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Abstract 

Background  Previous studies have reported conflicting results regarding fresh frozen plasma (FFP)-to-red blood 
cell (RBC) ratio and platelet-to-RBC ratio on outcomes for massive transfusion for trauma. Moreover, nationwide data 
on massive transfusion practices for trauma in the real-world clinical setting are scarce. This study aimed to examine 
the nationwide practice patterns and trends in massive transfusion for trauma in Japan using a national administra-
tive, inpatient database.

Method  We identified patients who underwent emergency hospitalization for trauma and received massive transfu-
sion, defined as administration of at least 20 units of RBC within the first 2 days of admission, using the nationwide 
inpatient database, which covers approximately 90% of all tertiary emergency hospitals in Japan, between 2011 
and 2020. Trends in the incidence and practice patterns of massive transfusion were described by calendar year. The 
association of practice patterns with mortality or adverse events was tested.

Results  A total of 3,530,846 trauma hospitalizations were identified, of which 5247 (0.15%) received massive transfu-
sion. A significant declining trend was observed in the incidence of massive transfusion in trauma hospitalizations 
from 0.24% in 2011 to 0.10% in 2020 (P for trend < 0.001). The FFP-to-RBC ratio rose significantly from 0.77 in 2011 
to 1.08 in 2020 (P for trend < 0.001), while the platelet-to-RBC ratio remained virtually unchanged from 0.71 in 2011 
to 0.78 in 2020 (P for trend 0.060). Massive transfusion with lower FFP-to-RBC (< 0.75) and platelets-to-RBC ratio 
(< 1.00) were associated with increased in-hospital mortality compared with those ≥ 1.00, while there were linear 
increases in adverse events with increasing FFP and platelets ratios.

Conclusions  This study demonstrated a declining trend in the incidence and a rise in higher FFP-to-RBC ratios 
in massive transfusion in association with patient outcomes for trauma from 2011 to 2020 in Japan.
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Introduction
Massive hemorrhage is a significant cause of death due 
to trauma [1]. Over the past two decades, the treatment 
strategy for massive hemorrhage has undergone a para-
digm shift from aggressive definitive surgery and volume 
resuscitation with crystalloids to damage control surgery, 
early administration of blood components for prevention 
of coagulopathy, and restrictive crystalloid replacement 
[2]. Patients who have experienced severe trauma with 
hemorrhagic shock often require massive transfusion, 
and the massive transfusion protocol has become a pillar 
of damage control resuscitation in recent trauma guide-
lines [3, 4].

While various definitions exist for massive transfusion, 
it is most commonly defined as transfusion of ≥ 10 units 
of packed red blood cells (RBCs) within 24 h of trauma 
[5, 6]. The massive transfusion protocol is a set of guide-
lines and procedures implemented in hospitals to facili-
tate the rapid delivery of blood products in a predefined 
ratio of RBC, fresh frozen plasma (FFP), and platelets 
[3–6]. Current guidelines recommend a massive transfu-
sion protocol with an FFP-to-RBC ratio of at least 1:2 [3, 
4]. The PROPPR trial, which was published in February 
2015, showed that a massive transfusion protocol with 
an FFP, platelet, and RBC ratio of 1:1:1 enabled quicker 
hemostasis and decreased the frequency of 24-h mortal-
ity due to exsanguination, but did not reduce the 30-day 
mortality, compared to a ratio of 1:1:2 [7]. Several multi-
center, observational studies support a higher plasma 
or platelet-to-RBC ratio for massive transfusion [8–13], 
while others have failed to demonstrate any benefit of the 
same [14–17]. Currently, there is no established practice 
and protocol for massive transfusion, and the manner in 
which massive transfusion is currently implemented for 
trauma in real-world clinical settings remains unclear.

