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Abstract

Background: Trauma-induced coagulopathy is one of the most difficult issues to manage in severely injured patients.
The plasma efficacy in treating haemorrhagic-shocked patients is well known. The debated issue is the timing at which
it should be administered. Few evidences exist regarding the effects on mortality consequent to the use of plasma

care in patients with haemorrhagic shock.

Level of evidence: Level |
Study type: Systematic review with Meta-analysis

alone given in pre-hospital setting. Recently, two randomized trials reported interesting and discordant results. The
present paper aims to analyse data from those two randomized trials in order to obtain more univocal results.

Methods: A systematic review with meta-analysis of randomized controlled trials (RCTs) of pre-hospital plasma vs. usual

Results: Two high-quality RCTs have been included with 626 patients (295 in plasma and 331 in usual care arm).
Twenty-four-hour mortality seems to be reduced in pre-hospital plasma group (RR=10.69; 95% Cl =0.48-0.99).
Pre-hospital plasma has no significant effect on 1-month mortality (RR = 0.86; 95% Cl=0.68-1.11) as on acute lung
injury and on multi-organ failure rates (OR =1.03; 95% Cl=0.71-1.50, and OR =1.30; 95% Cl = 0.92-1.86, respectively).

Conclusions: Pre-hospital plasma infusion seems to reduce 24-h mortality in haemorrhagic shock patients. It does not
seem to influence 1-month mortality, acute lung injury and multi-organ failure rates.

Keywords: Haemorrhagic, Shock, Pre-hospital, Treatment, Meta-analysis, Trauma, Management

Background

Trauma-induced coagulopathy is one of the most difficult
issues to deal with in severely injured patients. It leads to
uncontrolled bleeding and/or uncontrollable fibrinolysis
due to depletion in pro- and anti-coagulant factors. The
efficacy of plasma in the management of patients suffering
from haemorrhagic shock is well known, but timing of its
administration is less clear. Several studies clarify plasma
and blood product beneficial effect in restoring a better
coagulation capacity in haemorrhagic and severely de-
ranged patients [1-7]. Few evidences exist regarding the
effects of the use of plasma alone in pre-hospital setting
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[8]. Recently, two randomized trials reported interesting
and discordant results [9, 10]. The present paper aims to
summarize data from those two studies in order to obtain
more univocal results.

Methods

Literature search strategy

Electronic searches were performed using MEDLINE,
Embase (1988-August 2018), PubMed (January 1980-
August 2018), Cochrane Central Register of Controlled
Trials (CCTR), Cochrane Database of Systematic Re-
views (CDSR) and CINAHL from (1966-2018). The
search terms were ‘hemorrhagic shock; ‘pre-hospital;
‘plasma; ‘management, ‘protocol; ‘standardized; ‘randomized
tria, and ‘meta-analysis; combined with AND/OR.
Research included also all the MeshTerms. No search
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restrictions were imposed. The reference lists of all re-
trieved articles were reviewed for further identification of
potentially relevant studies. Review articles were also
obtained to determine other possible studies. Duplicate
published trials with accumulating numbers of patients or
increased lengths of follow-up were considered only in the
last or at least in the more complete version.

Selection criteria

We included in the systematic review and meta-analysis
studies where patients with early haemorrhagic shock
were randomly assigned to receive either plasma in
pre-hospital setting or standard care. No language restric-
tions have been applied. Eligibility for study inclusion and
study quality assessment were performed independently
by two authors (FeCo, GP). Study data were extracted
onto standard forms independently by two authors (FeCo,
GP). Discrepancies between the two investigators were re-
solved by discussion and evaluation of the question with a
senior investigator. The final results were reviewed by
three other investigators (FCa, VAgn, VAg).

The primary outcome measures for the meta-analysis
were mortality at 24h and at 1 month. Secondary out-
come was morbidity (acute lung injury and multi-organ
failure). The two studies reported 30 days mortality [10]
and 28 days mortality [9]; for the purpose of the study, it
was judged comparable so the two time points were
considered together in the pooled analysis.

