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Abstract

Background The efficacies of fresh frozen plasma and coagulation factor transfusion have been widely evaluated

in trauma-induced coagulopathy management during the acute post-injury phase. However, the efficacy of red
blood cell transfusion has not been adequately investigated in patients with severe trauma, and the optimal hemo-
globin target level during the acute post-injury and resuscitation phases remains unclear. Therefore, this study aimed
to examine whether a restrictive transfusion strategy was clinically non-inferior to a liberal transfusion strategy dur-
ing the acute post-injury phase.

Methods This cluster-randomized, crossover, non-inferiority multicenter trial was conducted at 22 tertiary emer-
gency medical institutions in Japan and included adult patients with severe trauma at risk of major bleeding. The
institutions were allocated a restrictive or liberal transfusion strategy (target hemoglobin levels: 7-9 or 10-12 g/dL,
respectively). The strategies were applied to patients immediately after arrival at the emergency department. The
primary outcome was 28-day survival after arrival at the emergency department. Secondary outcomes included
transfusion volume, complication rates, and event-free days. The non-inferiority margin was set at 3%.

Results The 28-day survival rates of patients in the restrictive (n=216) and liberal (n=195) strategy groups were
92.1% and 91.3%, respectively. The adjusted odds ratio for 28-day survival in the restrictive versus liberal strategy
group was 1.02 (95% confidence interval: 0.49-2.13). Significant non-inferiority was not observed. Transfusion volumes
and hemoglobin levels were lower in the restrictive strategy group than in the liberal strategy group. No between-
group differences were noted in complication rates or event-free days.
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Conclusions Although non-inferiority of the restrictive versus liberal transfusion strategy for 28-day survival
was not statistically significant, the mortality and complication rates were similar between the groups. The restrictive

transfusion strategy results in a lower transfusion volume.

Trial registration number: umin.ac.jp/ctr: UMIN000034405, registration date: 8 October 2018.

Keywords Resuscitation, Red blood cell, Hemoglobin, Trauma, Transfusion

Background

The efficacies of fresh frozen plasma (FFP) and coagula-
tion factor transfusion have been widely evaluated in
trauma-induced coagulopathy management during the
acute post-injury phase [1, 2]. However, the efficacy of
red blood cell (RBC) transfusion has not been adequately
investigated in patients with severe trauma, and the opti-
mal hemoglobin target level during the acute post-injury
and resuscitation phases remains unclear.

The fifth edition of the European guidelines on the
management of major bleeding and coagulopathy fol-
lowing trauma, the most recent international guidelines,
recommends target hemoglobin levels of 7-9 g/dL [2].
This recommendation is based on the post-hoc analy-
sis results of the Transfusion Requirements in Critical
Care (TRICC) trial [3], which compared the efficacies of
a restrictive versus liberal RBC transfusion strategy (tar-
get hemoglobin levels: 7-9 or 10-12 g/dL, respectively)
in patients admitted to the intensive care unit (ICU) [4].
However, the study interventions were applied after ICU
admission [4]. Furthermore, patients with active bleeding
were excluded [4]. Therefore, it is inappropriate to apply
these trial and post-hoc analysis findings to patients in
the acute phase of severe trauma [3, 4]. Moreover, the
rationale section of the European guidelines [2] empha-
sizes that the TRICC trial [4] was neither designed nor
powered to precisely determine the target hemoglobin
level.

In this Restrictive Transfusion Strategy for Critically
Injured Patients (RESTRIC) trial, we examined whether
a restrictive RBC transfusion strategy was clinically non-
inferior to a liberal RBC transfusion strategy in patients
with severe trauma at risk of active bleeding during the
acute post-injury phase.

Methods

Design and setting

The RESTRIC trial was a cluster-randomized, crossover,
non-inferiority multicenter trial of patients with severe
trauma and was registered with the UMIN Clinical Trials
Registry (UMIN000034405) on October 8, 2018. The pro-
tocol (V.1.3) was initially approved on October 11, 2018.
The detailed trial protocol was published in July 2020 [5].
The original protocol is in Japanese but was translated

into English (Additional file 1). This pragmatic trial aimed
to reproduce real-world management of how a transfu-
sion strategy is applied upon patient arrival at the ED
based as far as possible on the physician’s judgment. In
this trial, we applied a cluster-randomized design to ena-
ble the study intervention initiation upon patient arrival
at the ED; furthermore, the crossover design was imple-
mented to reduce the confounding effects of different
hospitals. The study protocol and statistical analysis plan
were previously published [5]. All procedures performed
in studies involving human participants were in accord-
ance with the ethical standards of the institutional and/or
national research committee and with the 1964 Declara-
tion of Helsinki and its later amendments or comparable
ethical standards. The study design was approved by the
Ethics Committee of each participating institution (Addi-
tional file 2) and that of the Japanese Association for the
Surgery of Trauma.