According to a previous nationwide hospital survey 
conducted in 2016 in Japan, 31 of 82 tertiary emergency 
medical facilities devised a massive transfusion proto-
col: the majority of these institutions established a target 
ratio of FFP-to-RBC ratio of 1:1 [18]. However, only 30% 
(n = 82/279) of the tertiary emergency medical facilities 
participated in the study and the massive transfusion 
practice and outcomes remain unknown.

Therefore, this study aimed to examine the nationwide 
practice patterns and trends in massive transfusion for 
patients with trauma in Japan using a nationwide admin-
istrative, inpatient database.

Methods
Study design and data source
This observational study was conducted using the Diag-
nosis Procedure Combination database, a nationwide 
Japanese administrative inpatient database. This study 

followed the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) reporting 
guideline.

The database contains discharge summaries and 
administrative claims from more than 1500 acute-
care voluntarily participating hospitals and data from 
approximately 50% of all acute hospitals and 90% of all 
tertiary emergency hospitals in Japan [19]. It includes 
the following patient-level data for all hospitalizations: 
demographic characteristics; primary diagnoses, comor-
bidities, and complications recorded with the Interna-
tional Classification of Diseases, 10th Revision (ICD-10) 
codes; daily procedures; daily drug administrations; daily 
blood product administrations; and admission and dis-
charge status. A previous study that validated this data-
base showed high specificity and moderate sensitivity for 
the recorded diagnoses and high specificity and sensitiv-
ity for the recorded procedures, although the trauma-
specific diagnostic codes were not examined [20].

Study population
We identified patients who were hospitalized for trauma 
(ICD-10 codes: S00–T14 for the primary diagnosis) on an 
emergency basis by ambulance or walk-in between Janu-
ary 1, 2011, and December 31, 2020. We enrolled patients 
who received massive transfusion, defined as administra-
tion of at least 20 units of RBC in Japan (equivalent to 10 
units of RBC in the USA or UK) within the first 2 days of 
admission. One unit of packed RBCs is equal to approx-
imately 140  mL in Japan, 250–350  mL in the USA, and 
280 mL in the UK.

Data collection
Data on the following characteristics were collected 
from the database: calendar year of admission, i.e., 2011 
to 2020; hospital characteristics (tertiary emergency 
or teaching hospital); age, sex, and body mass index at 
admission; Japan Coma Scale at admission [21], Charlson 
comorbidity index score [22]; ambulance use, regions to 
which injury was sustained, ICD-10-based injury severity 
score [23]; and treatments administered within the first 
2  days of admission. The ICD-10 codes for the injured 
regions are listed in Additional file 1: Table S1. The sever-
ity of trauma was assessed using a validated ICD-10-
based injury severity score [23]. Unavailable values for 
the body mass index at admission were treated as a miss-
ing category.

Outcomes
The study outcomes were in-hospital mortality and inci-
dence of adverse events. Adverse events were defined as 
a composite of cardiac failure, respiratory failure, hepatic 
failure, renal failure, sepsis, thrombosis, transfusion 
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transmitted viral infections, allergic/anaphylactic reac-
tions, hemolytic transfusion reaction, and volume 
overload (besides the above) based on the definition 
of transfusion-related adverse events in previous stud-
ies [24, 25]. The ICD-10 codes used to identify adverse 
events are shown in Additional file  1: Table  S2. Data 
on death in the emergency room, death within 24  h of 
admission, duration of hospitalization, and hospitaliza-
tion costs were also collected.

Statistical analysis
The trends in the incidence and practice patterns of mas-
sive transfusion for patients with trauma were described 
by calendar year at admission from 2011 to 2020, and 
analyzed using the Cochran–Armitage trend test for 
binary variables and Jonckheere–Terpstra trend test 
for continuous variables [26]. The incidence of massive 
transfusion was calculated using the “number of hospi-
talizations for trauma that received at least 20 units of 
RBC within the first 2 days of admission” as the numera-
tor and “the number of hospitalizations for (i) all trauma; 
(ii) trauma in a tertiary emergency hospital; (iii) trauma 
requiring admission to the intensive care unit or high-
dependency care unit; and (iv) trauma requiring at least 
one unit of RBCs” as the denominator. The trends in mas-
sive transfusion-related procedures within the first 2 days 
of admission and consumption rate of blood products 
during hospitalization for patients who received massive 
transfusion from among the entire trauma population 
were also examined in a similar manner.

