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— ABSTRACT

Background: Hemorrhage coupled with coagu-
lopathy remains the leading cause of pre-
ventable in-hospital deaths among trauma
patients. Use of a transfusion protocol with a
predefined ratio of 1:1:1 (1 each of red blood
cells [RBC], frozen plasma [FP] and platelets) has
been associated with improved survival in retro-
spective studies in military and civilian settings,
but such a protocol has its challenges and may
increase the risk of respiratory complications.
We conducted a randomized controlled trial to
assess the feasibility of a 1:1:1 transfusion pro-
tocol and its effect on mortality and complica-
tions among patients with severe trauma.

Methods: We included 78 patients seen in a
tertiary trauma centre between July 2009 and
October 2011 who had hypotension and
bleeding and were expected to need massive
transfusion (= 10 RBC units in 24 h). We ran-
domly assigned them to either the fixed-ratio
(1:1:1) transfusion protocol (n = 40) or to a lab-
oratory-results—guided transfusion protocol
(control; n = 38). The primary outcome, feasi-

bility, was assessed in terms of blood product
ratios and plasma wastage. Safety was mea-
sured based on 28-day mortality and survival
free of acute respiratory distress syndrome.

Results: Overall, a transfusion ratio of 1:1:1
was achieved in 57% (21/37) of patients in the
fixed-ratio group, as compared with 6% (2/32)
in the control group. A ratio of 1:1 (RBC:FP)
was achieved in 73% (27/37) in the fixed-ratio
group and 22% (7/32) in the control group.
Plasma wastage was higher with the interven-
tion protocol (22% [86/390] of FP units v. 10%
[30/289] in the control group). The 28-day
mortality and number of days free of acute
respiratory distress syndrome were statistically
similar between the groups.

Interpretation: The fixed-ratio transfusion pro-
tocol was feasible in our study, but it was asso-
ciated with increased plasma wastage. Larger
randomized trials are needed to evaluate the
efficacy of such a protocol in trauma care. Trial
registration: ClinicalTrials.gov, no. NCT00945542

fixed-ratio (1:1:1) transfusion strategy is
A a resuscitation strategy for trauma pa-

tients that promotes the transfusion of
red blood cells (RBC), plasma and platelets
(PLT) at a 1:1:1 ratio while minimizing crystal-
loid infusion.! This balanced transfusion strategy
aims to correct both the early coagulopathy of
trauma and the volume status of patients in hem-
orrhagic shock, thus targeting preventable hem-
orrhage-related deaths.” Retrospective studies of
the 1:1:1 transfusion protocol reported marked
reductions in mortality based on retrospectively
calculated ratios of plasma:PLT:RBC.** Method-
ologic limitations, particularly survivorship bias
(where higher mortality was associated with low
ratios of plasma and PLT to RBC in unsalvage-
able patients who died before 1:1:1 transfusion
could be achieved), preclude any definitive con-
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clusion on the potential benefit of a 1:1:1 trans-
fusion strategy in terms of efficacy and safety.”"
The 1:1:1 transfusion strategy has been
widely adopted by trauma centres worldwide''"
and is being increasingly used in prehospital care
and in the care of patients without traumatic
injuries.”” Widespread adoption of the strategy
has significant resource and safety implications.
Its full implementation requires access to thawed
type AB plasma, which is chronically in short
supply.' In addition, because of the difficulty in
predicting the need for massive transfusion
(commonly defined as = 10 RBC units in 24 h),
the 1:1:1 transfusion protocol may lead to unnec-
essary exposure to blood components and an
increased risk of acute respiratory distress syn-
drome, sepsis and multiple organ dysfunction."”
We conducted a pilot randomized controlled
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trial comparing a 1:1:1 transfusion strategy with
the standard of care at our institution (laboratory-
results—guided transfusion; laboratory results are
available for transfusion decisions throughout
resuscitation) in trauma patients predicted to need
massive transfusion. Our primary objective was
to assess the feasibility and safety of the fixed-
ratio protocol in patients with severe trauma.

