associated with a 1% decrease in mortality likelihood. The impact of
transport time on the likelihood of mortality is equivocal, with data supporting increased and
decreased likelihood, as well as no impact on mortality. Longer transport times are often
associated with pre-hospital interventions. Recent evidence from the Prospective
Observational Multicenter Massive Transfusion (PROMMT) group identified a 16%
reduction in the likelihood of mortality in trauma patients who received intravenous fluid
administration®?; Bernard and colleagues found that rapid sequence intubation in the pre-
hospital setting was associated with improved functional outcome in adults patients with
severe traumatic brain injury.50 Thus, pre-hospital interventions that require time have been
shown to improve survival. We consider this to be a viable hypothesis for our finding.

In contrast, Gonzalez and colleagues found that longer EMS transport times were associated
with higher mortality in rural trauma patients.36 Johnson and colleagues identified a
significant survival benefit in those trauma patients transported by private vehicle compared
with EMS transport after controlling for ISS; thus, shorter transport time predicted greater
likelihood of survival.61 However, McCoy and colleagues found no association between
transport time and mortality in nearly 20,000 patients with blunt and penetrating trauma?,
and The Resuscitation Outcomes Consortium Investigators also found no association
between EMS activation time, on-scene, transport or total EMS time and mortality.53 Thus,
this variable is more complex than just the time in minutes and requires more systematic
investigation, with consideration of the pre-hospital care administered.

Our study was limited in several ways. First, the NTDB dataset provided retrospective data
and contains limited variables for analysis. For example, transfusion of blood components or
whole blood is available as a dichotomous yes-no variable, but quantification of the units of
each component or units of whole blood transfused was not available. Furthermore, while
EMS and ED heart rate and systolic blood pressure were available for analysis, these
variables are not supported by prior research evidence as independent predictors of
transfusion requirement or as adequate indicators of hemorrhage status; thus, they were not
included in the regression.5465 In addition, the validity of the data could not be evaluated
and the accuracy of data entry is uncertain. Errors in the database are possible because of the
multiple hospitals, institutions, and data entry personnel who contributed to the database.
We studied only a subset of younger patients in our analyses; thus, older patients may have
different responses.
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CONCLUSION

We found that transfusion of whole blood rather than blood components produced superior
survival in adult trauma patients from the NTDB. The inclusion of a geographically diverse
sample increases the generalizability of our findings. The current practice of ubiquitous
component administration in the trauma population requires further study to ensure that
optimal trauma outcomes are achieved in those who receive transfusion. Our findings also
support the construct validity of the ISS, a common instrument, used in clinical practice and
research to quantify severity of injury. Unfortunately, our transport time finding adds to the
ambiguity about mortality and pre-hospital care, and demonstrates the need for further
systematic evaluation of this complex issue.

Acknowledgments

This work was supported in part by a Centre grant to the University of Kentucky College of Nursing from NIH,
NINR, 1P20NR010679. The content is solely the responsibility of the authors and does not necessarily represent the
official views of the National Institute of Nursing Research or the National Institutes of Health.

References

1. Centers for Disease Control and Prevention. National Vital Statistics Reports: United States
Department of Health and Human Services. National Center for Heatlh Statistics, National Vital
Statistics System; 2011.

2. Holcomb JB, Spinella PC. Optimal use of blood in trauma patients. Biologicals. 2010; 38(1):72-77.
[PubMed: 20074980]

3. Teixeira PG, Inaba K, Hadjizacharia P, et al. Preventable or potentially preventable mortality at a
mature trauma center. J Trauma. 2007; 63(6):1338-1346. discussion 1346-1337. [PubMed:
18212658]

4. Gruen RL, Jurkovich GJ, Mclintyre LK, Foy HM, Maier RV. Patterns of errors contributing to
trauma mortality: lessons learned from 2,594 deaths. Ann Surg. 2006; 244(3):371-380. [PubMed:
16926563]

5. Kauvar DS, Holcomb JB, Norris GC, Hess JR. Fresh whole blood transfusion: a controversial
military practice. J Trauma. 2006; 61(1):181-184. [PubMed: 16832268]

6. American Red Cross. [Accessed September 3, 2012] Blood Facts and Statistics. 2006. http://
www.redcrossblood.org/learn-about-blood/blood-facts-and-statistics - blood-components

7. United States Department of Health and Human Services. The 2009 National Blood Collection and
Utilization Survey Report. 2009

8. Whitaker, BI.; Hinkins, S. The 2011 National Blood Collection and Utilization Survey Report. U.S.
Department of Health and Human Services; 2011.