Restricted cubic spline analyses were performed to 
assess the non-linear association between the outcomes 
and transfusion ratios (FFP-to-RBC ratio and platelet-to-
RBC ratio) [27]. Five transfusion ratio points (0.50, 0.75, 
1.00, 1.25, and 1.50) were denoted as the knots. We fit-
ted generalized estimating equations to the restricted 
cubic spline analyses with individual hospitals as the 
cluster and calculated the adjusted odds ratios and their 
95% confidence intervals for each transfusion ratio rela-
tive to the reference point of 1.00. In a different analysis, 
transfusion ratios were categorized into four groups: 0.75 
or less; 0.75 to 1.00; 1.00 to 1.25; over 1.25, and general-
ized estimating equations with individual hospitals as the 
cluster were created to assess the association between 
the four transfusion ratio categories and the outcomes, 
using 0.75 to 1.00 as the reference category. All adjusted 
analyses included the calendar year at admission, hospital 
characteristics, age, sex, body mass index at admission, 
Japan Coma Scale at admission, Charlson comorbidity 
index, ambulance use, injured regions, and ICD-10-based 
injury severity score as covariates.

Sensitivity analyses were performed by excluding 
patients who died in the emergency room in order to 

reduce survivor bias, because patients requiring massive 
transfusion often die during the early hours of admission 
before receiving substantial quantities of FFP or platelets 
[15, 28, 29]. Furthermore, post hoc sensitivity analyses 
were performed (i) by altering the definition of massive 
transfusion to patients who received at least 20 units of 
RBC on the day of admission; (ii) by altering the defini-
tion of massive transfusion to patients who received at 
least 60 total units of RBC, FFP, and platelets within the 
first 2 days of admission; (iii) by restricting the sample to 
patients admitted to tertiary emergency centers; and (iv) 
by restricting the sample to patients who were admitted 
to hospitals that had continuously provided data to the 
database from 2011 to 2020.

All analyses were performed using Stata/SE 17.0 soft-
ware (StataCorp, College Station, TX, USA). Continuous 
variables were presented as means and standard devia-
tions or medians and interquartile ranges as appropriate, 
and categorical variables were presented as numbers and 
percentages. All reported P-values were two-sided, and 
P-values < 0.05 were considered statistically significant.

Results
A total of 3,530,846 hospitalizations for trauma were 
identified from 1811 hospitals during the 10-year study 
period (Table 1). Of these, 5247 (0.15%) patients received 
massive transfusion. The number of hospitalizations for 
trauma did not change significantly (P for trend 0.089), 
but the number of hospitalizations for trauma with mas-
sive transfusion showed a significant decline (P for trend 
0.040) over the 10-year study period. The incidence of 
massive transfusion for all traumas exhibited a significant 
declining trend, ranging from 0.24% in 2011 to 0.10% in 
2020 (P for trend < 0.001). Similar decreasing trends were 
observed when the incidence of massive transfusion was 
calculated using different denominators. The overall 
consumption rates of blood products for massive trans-
fusion patients in all trauma patients were 8.3%, 26.0%, 
and 19.2% for RBC, FFP, and platelets, respectively. The 
consumption rate of RBCs decreased significantly from 
11.6% in 2011 to 5.8% in 2020 (P for trend < 0.001), while 
that of FFP and platelets did not change significantly.

