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Introduction: The aim of our study was to evaluate if pre-hospital shock index (SI) can predict transfusion
requirements, resource utilization and mortality in trauma patients.
Methods: We performed a 2-year analysis of all adult trauma patients in the TQIP database. Shock index
was calculated by dividing heart-rate over systolic blood pressure. Patients were divided into two groups
pre-hospital SI� 1 and prehospital SI> 1. Regression and ROC curve analyses were performed.
Results: 144951 patients were included in the study. Mean age was 45 ± 34 years, 61% were male, 84.7%
had blunt injuries and median ISS was 13 [9e17]. Overall 9.1% of the patients had a pre-hospital SI > 1.
Patients with pre-hospital SI > 1 had higher likelihood of requiring massive transfusion (25% vs. 0.012%,
p< 0.02), interventional-radiology intervention (6.2% vs. 1%,p< 0.001) or operative intervention (14.7% vs.
2%,p< 0.001) compared to SI� 1. Similarly, patients with SI > 1 had higher mortality (12.3% vs. 5.2%,
p< 0.001) and were more likely to be discharged to Rehab/SNF (34.6% vs. 21.4%, p< 0.001).
Conclusions: Pre-hospital SI predicts trauma-center resource utilization and can guide patient triage and
trauma resource recruitment.

© 2019 Elsevier Inc. All rights reserved.
Introduction

Unintentional injury represents the leading cause of mortality
among patients 1e45 years old, causing over 214,000 deaths and
2.8 million hospitalizations annually.1 Within the first 24 h
following injury, hemorrhage is responsible for over 40% of these
deaths making bleeding one of the most preventable causes of
death worldwide.2,3 In addition to bleed source control, the main-
stay in treating hemorrhage is early and aggressive resuscitation
with blood products and adjuncts like cryoprecipitate and factor
concentrates. To achieve this goal, patients that may require
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massive transfusion need to be rapidly identified in order to acti-
vate the appropriate level of trauma resources. There remains,
however, a paucity of objective tools that can be used for patient
triage upon arrival to the hospital and in the pre-hospital envi-
ronment and has traditionally been based on vital signs like blood
pressure, heart rate, Glasgow coma scale (GCS), and anatomy and
mechanism of injury.4,5

Recent studies have shown that the shock index (SI), as defined
as the heart rate/systolic blood pressure is more predictive of
trauma outcomes than vitals, GCS, or injurymechanism alone.6e9 In
particular, several authors have noted that pre-hospital SI may have
more utility in predicting trauma resource activation, triage level,
and mortality than the first SI obtained in the hospital.10 Initial
analysis on this subject have shown conflicting results and their
remains no consensus regarding the appropriate SI threshold (>0.8,
>0.9, or >1) that should be used clinically.7,11,12 The goals of this
study were therefore to examine the role of the pre-hospital SI,
using a large nationwide database, in predicting transfusion re-
quirements, resource utilization, and mortality following a trau-
matic injury. We hypothesized that pre-hospital SI can predict
trauma resource utilization, ICU and OR requirement, and the need
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for blood products transfusion.

Methods

Study design and population

We performed a 2-year retrospective analysis of the American
College of Surgeons, Trauma Quality Improvement Program (ACS-
TQIP) database from 2013 to 2014. We analyzed all trauma patients
in ACS-TQIP over this 2-year study period. The TQIP is a robust
dataset administered by the American College of Surgeons (ACS)
that can be used to compare risk-adjusted outcomes in the trauma
centers across the US. More than 700 trauma centers across the US
report data to the TQIP. This dataset is collected by specialized data
abstractors at each institution and they record more than 100
variables, including patient demographics; pre-hospital EMS vitals
and pre-hospital interventions; emergency department (ED) vitals;
ED disposition; injury parameters (mechanism and mode of
injury); objective injury scores [injury severity score (ISS) and
abbreviated injury scale (AIS)]; in-hospital interventions (blood
transfusion, surgical intervention and interventional radiology (IR)
procedures), and outcomes (complications, in-hospital mortality
and discharge disposition).

IRB and consent

As the TQIP only contains de-identified data, this study was
exempted from the Institutional Review Board (IRB) approval. All
the data in TQIP is de-identified and this is a retrospective study and
did not require patient consents.