9. Glance LG, Dick AW, Mukamel DB, et al. Association between intraoperative blood transfusion
and mortality and morbidity in patients undergoing noncardiac surgery. Anesthesiology. 2011;
114(2):283-292. [PubMed: 21239971]

10. Vamvakas EC, Blajchman MA. Transfusion-related mortality: the ongoing risks of allogeneic
blood transfusion and the available strategies for their prevention. Blood. 2009; 113(15):3406-
3417. [PubMed: 19188662]

11. Kapan M, Onder A, Oguz A, et al. The effective risk factors on mortality in patients undergoing
damage control surgery. Eur Rev Med Pharmacol Sci. 2013; 17(12):1681-1687. [PubMed:
23832738]

12. Cripps MW, Kutcher ME, Daley A, et al. Cause and timing of death in massively transfused
trauma patients. J Trauma. 2013; 75(2 Suppl 2):5S255-262.

J Trauma Nurs. Author manuscript; available in PMC 2015 January 01.


http://www.redcrossblood.org/learn-about-blood/blood-facts-and-statistics-blood-components
http://www.redcrossblood.org/learn-about-blood/blood-facts-and-statistics-blood-components

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Jones and Frazier

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Page 9

Kutcher, ME.; Kornblith, LZ.; Narayan, R., et al. [Accessed July 30, 2013] A Paradigm Shift in
Trauma Resuscitation: Evaluation of Evolving Massive Transfusion Practices. JAMA surgery. E-
pub Jul 17 2013. http://archsurg.jamanetwork.com/article.aspx?articlelD=1714656

Holcomb JB. Optimal use of blood products in severely injured trauma patients. Hematology Am
Soc Hematol Educ Program. 2010; 2010:465-469. [PubMed: 21239837]

Spinella PC, Perkins JG, Grathwohl KW, Beekley AC, Holcomb JB. Warm fresh whole blood is
independently associated with improved survival for patients with combat-related traumatic
injuries. J Trauma. 2009; 66(4 Suppl):S69-76. [PubMed: 19359973]

Nessen SC, Eastridge BJ, Cronk D, et al. Fresh whole blood use by forward surgical teams in
Afghanistan is associated with improved survival compared to component therapy without
platelets. Transfusion. 2013; 53(Suppl 1):107S-113S. [PubMed: 23301962]

Committee on Trauma. American College of Surgeons. NTDB Admission Year 2008. Chicago, IL:
2010. The content reproduced from the NTDB remains the full and exclusive copyrighted property
of the American College of Surgeons. The American College of Surgeons is not responsible for
any claims arising from works based on the original data, text, tables, or figures.

Nathens, A.; Fantus, RJ., editors. National Trauma Data Bank Annual Report 2009. American
College of Surgeons; 20009.

Kuhne CA, Ruchholtz S, Kaiser GM, Nast-Kolb D. Mortality in severely injured elderly trauma
patients--when does age become a risk factor? World J Surg. 2005; 29(11):1476-1482. [PubMed:
16228923]

Mostafa G, Huynh T, Sing RF, Miles WS, Norton HJ, Thomason MH. Gender-related outcomes in
trauma. J Trauma. 2002; 53(3):430-434. discussion 434-435. [PubMed: 12352476]

Gannon CJ, Pasquale M, Tracy JK, McCarter RJ, Napolitano LM. Male gender is associated with
increased risk for postinjury pneumonia. Shock. 2004; 21(5):410-414. [PubMed: 15087816]

Magnotti LJ, Fischer PE, Zarzaur BL, Fabian TC, Croce MA. Impact of gender on outcomes after
blunt injury: a definitive analysis of more than 36,000 trauma patients. J Am Coll Surg. 2008;
206(5):984-991. discussion 991-982. [PubMed: 18471739]

