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BACKGROUND
After a person has been injured, prehospital administration of plasma in addition to the 
initiation of standard resuscitation procedures in the prehospital environment may reduce 
the risk of downstream complications from hemorrhage and shock. Data from large 
clinical trials are lacking to show either the efficacy or the risks associated with plasma 
transfusion in the prehospital setting.
METHODS
To determine the efficacy and safety of prehospital administration of thawed plasma in 
injured patients who are at risk for hemorrhagic shock, we conducted a pragmatic, mul-
ticenter, cluster-randomized, phase 3 superiority trial that compared the administration 
of thawed plasma with standard-care resuscitation during air medical transport. The 
primary outcome was mortality at 30 days.
RESULTS
A total of 501 patients were evaluated: 230 patients received plasma (plasma group) and 
271 received standard-care resuscitation (standard-care group). Mortality at 30 days was 
significantly lower in the plasma group than in the standard-care group (23.2% vs. 33.0%; 
difference, −9.8 percentage points; 95% confidence interval, −18.6 to −1.0%; P = 0.03). A 
similar treatment effect was observed across nine prespecified subgroups (heterogeneity 
chi-square test, 12.21; P = 0.79). Kaplan–Meier curves showed an early separation of the 
two treatment groups that began 3 hours after randomization and persisted until 30 days 
after randomization (log-rank chi-square test, 5.70; P = 0.02). The median prothrombin-
time ratio was lower in the plasma group than in the standard-care group (1.2 [interquar-
tile range, 1.1 to 1.4] vs. 1.3 [interquartile range, 1.1 to 1.6], P<0.001) after the patients’ 
arrival at the trauma center. No significant differences between the two groups were 
noted with respect to multiorgan failure, acute lung injury–acute respiratory distress 
syndrome, nosocomial infections, or allergic or transfusion-related reactions.
CONCLUSIONS
In injured patients at risk for hemorrhagic shock, the prehospital administration of thawed 
plasma was safe and resulted in lower 30-day mortality and a lower median prothrombin-
time ratio than standard-care resuscitation. (Funded by the U.S. Army Medical Research 
and Materiel Command; PAMPer ClinicalTrials.gov number, NCT01818427.)
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The acute care of severely injured 
patients with hemorrhage after their arrival 
at a trauma center has evolved over the past 

decade.1,2 Current treatment priorities include pre-
vention of coagulopathy through minimization 
of the use of crystalloid-based resuscitation in 
favor of early blood component–based resuscita-
tion that includes plasma and platelets in equal 
ratios with packed red cells.3 These in-hospital 
practices, termed “damage-control resuscitation,” 
are widely used for both battlefield and civilian 
resuscitation after traumatic injury.2-5

Initiation of the tenets of damage-control 
resuscitation in the prehospital environment has 
the potential to reduce downstream complica-
tions attributable to hemorrhage by intervening 
close to the time of injury, before the develop-
ment of coagulopathy, irreversible shock, and the 
ensuing inflammatory response.6-9 Plasma trans-
fusion mitigates the coagulopathy that can com-
plicate traumatic hemorrhage, alters the inflam-
matory response after injury, and reduces the 
permeability of endothelial cells after hemor-
rhagic shock.3,7,10-14 Despite these potential bene-
fits, the risks associated with plasma transfusion 
in the prehospital environment remain unknown. 
High-level evidence is lacking to show its efficacy 
and support its use in the prehospital setting.15-17

The Prehospital Air Medical Plasma (PAMPer) 
trial was designed to determine the efficacy and 
safety of prehospital plasma resuscitation as com-
pared with standard-care resuscitation (not includ-
ing plasma administration) in severely injured 
patients at risk for hemorrhagic shock. We hypoth-
esized that prehospital administration of plasma 
would reduce 30-day mortality.

Me thods

Trial Design

The PAMPer trial was a pragmatic, multicenter, 
cluster-randomized, phase 3 trial involving in-
jured patients who were at risk for hemorrhagic 
shock during air medical transport to a trauma 
center; outcomes in patients who received 2 units 
of thawed plasma (either group AB or group A 
with a low anti-B antibody titer) (the plasma 
group) were compared with outcomes in those 
who received standard-care resuscitation (the 
standard-care group) in the prehospital setting.18 
Other than the administration of plasma, we did 
not alter any aspect of treatment either during 

transport of the patients or after their arrival at 
the definitive trauma center. Prehospital admin-
istration of plasma was not part of standard care 
for any of the participating sites during the trial.