Inclusion & exclusion criteria

We included all adult trauma patients (age� 18 years) in ACS-
TQIP over the 2-year study period. We excluded all patients with
who were transferred from other hospitals or dead on arrival.

Definitions

Shock Index (SI): Shock index was defined as the ratio of heart
rate (HR)/systolic blood pressure (SI¼HR/SBP).

Massive Transfusion (MT): Massive transfusion was defined as
transfusion of ten or more units of packed red blood cells (pRBC) in
the first 24 h post injury.

Data points

We collected the following data points from the TQIP dataset:
patients demographic characteristics; including age, gender, and
race, pre-hospital and ED vital parameters; including systolic blood
pressure (SBP), heart rate (HR) and Glasgow Coma Scale (GCS),
Injury parameters including; mechanism of injury, ISS and body
region specific AIS, Complications; including, Acute Respiratory
Distress Syndrome (ARDS), Acute Kidney Injury (AKI), Deep Venous
Thrombosis (DVT), Pulmonary Embolism (PE), Pneumonia and Ce-
rebrovascular Accident (CVA); the need for Intervention; including
interventional radiology (angiography with or without angio-
embolization) or surgical (laparotomy or thoracotomy), ventilator
days intensive care unit (ICU) and Hospital length of stay, disposi-
tion; home, rehab/SNF and mortality.

Patient stratification

Shock was identified as a shock index >1.
Patients were stratified into two groups; SI� 1 and SI> 1.
Outcomes

Our primary outcome measure was the need for blood products
transfusion (pRBC, Platelets and FFP) and the need for intervention
(interventional radiology and surgical). Secondary outcome mea-
sures were ED disposition, overall complications, hospital and ICU
length of stays, ventilator days, discharge disposition andmortality.
We also performed a sub-analysis of transfusion requirements in
patients with penetrating injuries.

Missing data analysis

We analyzed the data for all the pre-hospital variables, vitals
and injury parameters for missingness. The data was missing at
random and was treated as missing completely at random (MCAR).
Multiple imputations were performed using a missing value anal-
ysis technique to account for the missing values. This technique is
used to reduce bias and increase the number of available cases. To
impute the datasets, the original data set was analyzed for random
missing data points using Little's missing completely at random
(MCAR) test. We used the Markov Chain Monte Carlo method for
multiple imputations. This method refers to a collection of methods
for simulating random draws from nonstandard distributions.

Data reporting and statistical analysis

We reported data as a mean± standard deviation (SD) for
continuous variables, as frequency and proportions for categorical
variables, and as median [with interquartile range] for ordinal
variables. We performed chi-square test to explore the differences
in categorical variables between the two groups. In addition, we
used the independent student's t-test for continuous parametric
data and the Mann-Whitney U test for continuous non-parametric
data. We considered p< 0.05 as statistically significant for our
study.

We performed regression analysis to control for the con-
founders while evaluating our adjusted analysis for our sub-
analysis. The model fit was assessed by the Hosmer-Lemeshow
test. In the logistic regression model, the Hosmer-Lemeshow test
exceeded 0.05 and the tolerance was greater than 0.1 for all inde-
pendent variables with a variance inflation factor of less than 10.0.

We also performed the Receiver Operator Characteristic (ROC)
curve analysis to evaluate the cutoff of pre-hospital SI for different
outcomes and to compare the predictive power of pre-hospital SI
against prehospital SBP and HR in predicting outcomes.

All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS, Version 24; SPSS, Inc., Armonk,
NY).

Results

A total of 144951 patients met our inclusion and exclusion
criteria and were included in our study. Mean age was 45± 34
years, 61% were male,76% were White and 7.6% were Hispanics.
Median ISS was 13 [9e17] and 84.7% had blunt injuries. Overall 9.1%
of the patients had a SI> 1.

Multiple ROC curve analysis for pre-hospital SI were performed
separately to choose the optimal cutoff for predicting each indi-
vidual outcome (blood transfusion, operative/interventional radi-
ology intervention, ICU admission and mortality). The cutoff varied
for each individual outcome and ranged from 0.92 to 1.08 for the
highest specificity and sensitivity. For the sake of simplicity and
based on the highest specificity and sensitivity for most of the
outcomes evaluated (on ROC curve analysis) a cutoff of pre-hospital
SI> 1 was selected. Patients were then divided into two groups



Table 1
Demographics.