Berry C, Ley EJ, Tillou A, Cryer G, Margulies DR, Salim A. The effect of gender on patients with
moderate to severe head injuries. J Trauma. 2009; 67(5):950-953. [PubMed: 19901653]

Haider AH, Crompton JG, Chang DC, et al. Evidence of hormonal basis for improved survival
among females with trauma-associated shock: an analysis of the National Trauma Data Bank. J
Trauma. 2010; 69(3):537-540. [PubMed: 20838123]

Baker SP, O’Neill B, Haddon W Jr. Long WB. The injury severity score: a method for describing
patients with multiple injuries and evaluating emergency care. J Trauma. 1974; 14(3):187-196.
[PubMed: 4814394]

Galvagno SM Jr. Thomas S, Stephens C, et al. Helicopter emergency medical services for adults
with major trauma. Cochrane Database Syst Rev. 2013; 3:CD009228. [PubMed: 23543573]

Wong TH, Lumsdaine W, Hardy BM, Lee K, Balogh ZJ. The impact of specialist trauma service
on major trauma mortality. J Trauma. 2013; 74(3):780-784.

Dewar DC, Tarrant SM, King KL, Balogh ZJ. Changes in the epidemiology and prediction of
multiple-organ failure after injury. J Trauma. 2013; 74(3):774-779.

Stahel PF, VanderHeiden T, Flierl MA, et al. The impact of a standardized “spine damage-control”
protocol for unstable thoracic and lumbar spine fractures in severely injured patients: a prospective
cohort study. J Trauma. 2013; 74(2):590-596.

Curtis KA. Injury trends and mortality in adult patients with major trauma in New South Wales.
Med J Aust. 2013; 198(9):481. [PubMed: 23682887]

American College of Surgeons. National Trauma Data Bank: NTDB Research Data Set Admission
Year 2008 User Manual. Chicago, IL: 2008.

Chawda MN, Hildebrand F, Pape HC, Giannoudis PV. Predicting outcome after multiple trauma:
which scoring system? Injury. 2004; 35(4):347-358. [PubMed: 15037369]

Semmlow JL, Cone R. Utility of the injury severity score: a confirmation. Health Serv Res. Spring.
1976; 11(1):45-52.

Cayten CG, Evans W. Severity indices and their implications for emergency medical services
research and evaluation. J Trauma. 1979; 19(2):98-102. [PubMed: 762736]

J Trauma Nurs. Author manuscript; available in PMC 2015 January 01.


http://archsurg.jamanetwork.com/article.aspx?articleID=1714656

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Jones and Frazier

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Page 10

Kim YJ. Injury severity scoring systems: a review of application to practice. Nurs Crit Care. 2012;
17(3):138-150. [PubMed: 22497918]

Gonzalez RP, Cummings GR, Phelan HA, Mulekar MS, Rodning CB. Does increased emergency
medical services prehospital time affect patient mortality in rural motor vehicle crashes? A
statewide analysis. Am J Surg. 2009; 197(1):30-34. [PubMed: 18558397]

Haas B, Gomez D, Zagorski B, Stukel TA, Rubenfeld GD, Nathens AB. Survival of the fittest: the
hidden cost of undertriage of major trauma. J Am Coll Surg. 2010; 211(6):804-811. [PubMed:
21036070]

Seghatchian J, Samama MM. Massive transfusion: an overview of the main characteristics and
potential risks associated with substances used for correction of a coagulopathy. Transfus Apher
Sci. 2012; 47(2):235-243. [PubMed: 22770808]

Makley AT, Goodman MD, Friend LA, et al. Resuscitation with fresh whole blood ameliorates the
inflammatory response after hemorrhagic shock. J Trauma. 2010; 68(2):305-311. [PubMed:
20154542]

Ho KM, Leonard AD. Lack of effect of unrefrigerated young whole blood transfusion on patient
outcomes after massive transfusion in a civilian setting. Transfusion. 2011; 51(8):1669-1675.
[PubMed: 21175645]