Japanese tertiary emergency medical centers partici-
pated in the RESTRIC trial. The participating institutions
were randomized to two schedules (restrictive or liberal
RBC transfusion strategy [target hemoglobin levels: 7-9
or 10-12 g/dL, respectively]) with a 1:1 ratio based on
a pre-created random assignment table. After randomi-
zation, the centers applied the first transfusion strategy
for 1 year (first study period). After a 1-month washout
period following the first study period, the second trans-
fusion strategy was applied for another year (second
study period) (Fig. 1).

The allocated transfusion strategy was posted at each
center to provide opt-out opportunities to patients
and their next-of-kin. The allocated transfusion strat-
egy was applied to all patients during the initial trauma
resuscitation phase and upon arrival at the ED. Written
informed consent was obtained as soon as possible from
the patients or their next-of-kin, after which the patients
were enrolled in the trial; thereafter, the transfusion strat-
egy was applied until a predefined initiation and follow-
up period. The applied transfusion strategy was selected
at the physician’s discretion for patients who declined
enrolment in the trial.

Participants
The need for RBC transfusion is not always apparent
at the time of arrival at the ED. Therefore, we included
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Fig. 1 Study design. A total of 22 emergency medical centers participated in the RESTRIC trial. The participating institutions were randomized
to implement either the restrictive or liberal RBC transfusion strategy at a ratio of 1:1. Hb hemoglobin, RBC red blood cell, RESTRIC Restrictive

Transfusion Strategy for Critically Injured Patients

patients with trauma, aged >20 years, who had one of
the following complications or conditions, based on the
physician’s judgment: severe bleeding that can result in
circulatory shock; suspected severe bleeding after arrival
at the ED; and the potential for severe bleeding postop-
eratively during the acute phase of trauma. Furthermore,
we excluded patients based on the following criteria: car-
diac arrest before or upon arrival at the ED; transfer from
another hospital; the physician’s decision to withdraw
active treatment at initial assessment; complications
of severe burns (>15% body surface area); pregnancy;
chronic anemia, as determined by the attending physi-
cian based on medical history (hemoglobin level: <7 g/
dL); and objection to blood transfusion.

Intervention and follow-up

RBC transfusion is often initiated in patients with severe
trauma with active bleeding before confirming a decrease
in hemoglobin levels. Therefore, each RBC transfusion
strategy was defined based on the target hemoglobin level

rather than the threshold hemoglobin level. The attend-
ing physician determined the RBC transfusion initiation
timing in patients with active bleeding based on hemo-
globin levels and the presence of hemodynamic instabil-
ity. Notably, the restrictive RBC transfusion strategy was
not permissive hypotension and hypovolemia resuscita-
tion strategy. When the hemoglobin level was sufficiently
high as the target of each strategy, a crystalloid and/or
colloid were administered for resuscitation. One RBC
transfusion strategy was applied until 7 days after hospi-
tal admission, discharge from the ICU, decision to with-
draw active treatment, or death. Patients were followed
up for 28 days. Investigators contacted patients (or their
representatives, as appropriate) discharged from the hos-
pital prior to 28 days after arrival at the ED by telephone
to collect information regarding patient status.

Safety monitoring
A safety monitoring board, comprising two independ-
ent experts not involved in the trial, was responsible
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for monitoring trial safety. Significant adverse events
were immediately recorded in the medical record and
electronic data capture system, the same system that
recorded the assessment data. The treating physician
reported significant adverse events to the site investiga-
tor, who reported them to the chief investigator of each
site and the principal investigator. The principal investi-
gator consulted the safety monitoring board. The board
reviewed and examined the report and sent written rec-
ommendations in response to the principal investigator.

