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IMPORTANCE Both military and civilian clinical practice guidelines include early plasma
transfusion to achieve a plasma to red cell ratio approaching 1:1to 1:2. However, it was not
known how early plasma should be given for optimal benefit. Two recent randomized clinical
trials were published, with apparently contradictory results. The Prehospital Air Medical
Plasma (PAMPer) clinical trial showed a nearly 30% reduction in mortality with plasma
transfusion in the prehospital environment, while the Control of Major Bleeding After Trauma
(COMBAT) clinical trial showed no survival improvement.

OBJECTIVE To facilitate a post hoc combined analysis of the COMBAT and PAMPer trials to
examine questions that could not be answered by either clinical trial alone. We hypothesized
that prehospital transport time influenced the effects of prehospital plasma on 28-day
mortality.

DESIGN, SETTING, AND PARTICIPANTS A total of 626 patients in the 2 clinical trials were
included. Patients with trauma and hemorrhagic shock were randomly assigned to receive
either standard care or 2 U of thawed plasma followed by standard care in the prehospital
environment. Data analysis was performed between September 2018 and January 2019.

INTERVENTIONS Prehospital transfusion of 2 U of plasma compared with crystalloid-based
resuscitation.

MAIN OUTCOMES AND MEASURES The main outcome was 28-day mortality.

RESULTS In this post hoc analysis of 626 patients (467 men [74.6%] and 159 women [25.4%];
median [interquartile range] age, 42 [27-57] years) who had trauma with hemorrhagic shock,
a Cox regression analysis showed a significant overall survival benefit for plasma (hazard ratio
[HR], 0.65; 95% Cl, 0.47-0.90; P = .01) after adjustment for injury severity, age, and clinical
trial cohort (COMBAT or PAMPer). A significant association with prehospital transport time
was detected (from arrival on scene to arrival at the trauma center). Increased mortality was
observed in patients in the standard care group when prehospital transport was longer

than 20 minutes (HR, 2.12; 95% Cl, 1.05-4.30; P = .04), while increased mortality was not
observed in patients in the prehospital plasma group (HR, 0.78; 95% Cl, 0.40-1.51; P = .46).
No serious adverse events were associated with prehospital plasma transfusion.

CONCLUSIONS AND RELEVANCE These data suggest that prehospital plasma is associated with
a survival benefit when transport times are longer than 20 minutes and that the benefit-risk
ratio is favorable for use of prehospital plasma.

TRIAL REGISTRATION ClinicalTrials.gov identifiers: NCTO1838863 (COMBAT) and
NCT01818427 (PAMPer)
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ver the past 10 years, the critical role of initial blood

component transfusion for resuscitation following

severe trauma and hemorrhagic shock has been dem-
onstrated, and early transfusion has been incorporated into
military and civilian clinical practice guidelines.' In con-
trast to earlier approaches, which relied heavily on crystal-
loids and red blood cells (RBCs), the emphasis is to include
plasma early to achieve a 1:1 to 1:2 plasma to RBC ratio.* The
survival benefit of early plasma is most evident among pa-
tients likely to die within the first 6 hours as a result of
bleeding.>” Studies conducted between 2015 and 2018 have
demonstrated a survival benefit associated with initiating
transfusions earlier, at the scene of injury or en route to a
trauma center.81° Consequently, a number of trauma sys-
tems have begun to incorporate RBCs, plasma, or whole blood
in the prehospital setting.®:1119

Two prospective randomized studies of the prehospital
administration of plasma were recently completed.'®:2° The
US Department of Defense and the National Heart, Lung, and
Blood Institute worked collaboratively by harmonizing the
studies in terms of design and data collection and by sharing
the samples and data.?"?? Sperry et al'® conducted a multi-
center study of more than 500 trauma patients with hemor-
rhagic shock who were transported by helicopter. Patients
received standard care en route with or without the addition
of 2 U of thawed plasma prior to other resuscitation mea-
sures. Prehospital administration of plasma resulted in a sig-
nificantly lower 30-day mortality (23.2% vs 33.0%; P = .03)
compared with the standard care group. In contrast, Moore
et al?° reported that 2 U of thawed plasma prior to other flu-
ids during ground ambulance transport in a single-center
clinical trial (with short transport times and immediate in-
hospital access to blood components) did not improve sur-
vival. Recent commentaries have addressed the potential
implications of these studies.?3-2*

The reasons for these apparently contradictory results
are not clear. One hypothesis is that the very short prehos-
pital transport times in the ground ambulance study may have
eliminated the potential for prehospital plasma to improve sur-
vival because in-hospital transfusion was not delayed signifi-
cantly by transport. It was not possible to determine a time ef-
fect within either study independently, but analysis of the
combined data from both studies offers the opportunity to ex-
amine this question. Therefore, we examined the combined
data set to address the post hoc hypothesis that the benefits
of prehospital administration of plasma are influenced by
prehospital transport time.

Methods

This analysis brings together data from 2 previously pub-
lished studies, the Control of Major Bleeding After Trauma
(COMBAT) and the Prehospital Air Medical Plasma (PAMPer)
clinical trials.'®-29-26-27 These clinical trials were harmonized
in advance to enable a combined per-patient analysis to ad-
dress questions that could not be answered by either trial
individually. During protocol development, harmonization was
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Key Points

Question Is prehospital plasma administration more beneficial
when patient transport times are longer?

Findings This post hoc analysis was performed using harmonized
data from 2 randomized clinical trials, Control of Major Bleeding
After Trauma and Prehospital Air Medical Plasma, which included
626 patients with trauma and hemorrhagic shock. Patients who
received prehospital plasma transfusion had significantly reduced
28-day mortality compared with standard care when prehospital
transport times were longer than 20 minutes.

Meaning Prehospital plasma administration is associated with
reduced mortality in patients with trauma and significant
hemorrhage when transport times are prolonged.

performed to standardize as much as possible the 2 studies in
the following key areas: (1) experimental treatment groups,
(2) inclusion and exclusion criteria, (3) timing of blood samples,
(4) monitoring of adverse events, (5) methods to account for
patient transport time, and (6) data collection.

Data sets were developed for each study independently and
provided to the data coordinating center of the closely aligned
Trans-Agency Consortium for Trauma-Induced Coagulopa-
thy (TACTIC).?? The TACTIC data coordinating center estab-
lished the combined data set, ensured agreement of all data
elements, and provided the combined data set for the
present post hoc analysis, which was performed between
September 2018 and January 2019.

Because of the pragmatic character of the clinical trials and
requirements for rapid enrollment and randomization, the
studies were exempted from the requirement for advanced
written informed consent. Each individual clinical study pro-
tocol (COMBAT and PAMPer) was approved by its respective
local institutional review board and by the Human Research
Protections Office of the US Army Medical Research and
Materiel Command. The protocols are available in Supple-
ment 1. The requirement to obtain informed consent for emer-
gency research was waived in accordance with Code of
Federal Regulations Title 21, Part 50—Protection of Human
Subjects, Subpart B—Informed Consent in Human Subjects
and SEC 50.24—Exception from Informed Consent Require-
ment for Emergency Research.