Aucar JA, Sheth M. The storage lesion of packed red blood cells affects coagulation. Surgery.
2012; 152(4):697-702. discussion 702-693. [PubMed: 22939747]

Chin-Yee IH, Gray-Statchuk L, Milkovich S, Ellis CG. Transfusion of stored red blood cells
adhere in the rat microvasculature. Transfusion. 2009; 49(11):2304-2310. [PubMed: 19624601]

D’Alessandro A, Liumbruno G, Grazzini G, Zolla L. Red blood cell storage: the story so far. Blood
Transfus. 2010; 8(2):82—-88. [PubMed: 20383300]

Jy W, Ricci M, Shariatmadar S, Gomez-Marin O, Horstman LH, Ahn Y'S. Microparticles in stored
red blood cells as potential mediators of transfusion complications. Transfusion. 2011; 51(4):886—
893. [PubMed: 21496051]

Bennett-Guerrero E, Veldman TH, Doctor A, et al. Evolution of adverse changes in stored RBCs.
Proc Natl Acad Sci U S A. 2007; 104(43):17063-17068. [PubMed: 17940021]

Aubron C, Nichol A, Cooper DJ, Bellomo R. Age of red blood cells and transfusion in critically ill
patients. Ann Int Care. 2013; 3(1):2.

Vraets A, Lin Y, Callum JL. Transfusion-associated hyperkalemia. Transfus Med Rev. 2011;
25(3):184-196. [PubMed: 21498041]

Patel MB, Proctor KG, Majetschak M. Extracellular ubiquitin increases in packed red blood cell
units during storage. J Surg Res. 2006; 135(2):226-232. [PubMed: 16926027]

Luten M, Roerdinkholder-Stoelwinder B, Schaap NP, de Grip WJ, Bos HJ, Bosman GJ. Survival
of red blood cells after transfusion: a comparison between red cells concentrates of different
storage periods. Transfusion. 2008; 48(7):1478-1485. [PubMed: 18482180]

Inaba K, Lustenberger T, Rhee P, et al. The impact of platelet transfusion in massively transfused
trauma patients. J Am Coll Surg. 2010; 211(5):573-579. [PubMed: 20846882]

Teixeira PG, Inaba K, Shulman I, et al. Impact of plasma transfusion in massively transfused
trauma patients. J Trauma. 2009; 66(3):693-697. [PubMed: 19276739]

Perkins JG, Cap AP, Spinella PC, et al. An evaluation of the impact of apheresis platelets used in
the setting of massively transfused trauma patients. J Trauma. 2009; 66(4 Suppl):S77-84.
discussion S84-75. [PubMed: 19359974]

Dirks J, Jorgensen H, Jensen CH, Ostrowski SR, Johansson PI. Blood product ratio in acute
traumatic coagulopathy--effect on mortality in a Scandinavian level 1 trauma centre. Scand J
Trauma. 2010; 18:65.

Bradley M, Okoye O, Dubose J, et al. Risk factors for post-traumatic pneumonia in patients with
retained haemothorax: Results of a prospective, observational AAST study. Injury. 2013; 44(9):
1159-1164. [PubMed: 23433600]

Matityahu A, Elson J, Morshed S, Marmor M. Survivorship and severe complications are worse for
octogenarians and elderly patients with pelvis fractures as compared to adults: data from the
national trauma data bank. J Osteoporosis. 2012; 2012:475739.

J Trauma Nurs. Author manuscript; available in PMC 2015 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Jones and Frazier

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Page 11

Kisat M, Villegas CV, Onguti S, et al. Predictors of sepsis in moderately severely injured patients:
an analysis of the National Trauma Data Bank. Surg Infect (Larchmt). 2013; 14(1):62—68.
[PubMed: 23461696]

Dutton RP, Lefering R, Lynn M. Database predictors of transfusion and mortality. J Trauma. 2006;
60(6 Suppl):S70-77. [PubMed: 16763484]

Eastridge BJ, Malone D, Holcomb JB. Early predictors of transfusion and mortality after injury: a
review of the data-based literature. J Trauma. 2006; 60(6 Suppl):S20-25. [PubMed: 16763476]
Hampton DA, Fabricant LJ, Differding J, et al. Prehospital intravenous fluid is associated with
increased survival in trauma patients. J Trauma. 2013; 75(1 Suppl 1):S9-15.