Outcomes

To evaluate the non-inferiority of the restrictive RBC
transfusion strategy to the liberal RBC transfusion strat-
egy, 28-day survival after arrival at the ED was used as
the primary outcome. Patients with incomplete infor-
mation regarding survival or death 28 days after arrival
at the ED were considered dropouts and excluded from
the analysis. Secondary outcomes included the following:
time to death during the first 28 days; cumulative RBC
concentrate, FFP, and platelet concentrate volumes trans-
fused on Days 1, 7, and 28; ventilator-, catecholamine-,
and ICU-free days during the first 28 days; organ (renal,
hepatic, and respiratory) failure during the first 7 days;
complication (deep venous thrombosis, pulmonary
embolism, cerebral infarction, myocardial infarction,
bowel ischemia, transfusion-associated lung injury [6],
and sepsis [7]) rates during the first 28 days; and Glasgow
Outcome Scale scores at hospital discharge. The num-
ber of event-free days for patients who died during the
first 28 days after arrival at the ED was zero. Renal failure
was defined as Stage III, according to the Kidney Disease:
Improving Global Outcomes guidelines [8]. Hepatic fail-
ure was defined as a total bilirubin level > 6 mg/dL, based
on the Sequential Organ Failure Assessment score [9].
Respiratory failure was defined as moderate acute respir-
atory distress syndrome, according to the Berlin defini-
tion [10].

Sample size

Based on our previous retrospective multicenter obser-
vational study [11-18], we assumed a 25% mortality rate
at 28 days after arrival at the ED in patients exposed to
the liberal RBC transfusion strategy. The inter-class and
inter-period correlation coefficients were set at 0.05,
and the non-inferiority margin was set at 3%. The non-
inferiority margin was defined based on statistically and
clinically acceptable tolerance margins, as referenced
in previous large-scale clinical trials [4, 19-21]. In the
RESTRIC trial protocol, we calculated a sample size of
170 patients for each of the transfusion (restrictive and
liberal RBC) strategy groups to reach a power of 80%
and a one-sided alpha of 2.5%, assuming that 17 centers
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participated as a cluster [5, 22]. Therefore, we set the
target sample size at 400 patients, considering possible
cluster size variation, including non-eligible patients and
dropouts during follow-up [5]. However, the actual sam-
ple size required (6214 patients) was much larger than
the target sample size (400 patients) because of an error
in the sample size calculation [22]. Because the error was
not discovered until the end of the study, the study could
not be terminated during its course.

Statistical analyses

Continuous variables are expressed as medians (inter-
quartile ranges) and were compared using the Wilcoxon
rank sum test. Categorical variables are expressed as
numbers and percentages and were compared using the
X° test or Fisher’s exact test if the expected count was <5.
The primary outcome analysis was adjusted for cluster-
ing within sites. The analysis used a mixed model, with
intervention (restrictive or liberal RBC transfusion strat-
egy) and period (order of transfusion strategy allocation)
as fixed effect factors. Site and interaction between site
(participating institution) and period (order of transfu-
sion strategy allocation) were incorporated as random
effect factors [23]. Furthermore, the non-inferiority mar-
gin was set at 3%. The null hypothesis was P1-P0<-0.03
(PO, 28-day survival rate [liberal RBC transfusion strat-
egy]; P1, 28-day survival rate [restrictive RBC transfu-
sion strategy]). Therefore, we evaluated whether the
lower limit of the P1-P0 95% confidence interval (CI)
exceeded -0.03. However, a logistic regression model
was used for the primary analysis. Thus, we converted
the non-inferiority margin into a certain value in terms
of the odds ratio, which was determined based on the
actual value of PO. We evaluated whether the lower
limit of the 95% CI of the odds ratio exceeded this value
(Results section). After excluding cases with missing pri-
mary outcome data, we used the full analysis set for the
primary outcome analysis. In particular, we followed the
intention-to-treat and per-protocol analysis principles
for the primary and sensitivity analyses, respectively. The
per-protocol analysis excluded cases in which transfu-
sions intentionally deviated from the target hemoglobin
level. Subgroup analysis was performed to investigate
the effect of the intervention in terms of sex, age (<60
vs.> 60 years), Injury Severity Score (<16 vs.>16 points),
head trauma, and the performance of definitive surgery
within 6 h of ED arrival.