COMBAT Clinical Trial
COMBAT was a pragmatic randomized placebo-controlled
single-center clinical trial. Eligible patients were assessed and
enrolled at the scene according to the harmonized inclusion and
exclusion criteria (eTables 1 and 2 in Supplement 2). Patients
were transported by ground ambulance directly from the scene
to an urban level 1 trauma center with blood components im-
mediately available in the emergency department (ED).
Patients enrolled in the COMBAT clinical trial were admin-
istered either 2 U of thawed AB plasma (universal donor plasma
of approximately 250 mL each) followed by standard care or
standard care with crystalloid en route. Plasma was adminis-
tered intravenously by paramedics in the ambulance before
other resuscitative fluids were initiated. Plasma transfusion was
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continued into the hospital setting if necessary to complete the
2 U. Standard care was goal-directed crystalloid resuscitation
using 0.9% saline. Time of arrival on scene (AOS) and time of
arrival at the trauma center were recorded by ambulance staff.
Randomization and enrollment were performed at the level
of the ambulance.?°:2¢

PAMPer Clinical Trial
The PAMPer clinical trial was a pragmatic multicenter cluster-
randomized clinical trial involving injured patients who were
transported by air medical transport to a level 1 trauma cen-
ter, either directly from the scene or from a referring hospital.
Eligible patients were assessed and enrolled at the scene ac-
cording to the harmonized inclusion and exclusion criteria
(eTables 1and 2 in Supplement 2).

Patients enrolled in PAMPer received 2 U of either group
AB or group A with alow anti-B antibody titer (<1:100) thawed
plasma followed by standard care, or standard care. Plasma was
administered by paramedics prior to other resuscitation flu-
ids. Both units of the prehospital-initiated plasma were in-
fused to completion even if the infusion was still ongoing at
the time of arrival at the trauma center. In cases in which
completion of the infusion of the 2 U of plasma occurred dur-
ing flight, standard trauma resuscitation (as defined by the
local protocol) resumed until arrival at the trauma center. Stan-
dard care consisted of goal-directed crystalloid-based resus-
citation on the basis of hemodynamic status for air transport
teams at 14 of the 27 participating air medical bases. Air trans-
port teams at the 13 other participating air medical bases also
carried 2 U of universal donor RBC on all flights. If a patient
remained hypotensive after the plasma infusion or had obvi-
ous bleeding, transfusion of RBC then proceeded according to
the local protocol. Following RBC transfusion, these teams re-
verted to crystalloid-based resuscitation. Time of AOS and time
of arrival at the trauma center were recorded by helicopter staff.
Randomization was at the level of the air medical base.'®-?” In-
terventions for each of the studies are summarized (eTable 3
in Supplement 2).

Outcomes

The primary outcome measure was 28-day mortality. Second-
ary outcomes included 24-hour mortality, volumes of in-
hospital blood components administered within 6 and 24
hours, ventilator-free days among patients alive at 28 days,
intensive care unit-free days among patients alive at 28 days,
and international normalized ratio.

Statistical Analysis

Follow-up times were prespecified in this study as 28 days or
24 hours from randomization (or AOS) until death or censor-
ing on the 28th day or 24th hour after AOS. Prehospital trans-
port time was defined as time in minutes from ambulance AOS
to arrival at the ED of the trauma center. The prehospital trans-
port time was a priori defined as shorter or longer transport
time if prehospital transport time was within 20 minutes or
longer than 20 minutes, respectively. All efficacy analyses were
carried out in the intention-to-treat randomized patients. A
multivariate analysis of survival was performed with the use
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of a Cox proportional hazards model (for computing hazard
ratios [HRs]) to evaluate the treatment effect (plasma vs stan-
dard care) and time effect (longer vs shorter), with adjust-
ment for stratification factors and other possible confound-
ing factors (age, injury severity score [ISS], and clinical trial
cohort in overall models). The Kolmogorov-type supremum
test was used for the Cox proportional hazards assumption.
Cohort was included as arandom effect because of the hetero-
geneity inherent in the 2 cohorts. Logistic regression models
(for computing the odds ratios [ORs]) were used for likeli-
hood of mortality.

Descriptive statistics characterized the demographics and
injuries of the patients and outcomes of interest. Categorical
variables were presented as frequencies and percentages and
tested using a x° test. Continuous variables were expressed as
means and SDs or medians and interquartile ranges (IQRs) and
were tested using the t test or Mann-Whitney test as appro-
priate. Statistical significance was determined at the P < .05
level (2-sided). All data were analyzed using SAS, version 9.4,
and JMP 13 software (SAS Institute Inc).

. |
Results

We reviewed 705 patients who were randomly assigned to either
the standard care group or the plasma group (Figure 1). A total
of 626 patients (467 men [74.6%] and 159 women [25.4%];
median [IQR] age, 42 [27-57] years) met inclusion criteria for the
primary outcome (Figure 1). Of those, 125 patients were reported
for the COMBAT clinical trial and 501 were reported for the
PAMPer clinical trial.’?-2° Among the 2 study cohorts, median
(IQR) prehospital transport time was longer in the PAMPer study
compared with the COMBAT study (41[33-52] vs 18 [15-22] min-
utes, respectively; P < .001), but there was overlap between the
2 studies (eFigures 1, 2, and 3 in Supplement 2).

Randomization and harmonization procedures resulted in
similar patients being enrolled in the plasma or standard care
groups. Patient characteristics are described in Table 1. There
were no significant differences observed in any demographic
or injury characteristic, and there were no differences ob-
served in baseline physiological status (heart rate and sys-
tolic blood pressure). Median transport times were also simi-
lar between study groups.

Prehospital Plasma and Survival
The 28-day mortality was lower in the plasma group (61 of 297
patients [20.5%]) than in the standard care group (94 of 329
patients [28.6%]) (P = .02) (Table 2 and Figure 2). The HR gen-
erated by a Cox regression model adjusted for age, injury se-
verity, and trial cohort (COMBAT or PAMPer) indicated lower
mortality in the plasma group (HR, 0.65; 95% CI, 0.47-0.90;
P =.01) (Table 3). A similar pattern was observed for 24-hour
mortality (HR, 0.62; 95% CI, 0.42-0.93; P = .02) (Table 3). Most
deaths in both groups occurred within the first 6 hours after
injury (Figure 2).

A Cox regression model showed that, in addition to treat-
ment group, survival was influenced by ISS, age, and prehos-
pital transport time. Sensitivity analysis revealed that a change
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Figure 1. Study Population Flowchart

‘ 144 Patients enrolled in COMBAT ‘

‘ 561 Patients enrolled in PAMPer ‘

! } !