Trial Oversight

The trial was designed by the authors, and the 
Food and Drug Administration, the Human Re-
search Protection Office of the Department of 
Defense, and the institutional review boards at 
the participating sites approved the design. The 
institutional review board at each site approved 
an exception from informed consent require-
ments, after consultation with community mem-
bers and after public notification regarding the 
trial took place. We notified enrolled participants 
or their legally authorized representatives and 
asked them to provide, as soon as feasible, con-
sent to continue participation.19 An external data 
and safety monitoring board performed regular 
safety surveillance. No commercial support was 
involved in the trial. The authors vouch for the 
accuracy and completeness of the data and analy-
ses and for the fidelity of the trial to the proto-
col (available with the full text of this article at 
NEJM.org). No one who is not an author partici-
pated in the writing or review of the manuscript.

Patient Population

Patients who were transported from the scene of 
their injury to a participating trauma center or 
who were transferred from an outside referral 
emergency department to a participating trauma 
center were eligible for enrollment in the PAMPer 
trial if they had at least one episode of hypoten-
sion (systolic blood pressure <90 mm Hg) and 
tachycardia (defined in this trial as a heart rate 
>108 beats per minute) or if they had any severe 
hypotension (systolic blood pressure <70 mm Hg), 
either before the arrival of air medical transport 
or any time before arrival at the trauma center 
(Table S2 in the Supplementary Appendix, avail-
able at NEJM.org). Patients were excluded if they 
were older than 90 years of age or younger than 
18 years of age, if intravenous or intraosseous ac-
cess could not be established in them, if they had 
had an isolated fall from standing, if they had a 
documented cervical cord injury, if they were 
known to be a prisoner, if they were known to 
be pregnant, if they had a traumatic cardiac ar-
rest that lasted longer than 5 minutes, if they 
had a penetrating brain injury, if their injury was 
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due to isolated drowning or hanging, if they had 
burns over more than 20% of their total body-
surface area, if they were being admitted as an 
inpatient at an outside referral hospital, if they 
or a family member voiced an objection to par-
ticipation in the trial at the scene of the injury, 
or if they were wearing an “opt-out” bracelet, 
indicating that they wished to opt out of the 
PAMPer trial.

Randomization and Masking

We used a single-stage cluster randomization 
scheme because of the limited availability and 
short shelf life (5 days) of universal donor 
thawed plasma. Using computer-generated block 
randomization, we assigned air medical bases at 
each participating institution to the plasma group 
or the standard-care group for 1-month time 
intervals. Because of the cluster design of the 
trial, the treatment group to which eligible pa-
tients were assigned was based on the random 
assignment of the transporting base, irrespective 
of whether a patient received plasma or standard-
care resuscitation at an outside hospital. The 
block scheme varied randomly among 2-month, 
4-month, and 6-month block sizes during the 
period of enrollment. It was not possible for 
prehospital personnel and receiving physicians 
at the trial sites to be unaware of the treatment 
assignments because the trial intervention was a 
blood product, which requires full traceability. 
However, treatment assignments were concealed 
to personnel who assessed the trial outcomes.

Intervention

Air medical bases that were randomly assigned to 
the plasma group for the month were provided 
2 units of either group AB or group A with a low 
anti-B antibody titer (<1:100) thawed plasma. 
The intervention consisted of the administration 
of 2 units of thawed plasma, which was initiated 
in the prehospital setting by the air transport 
team. Plasma was administered once a patient 
met all the inclusion criteria and none of the 
exclusion criteria and before other resuscitative 
fluids were initiated. The protocol required that 
both units of the prehospital-initiated plasma be 
infused 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 infu-
sion of the 2 units of plasma occurred during 
flight, standard trauma resuscitation (as defined 

by the local protocol) resumed until arrival at 
the trauma center. Plasma units that were used 
were replenished, and unused plasma units were 
exchanged before their expiration dates were 
reached.