Secondary outcomes were evaluated as follows. Time
to death during the first 28 days was estimated using the
Kaplan—Meier method and compared using the log-rank
test. Hazard ratios were calculated using a Cox regres-
sion model. In addition, for changes in hemoglobin lev-
els, the P-value at each timepoint was calculated using
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a mixed model adjusted for the initial hemoglobin level,
intervention, period as a fixed effect, and site and inter-
action of the site with the period as a random effect. A
P-value<0.05 was considered statistically significant.
All statistical analyses were conducted using R statisti-
cal software (version 3.6.3; R Foundation for Statistical
Computing).

Results

Study participants

From May 7, 2019, to October 31, 2021, 1 045 patients
were recruited in the RESTRIC trial from 22 institutions
in Japan; 422 patients were enrolled. Eleven patients
were excluded because of inappropriate inclusion (n=5)
or loss to follow-up (n=6). The patients lost to follow-
up were discharged alive before 28 days after admis-
sion but could not be contacted to obtain the necessary
information during the observation period. The restric-
tive and liberal RBC strategy groups included 216 and
195 patients in the intention-to-treat analysis, respec-
tively (Fig. 2). The number of patients included in each
hospital is presented in Additional file 3. Seven patients
were excluded because they deviated from the assigned
transfusion strategy. Thus, 210 and 194 patients in the
restrictive and liberal RBC transfusion strategy groups
were included in the per-protocol analysis, respectively
(Fig. 2).

Upon arrival at the ED, patient characteristics were
comparable between the restrictive and liberal RBC
transfusion strategy groups (Table 1). Approximately
90% of patients had blunt trauma with high Injury Sever-
ity Scores. Furthermore, major hemostatic interventions
were performed in 53.7% and 66.7% of patients in the
restrictive and liberal RBC transfusion strategy groups,
respectively (Table 2). The frequency of major hemo-
static and non-hemostatic interventions and the location
within the body where the interventions were performed
did not differ significantly between the groups.

Hemoglobin level and transfusion volume changes
In the restrictive and liberal RBC transfusion strategy
groups, the hemoglobin levels upon arrival at the ED
were 12.2 and 11.9 g/dL, respectively (Table 1). After
arrival at the ED, hemoglobin levels rapidly decreased in
both groups. The hemoglobin levels in the liberal RBC
transfusion strategy group ranged from 10-11 g/dL from
3 h to 7 days after arrival at the ED. In the restrictive RBC
transfusion strategy group, the hemoglobin levels from
3 h to 7 days after arrival at the ED were approximately
9 g/dL (Fig. 3).

Figure 4 shows the cumulative RBC and FFP transfu-
sion volumes in both groups. The cumulative RBC trans-
fusion volume during the first 6 h after arrival at the ED
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did not differ significantly between the groups. However,
12 h after ED arrival, the cumulative RBC transfusion
volume was higher in the liberal RBC transfusion than in
the restrictive RBC strategy group. The cumulative FFP
transfusion volume did not differ significantly between
groups during the study period. Furthermore, the cumu-
lative platelet transfusion volumes in the restrictive
and liberal RBC transfusion strategy groups were 0.0
(0.0-0.0) and 0.0 (0.0-10.0) U on Day 1, 0.0 (0.0-10.0)
and 0.0 (0.0-10.0) U on Day 7, and 0.0 (0.0-10.0) and
0.0 (0.0-10.0) U on Day 28, respectively. The proportion
of patients without RBC transfusion was higher in the
restrictive RBC transfusion than in the liberal RBC trans-
fusion strategy group (Fig. 5).

Clinical outcomes

The 28-day survival rates of patients who underwent
restrictive and liberal RBC transfusion strategies were
92.1% and 91.3%, respectively (Table 3). The survival
curves for both groups are shown in Fig. 6. The adjusted
odds ratio for the 28-day survival rate of patients in the
restrictive versus liberal RBC transfusion strategy group
was 1.017 (95% CI: 0.485-2.131) (Fig. 7). However, the
non-inferiority of the restrictive RBC transfusion strat-
egy to the liberal RBC transfusion strategy was not con-
firmed because the lower 95% CI limit did not exceed
0.680 (derived from a non-inferiority margin of 3% and
an adjusted 28-day survival rate in the liberal RBC trans-
fusion strategy group of 93.4%).

