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Abstract
Objectives: Transfusion of a high ratio of plasma to packed red blood cells (PRBCs), to 
treat or prevent acute traumatic coagulopathy, has been associated with survival after 
major trauma. However, the effect of prehospital plasma on patient outcomes has 
been inconsistent. The aim of this pilot trial was to assess the feasibility of transfusing 
freeze-dried plasma with red blood cells (RBCs) using a randomized controlled design 
in an Australian aeromedical prehospital setting.
Methods: Patients attended by helicopter emergency medical service (HEMS) para-
medics with suspected critical bleeding after trauma managed with prehospital RBCs 
were randomized to receive 2 units of freeze-dried plasma (Lyoplas N-w) or standard 
care (no plasma). The primary outcome was the proportion of eligible patients en-
rolled and provided the intervention. Secondary outcomes included preliminary data 
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INTRODUC TION

Hemorrhage is responsible for over 40% of all trauma-related deaths, 
with nearly half occurring in the prehospital setting.1,2 Among major 
trauma patients who reach emergency departments alive, in-hospital 
transfusion of a high ratio, of at least 1 unit of plasma to every 2 units 
of red blood cells (RBCs), has been associated with survival.3 This 
transfusion of plasma can prevent or treat the acute traumatic co-
agulopathy (ATC) that is observed in around 25% of major trauma 
patients.4,5 Patients with ATC are three to four times more likely to 
die and up to eight times more likely to die within the first 24 h.6–9 
ATC on admission is also associated with development of acute kid-
ney injury and multiple organ failure, fewer ventilator-free days, and 
longer stays in the intensive care unit (ICU) and hospital.10

One treatment of ATC is the infusion of fresh-frozen plasma 
(FFP). However, there is limited evidence to support the resource in-
vestment necessary to provide FFP in the prehospital environment. 
The two randomized controlled trials using prehospital FFP differed 
in their conclusions.11,12 An alternative to FFP that is particularly 
suitable for prehospital use is freeze-dried plasma, but a recent 
United Kingdom trial of freeze-dried plasma and RBCs compared to 
crystalloid in the prehospital setting did not demonstrate a differ-
ence in outcomes.13

The Australian setting is different than that in the United 
Kingdom, with longer prehospital times due to vast geography and 
highly centralized trauma centers. No freeze-dried plasma product 
is licensed for use in Australia. The feasibility of recruiting patients 
to a study of freeze-dried plasma in this context is unknown. We 
therefore undertook a pilot randomized controlled trial of freeze-
dried plasma versus standard care to be administered prehospital to 
critically bleeding trauma patients receiving RBC transfusion. The 
aim was to determine feasibility for a definitive trial of prehospital 
freeze-dried plasma, assessing prehospital times, numbers of eligible 
patients, and the proportion able to be recruited to the trial in this 
context, along with evaluation of clinically relevant effectiveness 
outcomes that might be employed in a subsequent study.

METHODS

Setting and population

Ambulance Victoria provides emergency medical services to the 
state of Victoria, Australia. It is the single provider of emergency 
aeromedical care in the state and operates five emergency heli-
copters from four bases across Victoria. The service conducts pri-
mary scene responses as well as interhospital transports, serving a 
population of almost 6.7 million people across an area of approxi-
mately 227,000 km2 (for comparison, the entire United Kingdom is 
approximately 244,000 km2). The helicopters are staffed by senior, 
postgraduate qualified intensive care flight paramedics, who each 
have at least a decade of prehospital experience. Each helicopter 
carries four units of group O D– RBCs. Patients eligible for RBCs 
(i.e., standard care) are those with suspected hemorrhage and hy-
povolemia after clinical judgment of the paramedic. RBCs are trans-
fused to a target systolic blood pressure ≥70 mm Hg or if there is 
concurrent severe traumatic brain injury, a target systolic blood 
pressure ≥ 120 mm Hg.14 Tranexamic acid is not administered in this 
service. The eligibility criteria for this trial were any adult patient re-
ceiving prehospital transfusion of RBCs for trauma and being trans-
ported to The Alfred Hospital, one of two adult major trauma centers 
in Victoria. Patients at extremes of age (<18 years or >90 years), who 
had no intravenous access, known pregnancy, or active palliative 
care, were not eligible.