For the air medical bases that were assigned 
to the standard-care group for the month, patients 
who met all the inclusion criteria and none of 
the exclusion criteria received standard-care re-
suscitation, which included infusion of a crystal-
loid solution as the primary resuscitative fluid, 
during the flight. As part of their standard re-
suscitation practice, air transport teams at 13 of 
the 27 air medical bases that participated in the 
trial also carried 2 units of universal donor red 
cells on all their f lights. Indications for admin-
istration of red cells followed local protocols 
and were equivalent across the bases (Table S3 
in the Supplementary Appendix). Air transport 
teams at bases that were assigned to the plasma 
group during a given month and that carried red 
cells on all their flights administered the 2 units 
of thawed plasma first. If a patient remained 
hypotensive after the plasma infusion or had 
obvious bleeding, transfusion of red cells then 
proceeded according to the local protocol. A 
standard operating procedure for goal-directed, 
crystalloid-based resuscitation on the basis of 
hemodynamic status was established to minimize 
the use of overly aggressive crystalloid-based re-
suscitation in both trial groups15,20 (Fig. S1 in the 
Supplementary Appendix).

Outcomes

The primary outcome of the trial was mortality 
at 30 days. Prespecified secondary outcomes in-
cluded mortality at 24 hours and in-hospital 
mortality; volumes of blood components and 
resuscitation fluid administered within 24 hours 
after enrollment; the incidence of multiorgan 
failure, acute lung injury–acute respiratory dis-
tress syndrome, transfusion-related acute lung 
injury, and nosocomial infection; and indexes of 
coagulopathy on the basis of measurements of 
prothrombin-time ratio and results of thrombo-
elastography. We also analyzed the treatment ef-
fect on the primary outcome in prespecified 
subgroups defined according to receipt of a mas-
sive transfusion (defined as ≥10 units of packed 
red cells during the first 24 hours after the in-
jury) (yes vs. no), receipt of 4 or more units of 
packed red cells during the first 24 hours after 
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the injury (yes vs. no), receipt of packed red cells 
in the prehospital setting (yes vs. no), occurrence 
of severe traumatic brain injury (defined as a 
score for injury to the head of >2 on the Abbre-
viated Injury Scale, on which scores range from 
0 to 6, with higher scores indicating more severe 
injury) (yes vs. no), trial enrollment location (at 
the scene of injury vs. at a referral emergency 
department), history of treatment with a vitamin K 
antagonist (yes vs. no), history of treatment with 
an antiplatelet medication (yes vs. no), type of 
injury (blunt vs. penetrating), and prehospital 
transport time (short vs. prolonged).

Statistical Analysis

To determine an appropriate sample size, we as-
sumed a 1:1 randomization of equal cluster sizes, 
with 32 clusters of 16 patients each, using an 
estimated intracluster correlation coefficient of 
0.05 to adjust for potential unequal cluster sizes. 
We estimated that enrollment of 530 prehospital 
patients would result in 504 eligible patients with 
complete data and would provide the trial with 
88% power to detect a difference of 14 percent-
age points (8.0% vs. 22.0%) in 30-day mortality 
between the plasma group and the standard-
care group, on the basis of published mortality 
estimates.21-26 Approximately 2 years and 8 months 
after trial enrollment began, with approval from 
the data and safety monitoring board, the insti-
tutional review board at each site, and the Food 
and Drug Administration, we increased the 
planned sample size to 564 patients owing to a 
higher rate of ineligible patients in the prehospi-
tal setting than was initially estimated.

For the primary analysis, which was based on 
the modified intention-to-treat principle, we com-
pared 30-day mortality in the plasma group with 
that in the standard-care group using a two-
sided pooled z test with continuity correction. 
We calculated the intraclass correlation, which 
was used to account for the cluster design in our 
primary analysis. When a patient’s vital status at 
30 days was unknown, the missing data were 
imputed with the use of multiple imputation 
(Table S5 in the Supplementary Appendix). We 
performed the following sensitivity analyses of 
the primary outcome: one that excluded all the 
patients whose vital status at 30 days was un-
known, one that assumed that all the patients 
whose vital status at 30 days was unknown sur-

vived, and one that assumed 50% mortality 
among patients whose vital status at 30 days was 
unknown. A multivariate regression model with 
generalized estimating equations was used in 
the analysis of the primary outcome to adjust for 
unbalanced baseline variables between the two 
trial groups while accounting for clustering at 
the air medical base level, as specified in the 
protocol. The critical level of statistical signifi-
cance for the primary analysis (P<0.038) was 
adjusted for two interim analyses, and all com-
parisons were conducted with the use of two-
sided tests.27 A Bonferroni correction was used 
to account for multiple comparisons across the 
prespecified secondary outcomes and subgroup 
analyses (Table S6 in the Supplementary Appen-
dix). Analyses were performed with the use of 
Stata software, version 15MP (StataCorp).