No differences were noted in Glasgow Outcome Scale
scores at hospital discharge between the groups (Addi-
tional file 4). The complication rates and number of
event-free days did not differ significantly between the
groups (Table 3). The per-protocol analysis based on
patient characteristics is presented in Additional files 5,
6and 7.

Discussion

In this study, the application of the restrictive RBC trans-
fusion strategy did not statistically demonstrate non-
inferiority to that of the liberal RBC transfusion strategy.
However, the 28-day survival rate and survival time were
not significantly different between groups. Patients in the
restrictive RBC transfusion strategy group had smaller
RBC transfusion volumes and lower hemoglobin levels
than did those in the liberal RBC transfusion strategy
group.

Recently, a massive transfusion protocol compris-
ing RBC concentrate, FFP, and platelet concentrate in
a 1:1:1 ratio was recommended as aggressive coagula-
tion support to replenish coagulation factors in patients
with severe trauma [1, 2]. The massive transfusion pro-
tocols involve transfusion of the same number of units
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Table 1 Patient characteristics
Characteristic RBC transfusion strategy P value
Restrictive (n=216) Liberal (n=195)
Age (years), median (IQR) 61.0 (44.0-74.0) 57.0(42.5-73.5) 0.585
Male sex, n (%) 145 (67.1) 130 (66.7) 1.000
Comorbidity (yes/no/unknown), n (%)
Chronic heart failure 5(2.3)/211(97.7)/0 (0.0) 2(1.0)/192 (98.5)/1 (0.5) 0.354
Chronic renal failure 1(0.5)/215 (99.5)/0 (0.0) 1(0.5)/193 (99.0)/1 (0.5) 0.737
Chronic liver failure 2(0.9)/214 (99.1)/0 (0.0) 0(0.0)/194 (99.5)/1 (0.5) 0.356
Chronic respiratory failure 1(0.5)/215 (99.5)/0 (0.0) 3(1.5)/191(97.9)/1 (0.5) 0.231
Immunosuppression 2(0.9)/213 (98.6)/1 (0.5) 2(1.0)/192 (98.5)/1 (0.5) 1.000
Antithrombotic agents prior to injury, n (%)
None 191 (88.4) 174 (89.2) 0.994
Antiplatelet agents 17 (7.9) 14(7.2)
Anticoagulation agents 3(14) 3(1.5)
Antiplatelet +anticoagulation agents 2 (0.9) 2(1.0)
Unknown 3(14) 2(1.0)
Type of injury, n (%)
Blunt trauma 193 (89.4) 170(87.2) 0.767
Penetrating trauma 22(10.2) 24(123)
Blunt+ penetrating trauma 1(0.5) 1(0.5)
Time from injury to arrival at the ED (min), n (%)
<30 50 (23.1) 38(19.5) 0.544
31-60 94 (43.5) 83 (42.6)
61-90 40 (18.5) 31(15.9)
91-120 10 (4.6) 14(7.2)
>120 8(3.7) 11(5.6)
Unknown 14 (6.5) 18(9.2)
Injury Severity Score, median (IQR) 24.5 (14.0-34.0) 24.0 (14.0-29.0) 0.797
Abbreviated Injury Scale score, median (IQR)
Head/neck 5(0.0-3.0) .0 (0.0-3.0) 0.324
Face 0(0.0-0.0) .0 (0.0-0.5) 0.356
Chest 3.0(0.0-3.0) .0(0.0-3.0) 0.368
Abdomen 0(0.0-3.0) .0(0.0-3.0) 0.657
Extremities/pelvic girdle 0(0.0-3.0) .0 (0.0-3. O) 0.825
External 0(0.0-1.0) .0 (0.0-1.0) 0.258
Physiological status on arrival at the ED, median (IQR)
Glasgow Coma Scale score 0 (10.0-15.0) 13.0 (9.0-14.0) 0.159
Respiratory rate (/minute) 23.0(19.0-28.0) 24.0(19.0-30.0) 0.436
Heart rate (/minute) 95.0(76.8-117.2) 94.0 (79.5-116.0) 0916
Systolic blood pressure (mmHg) 103.5 (83.0-131.5) 110.0 (86.0-132.5) 0.557
Laboratory tests on arrival at the ED, median (IQR)
Hemoglobin (g/dL) 12.20 (10.88-13.90) 11.90 (10.60-13.50) 0.112
Platelet count (x 103/uL) 221.0(173.8-268.2) 232.0(179.5-278.0) 0.203
Prothrombin-INR? 1.080 (1.005-1.175) 1.060 (1.010-1.170) 0.678
Fibrinogen (mg/dL)° .0 (168.0-257.0) 207.0 (168.5-254.0) 0.565
Lactate (mmol/L) 3.100 (2.200-4.700) 3.260 (2.085-5.208) 0.602