Methods

Study design and participants

The study design, methods and preliminary fea-
sibility data have been previously reported.” In
brief, the study was a single-centre, unblinded,
randomized controlled trial with a 2-arm paral-
lel-group design that enrolled patients between
July 2009 and October 2011.

Patients with traumatic injuries were eligible
if they were 16-90 years old; had bleeding and
were expected to require massive transfusion
(either anticipated need for 4 units of RBC
within the next 2 h or > 10 units of RBC in 24 h,
or required uncrossmatched RBC); and had an
episode of systolic blood pressure < 90 mm Hg.

Assessed for eligibility

n =203

Excluded n =125
¢ Did not meet elibigility
criteria n =80
¢ Unsalvageable injury n =30
e Catastrophic brain injury n=15

Intervention
Fixed-ratio (1:1:1)
transfusion protocol
n =40

Control
Transfusion guided
by laboratory results

n =38

Unsalvageable
brain injury n=1
Age>90yr n=1
Cardiac
tamponade n=1

Excluded n=3 —]

A

— Refused consent n=3
(1 was Jehovah's Witness)

Excluded n=3*

¢ Unsalvageable brain
injury n=2

e Receiving warfarin n=1

e >6hfrominjury n=1

Included in trial

Included in trial

n=37 n=32
Included in Included in
ITT analyis ITT analysis

n = 40* n = 35%

Figure 1: Flow of patients through the trial. *The intention-to-treat (ITT) analy-
sis of all-cause 28-day mortality included the patients who were excluded after

randomization.
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We excluded patients if they arrived more than
6 hours after injury; received more than 2 units of
RBC before arrival; had a severe brain injury
(defined as any of a score of 3 on the Glasgow
Coma Scale owing to brain injury; need of imme-
diate neurosurgery; focal signs such as anisoco-
ria; or computed tomography [CT] evidence of
intracranial bleeding with mass effect); had a cat-
astrophic brain injury (defined as transcranial
gunshot wound, open skull fracture with expo-
sure or loss of brain tissue, or expert medical
opinion based on initial clinical or CT findings);
had shock unrelated to hemorrhage (i.e., cardio-
genic, septic, neurogenic or obstructive [cardiac
tamponade, tension pneumothorax or massive
pulmonary emboli]); had an underlying heredi-
tary or acquired coagulopathy; or were moribund
and unlikely to survive more than a few hours.

Written informed consent was obtained from
all patients or substitute decision-makers for par-
ticipation in the study. For patients unable to
consent and without substitute decision-makers,
the consent was delayed in accordance with
established criteria.”

The study design was approved by the Sunny-
brook Research Ethics Board.

Randomization and masking

Research coordinators were responsible for
reviewing whether patients met the inclusion and
exclusion criteria. Eligible patients were randomly
assigned to the study groups by the hospital’s
blood bank technologists. A computerized ran-
dom-number generator was used to generate
sequences of random numbers. Allocation was
concealed within sealed opaque envelopes in the
blood bank. Allocation sequence was derived from
blocks of 4 for the control and intervention groups,
and randomization was stratified by type of trauma
(blunt or penetrating) to assure balanced groups.

Study protocol
If assigned to the intervention group, patients
received transfusions of RBCs, frozen plasma (FP)
and PLT at a 1:1:1 ratio. Pre-thawed plasma was
not available for this study; FP was thawed on
demand. Therefore, RBC units were transfused as
clinically indicated until randomized blood prod-
ucts were available in the 1:1:1 ratio. Four FP units,
1 pool of PLT derived from the bufty coat (from 4
individual donor units) and 4 RBC units were
issued as a set. Once the first set of products was
issued, the blood bank technologists immediately
prepared another identical set of blood components.
In the fixed-ratio group, laboratory testing was per-
formed at the discretion of the attending physician.
Patients assigned to the control group were
managed according to the institution’s usual proto-



