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Abstract: The value of prehospital red blood cell (RBC) transfusion for trauma patients is controversial. The pur-
poses of this literature review were to determine the mortality rate of trauma patients with hemodynamic instabil-
ity and the benefit of prehospital RBC transfusion. A 30-year systematic literature review was performed in 2016. 
Eligible studies were combined for meta-analysis when tests for heterogeneity were insignificant. The synthesized 
mortality was 35.6% for systolic blood pressure ≤ 90 mmHg; 51.1% for ≤ 80 mmHg; and 63.9% for ≤ 70 mmHg. 
For patients with either hypotension or emergency trauma center transfused RBCs, the synthesized Injury Severity 
Score (ISS) was 27.0 and mortality was 36.2%; the ISS and mortality correlation was r = 0.766 (P = 0.0096). For 
civilian patients receiving prehospital RBC transfusions, the synthesized ISS was 27.5 and mortality was 39.5%. One 
civilian study suggested a decrement in mortality with prehospital RBC transfusion; however, patient recruitment 
was only one per center per year and mortality was < 10% despite an ISS of 37. The same study created a matched 
control subset and indicated that mortality decreased using multivariate analysis; however, neither the assessed 
factors nor raw mortality was presented. Civilian studies with patients undergoing prehospital RBC transfusion and 
a matched control subset showed that the synthesized mortality was similar for those transfused (37.5%) and not 
transfused (38.7%; P = 0.8933). A study of civilian helicopter patients demonstrated a similar 30-day mortality for 
those with and without prehospital blood product availability (22% versus 21%; P = 0.626). Mortality in a study of 
matched military patients was better for those receiving prehospital blood or plasma (8%) than the controls (20%; 
P = 0.013). However, transfused patients had a shorter prehospital time, more advanced airway procedures, and 
higher hospital RBC transfusion (P < 0.05). A subset with an ISS > 16 showed similar mortality with and without 
prehospital RBC availability (27.6% versus 32.0%; P = 0.343). Trauma patient mortality increases with the magni-
tude of hemodynamic instability and anatomic injury. Some literature evidence indicates no survival advantage with 
prehospital RBC availability. However, other data suggesting a potential benefit is confounded or likely to be biased.

Keywords: Air ambulances, blood transfusion, emergency medical services, hemorrhage, hypotension, injury se-
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Introduction

Hemorrhage is a main cause of mortality in 
trauma patients [1, 2]. Previous literature has 
commonly focused on trauma center resuscita-
tion by minimizing crystalloids and using mas-
sive transfusion protocols with fixed ratios of 
packed red blood cells (PRBC), fresh frozen 
plasma, and platelet transfusions [2]. With 
combat in Israel and Afghanistan, the military 
has described its use of prehospital blood 
transfusion [3-5]. The use of prehospital blood 

transfusion has also been portrayed in civilian 
populations [6-9].

The most contemporary studies on trauma effi-
cacy were published by Brown et al. in 2015. In 
their multicenter trial, Brown et al. suggested a 
mortality benefit with prehospital red blood cell 
(RBC) transfusion [7]. However, the same first 
author also published single center data that 
showed no improvement in mortality with pre-
hospital RBC administration [6]. Despite con-
flicting literature, emergency medical services 
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have adopted prehospital blood administration 
[4, 6, 8]. With the short shelf life and strict stor-
age conditions of blood, there are many logisti-
cal concerns for managing prehospital blood as 
described by Bodnar et al. [10] and Soudry and 
Stein [11].

Our group performed a systematic literature 
review of trauma patient to determine the mor-
tality rate and magnitude of anatomic injury  
for those with hemodynamic instability and if 
prehospital RBC transfusion provides a survi- 
val benefit.