2 Prothrombin-INR data were missing for one patient in the restrictive RBC transfusion strategy group
b Fibrinogen data were missing for one patient in the restrictive RBC transfusion strategy group

¢ Lactate data were missing for seven patients in the restrictive RBC transfusion strategy group and one patient in the liberal RBC transfusion strategy group

ED, emergency department; INR, international normalized ratio; IQR, interquartile range; RBC, red blood cell
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Table 2 Major hemostatic and non-hemostatic interventions during the first 6 h after arrival at the ED

Intervention RBC transfusion strategy P value

Restrictive (n=216) Liberal (n=195)

Major hemostatic intervention, n (%) 116 (53.7) 130 (66.7) 0.039

Site of major hemostatic intervention, n (%)
Head 9(4.2) 6(3.1) 0.745
Chest 5(.23) 18(9.2) 0.005
Abdomen 58 (26.9) 57(29.2) 0.670
Pelvic fracture 29 (134) 36 (18.5) 0.207
Retroperitoneal hemorrhage 8(37) 13(6.7) 0.255
Extremities/neck 18 (8.3) 16 (8.2) 1.000
Other 6(2.8) 4(2.1) 0.754

Non-hemostatic intervention, n (%) 69 (31.9) 70 (35.9) 0458

Site/type of non-hemostatic intervention, n (%)
Head 13 (6.0) 15(7.7) 0.634
Chest 1(0.5) 0(0.0) 1.000
Abdomen 14 (6.5) 7(3.6) 0.269
Orthopedic surgery 44 (204) 51(26.2) 0.203
Other 2(0.9) 1(0.5) 1.000

Both surgical and interventional radiological procedures were included
ED emergency department, RBC red blood cell

(g/dL)
14
[ —eo—Restrictive strategy
b =e—Liberal strategy
12
11

Hemoglobin
)

]

(]

0 1 3 6 12 24 48 72 96 120 144 168

(hours)
After arrival at emergency department
Fig. 3 Hemoglobin levels during the first 7 days after arrival at the ED. The restrictive RBC transfusion strategy (gray) was defined as RBC transfusion
with a target hemoglobin level of 7-9 g/dL. The liberal RBC transfusion strategy (black) was defined as RBC transfusion with a target hemoglobin
level of 10-12 g/dL. Data are expressed as medians (interquartile ranges). ED emergency department, RBC red blood cell
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of the RBC concentrate as FFP, resulting in hemoglobin
levels>10 g/dL [1, 2]. The massive transfusion protocol
is the same as the liberal RBC transfusion strategy with
respect to RBC transfusion. Despite widespread accept-
ance of the massive transfusion strategy, the effects of
the liberal RBC transfusion strategy (high hemoglobin
level) have not been evaluated. The aforementioned post-
hoc analysis of the TRICC trial [4] is the only study to

compare the efficacies of restrictive versus liberal RBC
transfusion strategies in patients with severe trauma [3].
However, the post-hoc analysis included patients admit-
ted to the ICU and excluded those with active bleeding
[3]. Therefore, the appropriate target hemoglobin level
for patients with severe trauma at risk of active bleed-
ing immediately after arrival at the ED was not investi-
gated. This study is the first to compare the application
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Table 3 Survival, complications, and event-free days

Variable

RBC transfusion strategy

Restrictive (n=216)

Liberal (n=195)

28-day survival, n (%)

Complications during the first 7 days, n (%)
Respiratory failure
Renal failure
Hepatic failure

Complications during the first 28 days, n (%)
Transfusion-related acute lung injury
Cerebral infarction
Pulmonary embolism
Acute myocardial infarction
Bowel ischemia
Deep venous thrombosis
Sepsis

Event-free days during the first 28 days, median (IQR)?
ICU-free days
Ventilator-free days
Catecholamine-free days