R esult s

Patients

From May 2014 through October 2017, a total of 
7275 patients who were transported by air medi-
cal transport by personnel from 27 individual air 
medical bases to 9 participating trauma centers 
were assessed for eligibility. A total of 564 pa-
tients were eligible for enrollment in the pre-
hospital setting. Of these patients, 230 were 
transported from air medical bases that were 
randomly assigned to the plasma group, and 271 
were transported from bases randomly assigned 
to the standard-care group; these 501 patients 
met all the inclusion criteria and none of the 
exclusion criteria and comprised the modified 
intention-to-treat cohort (Fig. 1).

Most of the patients (72.7%) were men, and 
most (82.4%) had an injury caused by blunt 
trauma, with a median Injury Severity Score of 
22 (interquartile range, 13 to 30; scores range 
from 0 to 75, with a score of >15 indicating 
major trauma) and an overall 30-day mortality 
rate of 29.6%. Prehospital intubation occurred in 
256 patients (51.1%), and 174 patients (34.7%) 
received a prehospital red-cell transfusion. Sur-
geons performed urgent operative procedures in 
58.4% of patients during the initial 24 hours 
after enrollment.

Owing to the pragmatic design of the trial, 
patients who met all the inclusion criteria and 
none of the exclusion criteria could be enrolled 
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either during transfer directly from the scene of 
an accident or during transfer from an outside 
referral emergency department that did not have 
the appropriate capabilities to treat severely in-
jured trauma patients. The 111 patients who were 
transferred from outside referral emergency de-
partments had demographic and injury character-
istics that were similar to those of the 390 pa-
tients who were enrolled during transfer directly 
from the scene of their injury but had longer 
prehospital transport times from the time of 
measurement of qualifying vital signs to arrival 
at the trauma center (52 minutes [interquartile 
range, 40 to 70] vs. 39 minutes [interquartile 
range, 31 to 49]). The percentage of patients who 
underwent prehospital intubation was lower 
among those who were transferred than among 
those who were enrolled at the scene (37.3% vs. 
51.9%), and the percentage who received prehos-
pital transfusion of packed red cells was higher 
among those who were transferred (45.9% vs. 
30.8%). The percentage of patients who were 
transferred from outside referral emergency de-
partments was similar in the two trial groups 
(21.8% in the standard-care group and 22.6% in 
the plasma group).

Protocol Adherence

Prehospital treatment teams administered the as-
signed treatment (irrespective of volume) in 496 
of the 501 participants (99.0%). In the plasma 
group, 205 patients (89.1%) received 2 units of 
plasma, 21 patients (9.1%) received 1 unit of 
plasma, and 4 patients (1.7%) received no plasma 
owing to logistic challenges during prehospital 
care. The plasma infusion was completed during 
air medical transport in 84.4% of the patients, 
with the plasma infusion in the remaining pa-

Figure 1. Screening, Randomization, and Follow-up.

In accordance with approval requirements of the Food 
and Drug Administration and of the institutional review 
board at each site, data from participants who either 
withdrew consent or were excluded because of ineligi‑
bility could not be included in the analyses. Owing to 
the randomization scheme that was used, there was an 
imbalance between the two groups in the number of 
patients enrolled. As prespecified in the study protocol, 
multiple imputation of missing data was used in the 
primary analysis for the 20 participants whose vital 
status at 30 days was unknown. The primary outcome 
was mortality at 30 days.

564 Were eligible for enrollment
in the prehospital setting

7275 Patients were assessed for eligibility

6685 Were not eligible in the
prehospital setting

26 Were eligible in the pre-
hospital setting but were
missed

523 (27 bases) Underwent cluster
randomization

41 Were excluded
19 Did not meet inclusion

criteria
22 Met exclusion criteria

9 Had traumatic cardiac
arrest with CPR that lasted
longer than 5 min

6 Were <18 yr of age
3 Had penetrating brain

injury
2 Had documented cervical

cord injury
1 Was being admitted from

a referral hospital
1 Had other reason

239 Were enrolled at a base assigned
to the plasma group

235 Received assigned intervention
4 Did not receive intervention

2 Were enrolled at a base at
which plasma was temporarily 
unavailable owing to depletion
of the plasma supply

2 Had logistic challenges during
transport

284 Were enrolled at a base assigned
to the standard-care group

283 Received assigned intervention
1 Did not receive intervention

owing to receiving plasma at a
referral hospital

19 Were lost to follow-up
10 Had a contact who could not

be located by trial personnel
8 Withdrew consent
1 Was imprisoned

23 Were lost to follow-up
10 Had a contact who could not

be located by trial personnel
12 Withdrew consent
1 Was imprisoned

230 Were analyzed for primary outcome
220 Had primary outcome data

available
10 Had primary outcome data

imputed
9 Were excluded from analysis

8 Withdrew or did not provide
consent

1 Was imprisoned

271 Were analyzed for primary outcome
261 Had primary outcome data

available
10 Had primary outcome data

imputed
13 Were excluded from analysis

12 Withdrew or did not provide
consent

1 Was imprisoned
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tients completed soon after their arrival at the 
trauma center. One patient (0.4%) in the standard-
care group received prehospital plasma at the 
referral hospital before transport.