RESEARCH

col for massive transfusion.' In this protocol,
blood work (including complete blood count,
international normalized ratio [INR], partial
thromboplastin time and fibrinogen) is recom-
mended at least every 2 hours for the duration of
the protocol phase in order to guide transfusion
decisions. Transfusions of RBC units were given if
the hemoglobin level dropped to 70 g/L or lower.
Frozen plasma was transfused in doses of 3—4
units to maintain an INR of less than 1.8. Platelet
transfusions were given to patients 1 pool (4 units)
at a time if the PLT count was less than 50 x 10°/L.

The study protocols were followed for a max-
imum of 12 hours, unless they were stopped
earlier if the attending physician or surgeon felt
that hemostasis was achieved.

Outcome measures

The primary outcome was feasibility, as measured
by the proportion of patients in the fixed-ratio
group who received appropriate blood products in
the predefined (1:1:1) ratio. Based on results of ret-
rospective studies,**¢ we determined that patients
received the predefined ratio if, for each FP unit,
they received between 0.8 and 1.3 RBC units and
at least 0.8 pooled PLT units. We also measured
the difference between the 2 study groups with
respect to number of units and time to transfusion
of blood products received, as well as the transfu-
sion ratios. We measured RBC:FP ratios separately
to assess the feasibility of rapidly thawing FP units
and issuing them at a 1:1 ratio with RBC units.

We measured safety in terms of the 28-day mor-
tality (all-cause mortality and rate of death by
exsanguination); incidence of any degree of acute
respiratory distress syndrome (based on the Berlin
consensus definition for acute respiratory distress
syndrome®), measured as days free of acute respi-
ratory distress syndrome to account for mortality
bias;” and transfusion-related complications, identi-
fied using the Canadian Transfusion Transmitted
Injuries Surveillance System criteria.”” To measure
the effect of the 2 strategies on clinical practice and
adherence to the control protocol, we evaluated the
differences in blood product wastage between
groups and frequency of blood work performed
during massive transfusion protocol (expected to be
at least every 2 h for patients in the control group).”

Statistical analysis

Because this was a feasibility study, no calcula-
tion of sample size was required. Based on data
in our institution’s trauma registry, the number of
patients needing massive transfusion per year
would be 40 patients, with 10% of eligible
patients missed. Thus, our target study popula-
tion was 36 patients in each arm over a 2-year
feasibility period. Because of the lack of previ-

ous prospective experience with ratio-based
transfusion protocols, no clinically important dif-
ference between study groups was set a priori.
Summary data for continuous variables are pre-
sented as means and standard deviations, or medi-
ans and interquartile ranges depending on the distri-
bution. Discrete variables are summarized as
frequency and percentages. We assessed differ-
ences in binary feasibility outcomes and mortality
outcomes using the % or Fisher exact test. All-
cause 28-day mortality was analyzed by the inten-
tion-to-treat principle. We used the Wilcoxon rank-
sum test to analyze ratios of blood and blood
products; differences in RBC:FP and FP:PLT ratios
were reported separately. We calculated the 95%
confidence interval (CI) for the median difference
in continuous variables between the 2 groups using
the bootstrap technique based on 10 000 simula-
tions. For categorical clinical outcomes, we calcu-
lated relative risks (RRs) and 95% CIs using the
bootstrap technique based on 10 000 simulations.
We analyzed overall survival and survival free of
acute respiratory distress syndrome as the time to
first event (death or acute respiratory syndrome)
using log-rank tests; the data are graphically pre-
sented using Kaplan—-Meier curves. In addition to
the statistical tests used for the binary and continu-

Table 1: Baseline characteristics of 69 trauma patients expected to require
massive transfusion,* by allocation to the fixed-ratio (1:1:1) transfusion
protocol or the laboratory-results—guided transfusion protocol (control)