199 (92.1)

23 (10.6)
7(32)
2(09)

24(11.1)
5(23)

19.0 (12.0-24.0)
25.5(18.0-28.0)
28.0(27.0-28.0)

178 (91.3)

18(9.2)

19.0 (8.0-24.0)
24.0(18.0-27.0)
28.0(27.0-28.0)

ICU Intensive Care Unit, IQR interquartile range, RBC red blood cell

2 Data on event-free days were missing for one patient in the liberal RBC transfusion strategy group
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Adjusted HR 0.903 (95% CI. 0.0.461-1.769) (p=0.903).
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Fig. 6 Twenty-eight-day survival Kaplan—-Meier curves in the restrictive versus the liberal RBC transfusion strategy group. Gray, restrictive RBC
transfusion strategy; black, liberal RBC transfusion strategy. HR hazard ratio, C/ confidence interval, RBC red blood cell

of restrictive and liberal RBC transfusion strategies in
patients with severe trauma at risk of active bleeding
immediately after arrival at the ED.

In patients with severe trauma, the restrictive RBC
transfusion strategy may induce ischemia and complica-
tions based on low target hemoglobin levels. The restric-
tive RBC transfusion strategy does not increase the
incidence of ischemic complications relative to the lib-
eral RBC transfusion strategy under the various clinical
conditions or settings [4, 19-21, 24—28]. In patients with
severe trauma, physicians consider the ischemic effects
of low hemoglobin levels, which contribute to the risk of
traumatic brain injury [29]. A randomized controlled trial
[29] evaluated the effect of hemoglobin threshold levels
for transfusion on neurological recovery in patients with
traumatic brain injury and reported that maintaining a
hemoglobin level > 10 g/dL did not improve neurological
outcomes. This trial excluded patients with life-threat-
ening systemic injuries [29]. Moreover, the timing of
patient inclusion was after resuscitation and not imme-
diately after arrival at the ED. In particular, the RESTRIC
trial included patients with systemic and brain injuries
immediately after ED arrival; applying the restrictive
RBC transfusion strategy did not have an ischemic effect
on various bodily systems (including the central nervous
system).

Several clinical biostatisticians were involved in the
study design, and the study protocol was published [5].
Accordingly, the trial was completed as planned based on
the prior sample size calculation; however, subsequently,
we identified a serious miscalculation of sample size
requirement. Therefore, the study was not terminated
during its course. Although this study could not statisti-
cally confirm the non-inferiority of the restrictive versus
liberal RBC transfusion strategy, no clinical significance
between the two strategies was observed in this reason-
ably large cohort.

This trial has some limitations. First, the number of
included patients was insufficient to confirm the non-
inferiority. Second, blinding patients to the transfusion
strategy was not feasible in this trial. Non-blinding may
have introduced bias. Third, a cluster-randomized, cross-
over, non-inferiority multicenter trial cannot match the
study quality of a double-blinded randomized controlled
study. Fourth, the hemoglobin level for each transfusion
strategy was at the target level and not at the hemoglobin
threshold for initiating transfusion. Furthermore, resus-
citation and transfusion were initiated in patients with
major bleeding before the hemoglobin level reached the
threshold. Therefore, we defined the transfusion strategy
based on the target hemoglobin level and not the thresh-
old hemoglobin level.
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Fig. 7 Adjusted odds ratio for the 28-day survival rate. Data are presented as unadjusted odds ratios and 95% Cls. Vertical dotted line=0.680
(derived from a non-inferiority margin of 3% and an adjusted 28-day survival rate in the liberal RBC transfusion strategy group of 93.4%). AlS
Abbreviated Injury Scale, C/ confidence interval, ISS Injury Severity Score

Conclusions

The application of a restrictive RBC transfusion strategy
for patients with severe trauma at risk of active bleeding
resulted in smaller transfusion volumes and lower hemo-
globin levels. Compared with those of patients in the lib-
eral RBC transfusion strategy group, the 28-day survival

10

Restrictive strategy

better C——— >
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rate, survival time, complication rate, and number of

rate.

event-free days were not significantly different in patients
in the restrictive RBC transfusion strategy group. How-
ever, the non-inferiority of the restrictive RBC transfu-
sion strategy to the liberal RBC transfusion strategy was
not statistically confirmed in terms of the 28-day survival
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