Assessment of risk of bias

There is a potential risk of overestimating the beneficial
treatment effects of randomized controlled trial (RCT)
with a resultant risk of bias. The risk of bias was assessed
comprehensively according to guidelines of the Cochrane
Collaboration [11], and six items have been considered
relevant (Table 1): (1) whether the method of allocation
was truly random, (2) whether there was proper allocation
concealment, (3) whether the groups were similar at base-
line, (4) whether the eligibility criteria were documented,
(5) whether loss to follow-up in each treatment arm was
specified and (6) whether intention-to-treat analysis was
conducted. We ranked the studies according to the num-
ber of positive answers. A high-quality study must have
six positive answers, a fair quality one five or four, and a
low quality less than four.

Table 1 Study quality
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Statistical analysis

Data from the individual eligible studies were entered into
a spreadsheet for further analysis. Review Manager (Rev-
Man) (version 5.1. Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2011) was used to
perform the statistical analysis. Pooled odds ratio (OR) or
risk ratio (RR) were calculated for discrete variables, and
weighted mean difference was used for continuous va-
riables. The fixed-effects and random-effects models were
used to calculate the outcomes [12, 13]. In case of signifi-
cant statistical heterogeneity, only the results of the
random-effects model were reported. Heterogeneity
amongst the trials was determined by means of the
Cochrane Q value and quantified using the /* inconsis-
tency test.

Trial sequential analysis

Random error is a source of misleading results in
meta-analysis especially when there is accumulating evi-
dence from multiple trials, and therefore, multiple tests are
performed. To overcome this problem, we opted to per-
form a trial sequential analysis. This methodology combines
a new sample size calculation and sequential monitoring
boundaries. The sample size calculation is aimed to include
an information size at least as large as the sample size of an
adequately powered single trial to reduce the risk of ran-
dom error and is updated when a new trial is added to the
meta-analysis in order to take into account for heteroge-
neity of the studies and number of events. We considered
an alpha of .05 and a power of .80 to have a reduction from
.25 to .15 of mortality at 24 h and 30 days. The sequential
monitoring boundaries take into account the possible effect
of multiple comparisons when trials are added to a
meta-analysis. These boundaries can be used in cumulative
meta-analyses to distinguish real effects from random
errors. Boundaries were calculated according to O’Brien —
Fleming alpha-spending function and futility one according
to O’Brien — Fleming beta-spending function. Trial sequen-
tial analysis was performed using Trial Sequential Analysis
Viewer (TSA Viewer) [Computer program] version 0.9.5.10
Beta. Copenhagen: Copenhagen Trial Unit, Centre for Cli-
nical Intervention Research, Rigshospitalet, 2016.

Results
Results from the literature systematic search and analysis
are shown in Fig. 1.

Study (ref), Randomisation Allocation Homogeneous baseline Eligibility Loss to follow-up and drop-  Intention-to-treat ~ Study
year concealment characteristic criteria out described analysis quality
Moore [9], Yes Yes Yes Yes Yes Yes High
2018

Sperry [10], Yes Yes Yes Yes Yes Yes High

2018
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Records identified through
database searching
(n=475)

A

Records excluded after
> review of title and
abstract

(n =465)

Records screened
(n =475)

A 4

Full-text articles assessed
for eligibility
(n=10)

J| Full-text articles excluded
(n=8)

A 4

Studies included
(n=2)

Fig. 1 PRISMA flow diagram

Two RCTs fulfilled the inclusion criteria and were in-
cluded in the meta-analysis (publication date 2018) [9, 10].
There were a total of 626 patients (295 randomized to re-
ceive plasma and 331 randomized to receive standard care).