Materials and methods

We performed a literature review and analysis 
to determine if prehospital blood transfusion is 
associated with an improvement in mortality. 
The literature search included a 30 year pe- 
riod (1986-2016) using the following PubMed 
selection criteria. The word “transfusion” was 
required to be in the title of all manuscripts. 
The following medical subject headings were 
sequentially combined with “transfusion” to se- 
lect potentially relevant manuscripts: 1) trau- 
ma centers, 2) multiple trauma, 3) air ambu-
lances, 4) emergency medical services, and 5) 
military medicine.

Manuscript titles and abstracts were review- 
ed to determine if data existed for trauma pa- 
tients. A manuscript was determined to be of 
potential value, if it included information re- 
garding mortality outcomes in trauma patients 
with 1) hypotension, 2) a need for emergency 
RBC transfusion, or 3) blood product availabi- 
lity before trauma center arrival. Using the sys-
tem by Sauaia et al., we assessed each article 
included in the review and assigned a level of 
evidence from I (highest quality) to V (very low 
quality) [12].

To address our study aims, we examined the 
following relationships in trauma patients: (1) 
mortality and hypotension, (2) mortality and 
Injury Severity Score (ISS) in hypotensive pa- 
tients, (3) mortality and ISS for civilian patients 
receiving prehospital blood, (4) mortality for 
trauma center patients undergoing emergen- 
cy RBC transfusion, (5) mortality for military 
patients undergoing prehospital RBC transfu-
sion, (6) mortality in prehospital and hospital 
patients undergoing transfusion, and (7) mor-
tality and availability of prehospital blood by 
helicopter transport crews. Sherren and Burns 
article was not included in the 29 articles  
used in the analysis because of incomplete 
data [13]. Despite including 147 patients, only 
scene mortality was described; hospital mor- 
tality was not described.

Statistical analysis

Data were entered in a Microsoft Excel 2010 
(Redmond, WA, USA) worksheet and imported 
into the SAS System for Windows, release 9.2 
(SAS Institute Inc., Cary, NC, USA) to perform 
statistical analysis. Inter-study testing of het-
erogeneity for mortality outcomes was per-
formed, using the chi square or I2 and Q statis-
tic. Correlation coefficient analysis was per-
formed using the Pearson method (for ISS and 
mortality). Most data and statistical analyses 
presented in this review emanates from the 
published manuscripts. Epi InfoTM 7.0.9.7 (Cen- 
ters for Disease Control and Prevention, 2012) 
was used to perform intergroup event propor-
tion statistical analyses. The level of signifi-
cance was considered P < 0.05.

Results

Of 29 studies included, the level of evidence 
was V in 2 investigations (6.9%) [3, 14], III in 8 
investigations (27.6%) [2, 6, 15-20], and IV in 
the other 19 investigations (65.5%). The litera-
ture search process is summarized in Table 1.

Mortality in trauma patients with hemodynam-
ic instability

The relationship between mortality and systolic 
blood pressure (BP) for trauma patients is 
described in Table 2. Mortality increased from 
35% to more than 60% as hypotension wors-
ened. The test for mortality heterogeneity was 
insignificant for systolic BP ≤ 90 mmHg (P = 

Table 1. PRISMA 2009 flow table
Records identified through PubMed 464
Records after duplicates removed 314
Abstracts screened 314
Full-text articles assessed for eligibility 61
Full-text articles excluded 50
Useful articles 11
Useful articles from 61 bibliographies 18
Studies used in the quantitative analysis 29
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0.1025), systolic BP ≤ 80 mmHg (P = 0.3173), 
and systolic BP ≤ 70 mmHg (P = 0.7788). 

ISS and mortality in trauma patients, who were 
either hypotensive or received emergency RBC 

erogeneity was insignificant (P = 0.1969). Re- 
sults of the meta-analysis showed an average 
ISS of 27.5 (range, 18-32), and mortality ap- 
proached 40% (range, 31-67%) with a narrow 
confidence interval.