The mean age of the 5247 patients who received mas-
sive transfusion was 56.9  years and 64.0% were men 
(Table 2). Overall, 50.1% of patients experienced abdomi-
nal and pelvic injury, 18.0% had thoracic injury and 
16.6% experienced head injury. Surgery was performed 
under general anesthesia for 69.8% of patients within 
2  days of admission. The overall in-hospital mortality 
and frequency of adverse events were 39.5% and 20.6%, 
respectively. The results for each of the complications are 
presented in Additional file 1: Table S3. The trends in the 
characteristics and outcomes are presented in Additional 
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file  1: Table  S4. During the study period, a significant 
rising trend was observed in the proportion of patients 
with a body mass index of 25.0–29.9, coma at admission, 
higher ICD-10-based injury severity score, interven-
tional radiology, vasopressors, and adverse events. The 

in-hospital mortality did not change significantly from 
43.4% in 2011 to 41.2% in 2020 during the study period 
(P for trend 0.96). The frequency of death in the emer-
gency or operating room and death within 24 h also did 
not change significantly during the study period.

The trends in massive transfusion within the first 2 days 
of admission are shown in Table 3 and Fig. 1. The trends 
in the mean total units of RBC transfused did not change 
(32.1 units in 2011 and 31.8 units in 2020, P for trend 
0.33), while there were significant rise trends in those of 
FFP (26.4 units and 34.7 units, P for trend < 0.001) and 
platelets (22.2 units and 25.0 units, P for trend 0.040). 
The FFP-to-RBC ratio rose significantly from 0.77 in 2011 
to 1.08 in 2020 (P for trend < 0.001), while the platelet-to-
RBC ratio did not change significantly from 0.71 in 2011 
to 0.78 in 2020 (P for trend 0.060). The use of tranexamic 
acid and fibrinogen concentrate increased significantly 
during the study period.

Restricted cubic spline analysis for in-hospital mor-
tality showed higher adjusted odds ratios for FFP-to-
RBC ratio < 0.75 and platelet-to-RBC ratio < 1.00, but no 
change in transfusion ratios > 1.00 (Fig.  2). Restricted 
cubic spline analysis for adverse events showed a linear 
increase in the adjusted odds ratios for the FFP-to-RBC 
ratio and platelet-to-RBC ratio (Fig. 3). Generalized esti-
mating equations with the four transfusion ratio catego-
ries yielded similar findings for adverse events (Table 4). 
The results of sensitivity analyses conducted by excluding 
157 patients who died in the emergency room were simi-
lar to those of the main analyses (Additional file 1: Tables 
S5, S6 and Figs. S1, S2). The results of four post hoc sen-
sitivity analyses were similar to those of the main analy-
ses (Additional file 1: Tables S7–S14 and Figs. S3–S10).

Discussion
This study investigated the nationwide real-word trends 
in massive transfusion practice and yielded three sali-
ent findings. First, the incidence of massive transfusion 
decreased from 2011 to 2020, even when the denomi-
nator was trauma in a tertiary emergency hospital or 
trauma requiring blood transfusion. Second, the FFP-
to-RBC ratio increased, while the platelet-to-RBC ratio 
did not change from 2011 to 2020 among patients who 
received massive transfusion. Third, massive transfusion 
within the first 2  days of admission with a lower FFP-
to-RBC ratio of < 0.75 and lower platelet-to-RBC ratio 
of < 1.00 was associated with increased in-hospital mor-
tality compared to ratios ≥ 1.00, while there was a lin-
ear increase in the frequency of adverse events with the 
increase in the FFP and platelet transfusion ratios.