Patient management
In both studies, inclusion criteria were similar and the
eligible patients were severely injured adults (age >18
and <90 years), with systolic blood pressure (SBP) 70
mmHg or lower or 71-90 mmHg and hearth rate 108
beats per min thought to be due to acute blood loss,
either before the arrival of air medical transport or any
time before arrival at the trauma centre. The exclusion
criteria were prisoner status, known pregnancy, isolated
gunshot to the head, asystole or cardiopulmonary resus-
citation cardiac arrest that lasted longer than 5min
before randomisation, impossibility to establish an intra-
venous or intra-osseous access, documented cervical
cord injury, burns over more than 20% of total body sur-
face area, if they were being admitted as an inpatient at
an outside referral hospital, known objection to blood
products, opt-out bracelets or necklaces or family objec-
tion to the patient’s enrolment.

In both studies, patients were randomized to
plasma-based resuscitation (2 U of FFP ~ 250 mL each) or
standard resuscitation protocol according to the local rules.

Quality of trials
There was good agreement between the reviewers (FeCo
and GP) about the eligibility and quality of the studies.
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Table 1 demonstrates the quality of the two included
RCTs [9, 10].

Both RCTs [9, 10] were ranked as high-quality studies
(Table 1). The method of allocation concealment was
adequate; randomisation was performed on a central site
and transmitted to treatment providers by telephone or
sealed opaque envelopes, and the baseline features were
similar between treatment groups thus reducing the clinical
heterogeneity. All RCTs specified the eligibility criteria for
patients to be enrolled and the number of patients lost to
follow-up in each treatment group and analysed the data
on an intention-to-treat basis, whereby participants were
analysed in the groups to which they were initially rando-
mized and the attrition bias risk was low. Blinding after
allocation was impossible because of the nature of the trials.
Significant publication biases were not recognized.

Mortality at 24 h

Two hundred ninety-five patients received pre-hospital
plasma and 331 usual care (Fig. 2). There was no statistical
heterogeneity between studies. In the fixed-effects model,
the 24-h mortality was significantly higher in the standard
treatment group (RR = 0.69; 95% CI = 0.48-0.99).

Mortality at 1 month

Two hundred ninety-five patients received pre-hospital
plasma and 331 usual care (Fig. 2). There was no statistical
heterogeneity between studies. In the fixed-effects model,
the 1-month mortality was not significantly different be-
tween the two arms (RR = 0.86; 95% CI = 0.68—1.11).

Acute lung injury

Two hundred ninety-five patients received pre-hospital
plasma and 331 usual care (Fig. 3). There was no statistical
heterogeneity between studies. In the fixed-effects model,
the acute lung injury rate was not significantly different
between the two arms (OR = 1.03; 95% CI = 0.71-1.50).

Multi-organ failure

Two hundred ninety-five patients received pre-hospital
plasma and 331 usual care (Fig. 3). There was no statistical
heterogeneity between studies. In the fixed-effects model,
the multi-organ failure rate was not significantly different
between the two arms (OR = 1.30; 95% CI = 0.92—1.86).

Trial sequential analysis

Neither 24-h mortality nor 1-month mortality crossed
the sequential monitoring boundaries. The sample size
needed for a significant difference is 1341 and 1968 for
mortality at 24 h and at 30 days, respectively (Fig. 4).

Discussion
Treatment of severely injured patients has seen in the
last decades a major switch from a therapy based on
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Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Moore 2018 8 65 6 60 10.2% 1.23 [0.45, 3.34]

Sperry 2018 32 230 60 271 89.8%  0.63[0.42, 0.93] —-
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Fig. 2 Mortality outcomes: 24-h mortality (a), 1-month mortality (b)
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large infusion of crystalloids, or synthetic colloids, to an
early aggressive coagulative resuscitation. This is due to
the evidence of an increase in mortality with larger vol-
ume of infusions [14] and the clarification of their role
in worsening coagulation due to their dilutional effect,
promotion of acidosis and reduction of core temperature

due to the coolant effect of room temperature infusions.
Civilian and military studies [15-17] showed a survival
benefit when transfusion of blood product in fixed ratio
were implemented in the first hour of treatment of se-
vere trauma patients instead of large crystalloids vol-
umes. The mounting evidence brought to the release of