Pre-hospital SI� 1 (n¼ 131761) Pre-hospital SI> 1 (n¼ 13190) p-value

Age, y, mean ± SD 46± 34 44± 27 0.78
Male, % 60.5% 65.5% 0.34
Race, %
White 76% 74.5% 0.42
African American 8.7% 12.4%

Hispanics, % 7.8% 6.7% 0.75
Pre-hospital Vitals
SBP, mean± SD 115± 24 83± 22 <0.001
HR, mean ± SD 88± 18 118± 13 <0.001
GCS, median [IQR] 15 [15-15] 15 [13e15] 0.63

ED Vitals
SBP, mean± SD 123± 22 91± 15 <0.001
HR, mean ± SD 91± 17 97± 16 <0.001
GCS, median [IQR] 15 [15-15] 15 [14e15] 0.83

Mechanism of injury, %
Blunt Injury 86% 72% 0.01
Penetrating Injury 14% 28% 0.01

Injury Parameters, median [IQR]
ISS 13 [9e17] 18 [13e29] <0.001
Head-AIS 1 [1-1] 1 [1e2] 0.79
Thorax-AIS 0 [0e1] 2 [1e2] 0.04
Abdomen-AIS 1 [1e2] 2 [1e2] 0.51
Extremity-AIS 1 [1-1] 1 [1e2] 0.79

SD¼Standard deviation, SBP¼Systolic Blood Pressure, HR¼Heart Rate, GCS¼Glasgow Coma Scale, IQR¼Interquartile Range, ISS¼Injury Severity Score, AIS¼Abbreviated
injury scale.
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based on the SI cutoff of 1.
The demographics of these two groups are demonstrated in

Table 1. Patient in both groups had no difference in age (p¼ 0.78),
gender (p¼ 0.34), race (p¼ 0.42) or ethnicity (p¼ 0.75). Patients
who had a pre-hospital SI> 1 were more likely to have lower
prehospital as well as ED SBP (p< 0.001) and higher HR (p< 0.001)
but no difference in the GCS (p¼ 0.63). Patients with SI> 1 were
more likely to have penetrating injuries (p¼ 0.01), higher ISS
(p< 0.001) and severe injuries to chest (p¼ 0.04), however, there
was no difference in the severity of other body injuries compared to
patients with SI� 1.

The primary outcomes of our two-groups are demonstrated in
Table 2. Patients with pre-hospital SI> 1 had higher blood products
(pRBC, FFP, Platelet) requirement in the initial 4-h as well as the
first 24-h of resuscitation compared to patients with pre-hospital
SI� 1. Patients with SI> 1 had higher likelihood of massive trans-
fusion (25% vs. 0.012%, p< 0.02) compared to SI� 1. Similarly, pa-
tients with SI> 1 had higher likelihood of requiring interventional
radiology intervention (angiography with or without embolization)
as well as higher rates of operative intervention (laparotomy and
Table 2
Blood products and interventions.

Pre-hospital SI� 1 (n¼ 131761)

Blood Products in 4 h
pRBC, median [IQR] 0 [0-0]
Plasma, median [IQR] 0 [0-0]
Platelets, median [IQR] 0 [0-0]
Blood Products in 24 h
pRBC, median [IQR] 0 [0-0]
Plasma, median [IQR] 0 [0-0]
Platelets, median [IQR] 0 [0-0]
Massive transfusion, % 0.12%
Intervention, %
Interventional radiology (IR)a 1%
Surgical intervention, %
Laparotomy 1.7%
Thoracotomy 0.3%

SI¼Shock Index, pRBC¼ Packed Red Blood Cells, IQR¼Interquartile Range.
a IR¼Angiography with or without embolization.
thoracotomy).
The ED disposition of the two groups is demonstrated in Table 3.

Patients with a prehospital SI> 1 weremore likely to be transferred
to the OR (34.1% vs. 13.8%, p< 0.001) or ICU (41.1% vs. 32.9%,
p< 0.001) instead of floor (14.9% vs. 38.6%, p< 0.001) compared to
patients with pre-hospital SI� 1.