)

‘ 69 Received standard care ‘ ‘ 75 Received plasma‘

‘ 309 Received standard care ‘ ‘ 252 Received plasma ‘

705 Harmonized

! l

378 Assigned to combined
standard care group

plasma group

327 Assigned to combined

49 Excluded
28 Withdrew
7 Aged <18y
or missing data
14 Incomplete data

30 Excluded
14 Withdrew
6 Aged<18y
or missing data
10 Incomplete data

329 Included in combined

analysis analysis

297 Included in combined

COMBAT indicates Control of Major
Bleeding After Trauma clinical trial;
PAMPer, Prehospital Air Medical

Plasma clinical trial.

in response was evident for prehospital times longer than 20
minutes (P = .003 vs P = .007 for 17 minutes, P = .006 for 22
minutes, P = .01 for 25 minutes, and P = .02 for 30 minutes).
Transport time (<20 minutes vs >20 minutes) was not associ-
ated with survival when examined across treatment groups
(HR, 1.37; 95% CI, 0.85-2.21; P = .20) (Figure 2). However, strati-
fied analysis revealed that in patients who received standard
care, rate and likelihood of mortality were significantly in-
creased by 2-fold with transport times greater than 20 min-
utes (HR, 2.12; 95% CI, 1.05-4.30; P = .04) (Table 3 and Figure 2).
Among patients who received prehospital plasma, this asso-
ciation with transport time was eliminated (HR, 0.78; 95% CI,
0.40-1.51; P = .46) (Table 3 and Figure 2). Among patients with
short transport times (<20 minutes), survival in the plasma
group and the standard care group did not differ (HR, 1.71; 95%
CI, 0.70-4.16; P = .24) (Table 3 and Figure 2). Among patients
with longer transport times (>20 minutes), survival was im-
proved in the plasma group (HR, 0.56; 95% CI, 0.40-0.80;
P =.001) (Table 3 and Figure 2).

Prehospital Plasma and Secondary Outcomes

Patients who received prehospital plasma were 47% less likely
to present to the ED with coagulopathy (international normal-
ized ratio >1.3) compared with those who received standard
care (OR, 0.53; 95% CI, 0.35-0.80; P = .002) (eFigure 4 in
Supplement 2), and this association was isolated to the group
with transport times longer than 20 minutes. Among pa-
tients with transport times of 20 minutes or less, in-hospital
transfusion requirements did not differ for RBC, fresh frozen
plasma, and platelets in the first 6 hours after ED admission,
while patients who received plasma during longer transports
required less in-hospital transfusion, with median (IQR) in-
hospital transfusion requirements of 5 (2-10) vs 2 (2-4) U of
plasma (P < .001), 5 (3-10) vs 4 (2-8) U of RBC (P = .05), and
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2 (1-3)vs1(1-2) Uof platelets (P = .04) at 6 hours (Table 2). Simi-
lar results were found in the first 24 hours after ED admission
(Table 2). Total plasma requirements (including prehospital
plasma) did not differ between groups (data not shown).
Intensive care unit-free days among patients alive at 28 days
did not differ between groups, while ventilator-free days were
slightly lower in the plasma group (Table 2). Secondary out-
comes based on transport time are shown in eTable 4 in Supple-
ment 2.

|
Discussion

Prehospital administration of plasma was associated with sig-
nificantly reduced 24-hour and 28-day mortality compared
with standard care in this harmonized data set (Figure 2). This
finding is consistent with that reported for the PAMPer clini-
cal trial but not for the COMBAT clinical trial.'>-?° The ability
to observe this overall association in the harmonized data set
may have been owing to the larger overall number of patients
included. This association appears to be robust since, even af-
ter adjustment for clinical trial cohort, age, and injury sever-
ity, the HR was 0.65 (Table 3). This finding is consistent with
previous observations that the survival benefit of early in-
hospital plasma transfusion is most substantial among pa-
tients likely to die as aresult of bleeding within the first 6 hours
of injury.>”” We also found that transport times longer than 20
minutes were associated with increased mortality in the stan-
dard care group and that this increase in mortality was miti-
gated when prehospital plasma was administered. The
present findings suggest that prehospital plasma administra-
tion provides a benefit beyond that of a balanced in-hospital
transfusion regimen, as was practiced at all involved centers
in the COMBAT and PAMPer clinical trials.!%-2°
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Table 1. Patient Characteristics and Prehospital Transport Times by Treatment

No. (%)

Characteristic Total Patients SC Group Plasma Group P Value®

Participants 626 (100) 329 (52.6) 297 (47.4) NA Abbreviations: AIS, Abbreviated

Cohort 12 Injury Scale (score range, 1-6, with
COMBAT 125 (20.0) 58 (17.6) 67 (22.6) lindicating minor injury and

6 indicating severe injury
PAMPer 501 (80.0) 271 (82.4) 230(77.4) incompatible with life); AOS, arrival
Men 467 (74.6) 251 (76.3) 216 (72.7) 31 on scene; COMBAT, Control of Major
Age, median (IQR), y 42(27-57) 42(26-57)  43(29-56) 67 Bleeding After Trauma clinical trial;
- ED. emergency department;

Race/ethnicity IQR, interquartile range; ISS, injury
White 453(72.4) 239(72.6) 214 (72.1) severity score (range, 1-75, with
Black 69 (11.0) 40(12.2) 29(9.8) 1indicating minimum severity

. . 26 and 75 indicating maximum
Hispanic 64 (10.2) 27 (8.2) 37 (12.5) severity); NA, not applicable;
Other/unknown 40 (6.4) 23(7.0) 17 (5.7) PAMPer, Prehospital Air Medical

Mechanism of injury Plasma clinical trial; POI, point

of injury; SC, standard care.
Fall - 38(6.1) 230.0 156.1) 2 Pvalues were calculated using
Motor vehicle crash ax? test, t test, or Wilcoxon
Motorcyclist/cyclist and occupant 338 (54.0) 185 (56.2) 153 (51.2) Mann-Whitney test as appropriate.
Pedestrian or struck by or against 57(9.1) 29 (8.8) 28 (9.4) 51 ® A total of 10 patients had both blunt

; and penetrating injuries, including
Firearm 77 (12.3) 35(1.6) 42(14.1) 5 patients in the SC group and
Stab wound 69 (11.0) 32(9.7) 37(12.5) 5 patients in the plasma group.
Other 47 (7.5) 25 (7.6) 22 (7.4) These patients were counted in

- both blunt and penetrating groups,
b

Type of injury resulting in a total of 636 instead of
Blunt 465 (+10) 257 (78.1) 218 (73.4) 37 626 patients and a total percentage
Penetrating 148 (+10) 77 (23.4) 84 (28.3) ’ of more than 100%.

Injured body region € Of 626 patients, 270 had time
Head/necl 306 (48.9 155 (471 151(50.8 35 recorded from POI to ED, including

it ey Gzl (50.8) : 138 patients in the SC group and
Face 157 (25.1) 92 (28.0) 65(21.9) .08 132 patients in the plasma group.
Thorax 416 (66.5) 214 (65.1) 202 (68.0) 43 90f 626 patients, 270 had time
Abdomen 322 (51.4) 170(51.7)  152(51.2) 90 recorded from POI to AOS, including

L 138 patients in the SC group and
Extremities 362 (57.8) 189 (57.5) 173 (58.3) .84 132 patients in the plasma group.
External 372 (59.4) 202 (61.4) 170 (57.2) .29 © All 626 patients had time recorded

AlIS score for head, median (IQR) 0(0-3) 0(0-3) 1(0-3) 73 from AQS to ED, which ranged from

Severity traumatic brain injury (AISscore 23) 213 (34.0) 111(33.7)  102(34.3) 87 710166 minutes in the SC group
- and from 8 to 176 minutes in the

ISS, median (IQR) 22 (12-34) 22 (12-33) 22 (12-34) 35 plasma group.