Previous studies have shown that the incidence of 
trauma patients requiring massive transfusion ranged 
between 5 and 25%, depending on the definition of 

Table 2  Characteristics and outcomes patients with trauma 
requiring massive transfusion

SD: standard deviation; ICD-10: International Classification of Diseases, 10th 
Revision

Overall

(n = 5247)

Hospital characteristics

 Tertiary emergency hospital, n (%) 4650 (88.6)

 Teaching hospital, n (%) 5237 (99.8)

Age, years, mean (SD) 56.9 (22.2)

Male, n (%) 3358 (64.0)

Body mass index at admission, kg/m2, n (%)

 < 18.5 513 (9.8)

 18.5–24.9 2602 (49.6)

 25.0–29.9 787 (15.0)

 ≥ 30.0 176 (3.4)

 Missing 1169 (22.3)

Japan Coma Scale at admission, n (%)

 Alert 1065 (20.3)

 Confusion 1007 (19.2)

 Somnolence 818 (15.6)

 Coma 2357 (44.9)

Charlson comorbidity index, mean (SD) 0.2 (0.6)

Ambulance use, n (%) 4991 (95.1)

Injured region, n (%)

 Head 869 (16.6)

 Neck 102 (1.9)

 Thorax 944 (18.0)

 Abdomen and pelvis 2629 (50.1)

 Extremities 596 (11.4)

 Multiple 1260 (24.0)

ICD-10-based injury severity score, mean (SD) 2.6 (2.1)

Treatment within 2 days of admission, n (%)

 Intensive care unit admission 4012 (76.5)

 High-dependency care unit admission 1198 (22.8)

 Surgery with general anesthesia 3665 (69.8)

 Interventional radiology 2206 (42.0)

 Mechanical ventilation 4132 (78.7)

 Vasopressor administration 4622 (88.1)

Outcomes

 In-hospital mortality, n (%) 2073 (39.5)

 Adverse events, n (%) 1080 (20.6)

 Death in the emergency or operating room, n (%) 157 (3.0)

 Death within 24 h, n (%) 1032 (19.7)

 Duration of hospitalization, days, mean (SD) 48.8 (67.0)

 Hospitalization cost, 1000 yen, mean (SD) 5631 (4145)
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Table 3  Trends in the products transfused during massive transfusion within the first 2 days of admission

RBC: red blood cell; IQR: interquartile range; FFP: fresh frozen plasma
* Massive transfusion-related procedures were evaluated within the first 2 days of admission

Procedures* Calendar year P for trend

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

RBCs, unit, mean 32.1 31.3 32.1 30.5 31.6 31.7 32.7 31.9 32.8 31.8 0.33

FFP, unit, mean 26.4 26.6 27.7 27.3 29.4 31.4 32.8 33.1 35.4 34.7 < 0.001

Platelets, unit, mean 22.2 23.1 24.2 24.1 26.3 27.0 27.2 25.5 26.3 25.0 0.040

FFP-to-RBC ratio, median 0.77 0.83 0.83 0.86 0.90 1.00 1.00 1.00 1.00 1.08 < 0.001

Platelet-to-RBC ratio, median 0.71 0.77 0.77 0.77 0.83 0.83 0.83 0.79 0.83 0.78 0.060

Crystalloid, L, median 13.7 13.8 13.1 13.6 13.2 13.2 13.1 13.3 12.2 12.5 0.031

Tranexamic acid, % 44.0 48.7 52.3 54.2 62.2 62.6 64.8 67.5 65.3 73.6 < 0.001

Fibrinogen concentrate, % 1.3 2.7 5.3 3.4 4.4 4.1 5.4 5.6 8.2 12.1 < 0.001

Recombinant factor VIIa, % 0.6 1.7 1.7 1.2 0.7 0.9 0.8 0.4 0.6 0.8 0.087

Cryoprecipitate, % 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.4 < 0.001

Fig. 1  Trends in the mean total units of RBC, FFP, platelets, 
FFP-to-RBC ratio, and platelet-to-RBC ratio used for massive 
transfusion in Japan from 2011 to 2020. The mean total units 
of RBCs, FFP, platelets were calculated using the units administered 
within the first 2 days of hospitalization. In the box plot, the horizontal 
line indicates the median, and the upper-most and lower-most 
borders of the box denote the 75th and 25th percentiles, respectively. 
The whiskers above and below the box mark the 90th and 10th 
percentiles, respectively. The points beyond the whiskers are outliers 
beyond the 90th percentile. RBC: red blood cell; FFP: fresh frozen 
plasma