The overall outcomes of the two groups are presented in Table 4.
Patients with SI> 1 had higher rates of overall complications, AKI,
ARDS, DVT and pneumonia however, similar rates of PE and CVA
compared to patients with SI� 1. In addition, patients with pre-
hospital SI> 1 had higher ICU (4 days vs. 1 day, p< 0.001), hospi-
tal length of stay (7 days vs. 5 days, p¼ 0.01) and ventilator days (1
day vs. 0 day, p< 0.001) compared to SI� 1. Similarly, patients with
SI> 1 had higher mortality (12.3% vs. 5.2%, p< 0.001) and were
more likely to be discharged to Rehab/SNF (34.6% vs. 21.4%,
p< 0.001).

Sub-analysis of transfusion requirements in patients with
penetrating injuries is demonstrated in Fig. 1. After adjusting for
age, gender, race, and mode of trauma patients with SI> 1 had
higher adjusted requirements of pRBC, FFP and platelet transfusion
Pre-hospital SI> 1 (n¼ 13190) p-value

1 [0e3] <0.001
1 [0e4] <0.001
1 [0e3] <0.001

4 [2e10] <0.001
1 [1e5] <0.001
1 [0e5] <0.001
25% <0.002

6.2% <0.001

12.3% <0.001
2.4% <0.001



Table 3
ED outcomes.

Pre-hospital SI� 1 (n¼ 131761) Pre-hospital SI> 1 (n¼ 13190) p-value

Disposition, %
ICU 32.9% 41.1% <0.001
Died 0.8% 3% <0.001
Floor 38.6% 14.9% <0.001
Discharged 13.9% 6.9% <0.001
Operating Room 13.8% 34.1% <0.001

SI¼Shock Index, ICU¼Intensive Care Unit.

Table 4
Outcomes.

Pre-hospital SI� 1 (n¼ 131761) Pre-hospital SI> 1 (n¼ 13190) p-value

Overall Complications
ARDS 0.6% 2.9% <0.001
AKI 0.9% 2.7% <0.001
DVT 0.7% 2.2% <0.001
PE 1.2% 1.8 0.42
Pneumonia 0.6% 1.5% <0.001
CVA 1.2% 1.4% 0.61

ICU LOS, median [IQR] 1 [0e2] 4 [0e5] <0.001
Ventilator Days, median [IQR] 0 [0e2] 1 [0e2] <0.001
Hospital LOS, median [IQR] 5 [3e8] 7 [3e16] 0.01
Disposition, %
Mortality 5.2% 12.3% <0.001
Rehab/SNF 21.4% 34.6% <0.001

ARDS¼Acute Respiratory Distress Syndrome, AKI¼ Acute Kidney Injury, DVT¼Deep Venous Thrombosis, PE¼Pulmonary Embolism, CVA¼Cerebrovascular Accident, ICU-
¼Intensive Care Unit, LOS¼ Length of Stay, IQR¼Interquartile Range, Rehab/SNF¼Rehabilitation/Skilled Nursing Facility.

Fig. 1. Adjusted sub-analysis of patients with penetrating injuries.
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in this subgroup as well.
The area under the Receiver Operative Characteristic (ROC)

curve for predicting adverse outcomes is demonstrated in Fig. 2.
Pre-hospital SI (AUROC¼ 0.81) was a better indicator of predicting
hospital resource utilization compared to the pre-hospital SBP
(AUROC¼ 0.55) and pre-hospital HR (AUROC¼ 0.66).
Discussion

Trauma triage and resource allocation remains an ongoing area
of research. The results of this nationwide study suggest that pre-
hospital shock index can predict hospital resource utilization. Pa-
tients with pre-hospital SI> 1 were more likely to go to the oper-
ating room or ICU compared to patients with hospital SI< 1.
Similarly, patients with pre-hospital SI> l had higher blood product
requirement (pRBC, FFP and platelets) within the first 4 h and
during the 24-h resuscitation period. In addition, patients with
prehospital SI> 1 stayed longer in the ICU and hospital and had
higher adjusted mortality. Patients with a prehospital SI> 1 also
had higher rates of complications during their stay including ARDS,
AKI, DVT, and pneumonia. ROC analysis showed that the pre-
hospital SI had more predictive value for hospital resource utili-
zation than heart rate or SBP alone. Finally, we also showed that the
pre-hospital SI was associatedwith increased rates of discharge to a
rehab or nursing facility.