Table 2. Mortality by degree of systolic hypotension

Study
Systolic BP ≤ 90 Systolic BP ≤ 80 Systolic BP ≤ 70

No. Died % No. Died % No. Died %
Arbabi, 2004 [22] 2043 980 48.0 1684 849 50.4 981 700 72.4
Bruns, 2008 [23] 1781 623 35.0 2551 1479 58.0 1344 925 68.8
Hasler, 2012 [24] 1863 433 23.2 826 257 31.1 499 189 37.9
Talving, 2005 [25] - - - 71 35 49.3 71 35 49.3
Martin, 1992 [16] 316 118 37.3 - - - - - -
Tinkoff, 2002 [20] 302 111 36.8 - - - - - -
Yaghoubian, 2007 [26] 194 49 25.3 - - - - - -

6499 2314 35.6 5132 2620 51.1 2895 1849 63.9 
BP, Blood pressure; Systolic BP, Units in mmHg; -, Data not available; %, Percent.

Table 3. Injury Severity Score and mortality in hypotensive trauma patients
Study Criteria ISS Total Deaths %
Yaghoubian, 2007 [26] PreH sBP ≤ 90 17 194 49 25.3
Bruns, 2008 [23] PreH sBP ≤ 90 19 1781 623 35.0
Martin, 1992 [16] PreH sBP ≤ 90 25 316 118 37.3
Inaba, 2008 [15] Un-X RBC 26 1236 489 39.6
Schwab, 1986 [19] Un-X RBC 27 99 37 37.4
Nunez, 2010 [2] Un-X RBC 27 485 136 28.0
Ball, 2011 [1] Un-X RBC 28 153 69 45.1
Miraflor, 2012 [17] Un-X RBC 28 132 45 34.1
Dutton, 2005 [27] Un-X RBC 34 161 71 44.1
Ruchholtz, 2006 [18] Un-X RBC 39 116 56 48.3

27.0 4673 1693 36.2 95% CI 35-38%
PreH, Prehospital; sBP, Systolic blood pressure; ISS, Injury severity score; Un-X RBC, Un-crossmatched red blood cells; %, 
Percent; CI, Confidence interval.

Table 4. Mortality of civilian patients undergoing prehospital 
RBC transfusion
Study Scene ISS Total Deaths %
Berns, 1998 [28] T - 45 23 51.1
Bodnar, 2014 [10] S 32 71 32 45.1
Brown, 2015 [6] B 18 240 74 30.8
Dalton, 1993 [29] S 32 112 51 45.5
Higgins, 2012 [30] B - 32 10 31.3
Sumida, 2000 [9] B 28 17 7 41.1
Sunde, 2015 [14] S - 3 2 66.7
Weaver, 2013 [31] S - 50 26 52.0

27.5 570 225 39.5 95% CI 36-44%
RBC, Red blood cell; ISS, Injury severity score; T, Interhospital transfer; S, From 
scene; B, From both the scene and interhospital transfers; -, Data not available; 
%, Percent; CI, Confidence interval.

transfusion, are presented in 
Table 3. This analysis of 10  
studies showed that these trau-
ma patients had an average ISS 
of 27.0 and mortality of 36.2%, 
with a narrow confidence in- 
terval. The test for mortality  
heterogeneity was insignificant 
(P = 0.2059). Correlation analy-
sis demonstrated a significant 
relationship between ISS and 
mortality (r = 0.766; P = 0.0096).

The mortality and ISS of civi- 
lian trauma patients who recei- 
ved prehospital RBC transfu-
sions are detailed in Table 4.  
The test for study mortality het-
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The mortality rate for patients receiving emer-
gency RBC transfusion at a trauma center is 
presented in Table 5. The test for study mortal-
ity heterogeneity was insignificant (P = 0.7389). 
Results of the meta-analysis showed an aver-
age ISS of 30 and a mortality approaching 40%, 
with a narrow confidence interval. The trauma 
center emergency RBC transfusion group (Ta- 
ble 5) and prehospital RBC transfusion group 
(Table 4) had similar meta-analytic ISS and 

fusion mortality of 40% (Table 4). The 12%  
mortality for patients without prehospital RBC 
transfusion seemed low, especially considering 
that the ISS of was 33. The analyses in Tables 
4 and 5 show an expected mortality of at least 
35% with a similar ISS. Half of the trauma pa- 
tients who received prehospital RBC were inter-
hospital transfers, whereas virtually all trauma 
patients who did not receive prehospital RBC 
were from the scene.