Bernard SA, Nguyen V, Cameron P, et al. Prehospital rapid sequence intubation improves
functional outcome for patients with severe traumatic brain injury: a randomized controlled trial.
Ann Surg. 2010; 252(6):959-965. [PubMed: 21107105]

Johnson NJ, Carr BG, Salhi R, Holena DN, Wolff C, Band RA. Characteristics and outcomes of
injured patients presenting by private vehicle in a state trauma system. Am J Emerg Med. 2013;
31(2):275-281. [PubMed: 23000329]

McCoy CE, Menchine M, Sampson S, Anderson C, Kahn C. Emergency medical services out-of-
hospital scene and transport times and their association with mortality in trauma patients
presenting to an urban Level | trauma center. Ann Emerg Med. 2013; 61(2):167-174. [PubMed:
23142007]

Newgard CD, Schmicker RH, Hedges JR, et al. Emergency medical services intervals and survival
in trauma: assessment of the “golden hour” in a North American prospective cohort. Ann Emerg
Med. 2010; 55(3):235-246. [PubMed: 19783323]

Brasel KJ, Guse C, Gentilello LM, Nirula R. Heart rate: is it truly a vital sign? J Trauma. 2007;
62(4):812-817. [PubMed: 17426534]

Convertino VA, Ryan KL, Rickards CA, et al. Physiological and medical monitoring for en route
care of combat casualties. J Trauma. 2008; 64(4 Suppl):S342—353. [PubMed: 18385586]

J Trauma Nurs. Author manuscript; available in PMC 2015 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuey Joyiny vd-HIN

Jones and Frazier

30%

25%

20% -

15% -

10% -

Mortality Proportion

5% -

0%

‘Whole Blood

Components

''n=1745

p=0.27

Figure 1. Patient Mortality by Transfusion Type
Proportions compared with Chi Square analysis
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Figure 2. Mean Injury Severity Score by Transfusion Type
Scores compared using independent t tests
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Table 1
Characteristics of the Participants (n = 1745)
Blood

Total Sample | Wholeblood | components | P
Variable n=1745 n=83 n = 1662 value
Age in years 29+8 27+8 29+8 0.01
Gender Male 1253 (72%) 69 (83%) 1184 (71%) | 0.02
Ethnicity
Caucasian 1105 (63%) 47 (57%) 1058 (64%) | 0.20
Heart Rate (bpm)*

EMS™ 99 + 26 98 £ 30 103 +27 0.23
Emergency Dept. 101+ 26 105+ 24 107 £ 29 0.67
Systolic Blood
Pressure
(mmHg)***

EMS 122 +28 115+31 114+ 30 0.79

Emergency Dept. | 127 + 30 112 +£29 120 + 32 0.04
Injury Severity
Score 35+13 39+17 35 +13 0.13
EMS Transfer
Time in minutes 19+16 15+11 19+16 0.15
Transferred from
Other Facility
(Yes) 367 (21%) 15 (18%) 352 (21%) 0.50
Mortality 446 (26%) 17 (21%) 429 (26%) 0.27

Values are mean + standard deviation or frequency (proportion)

Groups compared using independent t tests for continuous variables and Chi square or Fishers Exact test for categorical variables

*
Beats per minute

*%

Emergency Medical Services

*%

*
Millimeters of mercury
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Independent Predictors of Mortality In Adult Trauma Patients (n = 1745)

Table 2

Variable (Reference B Exp 8 95% ClI P
group) value
Age -.009 991 .975 - 1.008 0.32
Gender (Female) -.274 | .760 .554 - 1.044 0.09
Injury Severity Score .014 1.014 | 1.005-1.024 | 0.004
EMS” Time -.013 | .987 .975-0.999 | 0.035
Transfer (No) -.124 .883 .569 — 1.370 0.58
Blood Product (Whole) | 1.152 | 3.164 | 1.314-7.618 0.01

Logistic regression analysis

For categorical variables, reference group in parentheses

*

Emergency Medical Services
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