To date, we believe that this is the largest study looking at the
predictive value of the pre-hospital SI in trauma. Prior to this,
McNab et al. performed the largest study of prehospital SI� 0.9 on
trauma resource use and mortality. 19.7% of their 16,269 patients
had a SI� 0.9. Those with prehospital SI� 0.9 had a relative risk for
death of 1.5 in the field and 1.7 in the trauma center. This group also
showed a correlation between prehospital SI and hospital and ICU
length of stay, ventilator days, blood product use, and ED disposi-
tion.11 In our population, only 9.1% had a prehospital SI> 1, which
may reflect a difference between the thresholds utilized in these
studies. Likewise, we observed a 7.1% increase in mortality with a
prehospital shock index >1 compared to a prehospital SI� 1. We
believe that a cutoff of 1 is most appropriate since this value is
easier to use by emergency personnel as it is the value when the HR
is greater than the SBP, thus requiring no additional calculation.
Moreover, independent ROC analyses of each primary endpoint
yielded ideal SI cutoffs between 0.9 and 1.08 thus we argue that a
threshold of 1 should be used clinically.

Cannon et al. compared pre-hospital and in hospital increases in
SI with outcomes and found that an increase in >0.3 was associated
with a 22% increase in mortality suggesting that the change in SI
over time may also have clinical value.10 This group found a median
ISS of 10 and a mortality of 8.9% mortality in those with a pre-
hospital SI> 0.9. Our analysis showed a prehospital SI> 1 had a
median ISS of 18 and a mortality of 12.3%. When comparing the
high SI groups in both studies, this differencemay be explained by a
higher rate of penetrating injury (38.5% versus 28%) in the Cannon
study. Interestingly, both Cannon et al. and El-Menyar et al. found



Fig. 2. Area under the Receiver Operative Characteristic (ROC) curve for predicting need for increased resource utilization (OR, ICU or blood transfusion).
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that a higher percentage of those with an in-hospital and pre-
hospital SI > 0.9 or in hospital SI> 0.8, respectively, were
women.7,10 Using a larger and national dataset we failed to show
any differences in pre-hospital SI based on sex and thus the dif-
ferences in gender observed by others may have been a result of
limited sample size.

The results of our study are in line with several other studies
that evaluated the impact of SI on specific outcomes in trauma
patients.13e21

Timely and accurate triage of trauma patients is pivotal in
achieving optimal outcomes in patients after trauma. Triage and
decision-making regarding infield interventions and transfer of
trauma patients begin in the prehospital environment with the
arrival of first responders or emergency medical personnel.
Relaying accurate and objective information to the trauma centers
by first responders is a key in the preparation for arrival of a trauma
patient by a trauma center. The ideal trauma triage criteria are
continuously evolving and has remain an area of debate for de-
cades. The emphasis is on simplifying and information into objec-
tive measures that can be standardized across all trauma centers
and systems. Triage criteria has always been under constant
research at regional and national levels due to the need for
continued improvement. Our study adds to the growing body of
literature that the use of prehospital SI by the first responders/EMS
will serve as a valuable tool for the prehospital triage of trauma
patients when determining the need for transport to a trauma
center, preparation of resources, or activation of the trauma team.
SI> 1 is a very simple tool that can be easily calculated in the field
by EMS teams and the information can be relayed to nearby trauma
center.
Limitations and future research

Rau et al. showed that hospital-acquired SI, but not age-adjusted
SI, was predictive of mortality and transfusion requirement. This
group went on to show that the presence of underlying co-
morbidities, such as hypertension, diabetes mellitus, or coronary
artery disease, compromise the predictive value of the SI.9 Frailty,
most commonlymeasured by themodified frailty index, is a state of
reduced physiologic reserve. In this study we did not consider the
effect that underlying conditions have on trauma outcomes.22,23