Fixed-ratio group Control group

median (IQR)
Pre-hospital fluid, mL, median (IQR)
Injury severity score, mean + SD

Score > 3 for head injury on
Abbreviated Injury Scale,t no. (%)

Glasgow Coma Scale score, median (IQR)

Systolic blood pressure, mm Hg,
median (IQR)

Temperature, °C, mean + SD

pH, mean = SD

INR, median (IQR)

Fibrinogen, g/L, mean + SD

Platelet count, x 10°/L, median (IQR)
Hemoglobin, g/L, median (IQR)

Characteristic n=37 n=32
Age, yr, median (IQR) 41 (23-58) 34 (25-40)
Sex, male, no. (%) 24 (65) 23 (72)
Penetrating trauma, no. (%) 13 (35) 12 (38)
Transferred from other hospital, no. (%) 7 (19) 5(16)
Time from injury to hospital, min, 46 (30-59) 45 (30-67)

300 (0-1500)
35+ 13
14 (38)

14 (3-15)
81 (70-100)

35+ 1.1
7.13+£0.2
1.2 (1.1-1.5)
1.5+0.8
201 (131-252)
99 (78-127)

625 (0-1012)
35+ 13
11 (34)

13 (6-15)
80 (73-88)

35+ 1.1
7.18 £ 0.1
1.4(1.2-1.7)
1.2+ 0.6
192 (131-243)
90 (79-112)

Note: INR = international normalized ratio, IQR = interquartile range, SD = standard deviation.
*Massive transfusion = > 10 units of red blood cells in 24 hours.
tAbbreviated Injury Scale values > 3 denote severe head injury.
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ous outcomes, we used the Student ¢ test to com-
pare means of other secondary outcomes (see
Appendix 1 for details, at www.cmaj.ca/lookup
/suppl/doi:10.1503/cmaj.121986/-/DC1). No impu-
tation was performed for missing data.

An independent data safety and monitoring
board unaware of the group allocations closely
monitored events related to transfusion complica-
tions, particularly acute lung injury and acute res-
piratory distress syndrome, for perceived discrep-
ancies between the groups.'® The committee
deliberated on the need to exclude patients who
were mistakenly recruited and randomly assigned
to a study arm. Because of the narrow window
available to recruit critically injured patients in
our study, complete information on eligibility
was not always available at the time of recruit-
ment. Therefore, some patients were found to
meet exclusion criteria after enrolment and ran-
domization. Furthermore, the committee advised
on the “per-protocol” analysis of the transfusion
data, because these ineligible patients were
excluded after randomization.

version 20 (IBM Corporation), SAS version 9.3
(SAS Institute Inc.) and R version 2.15.0 for Win-
dows. All tests were 2-sided, and p values less
than 0.05 were considered statistically significant.

Results

During the study period, we assessed 203 patients
for eligibility, of whom 78 were randomly
assigned to either the fixed-ratio (n = 40) or con-
trol group (n = 38). Nine of the 78 patients did not
complete the study after randomization: 6 (3 in
each group) were mistakenly enrolled owing to
the narrow window for recruitment and were later
found to meet the exclusion criteria, and 3 patients
(control group) refused consent after randomiza-
tion (see Appendix 1 for details). A total of 69 pa-
tients (37 in fixed-ratio and 32 in control group)
were included in the analysis (Figure 1).

The 2 groups were balanced with respect to
baseline characteristics (Table 1; for information
on co-interventions, see Appendix 1). In both
groups, the transfusion protocol remained acti-

Data were analyzed using IBM SPSS Statistics

vated for a median duration of 5 hours.