Patients in the standard-care group, for whom 
plasma was unavailable, received greater volumes 
of prehospital crystalloid solution than the pa-
tients in the plasma group, and a higher percent-
age of patients in the standard-care group re-
ceived red-cell transfusions before their arrival 
at the trauma center (Table 1). The demographic 
characteristics, prehospital vital signs, and injury 
characteristics were similar in the two trial groups.

Primary Outcome

Data on the primary outcome were available for 
481 patients (96.0%). At 30 days after random-
ization, there were 89 deaths in the standard-
care group and 53 deaths in the plasma group. 
After multiple imputation was performed for the 
20 patients whose vital status at 30 days was 
unknown (10 patients in each group), 30-day 
mortality, accounting for intracluster variation, 
was lower among patients who received thawed 
plasma than among those who received standard 
care (23.2% vs. 33.0%; difference, −9.8 percent-
age points; 95% confidence interval [CI], −18.6 
to −1.0; P = 0.03; intracluster correlation coeffi-
cient, 0.02). In sensitivity analyses of 30-day 
mortality that were based on various methods of 
handling missing data on vital status, significant 
differences remained between the two trial groups 
(Table S9 in the Supplementary Appendix). When 
multivariate regression was used to adjust for 
the volume of prehospital crystalloid solution 
administered and for the percentage of patients 
who received prehospital red-cell transfusion, 
while also accounting for clustering at the base 
level, administration of prehospital plasma was 
associated with a risk of death within 30 days 
after randomization that was 39% lower than 
the risk with standard care (adjusted odds ratio, 
0.61; 95% CI, 0.40 to 0.91; P = 0.02). The Kaplan–
Meier survival curves showed an early separation 
of the two groups that began 3 hours after ran-
domization (Fig. S2 in the Supplementary Appen-
dix) and remained until 30 days (720 hours) after 
randomization (log-rank chi-square test, 5.70; 
P = 0.02) (Fig. 2A).

The results of the analysis of mortality at 30 
days in the nine prespecified subgroups revealed 
lower mortality at 30 days in the plasma group 

than in the standard-care group in a majority of 
the subgroups (Fig. 2B). There was no heteroge-
neity of the treatment effect across the subgroups 
(heterogeneity chi-square test, 12.21; P = 0.79). 
We tested the interaction between treatment 
group and each subgroup variable; no signifi-
cant interactions were observed after adjustment 
for multiple comparisons.

Secondary Outcomes

Mortality at 24 hours and in-hospital mortality 
were lower in the plasma group than in the 
standard-care group (Table 2). Patients in the 
plasma group received fewer units of blood com-
ponents overall and fewer units of packed red 
cells within 24 hours after enrollment and had 
a lower median prothrombin-time ratio at the 
time of the first blood sampling after arrival at 
the trauma center than patients in the standard-
care group. When P values were adjusted for 
multiple comparisons, only the difference in 
prothrombin-time ratio between the trial groups 
remained significant. No significant differences 
between the groups were noted with respect to 
other resuscitation-related variables at 24 hours; 
the incidence of multiorgan failure, acute lung 
injury–acute respiratory distress syndrome, or 
nosocomial infections; or the results of throm-
boelastography at admission.