Table 5. Mortality of trauma center patients undergoing emergency 
RBC transfusion
Study ISS Total Deaths %
Baker, 2001 [32] - 81 29 35.8
Ball, 2011 [1] 28 153 69 45.1
Ruchholtz, 2006 [18] 39 116 56 47.5
Dutton, 2005 [27] 34 161 71 44.1
Schwab, 1986 [19] 27 99 37 37.4
Inaba, 2008 [15] 26 1236 489 39.6
Como, 2004 [33] - 161 72 44.7
Miraflor, 2012 [17] 28 132 45 34.1
Nunez, 2010 [2] 27 485 136 28.0

29.9 2624 1004 38.3 95% CI 36-40%
RBC, Red blood cell; ISS, Injury severity score; -, Data not available; %, Percent; CI, 
Confidence interval.

Table 6. Twenty-four-hour mortality of military patients undergoing 
prehospital RBC transfusion
Study Scene ISS Total Deaths %
Barkana, 1999 [3] S 19 32 3 9.4
Powell-Dunford, 2014 [5] S - 31 8 25.8 

63 11 17.5 95% CI 8-27%
RBC, Red blood cell; ISS, Injury severity score; -, Data not available; %, Percent; CI, 
Confidence interval.

Table 7. Non-matched mortality of trauma patients receiving pre-
hospital RBC transfusion

RBC yes RBC no p-value
Number of patients 50 1365
From the scene 52% 96% < 0.01
Injury severity score 37 33 0.18
Base deficit 10 8 < 0.01
Admission hypotension 74% 73% 0.86
PTC crystalloids (L) 2.6 1.0 < 0.01
24-hour trauma center RBC (units) 15.5 6.6 < 0.01
Survival curve of 30-day mortality 4% 12% 0.11
RBC, Red blood cell; RBC yes, RBC transfusion given prehospital; RBC no, RBC 
transfusion not given prehospital; PTC, Pretrauma center.

mortality. The 24-hour mor-
tality of military patients un- 
dergoing RBC transfusions at 
the scene is described in Ta- 
ble 6. Mortality approached 
20%.

Mortality analysis of prehos-
pital RBC transfusion

A study by Brown et al.  
[7] described 50 patients 
from 9 trauma centers over 
an 8 year period, who recei- 
ved prehospital RBC trans- 
fusions. The comparison of 
trauma patients who received 
prehospital RBCs to those 
without prehospital RBCs is 
shown in Table 7. No raw mor-
tality data were presented. 
We extrapolated mortality 
rates from survival curves 
presented in the Brown et  
al. manuscript. The average 
ISS for those receiving pre-
hospital RBCs was 37. The 
mortality rate between the 
prehospital RBC transfused 
group and group that recei- 
ved no transfusion was in- 
significantly lower (P = 0.11). 
Compared to patients with- 
out prehospital RBC transfu-
sion, those who received a 
prehospital RBC transfusion 
had a greater amount of pre-
trauma center crystalloids 
and 24-hour trauma center 
RBC transfusions. The trans-
fused-patient mortality rate 
of only 4% was inconsistent 
with the results from our 
analysis of prehospital trans-
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Brown et al. [7] used propensity scoring analy-
sis to match civilian trauma patients who re- 
ceived prehospital RBC to those who did not 
receive prehospital RBC, and the findings are 
shown in Table 8. Compared to those who did 
not receive prehospital RBC, the prehospital 
transfusion group was given substantially more 
blood after trauma center arrival. Prehospital 
RBC transfusion was independently associated 
with an 88% reduction in the risk of 30-day 
mortality (P = 0.01); however, the raw mortality 
was not stated. Additionally, the variables in- 
cluded in the multivariate regression analysis 
were not described. 