-

A

Heterogeneity: Chi? = 1.04, df = 1 (P = 0.31); I> = 3%
Test for overall effect: Z = 0.16 (P = 0.87)

Plasma Standard-care Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Moore 2018 28 65 30 60 32.8% 0.76 [0.37, 1.53]
Sperry 2018 48 230 50 271  67.2% 1.17 [0.75, 1.81]
Total (95% CI) 295 331 100.0% 1.03 [0.71, 1.50]
Total events 76 80

0.05 0.2 1 5 20
Favours Plasma Favours Standard care

Test for overall effect: Z = 1.47 (P = 0.14)

Fig. 3 Morbidity outcomes: acute lung injury (a), multi-organ failure (b)
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(See figure on previous page.)

calculation according to the trial sequence analysis methodology]

Fig. 4 Trial sequential analysis: 24-h mortality (a), 1-month mortality (b). [How to read the figure: In blue is the cumulative Z-curves calculated after
including subsequent trial into the meta-analysis. A reference line at two-sided Z = 1.96 (equal to a p =.05) is drawn, and it is usually considered the
significant result threshold in meta-analysis. Trial sequential monitoring boundaries are reported in red. To obtain reliable evidence (pros or cons of the
intervention), the cumulative Z-score must cross the red line. The futility area is dyed in green. If the cumulative Z-score hit the futility area, the result
of the meta-analysis is for no effect (neither negative nor positive) of the intervention. On the far right of the figure is the line with the sample size

the ESA/ESICM guidelines [18] on the traumatic bleed-
ing that advocated for early coagulative support, reduc-
tion of crystalloids and coagulative monitoring with
viscoelastographic methods.

These important progresses are not completely reflected
in a proportional reduction of deaths from traumatic
haemorrhage in the first hours after arrival at the trauma
centre. The logical consequence was to test if bringing an
effective and time-sensitive treatment to the patients on
the field of the accident (i.e. as early as possible) had any
effect on mortality as long the ‘scooping time’ to the
trauma center was preserved. This reflects the necessity to
improve the pre-hospital management of the patients even
from the ‘coagulative’ point of view [16, 17].

This meta-analysis summarizes the findings in a pris-
tine, and under- challenged, field of the emergency
medicine. Whether an infusion of plasma in the pre-hos-
pital setting could reduce mortality and morbidity is a
new question that arises from the positive data of several
large retrospective studies. Moreover, it yields a sound
pathophysiologic substrate as highlighted by several ani-
mal studies. The available evidence relies on two out-
standing, large, low-biased, randomized clinical trials [9,
10]. To perform a meta-analysis of two studies can be
considered not significant enough due to the paucity of
trial. However, other meta-analyses in the literature have
been done with two trials [19]. A systematic review with
a comparison of the results between the two studies with
a full list of differences and similarities can be enough,
but it eventually leads to a win-win game. In fact, the
meta-analysis is a dynamic process where the literature
tries to summarize the existing evidences and explore
the eventual necessity to proceed with other studies in
the same fields or if the definitive possible answer has
been reached. We undertook this meta-analysis for sev-
eral reasons. The two studies had an almost identical ex-
perimental design but were performed in different
settings. The results from the two studies were diver-
gent. Pooling the data from the two studies could give a
more general response to the question as they added pa-
tients and slightly different settings each to the other. It
is like conducting the same study in two different levels
of assistance setting. The incidence of events (i.e. mor-
tality and morbidity) was different between the two stud-
ies. Moreover, we recognize that it will be hard to
conduct other similar trials in the same topic; the

present study aims to investigate also if it would be rea-
sonable and useful or superfluous.