Safety

We observed no documented cases of transfusion-
related lung injury during the trial. Five patients 
(2.2%) in the plasma group had transfusion-
related reactions or allergic reactions that were 
considered to be possibly related to the trial treat-
ment; these reactions were assessed as minor by 
personnel at the blood bank services at each site 
at which the reaction was reported. The manage-
ment of each such reaction occurred during 
transport or at the time of arrival at the trauma 
center without further complication. One trans-
fusion-related or allergic reaction (0.4%) was 
reported in the standard-care group. A total of 
10 adverse events, which were defined as any 
events that were considered to be related to the 
trial regimen, were reported in the trial popula-
tion; 3 of these were designated as serious ad-
verse events (1 in the plasma group and 2 in the 
standard-care group) (Table 3). A list of protocol 
violations according to trial group is provided in 
Table S11 in the Supplementary Appendix.
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Variable
Standard-Care Group 

(N = 271)
Plasma Group 

(N = 230)

Median age (IQR) — yr 46 (28–60) 44 (31–59)

Male sex — no. (%) 200 (73.8) 164 (71.3)

Race — no. (%)†

White 228 (84.1) 207 (90.0)

Black 29 (10.7) 14 (6.1)

Asian 1 (0.4) 0

Other 6 (2.2) 2 (0.9)

Unknown 7 (2.6) 7 (3.0)

Hispanic ethnic group — no. (%)† 9 (3.3) 6 (2.6)

Any injury caused by blunt trauma — no. (%)‡ 226 (83.4) 187 (81.3)

Fall from height 23 (10.2) 12 (6.4)

Motor vehicle collision 120 (53.1) 106 (56.7)

Motorcycle collision 46 (20.4) 29 (15.5)

Pedestrian or bicycle collision 14 (6.2) 15 (8.0)

Assault 10 (4.4) 9 (4.8)

Other 13 (5.8) 16 (8.6)

Any injury caused by penetrating trauma — no. (%)‡ 49 (18.1) 46 (20.0)

Firearm 25 (51.0) 26 (56.5)

Impalement or stabbing 24 (49.0) 20 (43.5)

Transported from referral hospital — no. (%) 59 (21.8) 52 (22.6)

Median prehospital volume of crystalloid solution (IQR) — ml§ 900 (0–1500) 500 (0–1250)

Prehospital red‑cell transfusion — no. (%)¶ 114 (42.1) 60 (26.1)

Initial Glasgow Coma Scale score <8 — no. (%)‖ 129 (47.6) 103 (44.8)

Median prehospital systolic blood pressure (IQR) — mm Hg** 69 (61–81) 71 (64–81)

Median prehospital heart rate (IQR) — beats/min 115 (96–126) 117 (104–128)

Prehospital intubation — no. (%) 141 (52.0) 115 (50.0)

Prehospital cardiopulmonary resuscitation — no. (%) 18 (6.6) 13 (5.7)

Median prehospital transport time (IQR) — min 40 (33–51) 42 (34–53)

Median Injury Severity Score (IQR)†† 21 (12–29) 22 (14–33)

Abbreviated Injury Scale score for head‡‡

Median (IQR) 1 (0–3) 2 (0–3)

Score >2 — no. (%) 97 (35.8) 88 (38.3)

History of treatment with vitamin K antagonist — no. (%) 8 (3.0) 6 (2.6)

History of treatment with antiplatelet medication — no. (%) 18 (6.6) 20 (8.7)

*  No significant differences were observed between the two groups in the above characteristics except where noted. 
Continuous variables were compared with the use of the Mann–Whitney U test, and categorical variables were com‑
pared with the use of Fisher’s exact test. IQR denotes interquartile range.

†  Race and ethnic group were determined by patient or family‑member report.
‡  The percentages for the subcategories of this variable are based on the number of patients assessed for this variable 

rather than on the total number of patients in each trial group.
§  P = 0.01.
¶  P<0.001.
‖  Scores range from 3 to 15, with lower scores indicating worse mental status.
**  Data were unavailable for one patient in the plasma group.
††  Scores range from 0 to 75, with a score of greater than 15 indicating major trauma. Data were unavailable for two 

 patients in the standard‑care group and four patients in the plasma group.
‡‡  Scores range from 0 to 6, with higher scores indicating more severe injury; a score of greater than 2 indicates a severe 

traumatic brain injury. Data were unavailable for two patients in the standard‑care group and three patients in the plasma 
group.