Flight helicopter service were statistically simi-
lar to those of the control group.

O’Reilly et al. matched military trauma patients 
who received prehospital blood and/or plas- 
ma to controls, and they reported a significant 
improvement in mortality as seen in Table 11 
[4]. However, these two groups were different, 
since the prehospital transfused patients had a 
shorter prehospital time, more advanced air-
way procedures, a lower heart rate at admis-
sion, and higher in-hospital RBC transfusion 
rate. O’Reilly et al. also provided data for mili-
tary patients with an ISS > 16 and compared 

Table 8. Matched mortality of trauma patients receiving prehospital 
red blood cell transfusions

PTC RBC 
transfusion

No PTC RBC 
transfusion p-value

Number of patients 35 78
From the scene 71% 76% 0.64
Injury severity score 34 30 0.81
Base deficit 10 9 0.88
Admission hypotension 60% 74% 0.02
24-hour trauma center RBC (units) 14.0 8.3 < 0.01
PTC, Pretrauma center; RBC, Red blood cell.

Table 9. Mortality of matched civilian patients undergoing prehospital 
RBC transfusions

Study
RBC yes RBC no

RR p-value
ISS No. Died % ISS No. Died %

Brown, 2015 [6] 22 71 26 36.6 22 142 48 33.8 1.1 0.7605
Sumida, 2000 [9] 28 17 7 41.2 28 31 19 61.3 0.7 0.2323

88 33 37.5 173 67 38.7 1.0 0.8933
RBC, Red blood cell; ISS, Injury severity score; RR, Risk ratio; RBC yes, RBC transfusion 
given prehospital; RBC no, RBC transfusion not given prehospital; %, Percent; Brown 
study, all from scene; Sumida study, some interhospital transfers.

Table 10. Mortality of matched civilian patients transported by heli-
copter with prehospital blood available

Life flight service Other air service
p-value

PHTX available PHTX not available
Number of patients 716 169
Scene hypotension 14% 15% 0.855
Injury severity score 22 22 0.998
Prehospital transfusion 137 (19%) 0 (0%) < 0.0001
30-day mortality 22% 21% 0.626
24-hour mortality 14% 13% 0.529
Massive transfusion 8% 12% 0.133
PHTX, Prehospital blood products transfusion.

The mortality of match- 
ed civilian patients un- 
dergoing prehospital RBC 
transfusion compared to 
those without prehospi- 
tal transfusion is describ- 
ed by other investigators 
and presented in Table 9. 
The prehospital transfu-
sion group and no prehos-
pital transfusion group 
both had a combined mor-
tality approaching 40%, 
with no statistical signifi-
cance. The test for inter-
study mortality heteroge-
neity was insignificant (I2 
46.7% and Q statistic 
1.8750; P = 0.1709).

Holcomb et al. [8] studi- 
ed adult civilian trauma 
patients transported by 
helicopter from the scene 
who received blood prod-
ucts (plasma and/or RBC), 
either prehospital or early 
in their hospital course. 
The Life Flight helicop- 
ter service was capable of 
providing RBC and/or plas-
ma prehospital. The other 
air helicopter service had 
no provision for provid- 
ing RBC and/or plasma 
prehospital. A comparison 
of patient outcomes is de- 
scribed in Table 10. The 
24-hour and 30-day mor-
tality rates and for patients 
transported by the Life 
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mortality for those with and without prehospital 
RBC availability (Table 12) [4]. Having prehospi-
tal RBC available did not improve mortality.

Discussion

This review included both civilian and military 
studies, and no study had a level I or II evi-
dence. When we performed our data analysis, 
the tests for heterogeneity were typically not 
significant and indicated that combining study 
mortality results were appropriate for ascer-
taining a more accurate point estimate.