Prehospital time, median (IQR), min f Atotal of 610 patients had lowest
From POI to ED® 59 (27-97) 61 (26-99) 54 (29-92) .83 systolic blood pressure measures,
From POI to AOS 20 (7-45) 22(6-49)  17(8-45) 88 including 323 patients in the SC

group and 287 patients in the
From AOS to ED® 38 (26-49) 37 (26-48) 39 (27-49) .51 plasma group.

Vital signs at baseline, median (IQR) £ A total of 609 patients had highest

Lowest or qualifying systolic blood pressure 82(66-100) 80 (64-97)  82(70-101) .07 heart rate measures, including

Highest or qualifying heart rate? 117 (98-133)

117 (98-136)

323 patients in the SC group and

MO 2 286 patients in the plasma group.

In arecently published meta-analysis, it was suggested that
the case for prehospital plasma could not yet be made in light
of the differing results of the COMBAT and PAMPer studies.?*
We were able to adjust for confounding factors and to specifi-
cally address the potential effects of prehospital transport time.
In the present analysis, the median prehospital transport time
was 38 minutes and represented a broad range (Table 1; eFig-
ure 1, eFigure 2, and eFigure 3 in Supplement 2). A survival ad-
vantage associated with prehospital plasma was observed in the
PAMPer trial but not in the COMBAT trial.!®-2° The reason for
these apparently contradictory results are not clear. One differ-
ence between the 2 primary studies was that the median pre-

jamasurgery.com

hospital transport times were substantially different (18 min-
utesin the COMBAT study vs 41 minutes in the PAMPer study).
Considering the detrimental effects of transfusion delays on
survival,®2® we hypothesized that the very short prehospital
transport time in the COMBAT trial may have eliminated the po-
tential for prehospital plasma to improve survival because in-
hospital transfusion was not delayed to a degree sufficient to
influence mortality. We found that prehospital transport time
influenced the response to prehospital plasma. Prehospital
transport times longer than 20 minutes were associated with
increased mortality in patients who received standard care
(Figure 2). In contrast, the increased mortality associated with
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Table 2. Mortality and Secondary Outcomes

Median (IQR)
Outcome Total Patients SC Group Plasma Group P Value?®
Participants, No. (%) 626 (100) 329 (52.6) 297 (47.4) NA
Mortality, No. (%)
28d 155 (24.8) 94 (28.6) 61 (20.5) .02
24 h 106 (16.9) 66 (20.1) 40(13.5) .03
Transfusion units received®
First 6 h after ED admission
RBC 5(2-10) 6 (2-10) 5(2-8) .19
<20 min 6(2-13) 6(2-12) 8(2-17) 36
>20 min 5(2-9) 5(3-10) 4(2-8) .05
FFP 3(2-6) 4(2-9) 2(2-5) <.001
<20 min 4(2-8) 4(2-8) 4(2-8) 94
>20 min 2 (2-6) 5(2-10) 2(2-4) <.001
Platelet 2(1-3) 2(1-3) 1(1-2) .07
<20 min 1(1-2) 1(1-2) 2(1-2) .68
>20 min 2(1-3) 2(1-3) 1(1-2) .04
First 24 h after ED admission
RBC 5(2-10) 6 (3-10) 5(2-10) .19
<20 min 7 (2-13) 7 (2-13) 7(2-17) .53
>20 min 5(2-10) 6 (3-10) 4(2-8) .07
FFP 3(2-7) 4(2-10) 2(2-6) <.001
<20 min 4(2-9) 4(2-9) 5(2-10) .40
>20 min 3(2-6) 5(2-10) 2 (2-4) <.001
Platelets 2(1-3) 2(1-3) 1(1-2) .09
<20 min 2(1-2) 1(1-3) 2(1-2) .94
>20 min 2(1-3) 2(1-3) 1(1-2) .07 .
Abbreviations: ED, emergency
INR at ED arrival department; FFP, fresh frozen
Overall units NA 1.3(1.1-1.6) 1.2(1.1-1.3) .004 plasma; ICU, intensive care unit;
<20 min NA 1.1(1.1-1.5) 1.3(1.2-1.4) 06 INR, international normalized ratio;
IQR, interquartile range; NA, not
>20 min NA 13(1.1-1.6)  1.2(1.1-1.3) <.001 applicable; RBC, red blood cell
Ventilator-free days, 28-d follow-up SC, standard care.
Survivors (n = 471) 27 (22-28) 27 (24-28) 26 (20-28) .03 2 Pvalues were calculated using
ICU-free days, 28-d follow-up i/l);;;e;t/htl:ﬁz; gs\t,\glscgsg:opriate.
Survivors (n = 471) 23 (15-26) 23 (16-26) 23 (14-26) .72

longer transport times was eliminated in patients who re-
ceived prehospital plasma (Figure 2).

In a study of 502 casualties evacuated by US military
MEDEVAC in Afghanistan from 2012 to 2015, the initiation of
transfusion within 15 minutes of MEDEVAC rescue (median
time of MEDEVAC rescue, 29 minutes after injury) was asso-
ciated with improved survival (mortality HR, 0.17), while de-
lays beyond that eliminated the association.® Another report
found that early in-hospital delays in the initiation of trans-
fusion were associated with progressively increasing mortal-
ity rates.?® While prehospital transport time is a more avail-
able measure, the more pathophysiologically relevant measure
is the time from injury to transfusion. In the present study, the
time of injury was available only in a subset of patients. The
median time from injury to AOS was 20 minutes. Extrapolat-
ing this to the observed dichotomy between transport times
longer or shorter than 20 minutes, it may be estimated that the
benefit associated with prehospital plasma was most evident

JAMA Surgery Published online December 18, 2019

®One unit was equivalent to 250 mL.

in patients who could not be delivered for in-hospital trans-
fusion within approximately 40 (20 plus 20) minutes of
injury. This is similar to the total time to transfusion of 36
minutes reported by Shackelford et al,” when time from
injury to MEDEVAC rescue is included. All centers involved in
COMBAT and PAMPer had blood products readily available in
the ED, likely minimizing possible in-hospital delays. How-
ever, time from ED arrival to initiation of transfusion must be
considered in estimating transfusion delays and may differ
based on local availability.

The finding that transport times longer than 20 minutes
were associated with increased mortality in the standard care
group emphasizes the importance of minimizing time to de-
finitive care, as recently demonstrated in a national database
analysis.?° The importance of rapid hemostasis must also be
recognized, and potential delays in getting to an operating room
for surgical hemostasis could be a more significant factor than
the time to transfusion.
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Figure 2. 28-Day Survival Rate by Treatment and Transport Time
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Transport time was measured from arrival on scene to arrival at emergency department. HR indicates hazard ratio.

Other factors may explain the observed differences in sur-
vival. Most patients with prolonged prehospital transport times
were transported by helicopter. It has been reported that he-
licopter transport is associated with a survival advantage that
may be a result of the higher level of training among helicop-
ter medical crews.>°-32 In the present study, participating
ground ambulance crews included paramedics. In addition,
overall survival was better with ground transport, although this
occurred with shorter transport times. Therefore, a differ-
ence in personnel training is not likely to account for the time-

jamasurgery.com

related differences observed. The association with transport
time may also be explained by injury severity. The ISS in the
COMBAT trial, which included most patients with short trans-
port times, was lower than that in the PAMPer trial. However,
the differential association of prehospital transport time in pa-
tients who did or did not receive prehospital plasma re-
mained significant even after adjusting for ISS in the regres-
sion model (Table 3).