Randomization and masking

This was an unblinded pilot randomized controlled trial. 
Randomization packs, containing allocation of freeze-dried plasma 
or standard care were prepared by independent research staff using 
a computer-generated sequence. Random permuted blocks with a 
block size of four were used. Trial packs were consecutively num-
bered, opaque and with a tamper-proof seal to ensure allocation 

on effectiveness, including mortality censored at 24 h and at hospital discharge, and 
adverse events.
Results: During the study period of June 1 to October 31, 2022, there were 25 eligible 
patients, of whom 20 (80%) were enrolled in the trial and 19 (76%) received the allo-
cated intervention. Median time from randomization to hospital arrival was 92.5 min 
(IQR 68–101.5 min). Mortality may have been lower in the freeze-dried plasma group 
at 24 h (RR 0.24, 95% CI 0.03–1.73) and at hospital discharge (RR 0.73, 95% CI 0.24–
2.27). No serious adverse events related to the trial interventions were reported.
Conclusions: This first reported experience of freeze-dried plasma use in Australia 
suggests prehospital administration is feasible. Given longer prehospital times typi-
cally associated with HEMS attendance, there is potential clinical benefit from this 
intervention and rationale for a definitive trial.
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concealment. Each helicopter emergency medical service unit had 
12 randomization envelopes supplied at the start of the trial.

Intervention

After the first unit of RBCs, patients were randomized in a 1:1 ratio 
to receive 2 units of freeze-dried plasma or standard care. Lyoplas 
N-w is a freeze-dried plasma product manufactured by the German 
Red Cross, has similar coagulation factor activity to FFP and similar 
transfusion-related complication rates, and has had no cases of virus 
transmission reported since 2007.15 It has a shelf life of 15 months 
when stored between +2 and +25°C. The infusion of freeze-dried 
plasma, once commenced, was continued in hospital until comple-
tion of the entire intervention dose. There were no other changes to 
management either prehospital or in hospital.

Comparator

Among patients allocated to the standard care arm, management 
was dictated by Ambulance Victoria clinical practice guidelines.14 
There were no prehospital plasma products available for patients 
randomized to the standard care group.

Outcomes

The primary outcome for this study was feasibility of intervention, 
measured by the proportion of eligible patients (meeting all the in-
clusion criteria and none of the exclusion criteria) who were rand-
omized and completed the intervention. Secondary outcomes were 
mortality, censored at 24 h from the time of injury and at hospital 
discharge, hospital length of stay, requirement for ICU admission, 
coagulation status on arrival to hospital, measured as first interna-
tional normalized ratio, platelet count, activated partial thrombo-
plastin time, fibrinogen count, first lactate, blood component use 

in the first 24 h of hospital arrival, thromboembolic events (deep 
venous thrombus, pulmonary embolism, ischemic stroke, acute my-
ocardial infarction, other arterial thrombus) diagnosed, and any seri-
ous adverse events reported. Secondary outcomes were measured 
for exploratory purpose only, as this pilot trial was not powered to 
detect any differences in these outcomes.

Statistical analysis

Baseline characteristics were summarized using frequency (percent-
age) or median (interquartile range [IQR]). The primary outcome of 
successful enrollment was reported using proportion with 95% con-
fidence intervals (95% CIs). Secondary outcomes were reported by 
intention-to-treat subgroups. Count variables were compared with 
the unadjusted chi-square test for equal proportions, with results 
reported as frequency (percentage) per treatment group with a rela-
tive risk (RR), accompanied by 95% CI. Secondary outcomes were 
presented using odds ratios (ORs) with 95% CIs. Blood biomarker 
observations and blood component use were summarized using me-
dian (IQR). As a feasibility study, a sample size of 20 patients was 
chosen and not adequately powered for statistical hypothesis test-
ing. The data are reported as an intention-to-treat analysis. All analy-
ses were conducted with Stata v 15.1. A two-sided p-value of <0.05 
was used to indicate statistical significance.