Table 1. Patient Characteristics.*
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B 30-Day Mortality in Prespecified Subgroups

A Survival
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Hours since Randomization

No. at Risk
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Standard care
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194

192 240 288

172
181

480

169
173

576

168
172

672 720

168
172

Standard care

Plasma

0.25 0.50 4.002.001.00 10.00

Standard Care
Better

Plasma
Better

≥10 units packed red cells in 24 hr

No

Yes

≥4 units packed red cells in 24 hr

No

Yes

Prehospital packed red cells

No

Yes

Traumatic brain injury

No

Yes

Enrollment location

Scene

Referral emergency department

Mechanism of injury

Blunt

Penetrating

Prehospital transport time

Short

Prolonged

Vitamin K antagonist

No

Yes

Antiplatelet medication

No

Yes

Overall

Standard
Care Odds Ratio (95% CI)Plasma

No. of
PatientsSubgroup

0.61 (0.41–0.92)
1.67 (0.34–8.26)

0.53 (0.30–0.91)

0.58 (0.31–1.08)

0.60 (0.04–8.73)

0.51 (0.27–0.97)

0.63 (0.34–1.16)

1.09 (0.32–3.74)
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0.51 (0.33–0.81)
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0.77 (0.39–1.52)
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0.52 (0.32–0.84)

0.03 0.05 0.10

1.11 (0.50–2.47)

Adjusted
P Value for
Interaction
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353

14
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38

481

63/198 (31.8)

26/63 (41.3)  
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57/137 (41.6)

50/148 (33.8)

39/113 (34.5)

36/165 (21.8)

51/94 (54.3)  

76/203 (37.4)

11/56 (19.6)

83/220 (37.7)

6/41 (14.6)

41/131 (31.3)

48/130 (36.9)

32/186 (17.2)

2/8 (25.0)  

33/181 (18.2)

3/18 (16.7)

89/261 (34.1)

35/179 (19.6)

18/41 (43.9)
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33/101 (32.7)

36/161 (22.4)
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>0.99
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no. of events/total no. (%)
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Discussion

Resuscitation strategies for the acutely injured 
patient in hemorrhagic shock have evolved, with 
patients benefitting from receiving less crystal-
loid-based therapy and early balanced blood 
component–based therapy once they arrive at a 
facility for definitive care.2,3,22 Despite these 
changes, a majority of deaths from traumatic 
hemorrhage continue to occur in the first hours 
after arrival at the trauma center, which under-
scores the importance of the prehospital envi-
ronment for early interventions that provide 
benefit.2,3,22,28

Among the 501 eligible patients who were 
enrolled in the prehospital setting in our trial, 
the group that received prehospital plasma had 
significantly lower mortality at 24 hours and at 
30 days and a lower median prothrombin-time 
ratio than the patients who received standard 
care. Patients in the plasma group did not have 
a higher incidence of inflammatory-mediated 
complications, such as multiorgan failure, acute 
lung injury–acute respiratory distress syndrome, 

or nosocomial infections.15,20,25,26,29 Despite the 
potential concerns that administration of pre-
hospital plasma may be associated with transfu-
sion-related complications, no cases of transfu-
sion-related lung injury were documented in our 
trial, and only a low incidence of minor allergic 
reactions and transfusion-related reactions po-
tentially related to plasma administration was 
noted.

This clinical trial has a number of strengths. 
First, the trial was pragmatic in design, with 
simple inclusion criteria that were based on vital 
signs and with limited exclusion criteria. Sec-
ond, given that each patient’s injuries could not 
be fully characterized before their arrival at the 
trauma center, patients with a wide spectrum of 
injuries and severities of injury were enrolled. 
Prespecified subgroup analyses showed a consis-
tent survival benefit in the plasma group across 
various injury types, which suggests broad gen-
eralizability of the results. Third, the interven-
tion consisted of a relatively small volume of 
prehospital plasma, which resulted in a robust 
mortality benefit. Previous trials have shown 
benefit when plasma is incorporated into resus-
citation practice after the patient’s arrival at the 
trauma center.3,30,31 These benefits may be mag-
nified when plasma is provided close to the time 
of injury. The underlying mechanisms responsi-
ble for this survival benefit may include a reduc-
tion in bleeding or coagulopathy, a diminution 
of the inflammatory response or endothelial 
dysfunction of trauma, or both.6,10,32,33

Limitations of the trial include its cluster de-
sign, which was essential for the conduct of the 
trial because of the limited availability and short 
shelf-life of the thawed plasma intervention. The 
randomization scheme resulted in imbalanced 
enrollment, and the inability to mask the inter-
vention resulted in the potential for treatment 
bias. There were differences between the two 
groups in the volume of prehospital crystalloid 
solution administered and in the percentage of 
patients who received red-cell transfusions be-
fore their arrival at the trauma center, although 
we adjusted for these differences in the primary 
analysis. These differences were inherent in the 
design of the trial owing to the need to resusci-
tate hypotensive patients with trauma in the 
standard-care group without the use of plasma. 
Despite the fact that the percentage of patients 
who were transferred from outside referral 

Figure 2 (facing page). Survival and Subgroup Analyses 
of Mortality at 30 Days.