Table 2: Transfusion data and plasma wastage during study protocols
Fixed-ratio group Control group

Variable n=37 n=32 Difference (95% Cl)* p valuet

Transfusion data

Ratio of RBC:FP:PLT achieved, 1:1:1 1.7:1:0.8 RBC: 0.7 (-1.1t0-0.3)  RBC: < 0.01

median (IQR) (1t01.3:1:08t01.3) (1.2t023:1:05t01.3) PLT: 0.2(-0.3t0035) PLT:0.3

Received 1:1:1 ratio, no. (%) 21 (57) 2 (6) 51 (32 to 68) < 0.01

Received only RBC:FP at 1:1 ratio, 27 (73) 7 (22) 51 (31to 71) <0.01

no. (%)

Total no. of RBC:FP:PLT units per 7:6:8 7:4:4 RBC: 0 (-5 to 2.5) RBC: 0.6

patient,§ median (IQR) (6to10:4t08:41t08) (6to14:3t08:01t08) FP: 2 (0to4) FP: 0.07
PLT: 4 (-3 to 6) PLT: 0.1

Received FP transfusion, no. (%) 36 (97) 26 (81) 16.0 (1.5 to 30.5) 0.04

Received PLT transfusion, no. (%) 34 (92) 21 (66) 26.3 (7.6 to 44.9) 0.01

Received massive transfusion 15 (41) 15 (47) -6.3 (-29.8 to 17.1) 0.6

(= 10 RBC units in 24 h), no. (%)

Time to first RBC, 9 min, median (IQR) 25.5 (14 to 48.5) 32.5 (13 to 70.5) -7.0 (-23.5 to 13.5) 0.8

Time to first FP,91 min, median (IQR) 89 (65 to 150) 113 (81 to 165) -24 (-60 to 9) 0.05

Time from first RBC to first FP, min, 60 (40 to 77) 78 (49 to 112) -19 (-45 to -1) 0.05

median (IQR)

Plasma wastage

Total FP units thawed, no. 390 289 NA NA

FP units wasted, no. (%) 86 (22) 30 (10) NA NA

Note: CI = confidence interval, FP = frozen plasma, IQR = interquartile range, NA = not applicable, PLT = platelets, RBC = red blood cells, SD = standard deviation.

*For continuous data, estimation of the 95% Cl for the median difference between the 2 groups was calculated using the bootstrap technique based on 10 000

simulations.

ty test or Fisher exact test to compare proportions; Wilcoxon rank-sum test to compare distributions; p values for differences in RBC, FP and PLT utilization

between study groups are reported separately.

$Ratios of RBC:FP and FP:PLT calculated to 1 FP unit. One patient in the fixed-ratio group and 4 in the control group did not receive any FP; p values for the

differences in RBC:FP and FP:PLT ratios between study groups are reported separately.

§Absolute number of units of RBC, FP and PLT transfused per patient during study protocols.

1ITime from hospital arrival to transfusion of first unit of RBC or FP; the time was not recorded for 1 patient in the fixed-ratio group.
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Feasibility outcomes
At protocol termination, a transfusion ratio of
1:1:1 was achieved in 57% (21/37) of the patients
in the fixed-ratio group, as compared with 6%
(2/32) in the control group (absolute difference
51%, 95% CI 32% to 68%). A ratio of 1:1
(RBC:FP) was achieved in 73% (27/37) in the
fixed-ratio group and 22% (7/32) in the control
group (absolute difference 51%, 95% CI 31% to
71%). The median RBC:FP:PLT ratios were
higher in the control group than in the fixed-ratio
group (1.7:1:0.8 v. 1.0:1:1.0) (Table 2).
Transfusion data, including time to RBC and
plasma transfusions, and plasma wastage are
shown in Table 2. The proportion of patients who
received uncrossmatched RBC units did not dif-
fer significantly between the 2 groups (97%
[36/37] in the fixed-ratio group v. 88% [28/32] in
the control group; p = 0.2). The number of units
of thawed plasma wasted per study group was
increased in the fixed-ratio group (Table 2).
During the laboratory-guided protocol, labora-
tory tests were performed at least every 2 hours in
the vast majority of patients for hemoglobin con-

centration, platelet count and international nor-
malized ratio, but in less than 50% for fibrinogen
and partial thromboplastin time (Table 3).