RESULTS

During the study period of June 1 to October 31, 2022, there were 
25 patients who received prehospital RBCs after trauma and were 
planned to be transported to The Alfred Emergency & Trauma 
Centre. Of these, 20 (80%; 95% CI 59.3–93.2) were enrolled in the 
trial and 19 (76%; 95% CI 54.9–90.6) received the allocated inter-
vention after randomization. The intervention could not be de-
livered to one patient due to inadequate intravenous access that 
failed after randomization. There were nine patients randomized to 

F I G U R E  1  Patient enrollment.
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the freeze-dried plasma arm and 11 patients to the standard care 
arm (Figure 1).

Baseline characteristics of included patients are listed in Table 1. 
Overall median injury severity score was 61.5 (IQR 40–75) and me-
dian prehospital shock index was 1.4 (95% CI 1.1–1.6). Most patients 
presented with a low Glasgow Coma Scale score. The median (IQR) 
number of units of prehospital RBCs administered was 3 (2–4) and 
equal in both arms. Among the nine patients in the freeze-dried 
plasma group, eight received 2 units of freeze-dried plasma. Among 
patients transported to hospital (n = 16), median time from random-
ization to hospital arrival was 92.5 min (IQR 68–101.5 min), while 
median time from initial call to hospital arrival was 166.5 min (IQR 
140–196.5 min). Time from randomization to hospital arrival was 
more than 20 min for all patients and time from initial call to hospital 
arrival was more than 100 min for all patients. Consistent with clini-
cal practice guidelines, crystalloids were sparingly used, and admin-
istered to four patients of volumes less than 1 L.

Secondary outcomes are listed in Table  2 and mortality end-
points displayed in Figure 2. There were four patients who died prior 
to hospital arrival, one in the freeze-dried plasma group and three 
in the standard care group. At the time of hospital discharge, there 
were eight (40%) deaths. Among the 16 patients who arrived alive to 
the ED, 13 received further RBCs and 11 received FFP. There were 
no serious adverse events reported.

DISCUSSION

This pilot study is the first reported experience of freeze-dried plasma 
in Australia. Prehospital randomization of critically bleeding trauma 
patients and delivery of freeze-dried plasma was feasible, with enroll-
ment of most eligible patients and successful delivery of the interven-
tion in most patients. It provides preliminary data on effectiveness of 
prehospital freeze-died plasma for critical bleeding after trauma. The 
results support a definitive randomized controlled trial of prehospital 
plasma for prehospital resuscitation of critical bleeding after trauma.

This pilot study was completed after the results of the resuscitation 
with Prehospital blood products (RePHILL) trial were published from 
the United Kingdom.13 The RePHILL trial, to date, provides the highest 
level of evidence regarding the use of prehospital RBCs and freeze-
dried plasma for trauma resuscitation. In this multicenter trial across 
four prehospital services, adult patients with hypotension presumed 
due to hemorrhagic shock were randomized to receive 2 units of RBCs 
and 2 units of freeze-dried plasma or 1 L crystalloid resuscitation. No 
significant differences in the primary composite outcome of mortality 
at hospital discharge or failure to reach lactate clearance, or secondary 
outcomes including mortality at hospital discharge, were observed.