Among patients with longer transport times, those who
received prehospital plasma had lower early transfusion
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Table 3. Rate and Likelihood of 28-Day and 24-Hour Mortality

Mortality
28d 24h
Model HR (95% CI) PValue OR(95% ClI) PValue HR(95% Cl) PValue OR(95% Cl) P Value
Unadjusted
Treatment
Plasma vs SC group? 0.69 (0.50-0.95) .02 0.65(0.45-0.94) .02 0.66 (0.44-0.97) .04 0.64 (0.42-0.99) .04
Transport time from AOS to ED
>20 vs <20 min
Overall® 1.24(0.77-1.98) .38 1.30(0.76-2.21) .33 1.11(0.64-1.91) .72 1.12(0.62-2.03) .71
SC group© 2.00(1.01-3.98) .05 2.24(1.05-4.78) .04 2.08(0.90-4.81) .09 2.23(0.91-5.47) .08
Plasma group® 0.70(0.37-1.35) .29 0.69(0.32-1.46) .33 0.54(0.26-1.14) .11 0.51(0.22-1.16) .11
<20 min
Plasma vs SC group 1.68(0.70-4.06) .25 1.77 (0.66-4.79) .26 2.04(0.73-5.73) .18 2.18(0.71-6.71) .17
>20 min
Plasma vs SC group 0.60(0.42-0.85) .004 0.55(0.37-0.81) .003 0.54(0.35-0.83) .005 0.50(0.31-0.80) .004

Adjusted

Model 1: overall®
Plasma vs SC group

Model 2: overallf
>20vs <20 min

Model 3: SC treatment?
>20 vs £20 min

0.65(0.47-0.90) .01

1.37(0.85-2.21) .20

2.12(1.05-4.30) .04
Model 4: plasma treatment®
>20vs <20 min 0.78 (0.40-1.51) .46
Model 5: transport time <20 min"
Plasma vs SC group 1.71(0.70-4.16) .24
Model 6: transport time >20 min"

Plasma vs SC group 0.56 (0.40-0.80) .001

0.60(0.40-0.88) .01

1.54(0.86-2.73) .15

2.67(1.16-6.16) .02

0.78(0.35-1.75) .55

1.94(0.64-5.93) .24

0.49 (0.33-0.75)  .001

0.62(0.42-0.93) .02 0.58(0.37-0.90) .02

1.25(0.71-2.22) .45 1.33(0.70-2.51) .38
2.14(0.91-5.04) .08 2.51(0.97-6.48) .06
0.68(0.31-1.50) .34 0.64(0.27-1.56) .33
1.89 (0.65-5.40) .25 2.44(0.67-8.87) .18

0.53(0.34-0.82) .004 0.48 (0.29-0.77)  .003

Abbreviations: AOS, arrival on scene; ED, emergency department; HR, hazard
ratio; OR, odds ratio; SC, standard care.

@ Plasma group (n = 297) vs SC group (n = 329).

®More than 20 minutes (n = 530) vs 20 minutes or less (n = 96).
€ More than 20 minutes (n = 275) vs 20 minutes or less (n = 54).
dMore than 20 minutes (n = 255) vs 20 minutes or less (n = 42).

€ Model 1was adjusted for cohort, age, and injury severity score (ISS).
f Model 2 was adjusted for treatment, age, and ISS.

&Models 3 and 4 comprised analyses of treatment groups (SC or plasma)
adjusted for age and ISS.

"Models 5 and 6 comprised stratification analyses of transport times
(=20 or >20 minutes) adjusted for age and ISS.

requirements (Table 2). Reduced transfusion requirements
suggest improved hemodynamic stability among patients
who received prehospital plasma. These patients also had
improved international normalized ratios (Table 2; eTable 4
and eFigure 4 in Supplement 2). Plasma transfusion miti-
gates the coagulopathy that can complicate traumatic hem-
orrhage and has also been reported to improve inflammatory
response after injury, reduce permeability of endothelial
cells, reduce gut permeability, and mitigate metabolic
derangements after trauma and hemorrhagic shock.”-33-4°
Therefore, reduced transfusion requirements may reflect
improved hemostasis, improved endothelial integrity, or a
more favorable inflammatory status.

Itisimportant that no significant differences in safety out-
comes and adverse events between the plasma and standard
care groups were previously reported for the individual
studies.!®-2° The lack of differences in intensive care unit-
free days and the small difference in ventilator-free days in the
present analysis are consistent with these observations. This

JAMA Surgery Published online December 18, 2019

suggests that the benefit-risk ratio is favorable for the prehos-
pital administration of plasma in cases in which there is a doubt
about how rapidly patients can be delivered for in-hospital
transfusion. More logistically supportable products, such as
dried plasma, are needed to enable the broader use of plasma
in the prehospital setting.*!

Limitations

One limitation of the present analysis is the fact that the
mode of transport differed in the 2 cohorts. Because other
important aspects of the studies were harmonized and
because there was some degree of overlap in transport times
across the 2 studies, we believe that it is possible to draw
generalizable conclusions regarding the influence of prehos-
pital plasma and transport time on patient outcomes.
Another limitation is that the pragmatic nature of the 2 stud-
ies precluded complete standardization of crystalloid type,
specific plasma type, and the use of RBC. However, stan-
dardization did ensure that the common factor among all
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patients who received plasma was that they received 2 U
before other standard care fluids. In addition, randomization
ensured that the plasma treatment group was represented
across all local variations in standard care. A third limitation
is that the exact time from patient injury to administration
of plasma could not be determined. Time of injury was
documented for only a small subset of patients and, there-
fore, this analysis was not possible. Time to surgical hemo-
stasis was also not recorded and could not be analyzed.
Nonetheless, we believe that prehospital transport time is an
important component of total prehospital time and the most
relevant in terms of providing interventions such as plasma.

Original Investigation Research

. |
Conclusions

The present findings have important implications for the treat-
ment of patients with traumatic hemorrhage when surgical care
and in-hospital transfusion may be delayed, such as in mili-
tary settings, in rural and remote trauma, and in civilian di-
saster scenarios. The benefit-risk ratio favors prehospital
plasma, but logistical and cost constraints may limit feasibil-
ity. Thawed plasma is a viable option for helicopter ambu-
lance systems but is more challenging for ground ambu-
lances with short transport times.

ARTICLE INFORMATION
Accepted for Publication: October 6, 2019.