Mortality in trauma patients with hemodynam-
ic instability

For patients with prehospital or trauma center 
hypotension, mortality was nearly 40% (systolic 
BP ≤ 90 mmHg) (Table 2). Mortality progres-
sively worsened as the magnitude of hypoten-
sion increased. For patients who had either 
prehospital hypotension or received uncross-

was narrow (Table 4). The mean mortality was 
similar to that for other relevant populations 
(Tables 2 and 3). These findings further sup- 
port that the mortality rate point estimate for 
civilian patients undergoing prehospital RBC 
transfusion is accurate. Only half of the studies 
provided an ISS, and the mean ISS (27.5) is  
virtually identical to that for patients with pre-
hospital hypotension or those who needed ur- 
gent RBC transfusion upon trauma center ar- 
rival (Table 3). This finding suggests that sub-
stantial anatomic injuries are typically found.

Civilian patients undergoing emergency RBC 
transfusion at a trauma center had a significant 
amount of anatomic injury (mean, ISS 29.9) 
and high mortality rate (38%) with a narrow 
95% CI (Table 5). Further, the mean mortality 
rate is not different from that for other similar 
populations (Tables 2-4). These findings indi-
cate that the mortality rate point estimate for 
civilian populations undergoing trauma center 
emergency RBC transfusion is accurate. The 

Table 11. Mortality of matched military patients receiving prehospi-
tal blood products

PHTX yes PHTX no p-value
Time period > June 2008 < July 2008
Number of patients 97 97
Injury severity score 22 21
Prehospital time (min) 68 109.5 0.008
Advanced airway 19 (20%) 9 (9%) 0.041
Admission systolic blood pressure 132 131 0.145
Admission heart rate 92 105 0.041
Any in-hospital PRBC transfusion 75 (77%) 38 (39%) < 0.001
Prehospital + in-hospital PRBC (units) 4 0 < 0.001
Prehospital + in-hospital FFP (units) 2 0 < 0.001
Massive transfusion 12 (12%) 8 (8%) 0.388
Afghanistan patients 21 (22%) 14 (14%) 0.2624
Mortality 8 (8%) 19 (20%) 0.013
PHTX, Prehospital red blood cell and/or plasma transfusion; PRBC, Packed red 
blood cells; FFP, Fresh frozen plasma. The mortality of Afghanistan patients was 
limited to hospital stay, i.e., not 30-days.

Table 12. Mortality of matched military patients (ISS ≥ 16) with 
and without prehospital RBC availability

PHRBC available PHRBC not available p-value
Time period > June 2008 < July 2008
Number of patients 485 122
Mortality 134 (27.6%) 39 (32.0%) 0.343
PHRBC, Prehospital red blood cells.

matched RBCs upon trau- 
ma center arrival, mortality 
approached 40% (Table 3). 
The synthesized mortality was 
nearly identical to the mor- 
tality rate of those with pre-
hospital or trauma center hy- 
potension (Table 2), suggest-
ing that this mortality point 
estimate is reliable. The nar-
row confidence interval also 
indicates that this mortality 
rate is an accurate point esti-
mate. Patients with prehos- 
pital hypotension or those 
who received uncrossmatch- 
ed RBCs upon trauma center 
arrival had substantial bodily 
injury (mean ISS, 27.0). The 
result of the correlation ana- 
lysis (r = 0.8) suggests a 
strong positive relationship 
between anatomic injury se- 
verity (ISS) and mortality in 
trauma patients with hemo- 
dynamic instability.

For civilian patients undergo-
ing prehospital RBC transfu-
sion, the mean mortality was 
nearly 40% and the 95% CI 
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mean ISS is also similar to that for other rele-
vant trauma patients (Tables 3 and 4), suggest-
ing that substantial anatomic injuries are typi-
cally found.