Prior to the RePHILL trial, two randomized controlled tri-
als (PAMPer and COMBAT) had examined the role of prehospital 
plasma, both using FFP in bleeding injured patients.11,12 Pooled 24-h 
mortality appears reduced in the plasma group (RR 0.69, 95% CI 
0.48–0.99). However, prehospital plasma had no significant effect 
on 1-month mortality (RR 0.86, 95% CI 0.68–1.11), acute lung injury 
(OR 1.03, 95% CI 0.71–1.50), or multiorgan failure rates (OR 1.30, 
95% CI 0.92–1.86).16 A key difference between the two studies was 
transport mechanisms to hospital, one being by road ambulance with 
shorter prehospital times, which did not show benefit from plasma 
administration, and the other being by aeromedical retrieval and lon-
ger (median 41 min) prehospital times, which concluded a clinically 
and statistically significant 9.8% absolute risk reduction of mortality 
at 30 days after administration of prehospital plasma.

A plausible explanation for the difference between these two 
well-conducted trials involving FFP was that, like any prehospital 
intervention, there needs to be a sufficiently long window of oppor-
tunity for the plasma to achieve its intended effect. With very short 
prehospital times, prehospital plasma is unlikely to add benefit to the 
various interventions available upon hospital arrival. The benefits 
of prehospital plasma are therefore more likely in a setting such as 
Australia, with vast geography and centralized trauma services, re-
sulting in long prehospital times for most patients. This is supported 

TA B L E  1  Baseline characteristics of patients.

Freeze-dried 
plasma (n = 9)

Standard  
care (n = 11)

Age (years) 48 (40–51) 34 (19–54)

Sex

Male 7 (77.8) 7 (63.6)

Female 2 (22.2) 4 (36.4)

Mechanism of injury

Motor vehicle crash 4 (44.4) 6 (54.5)

Motorcycle crash 2 (22.2) 1 (9.1)

Pedestrian 1 (11.1) 1 (9.1)

Bicycle crash 1 (11.1) 1 (9.1)

Fall 0 1 (9.1)

Stabbing 1 (11.1) 0

Crushed by object 0 1 (9.1)

Injury severity score

≤25 1 (11.1) 2 (18.2)

26–50 3 (33.3) 2 (18.2)

>50 5 (55.6) 7 (63.6)

Prehospital vital signs

Heart rate (beats/min) 112 (92–134) 123 (110–133)

Systolic blood 
pressure (mm Hg)

81 (60–100) 79 (0–86)

Prehospital GCS

3–8 6 (66.7) 10 (90.9)

9–12 1 (11.1) 1 (9.1)

13–15 2 (22.2) 0

Time to ED (min)

From initial call 183.5 (154–196.5) 149.5 (123.5–149.5)

From randomization 95.5 (65–109) 90 (72.5–98)

Note: Data are reported as median (IQR) or n (%).
Abbreviations: GCS, Glasgow Coma Scale; IQR, interquartile range.
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by a post hoc analysis of pooled data from the PAMPer and COMBAT 
trials assessing prehospital plasma in the United States, which con-
cluded that there was a survival benefit when transport times are 
longer than 20 min.17

A key difference between patients in the RePHILL trial and our 
pilot trial was prehospital time. Overall time from initial call to hos-
pital arrival in the United Kingdom was around 90 min, compared 
to 166 min in Victoria. Time from randomization to hospital arrival 
in the United Kingdom was 36 min, compared to 92 min in Victoria. 
Therefore, despite the equivalence in outcome between the two 
groups of the RePHILL trial, the hypothesis that prehospital RBCs 
and plasma may improve outcomes for critically bleeding trauma pa-
tients in the Australian context remains plausible. A further unique 
characteristic of prehospital transfusion in Australia is the use of 
clinical judgment by senior prehospital clinicians, rather than an ob-
jective observation such as hypotension alone. This has the potential 
to select patients more likely to benefit from any intervention.