Published Online: December 18, 2019.
doi:10.1001/jamasurg.2019.5085

Author Affiliations: US Army Institute of Surgical
Research, JBSA-Fort Sam Houston, San Antonio,
Texas (Pusateri, Le); Department of Surgery, School
of Medicine, University of Colorado Denver, Aurora
(E. E. Moore, H. B. Moore, Ghasabyan, Chandler);
Division of Emergency Medicine, Department of
Surgery, University of Pittsburgh Medical Center,
Pittsburgh, Pennsylvania (Guyette); Department of
Radiology, School of Medicine, University of
Colorado Denver, Aurora (Chapman); Department
of Health Systems, Management, and Policy, School
of Public Health, University of Colorado Denver,
Aurora (Sauaia); Department of Emergency
Medicine, School of Medicine, University of
Colorado Denver, Aurora (McVaney); Division of
Trauma and General Surgery, Department of
Surgery, University of Pittsburgh Medical Center,
Pittsburgh, Pennsylvania (Brown, Sperry);
Department of Surgery, University of Tennessee
Health Science Center, Knoxville (Daley);
Department of Surgery, Vanderbilt University
Medical Center, Nashville, Tennessee (Miller);
Department of Surgery, University of Louisville,
Louisville, Kentucky (Harbrecht); MetroHealth
Medical Center, Case Western Reserve University,
Cleveland, Ohio (Claridge); Department of Surgery,
Parkland Memorial Hospital, University of Texas
Southwestern, Dallas (Phelan); Texas Health Harris
Methodist Hospital, Ft Worth, Texas (Witham);
Altoona Hospital, University of Pittsburgh Medical
Center, Altoona, Pennsylvania (Putnam).

Author Contributions: Dr Pusateri had full access
to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.

Concept and design: Pusateri, E. Moore, H. Moore,
Le, Guyette, Chapman, Brown, Miller, Claridge,
Sperry.

Acquisition, analysis, or interpretation of data:
Pusateri, Le, Guyette, Chapman, Sauaia,
Ghasabyan, Chandler, McVaney, Brown, Daley,
Harbrecht, Claridge, Phelan, Witham, Putnam,
Sperry.

Drafting of the manuscript: Pusateri, E. Moore,

H. Moore, Le, Sauaia, Ghasabyan, Miller, Sperry.
Critical revision of the manuscript for important

intellectual content: Pusateri, E. Moore, Le, Guyette,

Chapman, Chandler, McVaney, Brown, Daley,
Harbrecht, Claridge, Phelan, Witham, Putnam,
Sperry.

Statistical analysis: Pusateri, Le, Sauaia, Brown.

jamasurgery.com

Obtained funding: E. Moore, Claridge, Sperry.
Administrative, technical, or material support:

E. Moore, H. Moore, Le, Guyette, Chapman,
Ghasabyan, Chandler, McVaney, Daley, Harbrecht,
Phelan, Putnam, Sperry.

Supervision: Chapman, Ghasabyan, McVaney,
Phelan, Witham, Sperry.

Confilict of Interest Disclosures: Dr H. Moore
reported owning financial shares in Thrombo
Therapeutics and providing consulting services to
Instrumentation Laboratory outside the submitted
work. Dr Guyette reported receiving grants from
the Department of Defense during the conduct of
the study. Dr Chapman reported receiving grants
from the Department of Defense during the
conduct of the study and serving on the board of
Thrombo Therapeutics and providing consulting
services to Haemonetics and Instrumentation
Laboratory outside the submitted work. Dr Sauaia
reported receiving grants from the National
Institutes of Health and the Department of Defense
during the conduct of the study. Dr McVaney
reported receiving grants from the Department of
Defense during the conduct of the study. Dr Daley
reported receiving grants from the Department of
Defense during the conduct of the study.

Dr Harbrecht reported receiving grants from the
National Institutes of Health and the Department of
Defense during the conduct of the study and grants
from the National Institutes of Health and the
Department of Defense outside the submitted
work. Dr Claridge reported receiving grants from
the Department of Defense during the conduct of
the study. Dr Sperry reported receiving grants from
the Department of Defense during the conduct of
the study. No other disclosures were reported.

Funding/Support: This work was supported by
grants W81XWH-12-2-0028 (Control of Major
Bleeding After Trauma clinical trial) and
W81XWH-12-2-0023 (Prehospital Air Medical
Plasma clinical trial) from the US Army Medical
Research and Materiel Command and grant UM1
HL120877-05 (Trans-Agency Consortium for
Trauma-Induced Coagulopathy) from the National
Heart, Lung, and Blood Institute.

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Disclaimer: The content of this article is the sole
responsibility of the authors and does not represent
the views or policies of the US Department of
Defense, the US Army Institute of Surgical

Research, the Denver Health Medical Center, the
University of Pittsburgh Medical Center, the
University of Tennessee Health Science Center, the
Vanderbilt University Medical Center, the University
of Louisville, Case Western Reserve University, the
University of Texas Southwestern, the Texas Health
Harris Methodist Hospital, or the National Institutes
of Health.

Data Sharing Statement: See Supplement 3.

Additional Contributions: Duncan Donahue, PhD
(Center for Environmental Health Research, Fort
Detrick, MD), Charles Peterson, MD (Telemedicine
and Advanced Technology Research Center, Fort
Detrick, MD), Basil Golding, MD (Center for
Biologics Evaluation and Research, US Food and
Drug Administration, Silver Spring, MD), and Wilbur
Malloy, MA (Congressionally Directed Medical
Research Program, US Army Medical Research and
Materiel Command, Fort Detrick, MD), assisted with
the planning of the study harmonization; Stephen
Wisniewski (University of Pittsburgh, Pittsburgh,
PA) helped with database management; Andrei
Kindzelski, MD, PhD (National Heart, Lung, and
Blood Institute, Division of Blood Diseases and
Resources, Bethesda, MD), assisted with the
Trans-Agency Consortium for Trauma-Induced
Coagulopathy program coordination; and Richard
Weiskopf, MD (University of California,

San Francisco, CA), contributed to the planning
and critical review of this article. No compensation
was received.

REFERENCES

1. Gurney JM, Spinella PC. Blood transfusion
management in the severely bleeding military
patient. Curr Opin Anaesthesiol. 2018;31(2):207-214.
doi:10.1097/AC0.0000000000000574

2. Cannon JW, Khan MA, Raja AS, et al. Damage
control resuscitation in patients with severe
traumatic hemorrhage: a practice management
guideline from the Eastern Association for the
Surgery of Trauma. J Trauma Acute Care Surg. 2017,
82(3):605-617. doi:10.1097/TA.
0000000000001333

3. Joint trauma system clinical practice guidelines
(CPGs). Department of Defense Center of
Excellence for Trauma website. https://jts.amedd.
army.mil/index.cfm/PI_CPGs/cpgs. Updated August
6, 2019. Accessed June 12, 2019.

4. Butler FK, Holcomb JB, Schreiber MA, et al. Fluid
resuscitation for hemorrhagic shock in tactical
combat casualty care: TCCC guidelines change
14-01-2 June 2014. J Spec Oper Med. 2014;14(3):
13-38.