The two papers showed contrasting conclusion as the
Moore et al. [9] paper showed no role in reducing the
mortality while the Sperry et al. [10] resulted in a sharp
30-day mortality reduction, mainly due to a fall in morta-
lity in the first hours of treatment. Of note, none of the
studies reported any incidence of adverse events related to
the transfusion of blood product on the field of the crush
and failed to show an increase of transfusion-associated
morbidities (i.e. acute lung injury and multi-organ failure).
Moreover, pre-hospital plasma has no negative effects on
multiple organ failure and acute lung injury. The rate of
these two severe events is not influenced by plasma
administration.

The pre-hospital resuscitative maneuvers could play a
pivotal role in some aspects of the history of the patients
as the coagulation derangements. Plasma administration
seems to reduce the 24-h mortality without an impact on
the long-term mortality and on the morbidity.

This result is downgraded by the paucity of randomized
trials that could be inserted in the analysis. Moreover, the
trial sequential analysis suggests that a larger number of
patients would be needed to reliably confirm the effect of
the pre-hospital plasma transfusion on mortality. Morta-
lity neither at 24 h nor at 1 month was in the refusion or
in the futility area, confirming that the results at present
are valid but to be confirmed with further studies.

Generalizability of the results from this meta-analysis
can be challenged in several ways. Plasma administration
is an effective but time-sensitive treatment. Several mech-
anisms could explain the effect on mortality as reduction
in bleeding or coagulopathy, a diminution of the inflam-
matory response or endothelial dysfunction of trauma, or
both [9, 20, 21]. Some previously published trials demon-
strated that when plasma is included in the resuscitation
protocol inside the trauma center, it improves results in
severely injured patients [22-24]. In a setting in which
plasma would be given immediately after the time of in-
jury, these results can potentially improve.

Present meta-analysis suggests that the survival benefit
is mainly confined to the first 24 h and it seems to have
no effect on the long-term mortality. Still, there is a
trend toward a lower mortality at 30 days, and this data
is outside the futility area of the trial sequence analysis.
This fact suggests that pre-hospital plasma may increase
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the survival of patients with a share of them that will
eventually survive long-term and another share that are
unsalvageable.

The two studies considered in the meta-analysis present
few differences that could at least partially account for the
uncertainty of the results, even though they were very
similar for inclusion and exclusion criteria. Transportation
times were slightly different. Where transportation time is
not as long as in the PAMPer study (median reported time
40—42 min, range 33-53) [10], the survival benefit could
be significantly lessened or null. To note, the Moore et al.
trial did not show a reduction in mortality and had a
slightly shorter transport time (24—28 min, range 19-34).
This could be one of the reasons why in the Moore et al.
trial, patients received less prehospital crystalloids (500—
900 mL, range 0-1500) than in the PAMPer study (me-
dian 250 mL) with both trials designed with crystalloids
infusion based on haemodynamic need. Moreover, in the
PAMPer study, initial Glasgow Coma Scale (GCS) was < 8
in 46% of the patients and the 51% of patients received
intubation on the field; conversely, in the Moore et al.
trial, the median GCS on the arrival was 14 in the two
groups. A higher share of blunt trauma was reported in
the Moore et al. paper, and mortality was markedly dif-
ferent with Sperry et al. reporting mortality almost double
than Moore et al.

These facts could account for the large number of
patients still needed to have reliable results as suggested
by the Trial Sequential Analysis. Although sound accor-
ding to the pre-experimental knowledge, the sample size
calculation was far from the target and these new evidence
must be taken into account in the development of new
studies. The TSA is meant to overcome some critical
points calculating a sample size and a futility/reliable evi-
dence area that consider the different incidence of events
in the different experimental settings. The different results
between the standard and the TSA analysis point out the
same problem that more studies with more patients are
needed to explore this hypothesis, but the preliminary
data are toward a possible benefit of the use of plasma in
the pre-hospital setting.