Future study is therefore needed to evaluate the role of a frailty-
adjusted shock index. Another limitation of this study was that
we did not exclude traumatic brain injury (TBI) which may
confound the data due to the classic Cushing reflex where SBP in-
creases and HR decreases. Future studies are therefore needed to
evaluate a low SI as a predictor of outcomes following a TBI.
Although the ACS-TQIP is a robust dataset with reliable data,
however, this dataset does not capture all the trauma comers. For
instance, some patients with minimal/trivial trauma may not be
captured in the database. This may skew our ROC curve analysis
and the possibility that including these patients may change the
cutoff of SI does exist. Beyond having utility in hospital resource
mobilization andmortality prediction, the pre-hospital shock index
may have value in the pre-hospital management of trauma pa-
tients. A reduction in SI has been utilized in Afghanistan to evaluate
the response to flight-medic directed blood transfusions.24 Thus
there is potential in civilian medicine to use pre-hospital SI in the
pre-hospital care of trauma patients. Our data shows that the pre-
hospital SI predicts trauma outcomes thus further study is needed
to determine whether an aggressive reduction in pre-hospital SI
can alter trauma outcomes.
Conclusion

In the study presented herein, we provide evidence that a pre-
hospital shock index is predictive of in hospital resource use,
mortality, discharge location, ED disposition, and complications.
This has implications for patient triage, trauma resource recruit-
ment, EMS training, and trauma system design.
Funding

None.



F. Jehan et al. / The American Journal of Surgery 218 (2019) 1169e11741174
Conflicts of interest

There are no identifiable conflicts of interests to report.
The authors have no financial or proprietary interest in the

subject matter or materials discussed in the manuscript.

Acknowledgements

None.

References

1. Centers for Disease Control and Prevention National Center for Injury Pre-
vention and Control, WISQARS(Web-based Injury Statistics Query and
Reporting System). https://www.cdc.gov/injury/wisqars/index.html; 2017.

2. Curry N, Hopewell S, Dor�ee C, Hyde C, Brohi K, Stanworth S. The acute man-
agement of trauma hemorrhage: a systematic review of randomized controlled
trials. Crit Care. 2011;15(2):R92.

3. Curry NS, Davenport R. Transfusion strategies for major haemorrhage in
trauma. Br J Haematol. 2019;184(4):508e523.

4. Barraco RD, Chiu WC, Bard MR, et al. Practice management guidelines for the
appropriate triage of the victim of trauma. East Assoc Surg Trauma. 2010:6e11.

5. Lalezarzadeh F, Wisniewski P, Huynh K, Loza M, Gnanadev D. Evaluation of
prehospital and emergency department systolic blood pressure as a predictor
of in-hospital mortality. Am Surg. 2009;75(10):1009e1014.

6. Barnes R, Clarke D, Farina Z, et al. Vital sign based shock scores are poor at
triaging South African trauma patients. Am J Surg. 2018;216(2):235e239.

7. El-Menyar A, Goyal P, Tilley E, Latifi R. The clinical utility of shock index to
predict the need for blood transfusion and outcomes in trauma. J Surg Res.
2018;227:52e59.

8. King RW, Plewa MC, Fenn-Buderer nancy M, Knotts B. Shock index as a marker
for significant injury in trauma patients. Acad Emerg Med. 1996;3:1041e1045.

9. Rau CS, Wu SC, Kuo SCH, et al. Prediction of massive transfusion in trauma
patients with shock index, modified shock index, and age shock index. Int J
Environ Res Public Health. 2016;13(7):1e11.

10. Cannon CM, Braxton CC, Kling-Smith M, Mahnken JD, Carlton E, Moncure M.
Utility of the shock index in predicting mortality in traumatically injured pa-
tients. J Trauma Inj Infect Crit Care. 2009;67:1426e1430.

11. McNab A, Burns B, Bhullar I, Chesire D, Kerwin A. A prehospital shock index for
trauma correlates with measures of hospital resource use and mortality. Sur-
gery. 2012;152(3):473e476.

12. Wang IJ, Bae BK, Park SW, et al. Pre-hospital modified shock index for pre-
diction of massive transfusion and mortality in trauma patients. Am J Emerg
Med. 2019;xxxx.

13. Pasquier P, Dubost C, Malgras B, Kearns K, M�erat S. The shock index for pre-
hospital identification of trauma patients with early acute coagulopathy and
massive bleeding. Crit Care. 2015;19(1):152.