For military patients undergoing prehospital 
RBC transfusion, the 24-hour mortality was 
50% (Table 6) of the hospital rate for civilian 
patients undergoing prehospital transfusion 
(Table 4). However, the accuracy of the mortal-
ity rate point estimate is uncertain, because 
the 95% CI is substantial. This discrepancy in 
mortality could be due to three potential cau- 
ses. First, few patients and observations were 
included. Second, the military mortality rate 
represents the 24-hour mortality, whereas the 
civilian mortality rate is derived from the 30- 
day mortality or the hospitalization mortality. 
Finally, compared to civilian patients (Table  
4), military patients had a lower magnitude of 
anatomic injuries (ISS), which may have also 
affected mortality.

Mortality analysis for prehospital RBC transfu-
sion

In a multicenter trial, Brown et al. [7] described 
50 civilian trauma patients who received pre-
hospital RBC transfusion (Table 7). These pa- 
tients emanated from 9 trauma centers over  
an 8-year period, which represents one patient 
per trauma center per year. Such a low yield 
certainly presents the distinct possibility for 
bias, i.e., these 50 patients may not represent 
the characteristics of a larger parent cohort. 
Mortality rates were extrapolated from the 
manuscript’s survival curves, and they were 
found to be ≤ 10%, despite an ISS > 30. These 
findings are at odds with that of the literature 
review, which found that with a mean ISS of 
nearly 30, mortality rates were typically close  
to 40%. These observations strongly suggest 
that the 50 patients in the multicenter trial  
are likely not representative of a typical trau- 
ma population that needs prehospital RBC 
transfusion. Furthermore, the raw trauma mor-
tality rates for the prehospital transfusion and 
non-transfusion groups were not significantly 
different.

Additionally, the two cohorts were different in 
that the patients receiving prehospital RBC 
transfusion were managed more aggressively, 
receiving a greater amount of pretrauma cen- 
ter crystalloids and 24-hour trauma center RBC 

transfusions, factors that might influence mor-
tality outcomes. Furthermore, half of the trau-
ma patients who received prehospital RBC 
were interhospital transfers, whereas virtually 
all of the trauma patients who did not receive 
prehospital RBC were from the scene, which 
introduces selection bias. All of these factors 
may have contributed to the mortality rate 
being discordant with our meta-analysis re- 
sults. Because of this potential bias, this study 
was excluded from the meta-analysis of the 
prehospital RBC transfusion mortality (Table 
4).

The investigators [7] tried to eliminate the data 
noise by performing a comparison of match- 
ed patients using propensity scoring analysis 
(Table 8). Of concern is the failure to report  
the 30-day mortality; however, it was reported 
that the prehospital RBC transfusion was inde-
pendently associated with a substantial reduc-
tion in the risk of mortality. Two other concerns 
are that the prehospital transfusion group was 
given substantially more blood after trauma 
center arrival and the variables included in  
the multivariate regression analysis were not 
described. Thus, it is difficult to be confident 
that prehospital RBC administration provides a 
mortality advantage for trauma patients.

A synthesis of two matched civilian cohort stud-
ies by Brown et al. [6] and Sumida et al. [9] 
(Table 9) strongly suggests that prehospital 
RBC transfusion is not associated with a sur-
vival advantage. This study by Brown et al. [6] 
was a single institution study at the University 
of Pittsburg Medical Center, which had more 
patient encounters than their multicenter trial 
[7]. Brown et al. matched both groups, and all 
patients included were transported from the 
scene with no interfacility transfers included. 
The number of PRBCs transfused during the 
first 24-hours in both groups was not signifi-
cantly different. Although the number of patient 
encounters was limited in the Sumida et al. 
study [9] compared to the Brown et al. study 
[6], the Sumida et al. data were included for the 
purpose of completeness. The synthetic mor-
tality between the prehospital RBC transfusion 
group and no prehospital RBC group was not 
statistically different. This mortality rate was 
consistent with our synthetic mortality of civil-
ian patients undergoing prehospital and trau-
ma center RBC transfusion (Tables 4 and 5). It 
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is also important to note that the mortality rate 
was inconsistent with that of the Brown et al. 
multicenter trial [7].