This pilot trial provides confirmation of feasibility of the study 
design, but is limited by uncertainty that consistent rates of 

enrollment, without trial fatigue, can be achieved in a longer term.18 
However, Australian prehospital services have a strong track record 
of completing trials enrolling critically unwell patients.19–25 Eligibility 
for the trial was the pragmatic administration of RBCs, but not based 
on objective criteria. This provided evidence on the potential utility 
of plasma when administered with RBC transfusion. There was po-
tential for imbalance between the two groups, particularly regard-
ing a higher rate of traumatic brain injury in the standard care arm. 
The intervention was not blinded, but potentially possible through 
manufacture of an inert soluble powder of similar appearance. The 
point estimates for secondary outcomes are limited by wide CIs, but 
the observed mortality difference was consistent with the only prior 
randomized controlled trial of prehospital plasma during aeromedi-
cal transport. The safety profile of the freeze-dried plasma product 
cannot be determined from this pilot study but extensive experience 
in other countries has not identified any significant safety concerns 
to date.15,26–29 Finally, despite successful randomization and delivery 
of treatment, acceptability of this intervention among prehospital 
clinicians in Australia was not studied in this trial. No acceptability 

TA B L E  2  Secondary outcomes.

Freeze-dried  
plasma (n = 9)a

Standard  
care (n = 11)a

Relative risk or median 
difference (95% CI)

Mortality (censored at 24 h) 1 (11.1) 5 (45.4) 0.24 (0.03 to 1.73)

Mortality (censored at hospital discharge) 3 (33.3) 5 (45.4) 0.73 (0.24 to 2.27)

ICU admission 6 (66.7) 6 (54.5) 1.2 (0.6 to 2.5)

Hemoglobinb (g/L) 101.5 (83 to 125) 142.5 (126 to 155) −41.0 (−82.0 to 6.0)

Platelet countb (×109/L) 206 (148.5 to 295.5) 210.5 (156 to 296) −4.5 (−318.1 to 300.1)

Fibrinogenb (g/L) 2.0 (1.8 to 2.6) 2.3 (1.9 to 2.3) −0.3 (−2.6 to 2.4)

INRb 1.3 (1.2 to 1.4) 1.3 (1.2 to 1.5) 0 (−62.9 to 62.9)

≤1.3 5 (62.5) 5 (62.5) 1.0 (0.28 to 3.54)

>1.3 3 (37.5) 3 (37.5)

aPTTb (s) 30.5 (24.8 to 34.2) 32 (28.4 to 48.2) −1.5 (−38.6 to 31.8)

Lactateb (mmol/L) 2.8 (1.7 to 4.5) 2.8 (1.8 to 6.5) 0 (−5.0 to 4.6)

RBC units in 24 hb 8 (2 to 8) 6.5 (1 to 8.5) 1.5 (−5.8 to 9.8)

FFP units in 24 hb 4 (0 to 7) 4 (0 to 5.5) 0 (−5.6 to 5.6)

Platelets units in 4 hb,c 1 (0 to 5) 1 (0 to 1) 0 (− 5.2 to 5.2)

Cryoprecipitate in 4 h 0 (0 to 0) 0 (0 to 0) 0 (−6.9 to 6.9)

Hospital length of stay (days) 19 (13 to 21) 9 (0 to 30) 10 (−14.3 to 34.3)

Thromboembolism 1 (11.1) 2 (18.2) 0.61 (0.07 to 5.70)

Abbreviations: aPTT, activated partial thromboplastin time; FFP, fresh-frozen plasma; ICU, intensive care unit; INR, international normalized ratio; 
RBC, red blood cell.
aData are reported as median (IQR) or n (%).
bAmong 16 patients who arrived at the hospital.
cOne adult dose is either a platelet unit produced from a pool of buffy coats collected from four whole-blood donors or an apheresis platelet unit.

F I G U R E  2  Mortality outcomes.
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issues were anecdotally reported and this is the focus of a follow-up 
study.

CONCLUSIONS

Prehospital transfusion of freeze-dried plasma with red blood cells 
was feasible in the setting of a randomized trial. In Australia, where 
prehospital times are long, the potential benefits could be similar 
to those experienced by aeromedical services in the United States 
using fresh-frozen plasma. These results provide strong support for 
a definitive trial of prehospital freeze-dried plasma for patients who 
have critical bleeding after trauma.
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