JAMA Surgery Published online December 18, 2019

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by a University of Pennsylvania User on 01/29/2020

E9


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2019.5085?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2019.5085
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2019.5085?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2019.5085
https://dx.doi.org/10.1097/ACO.0000000000000574
https://dx.doi.org/10.1097/TA.0000000000001333
https://dx.doi.org/10.1097/TA.0000000000001333
https://jts.amedd.army.mil/index.cfm/PI_CPGs/cpgs
https://jts.amedd.army.mil/index.cfm/PI_CPGs/cpgs
https://www.ncbi.nlm.nih.gov/pubmed/25344706
https://www.ncbi.nlm.nih.gov/pubmed/25344706
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2019.5085

E10

Research Original Investigation

5. Maegele M, Lefering R, Paffrath T, Tjardes T,
Simanski C, Bouillon B; Working Group on
Polytrauma of the German Society of Trauma
Surgery (DGU). Red-blood-cell to plasma ratios
transfused during massive transfusion are
associated with mortality in severe multiple injury:
aretrospective analysis from the Trauma Registry of
the Deutsche Gesellschaft fir Unfallchirurgie. Vox
Sang. 2008;95(2):112-119. doi:10.1111/j.1423-0410.
2008.01074.x

6. Zink KA, Sambasivan CN, Holcomb JB, Chisholm
G, Schreiber MA. A high ratio of plasma and
platelets to packed red blood cells in the first 6
hours of massive transfusion improves outcomes in
a large multicenter study. Am J Surg. 2009;197(5):
565-570. doi:10.1016/j.amjsurg.2008.12.014

7. Holcomb JB, del Junco DJ, Fox EE, et al;
PROMMTT Study Group. The prospective,
observational, multicenter, major trauma
transfusion (PROMMTT) study: comparative
effectiveness of a time-varying treatment with
competing risks. JAMA Surg. 2013;148(2):127-136.
doi:10.1001/2013.jamasurg.387

8. Brown JB, Cohen MJ, Minei JP, et al;
Inflammation and the Host Response to Injury
Investigators. Pretrauma center red blood cell
transfusion is associated with reduced mortality
and coagulopathy in severely injured patients with
blunt trauma. Ann Surg. 2015;261(5):997-1005.
doi:10.1097/SLA.0000000000000674

9. Shackelford SA, del Junco DJ, Powell-Dunford N,
et al. Association of prehospital blood product
transfusion during medical evacuation of combat
casualties in Afghanistan with acute and 30-day
survival. JAMA. 2017;318(16):1581-1591. doi:10.
1001/jama.201715097

10. Sperry JL, Guyette FX, Brown JB, et al; PAMPer
Study Group. Prehospital plasma during air medical
transport in trauma patients at risk for hemorrhagic
shock. N Engl J Med. 2018;379(4):315-326. doi:10.
1056/NEJM0al802345

11. O'Reilly DJ, Morrison JJ, Jansen JO, Apodaca AN,
Rasmussen TE, Midwinter MJ. Prehospital blood
transfusion in the en route management of severe
combat trauma: a matched cohort study. J Trauma
Acute Care Surg. 2014;77(3)(suppl 2):S114-5120.
doi:10.1097/TA.0000000000000328

12. Peters JH, Smulders PSH, Moors XRJ, et al.
Are on-scene blood transfusions by a helicopter
emergency medical service useful and safe?
amulticentre case-control study. Eur J Emerg Med.
2019;26(2):128-132. doi:10.1097/MEJ.
0000000000000516

13. Zielinski MD, Smoot DL, Stubbs JR, Jenkins DH,
Park MS, Zietlow SP. The development and
feasibility of a remote damage control resuscitation
prehospital plasma transfusion protocol for
warfarin reversal for patients with traumatic brain
injury. Transfusion. 2013;53(suppl 1):595-64S.
doi:10.1111/trf12037

14. Zielinski MD, Stubbs JR, Berns KS, et al.
Prehospital blood transfusion programs:
Capabilities and lessons learned. J Trauma Acute
Care Surg. 2017;82(6S)(suppl 1):570-578. doi:10.
1097/TA.0000000000001427

15. Chen J, Benov A, Nadler R, et al. Prehospital
blood transfusion during aeromedical evacuation of
trauma patients in Israel: the IDF CSAR experience.

JAMA Surgery Published online December 18, 2019

Association of Prehospital Plasma Transfusion With Mortality in Trauma Patients

Mil Med. 2017:182(S1):47-52. doi:10.7205/MILMED-
D-16-00081

16. Malsby RF IIl, Quesada J, Powell-Dunford N,

et al. Prehospital blood product transfusion by US
army MEDEVAC during combat operations in
Afghanistan: a process improvement initiative. Mil
Med. 2013;178(7):785-791. doi:10.7205/MILMED-D-
13-00047

17. Holcomb JB, Donathan DP, Cotton BA, et al.
Prehospital transfusion of plasma and red blood
cells in trauma patients. Prehosp Emerg Care. 2015;
19(1):1-9. d0i:10.3109/10903127.2014.923077

18. Spinella PC, Pidcoke HF, Strandenes G, et al.
Whole blood for hemostatic resuscitation of major

bleeding. Transfusion. 2016;56(suppl 2):5190-5202.

doi:10.1111/trf13491

19. Mayne T. Ranger Whole Blood Program wins an
Army’s Greatest Innovation award. US Army
website. https://www.army.mil/article/184219/
ranger_whole_blood_program_wins_an_armys_
greatest_innovation_award. Published March 14,
2017. Accessed September 30, 2018.

20. Moore HB, Moore EE, Chapman MP, et al.
Plasma-first resuscitation to treat haemorrhagic
shock during emergency ground transportation in
an urban area: a randomised trial. Lancet. 2018;392
(10144):283-291. doi:10.1016/S0140-6736(18)
31553-8

21. Pusateri AE, Homer MJ, Rasmussen TE,
Kupferer KR, Hoots WK. The interagency strategic
plan for research and development of blood
products and related technologies for trauma care
and emergency preparedness 2015-2020. Am J
Disaster Med. 2018;13(3):181-194. doi:10.5055/
ajdm.2018.0299

22. National Heart, Lung, and Blood Institute. The
TACTIC Project. TACTIC Project website. https://
www.tacticproject.org/ Published 2019. Accessed
May 25, 2019.

23. Cannon JW. Prehospital damage-control
resuscitation. N Engl J Med. 2018;379(4):387-388.
doi:10.1056/NEJMe1805705

24. Makris M, lorio A. Prehospital fresh frozen
plasma: universal life saver or treatment in search
of a target population? Res Pract Thromb Haemost.
2018;3(1):12-14. doi:10.1002/rth2.12172

25. Naumann DN, Doughty H, Cotton BA. No gains
with plasma-first resuscitation in urban settings?
Lancet. 2018;392(10144):255-256. doi:10.1016/
50140-6736(18)31565-4

26. Moore EE, Chin TL, Chapman MC, et al. Plasma
first in the field for postinjury hemorrhagic shock.
Shock. 2014;41(suppl 1):35-38. doi:10.1097/SHK.
0000000000000110

27. Brown JB, Guyette FX, Neal MD, et al. Taking
the blood bank to the field: the design and rationale
of the Prehospital Air Medical Plasma (PAMPer)
trial. Prehosp Emerg Care. 2015;19(3):343-350.
doi:10.3109/10903127.2014.995851

28. Meyer DE, Vincent LE, Fox EE, et al. Every
minute counts: time to delivery of initial massive
transfusion cooler and its impact on mortality.