Conclusion

Pre-hospital plasma infusion seems to reduce 24-h mor-
tality in haemorrhagic shock patients. It does not seem
to influence 1-month mortality and acute lung injury
and multi-organ failure rate.

Abbreviations

CCTR: Cochrane Central Register of Controlled Trials; FFP: Fresh frozen
plasma; ITT: Intention-to-treat; OR: Odds ratio; RCT: Randomized controlled
trial; RR: Risk ratio; SBP: Systolic blood pressure

Acknowledgements
not applicable

Page 7 of 8

Funding
None

Availability of data and materials
Not applicable

Authors’ contributions

FeCo, GP and DC reviewed the literature and made the analysis. LA, FaCa
and DC helped with the analysis. FeCo, GP, DC and GB drafted the paper
that was critically reviewed by VAgo, VAgn and MS. All the authors read and
approved the final version of the manuscript.

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details

'General, Emergency and Trauma Surgery, Bufalini Hospital, Viale Ghirotti 268,
47521 Cesena, ltaly. 2Icu department, Bufalini Hospital, Cesena, Italy. 3Icu
department, Papa Giovanni XXIIl Hospital, Bergamo, Italy. “General Surgery
department, Macerata Hospital, Macerata, Italy. Transfusional and
Immunohaematological disorders department, Bufalini hospital, Cesena, Italy.
6Depar‘[mem of Clinical and Experimental Sciences, University of Brescia,
Brescia, Italy. "Emergency surgery department, Parma University Hospital,
Parma, Italy.

Received: 10 October 2018 Accepted: 7 February 2019
Published online: 15 February 2019

References

1. Smith IM, James RH, Dretzke J, Midwinter MJ. Prehospital blood product
resuscitation for trauma: a systematic review. Shock. 2016;1:3-16.

2. Kashuk JL, Moore EE, Johnson JL, Haenel J, Wilson M, Moore JB,
Cothren CC, Biffl WL, Banerjee A, Sauaia A. Postinjury life threatening
coagulopathy: is 1:1 fresh frozen plasma:packed red blood cells the
answer? J Trauma. 2008:65(2):261-70.

3. Brown JB, Cohen MJ, Minei JP, Maier RV, West MA, Billiar TR, Peitzman AB,
Moore EE, Cushieri J, Inflammation SJL, Host response to injury I. Debunking
the survival bias myth: characterization of mortality during the initial 24
hours for patients requiring massive transfusion. J Trauma Acute Care Surg.
2012;73(2):358-64.

4. Cosgriff N, Moore EE, Sauaia A, Kenny-Moynihan M, Burch JM, Galloway B.
Predicting life-threatening coagulopathy in the massively transfused trauma
patient: hypothermia and acidoses revisited. J Trauma. 1997,42(5).857-61.

5. Snyder CW, Weinberg JA, McGwin G Jr, Melton SM, George RL, Reiff DA,
Cross JM, Hubbard-Brown J, Rue LW 3rd, Kerby JD. The relationship of
blood product ratio to mortality: survival benefit or survival bias? J Trauma.
2009;66(2):358-62.

6. Sperry JL, Ochoa JB, Gunn SR, Alarcon LH, Minei JP, Cuschieri J,
Rosengart MR, Maier RV, Billiar TR, Peitzman AB, Moore EE, Inflammation
the host response to injury I. An FFP:PRBC transfusion ratio >/=1:1.5 is
associated with a lower risk of mortality after massive transfusion. J
Trauma. 2008;65(5):986-93.

7. Holcomb JB, Jenkins D, Rhee P, et al. Damage control resuscitation: directly
addressing the early coagulopathy of trauma. J Trauma. 2007,62:307-10.

8. Henriksen HH, Elaheh Rahbar E, Baer LA, Holcomb JB, Cotton BA, Steinmetz
J. Pre-hospital transfusion of plasma in hemorrhaging trauma patients
independently improves hemostatic competence and acidosis. Scand J
Trauma Resusc Emerg Med. 2016;24:145.