14. Vandromme MJ, Griffin RL, Kerby JD, McGwin Jr G, Rue III LW, Weinberg JA.
Identifying risk for massive transfusion in the relatively normotensive patient:
utility of the prehospital shock index. J Trauma Acute Care Surg. 2011;70(2):
384e390.

15. Olaussen A, Blackburn T, Mitra B, Fitzgerald M. Shock Index for prediction of
critical bleeding post-trauma: a systematic review. Emerg Med Australasia
(EMA). 2014;26(3):223e228.

16. Olaussen A, Peterson EL, Mitra B, O'Reilly G, Jennings PA, Fitzgerald M. Massive
transfusion prediction with inclusion of the pre-hospital Shock Index. Injury.
2015;46(5):822e826.

17. Mitra B, Fitzgerald M, Chan J. The utility of a shock index� 1 as an indication for
pre-hospital oxygen carrier administration in major trauma. Injury.
2014;45(1):61e65.

18. Bruijns SR, Guly HR, Bouamra O, Lecky F, Lee WA. The value of traditional vital
signs, shock index, and age-based markers in predicting trauma mortality.
J Trauma Acute Care Surg. 2013;74(6):1432e1437.

19. Mutschler M, Nienaber U, Münzberg M, et al. The Shock Index revisitedea fast
guide to transfusion requirement? A retrospective analysis on 21,853 patients
derived from the TraumaRegister DGU®. Crit Care. 2013;17(4):R172.

20. Pandit V, Rhee P, Hashmi A, et al. Shock index predicts mortality in geriatric
trauma patients: an analysis of the National Trauma Data Bank. J Trauma Acute
Care Surg. 2014;76(4):1111e1115.

21. Acker SN, Ross JT, Partrick DA, Tong S, Bensard DD. Pediatric specific shock
index accurately identifies severely injured children. J Pediatr Surg. 2015;50(2):
331e334.

22. Velanovich V, Antoine H, Swartz A, Peters D, Rubinfeld I. Accumulating deficits
model of frailty and postoperative mortality and morbidity: its application to a
national database. J Surg Res. 2013;183(1):104e110.

23. Seib CD, Rochefort H, Chomsky-Higgins K, et al. Association of patient frailty
with increased morbidity after common ambulatory general surgery opera-
tions. JAMA Surg. 2018;153(2):160e168.

24. Powell-Dunford N, Quesada JF, Malsby RF, et al. Risk management analysis of
air ambulance blood product administration in combat operations. Aviat Space
Environ Med. 2014;85(11):1130e1135.

https://www.cdc.gov/injury/wisqars/index.html
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref2
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref2
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref2
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref2
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref3
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref3
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref3
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref4
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref4
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref4
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref5
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref5
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref5
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref5
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref6
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref6
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref6
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref7
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref7
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref7
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref7
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref8
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref8
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref8
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref9
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref9
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref9
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref9
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref10
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref10
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref10
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref10
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref11
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref11
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref11
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref11
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref12
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref12
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref12
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref13
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref13
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref13
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref13
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref14
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref14
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref14
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref14
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref14
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref15
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref15
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref15
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref15
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref16
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref16
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref16
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref16
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref17
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref17
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref17
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref17
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref17
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref18
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref18
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref18
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref18
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref19
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref19
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref19
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref19
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref20
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref20
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref20
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref20
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref21
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref21
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref21
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref21
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref22
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref22
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref22
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref22
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref23
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref23
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref23
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref23
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref24
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref24
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref24
http://refhub.elsevier.com/S0002-9610(19)30352-6/sref24

	Pre-hospital shock index correlates with transfusion, resource utilization and mortality; The role of patient first vitals
	Introduction
	Methods
	Study design and population
	IRB and consent
	Inclusion & exclusion criteria
	Definitions
	Data points
	Patient stratification
	Outcomes
	Missing data analysis
	Data reporting and statistical analysis

	Results
	Discussion
	Limitations and future research
	Conclusion
	Funding
	Conflicts of interest
	Acknowledgements
	References