J Trauma Acute Care Surg. 2017;83(1):19-24.
doi:10.1097/TA.0000000000001531

29. Wandling MW, Nathens AB, Shapiro MB, Haut
ER. Association of prehospital mode of transport
with mortality in penetrating trauma: a trauma

system-level assessment of private vehicle
transportation vs ground emergency medical
services. JAMA Surg. 2018;153(2):107-113. doi:10.
1001/jamasurg.2017.3601

30. Brown JB, Gestring ML, Guyette FX, et al.
Helicopter transport improves survival following
injury in the absence of a time-saving advantage.
Surgery. 2016;159(3):947-959. doi:10.1016/j.surg.
2015.09.015

31. Galvagno SM Jr, Haut ER, Zafar SN, et al.
Association between helicopter vs ground
emergency medical services and survival for adults
with major trauma. JAMA. 2012;307(15):1602-1610.
doi:10.1001/jama.2012.467

32. Morrison JJ, Oh J, DuBose JJ, et al. En-route
care capability from point of injury impacts
mortality after severe wartime injury. Ann Surg.
2013;257(2):330-334. doi:10.1097/SLA.
0bO013e31827eefcf

33. Henriksen HH, Rahbar E, Baer LA, et al.
Pre-hospital transfusion of plasma in hemorrhaging
trauma patients independently improves
hemostatic competence and acidosis. Scand J
Trauma Resusc Emerg Med. 2016;24(1):145.
doi:10.1186/s13049-016-0327-z

34. Kozar RA, Peng Z, ZhangR, et al. Plasma
restoration of endothelial glycocalyx in a rodent
model of hemorrhagic shock. Anesth Analg. 2011;112
(6):1289-1295. doi:10.1213/ANE.Ob013e318210385¢

35. PatiS, Potter DR, Baimukanova G, Farrel DH,
Holcomb JB, Schreiber MA. Modulating the
endotheliopathy of trauma: factor concentrate
versus fresh frozen plasma. J Trauma Acute Care Surg.
2016;80(4):576-584. doi:10.1097/TA.
0000000000000961

36. PengZ, PatiS, Potter D, et al. Fresh frozen
plasma lessens pulmonary endothelial
inflammation and hyperpermeability after
hemorrhagic shock and is associated with loss
of syndecan 1. Shock. 2013;40(3):195-202.
doi:10.1097/SHK.0b013e31829f91fc

37. Potter DR, Baimukanova G, Keating SM, et al.
Fresh frozen plasma and spray-dried plasma
mitigate pulmonary vascular permeability and
inflammation in hemorrhagic shock. J Trauma Acute
Care Surg. 2015;78(6)(suppl 1):57-S17. doi:10.1097/
TA.0000000000000630

38. BanK, PengZ, PatiS, Witkov RB, Park PW,
Kozar RA. Plasma-mediated gut protection after
hemorrhagic shock is lessened in syndecan-1-/-
mice. Shock. 2015;44(5):452-457. doi:10.1097/
SHK.0000000000000452

39. D'Alessandro A, Moore HB, Moore EE, et al.
Plasma first resuscitation reduces lactate acidosis,
enhances redox homeostasis, amino acid and
purine catabolism in a rat model of profound
hemorrhagic shock. Shock. 2016;46(2):173-182.
doi:10.1097/SHK.0000000000000588

40. Holcomb JB, Pati S. Optimal trauma
resuscitation with plasma as the primary
resuscitative fluid: the surgeon’s perspective.
Hematology Am Soc Hematol Educ Program. 2013;
2013:656-659. doi:10.1182/asheducation-2013.1.656

41. Pusateri AE, Butler FK, Shackelford SA, et al.
The need for dried plasma—a national issue.
Transfusion. 2019;59(52):1587-1592. doi:10.1111/
trf15261

jamasurgery.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by a University of Pennsylvania User on 01/29/2020


https://dx.doi.org/10.1111/j.1423-0410.2008.01074.x
https://dx.doi.org/10.1111/j.1423-0410.2008.01074.x
https://dx.doi.org/10.1016/j.amjsurg.2008.12.014
https://jamanetwork.com/journals/jama/fullarticle/10.1001/2013.jamasurg.387?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2019.5085
https://dx.doi.org/10.1097/SLA.0000000000000674
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2017.15097?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2019.5085
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2017.15097?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2019.5085
https://dx.doi.org/10.1056/NEJMoa1802345
https://dx.doi.org/10.1056/NEJMoa1802345
https://dx.doi.org/10.1097/TA.0000000000000328
https://dx.doi.org/10.1097/MEJ.0000000000000516
https://dx.doi.org/10.1097/MEJ.0000000000000516
https://dx.doi.org/10.1111/trf.12037
https://dx.doi.org/10.1097/TA.0000000000001427
https://dx.doi.org/10.1097/TA.0000000000001427
https://dx.doi.org/10.7205/MILMED-D-16-00081
https://dx.doi.org/10.7205/MILMED-D-16-00081
https://dx.doi.org/10.7205/MILMED-D-13-00047
https://dx.doi.org/10.7205/MILMED-D-13-00047
https://dx.doi.org/10.3109/10903127.2014.923077
https://dx.doi.org/10.1111/trf.13491
https://www.army.mil/article/184219/ranger_whole_blood_program_wins_an_armys_greatest_innovation_award
https://www.army.mil/article/184219/ranger_whole_blood_program_wins_an_armys_greatest_innovation_award
https://www.army.mil/article/184219/ranger_whole_blood_program_wins_an_armys_greatest_innovation_award
https://dx.doi.org/10.1016/S0140-6736(18)31553-8
https://dx.doi.org/10.1016/S0140-6736(18)31553-8
https://dx.doi.org/10.5055/ajdm.2018.0299
https://dx.doi.org/10.5055/ajdm.2018.0299
https://www.tacticproject.org/
https://www.tacticproject.org/
https://dx.doi.org/10.1056/NEJMe1805705
https://dx.doi.org/10.1002/rth2.12172
https://dx.doi.org/10.1016/S0140-6736(18)31565-4
https://dx.doi.org/10.1016/S0140-6736(18)31565-4
https://dx.doi.org/10.1097/SHK.0000000000000110
https://dx.doi.org/10.1097/SHK.0000000000000110
https://dx.doi.org/10.3109/10903127.2014.995851
https://dx.doi.org/10.1097/TA.0000000000001531
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2017.3601?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2019.5085
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2017.3601?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2019.5085
https://dx.doi.org/10.1016/j.surg.2015.09.015
https://dx.doi.org/10.1016/j.surg.2015.09.015
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2012.467?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2019.5085
https://dx.doi.org/10.1097/SLA.0b013e31827eefcf
https://dx.doi.org/10.1097/SLA.0b013e31827eefcf
https://dx.doi.org/10.1186/s13049-016-0327-z
https://dx.doi.org/10.1213/ANE.0b013e318210385c
https://dx.doi.org/10.1097/TA.0000000000000961
https://dx.doi.org/10.1097/TA.0000000000000961
https://dx.doi.org/10.1097/SHK.0b013e31829f91fc
https://dx.doi.org/10.1097/TA.0000000000000630
https://dx.doi.org/10.1097/TA.0000000000000630
https://dx.doi.org/10.1097/SHK.0000000000000452
https://dx.doi.org/10.1097/SHK.0000000000000452
https://dx.doi.org/10.1097/SHK.0000000000000588
https://dx.doi.org/10.1182/asheducation-2013.1.656
https://dx.doi.org/10.1111/trf.15261
https://dx.doi.org/10.1111/trf.15261
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2019.5085