9. Moore HB, Moore EE, Chapman MP, McVaney K, Bryskiewicz G, Blechar R, et
al. Plasma-first resuscitation to treat haemorrhagic shock during emergency



Coccolini et al. World Journal of Emergency Surgery

20.

22.

23.

24.

(2019) 14:6

ground transportation in an urban area: a randomised trial. Lancet. 2018;
392(10144):283-91.

Sperry JL, Guyette FX, Brown JB, Yazer MH, Triulzi DJ, Early-Young BJ, et al.
Prehospital plasma during air medical transport in trauma patients at risk for
hemorrhagic shock. N Engl J Med. 2018;379(4):315-26.

Higgins JP, Altman DG, Getzsche PC, Jini P, Moher D, Oxman AD, Savovic J,
Schulz KF, Weeks L, Sterne JA, et al. The Cochrane Collaboration’s tool for
assessing risk of bias in randomised trials. BMJ. 2011;343:d5928.

Demets DL. Methods for combining randomized clinical trials: strengths and
limitations. Stat Med. 1987,6(3):341-50.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7(3):177-88.

Hussmann B, Lefering R, Waydhas C, et al. Does increased prehospital
replacement volume lead to a poor clinical course and an increased
mortality? A matched-pair analysis of 1896 patients of the Trauma Registry
of the German Society for Trauma Surgery who were managed by an
emergency doctor at the accident site. Injury. 2013;44:611-7.

Moore EE, Chin TL, Chapman MC, Gonzalez E, Moore HB, Silliman CC. Plasma
firstin the field for postinjury hemorrhagic shock. Shock. 2014:41(0 1):35-8.
Holcomb JB, Tilley BC, Baraniuk S, et al. Transfusion of plasma, platelets, and
red blood cells in a 1:1:1 vs. a 1:1:2 ratio and mortality in patients with
severe trauma: the PROPPR randomized clinical trial. JAMA. 2015;313:471-82.
Gonzalez EA, Moore FA, Holcomb JB, et al. Fresh frozen plasma should be
given earlier to patients requiring massive transfusion. J Trauma. 2007;62:112-9.
Spahn DR, Bouillon B, Cerny V, et al. Management of bleeding and
coagulopathy following major trauma: an updated European guideline.
Critical Care. 2013;17:R76.

Gurusamy KS, Rossi M, Davidson BR. Percutaneous cholecystostomy for
high-risk surgical patients with acute calculous cholecystitis. Cochrane
Database Syst Rev. 2013;8:.CD007088.

Naumann DN, Hazeldine J, Davies DJ, et al. Endotheliopathy of trauma is an
on-scene phenomenon, and is associated with multiple organ dysfunction
syndrome: a prospective observational study. Shock. 2018;49:420-8.
Naumann DN, Hazeldine J, Dinsdale RJ, et al. Endotheliopathy is associated
with higher levels of cell-free DNA following major trauma: a prospective
observational study. PLoS One. 2017;12(12):e0189870.

Cotton BA, Reddy N, Hatch QM, et al. Damage control resuscitation is associated
with a reduction in resuscitation volumes and improvement in survival in 390
damage control laparotomy patients. Ann Surg. 2011,254:598-605.

Holcomb JB, del Junco DJ, Fox EE, et al. The prospective, observational,
multicenter, major trauma transfusion (PROMMTT) study: comparative
effectiveness of a time varying treatment with competing risks. JAMA Surg.
2013;148:127-36.

Heckbert SR, Vedder NB, Hoffman W, et al. Outcome after hemorrhagic
shock in trauma patients. J Trauma. 1998;45:545-9.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Literature search strategy
	Selection criteria
	Assessment of risk of bias
	Statistical analysis
	Trial sequential analysis


	Results
	Patient management
	Quality of trials
	Mortality at 24 h
	Mortality at 1 month
	Acute lung injury
	Multi-organ failure
	Trial sequential analysis

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