Safety outcomes

In the intention-to-treat analysis, the all-cause 28-
day mortality was 32% (13/40) in the fixed-ratio
group, as compared with 14% (5/35) in the con-
trol group (RR 2.27, 95% CI 0.98 to 9.63). Addi-
tional mortality outcomes, coagulation compe-
tence (correction of the coagulopathy, defined as
correction of the conventional laboratory tests by
protocol cessation), bleeding-free hours, ventila-
tor-free days, and lengths of stay in the intensive
care unit and hospital are provided in Table 4 and
Appendix 1.

Event-free survival was achieved by 54%
(20/37) of the patients in the fixed-ratio group, as
compared with 78% (25/32) in the control group
(p = 0.053, log-rank test). The Kaplan—Meier sur-
vival curves and log-rank test for event-free sur-
vival are depicted in Figure 2. No transfusion-
related acute lung injury or major transfusion
reactions were observed in either group.

Table 3: Compliance with target coagulation monitoring at least every 2 hours*

Group; no. (%) of patients

Fixed-ratio group

Control group

Test n=37 n=32 p valuet
International normalized ratio 27 (73) 24 (75) 0.8
Fibrinogen 13 (35) 12 (38) 0.8
Partial thromboplastin time 13 (35) 14 (44) 0.6
Platelet count 30 (81) 29 (91) 0.4
Hemoglobin 30 (81) 29 (91) 0.4

discretion of the attending physician.
ty’ test.

*In the fixed-ratio group, laboratory testing at least every 2 hours was not part of the study protocol and was performed at the

Table 4: Mortality outcomes

Group; n/N (%)

Fixed-ratio group Control group Relative risk Difference
Variable n =37 n=32 (95% Cl) (95% CI)
All-cause 28-day mortality in ITT analysis* 13/40 (32.5) 5/35 (14.3) 2.27 (0.98 to 9.63) 18.2 (-0.4 to 36.8)
All-cause 28-day mortality per protocol 11/37 (29.7) 3/32 (9.4) 3.17 (1.15 to 18.24)% 20.3 (2.51t038.2)
Death from exsanguinationt 8/37 (21.6) 3/32 (9.4) 2.30 (0.74 to 13.03) 12.2 (-4.4 to 28.9)
Neurologic death (traumatic brain 2/37 (5.4) 0/32 NA 5.4 (-1.8 to 12.7)
injury/withdrawal of care)
Death from multiple organ failure 1/37 (2.7) 0/32 NA 2.7 (-2.5t0 7.9)

of the simulations.

Note: Cl = confidence interval, IQR = interquartile range, ITT = intention-to-treat, NA = not applicable.

*For the ITT analysis, data were included for 40 patients in the fixed-ratio group and 35 patients in the control group (see Figure 1).
tMedian time of occurrence after arrival to hospital was 2.8 hours (IQR 1.7-14) in the fixed-ratio group and 4.4 hours (IQR 1.7- 14) in the control group.

$95% Cl generated by bootstrap technique with 10 000 simulations; a continuity correction of 0.5 was used when 0 event was present in the control group in any

CMAJ, September 3, 2013, 185(12)
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Interpretation

In our study, both the 1:1:1 RBC:FP:PLT trans-
fusion ratio and the 1:1 RBC:FP ratio were
achieved in a significantly higher proportion of
patients in the fixed-ratio group than in the con-
trol group. These findings suggest that a fixed-
ratio transfusion protocol is feasible, but it was
associated with increased plasma wastage
(about 2 units per patient). The laboratory-
results—guided transfusion protocol has its chal-
lenges because of the long turnaround times for
the test results.'