Panel A shows Kaplan–Meier estimates of survival 
among patients who received standard‑care resuscita‑
tion or plasma resuscitation in the prehospital setting. 
The time at which qualifying vital signs were recorded 
in the prehospital environment represents time zero.  
A Cox proportional‑hazards regression model, which 
was adjusted for imbalances between the groups in  
the volume of prehospital crystalloid solution adminis‑
tered and in the percentage of patients who received 
prehospital red‑cell transfusion, stratified according to 
air medical base, showed a lower risk of death within 
30 days after randomization in the plasma group than 
in the standard‑care group (hazard ratio for death, 0.64; 
95% CI, 0.45 to 0.91; P = 0.01). Panel B shows the odds 
ratio of 30‑day mortality in the nine prespecified sub‑
groups. The solid vertical line represents an odds ratio 
of 1.0, indicating no difference in mortality between 
the standard‑care group and the plasma group. The 
dotted vertical line represents the overall odds ratio for 
treatment effect in the modified intention‑to‑treat co‑
hort of patients for whom information on vital status 
at 30 days was not missing. Adjusted P values were 
calculated for the interaction between treatment group 
and each subgroup in a logistic‑regression model with 
30‑day mortality as the outcome to determine whether 
there was a significant effect of treatment on the out‑
come across each subgroup; significance levels were 
adjusted for multiple comparisons with the use of a 
Bonferroni correction.
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emergency departments and the percentage of 
patients who were enrolled at the scene of injury 
were similar in the two treatment groups, the 
inclusion of transfer patients in the trial had the 
potential to introduce bias owing to differences 
in treatment before arrival at the trauma center.34

In the PAMPer trial, we planned for potential 
intracluster variation with an adequate sample 
size and robust statistical power. Because the 
trial was a multicenter trial, there were differ-
ences among the sites in their standard-care re-
suscitation practices and in their ability to carry 
other blood components. Although we cannot 
determine the independent or additive effects of 
prehospital administration of plasma and packed 
red cells, the survival benefits attributable to 
plasma administration persisted after adjustment 
for prehospital red-cell administration, and a 
subgroup analysis showed no heterogeneity of 
the treatment effect. Although we adjusted for 
differences between the groups in the volume of 
prehospital crystalloid solution in our primary 
analysis, we are unable to determine whether the 
lower volume of prehospital crystalloid solution 
in the plasma group had an additive benefit to 
patient outcomes. It is possible that specific 
mechanisms of injury, types of injury, patient 
characteristics, or prehospital modes of trans-
port may alter the benefit derived from an inter-
vention of prehospital plasma.34,35 Missing data 
limited the ability to draw conclusions from 
comparisons of laboratory measurements and 
results of thromboelastography. We used a mod-
ified intention-to-treat approach for the analysis 
of the primary outcome that was not prespeci-
fied in the protocol because of the limitations of 
prehospital enrollment of critically injured pa-
tients and the regulatory challenges associated 
with trial designs based on exception from in-
formed consent.

In conclusion, in patients at risk for hemor-
rhagic shock, the administration of thawed 
plasma during prehospital air medical transport 

was safe and resulted in lower 30-day mortality 
and a lower median prothrombin-time ratio than 
standard-care resuscitation.
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Variable

Standard-Care 
Group 

(N = 271)

Plasma 
Group 

(N = 230)

No. of patients who had an adverse 
event

2 6

No. of adverse events 4 6

Adult respiratory distress syndrome 1† 0

Allergic reaction 0 2

Anaphylaxis 0 1

Fever 1 0

Hypotension 0 1

Pain 1 0

Sepsis 1† 0

Transfusion‑related reaction 0 1†

Urticaria 0 1

*  Adverse events were identified and reported at the discretion of the treating 
physician. Prospective definitions of adverse events are provided in Section 
XII of the protocol. An adverse event was defined as any adverse reaction that 
was considered to be related to the trial regimen. A serious adverse event was 
defined as any adverse reaction that was fatal or life‑threatening, resulted in 
prolongation of hospitalization, or resulted in persistent or clinically signifi‑
cant disability or incapacity. The severity of adverse events was assessed by 
the site investigator. Potential allergic reactions and transfusion‑related reac‑
tions were independently evaluated by personnel at blood bank services and 
by site investigators.

†  This event was reported as a serious adverse event by the site investigator.

Table 3. Adverse Events.*
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