Fig. 2  Non-linear associations between the FFP-to-RBC ratio 
or platelet-to-RBC ratio and in-hospital mortality in the restricted 
cubic spline analyses. The model was adjusted for calendar year 
at admission; hospital characteristics; age, sex, and body mass index 
at admission; Japan Coma Scale at admission; Charlson comorbidity 
index; ambulance use; injured regions; and the ICD-10-based 
injury severity score as covariates. Five transfusion ratio points 
(0.50, 0.75, 1.00, 1.25, and 1.50) were denoted as the knots and 1.00 
was designated as the reference value. The area region represents 
95% confidence intervals for the estimated adjusted odds ratios. 
FFP: fresh frozen plasma; RBC: red blood cell; ICD-10: International 
Classification of Diseases, 10th Revision
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massive transfusion and study population [7, 30, 31]. The 
incidence of massive transfusion in this study was rela-
tively lower than that reported by previous studies, and 
remained consistent even when the denominators of 
incidence were changed. A previous study conducted at 
a level 1 trauma center in the USA showed that patients 
with trauma requiring massive transfusion consumed 
71% of all RBCs transfused to all trauma patients [32]; 
thus, the 8.3% RBC consumption rate in this study is 
relatively low. Considering that 88.6% of patients who 
required massive transfusion were admitted to tertiary 
emergency hospitals and that the database includes 
50% of all acute hospitals and 90% of all tertiary emer-
gency hospitals in Japan, the national annual incidence 
of massive transfusion for trauma can be estimated to 
be approximately 400 cases by 2021. These results may 
indicate that massive transfusion practice has a small 
impact on recent trauma care due to the small number 

of severe trauma cases in Japan. This may be attributed 
to the mechanism of traumatic injury in Japan, which 
is less severe than that in the USA, owing to the higher 
proportion of self-inflicted injuries, lower proportion of 
assaults, and lower proportion of penetrating injuries 
[33]. Our study also revealed a declining trend in the fre-
quency of patients with trauma requiring massive trans-
fusion, which can be explained by two hypotheses. First, 
the incidence of serious trauma itself is declining due 
to improved vehicle safety and stricter control of drink-
driving in Japan. Second, increasing awareness of the 
importance of early and aggressive administration of FFP 
and platelets has led to earlier hemostasis and a reduc-
tion in total blood transfusion, resulting in fewer cases of 
massive transfusion [9, 10].

The present nationwide Japanese study showed that 
median FFP-to-RBC ratio increased gradually, while the 
platelet-to-RBC ratio was virtually unchanged. Thawed 
plasma is not available in Japan, and FFP must be used 
within 24  h of thawing. Moreover, in contrast to the 
situation in the USA, platelets are not always stocked in 
hospitals, and need to be transported from blood cent-
ers on demand (which usually takes approximately 
30–60 min), hindering the use of higher FFP and platelet-
to-RBC ratios for massive transfusion in the early stage of 
trauma. Despite these difficulties, the use of higher FFP-
to-RBC ratio appears to have accelerated from 2015, pos-
sibly reflecting the clinical impact of the PROPPR trial 
published in February 2015. Interestingly, the platelet-
to-RBC ratio in this study remained virtually unchanged 
after publication of the PROPPR trial. The relatively low 
platelet-to-RBC ratio should be a target for improving 
patient outcomes in Japan in the future.