Despite the significant difference between the
study groups in the proportion of patients receiv-
ing transfusions at the predefined ratio, a higher
compliance with fixed-ratio transfusion may have
been reached had pre-thawed plasma been imme-
diately available. We did not have pre-thawed
plasma available because of low utilization and
restrictions on reissuing of thawed plasma within
24 hours. Frozen plasma is thawed in a water
bath over 20 minutes. Its labelling and transport
to the clinical setting added to the total turn-
around time for FP transfusion. The median delay
between the first RBC transfusion (which in most
cases established eligibility for the trial and trig-
gered the initial call to the research team) and the
first plasma transfusion was 60 minutes in the
fixed-ratio arm. A recent study on blood product
ratios reported similar delays in plasma transfu-
sion.” Of note, 3 patients (8%) in the fixed-ratio
group in our study had their pooled PLT units
returned by the medical team after judging its
transfusion as inappropriate despite the protocol.

Survival probability

Log-rank p = 0.053

—— Fixed-ratio group
- - - Control group

Fixed-ratio 37 17 (6, 11) 54.1

260 3(I)0 4(I)O 5(I)0 6(I)O
Time to ARDS or death, h

Events 28-d event-free
n (ARDS, death) survival, %

32 7 (4, 3) 78.1

Figure 2: Kaplan-Meier curves for event-free survival (free of acute respiratory
distress syndrome [ARDS] or death) within 28 days after enrolment.
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Another patient in the fixed-ratio arm died early
(within 1.1 h after arrival), which precluded FP
and PLT transfusion.

In Canada, the recently revised Canadian Stan-
dards Association standard Z902-10 extended the
use of thawed plasma from 24 hours to 5 days.”
However, the availability of thawed plasma at all
times requires plasma from type AB donors (uni-
versal donors lacking anti-A and anti-B antibod-
ies), which represent 4% of the donor popula-
tion." Recently, as preventive measures to reduce
the risk of transfusion-related acute lung injury,
male-predominant plasma policies were imple-
mented in most countries. In the United States,
more than 40% of type AB plasma is from female
donors, which is associated with an increased risk
of transfusion-related acute lung injury.” We
recorded an increase in plasma wastage with
fixed-ratio transfusion, despite only using it in 37
patients without pre-thawed plasma. Previous
studies on implementation of formula-driven care
did not report wastage rates. The potential impact
of widespread adoption of 1:1:1 transfusion proto-
col on plasma wastage and risk of transfusion-
related acute lung injury needs to be explored.

Limitations

Our trial was conducted in a setting where RBC
units were readily available but not pre-thawed
units of plasma, which represents an important
limitation for the accomplishment of 1:1:1 trans-
fusion. However, our system may be considered
the current standard of practice in most trauma
centres worldwide; rendering our findings gener-
alizable. Also, survivorship bias, where unsal-
vageable patients die before 1:1:1 transfusion
ratio can be achieved, constitutes an issue inher-
ent to our study population.

Although standard coagulation tests were used
in a large proportion of patients in the control
group, our study design did not allow for assessing
the use of these results for transfusion decisions.

Random allocation of unstable trauma patients
was challenging because of the narrow window
for deciding on their eligibility. In future studies,
eligibility could be determined in a 2-step process,
with exclusion criteria being reviewed after the
inclusion criteria are determined, but before ran-
domization occurs.

In our small feasibility trial, clinical outcomes
were presented as safety data only; thus, they
should be interpreted with caution.” A larger trial
(the Pragmatic, Randomized Optimal Platelet and
Plasma Ratios [PROPPR] trial), powered to eval-
uate the efficacy and safety of ratio-based trans-
fusion strategies has begun (ClinicalTrials.gov,
no. NCT01545232) and may clarify the role of a
1:1:1 transfusion strategy.
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Conclusion

Findings from our randomized controlled trial
showed that implementation of a fixed-ratio
(1:1:1) transfusion protocol was feasible among
patients with severe trauma. The full and wide-
spread implementation of such a protocol will
challenge blood suppliers because of the increased
demand (and wastage) of plasma. Larger clinical
trials are warranted to definitively evaluate the
efficacy and safety of transfusion at a 1:1:1 ratio.
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