The study by Holcomb et al. [8] investigated 
adult civilian trauma patients transported by 
helicopter from the scene who received blood 
products (plasma and/or RBCs), either prehos-
pital or early in their hospital course. The 24- 
hour and 30-day mortality rates were the sa- 
me for patients transported by a helicopter  
service capable of administering blood prod-
ucts, when compared to a helicopter service 
without that capability (Table 10). These data 
imply that the availability of prehospital blood 
products for trauma patients does not provide 
a survival benefit.

The study by O’Reilly et al. [4], which matched 
military trauma patients receiving prehospital 
blood and/or plasma to controls from an earlier 
time without prehospital transfusion capabili- 
ty, demonstrated a significant improvement in 
mortality (Table 11). Although the ISS was simi-
lar, these two groups represented entirely dif-
ferent cohorts in regard to the prehospital time, 
percent of advanced airway procedures, heart 
rate at admission, and hospital RBC transfu-
sion rate. As each of these factors potentially 
favored increased survival for the prehospital 
transfusion group, the mortality difference in 
favor of prehospital transfusion is confounded. 
Although it is possible that multivariate logistic 
regression analysis might have clarified this 
concern, such an interrogation was not provid-
ed in the manuscript The O’Reilly et al. inves- 
tigation presented mortality data in the sub- 
set of patients with an ISS > 16 (Table 12) [4]. 
Since mortality was similar for the groups with 
and without prehospital RBC transfusion capa-
bilities, there seems little value in routinely pro-
viding prehospital RBC transfusion.

Meta-analysis of prehospital blood products

After completing of our meta-analysis, we per-
formed another literature review and discov-
ered a meta-analysis by Smith et al. publish- 
ed in 2016 [21]. Smith et al. investigated pre-
hospital blood products (platelets, plasma, or 
RBCs) administration in trauma patients and 
the effect on mortality [21]. Similar to our re- 
sults, Smith et al. did not note improvements  
in outcomes. Our study is different in that our 
primary focus was on prehospital RBC transfu-

sions. Smith et al. computed an unadjusted risk 
of mortality in prehospital blood products ad- 
ministration and included three studies that we 
excluded. A study by Kim focused on the use of 
prehospital plasma, which was not the focus of 
our study. We did not include the studies by 
Price and Smith because they were not pub-
lished as peer-reviewed manuscripts. The test 
for heterogeneity in the Smith et al. meta-anal-
ysis was substantial (I2 = 63%), suggesting that 
the data should not have been combined.

Study strengths and limitations

Our meta-analysis is the only review to date 
that has investigated the mortality of trauma 
patients undergoing prehospital RBC transfu-
sions. The literature search was extensive so 
that it is highly unlikely that any studies in peer-
reviewed journals were excluded. The most sig-
nificant limitation of this review is the low qual-
ity of evidence of the publications reviewed, 
despite being published in peer reviewed jour-
nals. Our review considered both military and 
civilian studies. The military studies were most-
ly case series with incomplete data likely due to 
the difficulty in collecting all variables in a com-
bat situation. The military data needed to be 
included because the O’Reilly et al. study illus-
trates the paradigm shift after 2008, at which 
time prehospital blood products administration 
became the norm during war [4].

Conclusions

Trauma patient mortality increases as the 
intensity of the hemodynamic instability and 
level of anatomic injury progress. According to 
the literature review, some evidence demon-
strates no survival improvement with prehos- 
pital RBC availability. However, other informa-
tion suggesting a potential benefit is either  
confounded or likely to be biased. Since the 
quality of the existing literature evidence is 
poor, we recommend that additional studies  
be performed, such as prospective or random-
ized controlled trials.
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