The results of the adjusted analyses between the out-
comes and transfusion ratios in this study supported the 
recent guideline recommendations of a 1:1:1 ratio for 
FFP, platelets, and RBCs for patients requiring massive 
transfusion [3, 4]. The results of this study were similar 
to those of several multi-center observational studies 
that showed a decrease in mortality with a higher plasma 
or platelet-to-RBC ratio for massive transfusion [8–13], 
and differed from the results of other studies that did 
not show any benefit [14–17]. Especially, it is not gener-
ally recognized that transfusions of FFP and platelets in a 
ratio of > 1:1 may be associated with worse outcomes; this 
finding could be considered in clinical practice and future 
research. Several clinicians agree that early and aggres-
sive FFP and platelet transfusion can reduce mortality 
by preventing and immediately correcting coagulopa-
thy [34, 35]. However, FFP and platelet transfusions are 
not free of risk; increased exposure to transfusions may 
increase the incidence of transfusion-related complica-
tions [36]. Considering that the transfusion ratios of FFP 

Fig. 3  Non-linear associations between the FFP-to-RBC ratio 
or platelet-to-RBC ratio and adverse events in the restricted 
cubic spline analyses. The model was adjusted for calendar year 
at admission; hospital characteristics; age, sex, and body mass index 
at admission; Japan Coma Scale at admission; Charlson comorbidity 
index score; ambulance use; injured regions; and the ICD-10-based 
injury severity score as covariates. Five transfusion ratio points 
(0.50, 0.75, 1.00, 1.25, and 1.50) were denoted as the knots and 1.00 
was denoted as the reference. The area region represents 95% 
confidence intervals for the estimated adjusted odds ratios. FFP: fresh 
frozen plasma; RBC: red blood cell; ICD-10: International Classification 
of Diseases, 10th Revision
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and platelet exhibited an S-shaped relationship with in-
hospital mortality and a linear relationship with adverse 
events, excessive transfusions of FFP and platelets in a 
transfusion ratio of > 1:1 should be discouraged. But our 
results should be interpreted with caution. Survivor bias 
has been implicated as a confounder in previous analyses 
of transfusion ratios [15, 28, 29], and our study may not 
be exempt from its influence. Since the use of fibrinogen 
concentrate or cryoprecipitate has increased tremen-
dously in recent years, further research on an optimal 
transfusion strategy that incorporated new blood prod-
ucts is needed.

This study has several limitations. First, the database 
did not contain detailed information on the patients’ 
physiological status, especially the hemoglobin level and 
blood pressure, which may have introduced bias. How-
ever, during the 10-year study period, the recommen-
dations of the relevant Japanese societies for the target 
hemoglobin levels for RBC transfusion in patients with 
trauma have not changed [37, 38], and neither has con-
sensus evidence emerged on the target blood pressure 
levels. Second, the use of all blood products, drugs, and 
procedures was recorded only on a daily basis, rather 
than by minute or hour. Therefore, massive transfusion 
was defined with respect to RBC administration during 
the first 2 days of admission, and not in the initial 24-h 
period. Furthermore, this study did not assess the mas-
sive transfusion protocol. Third, because this study was 
not based on a clinical trial, a causative relationship 
between the outcomes and transfusion ratios could not be 
inferred. Fourth, information on the mechanism of injury 
(blunt or penetrating) was not available in the database. 

However, in Japan, approximately 96% of patients with 
severe trauma sustain blunt injury according to a nation-
wide trauma registry; therefore, the present results may 
be applicable to many developed countries where blunt 
trauma is also the main mechanism of injury [33]. Fifth, 
in Japan, the use of fibrinogen concentrate for massive 
trauma-induced hemorrhage is not covered by national 
health insurance, while cryoprecipitate has been covered 
for massive trauma-induced hemorrhage since April 1, 
2020; therefore, its use was underestimated in the current 
analysis.

Conclusions
This study demonstrated a decreasing trend in the fre-
quency of massive transfusion for patients with trauma 
and a rise in higher FFP-to-RBC ratios for massive trans-
fusions within the first 2 days of admission from 2011 to 
2020 in Japan. Similar studies are needed to capture the 
real-world practice patterns of massive transfusion for 
trauma in a nationwide clinical setting.
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Number (%) Adjusted odds ratio 
(95% CI)

P value Number (%) Adjusted odds ratio 
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P value

FFP-to-RBC ratio

 − 0.75 720/1637 (44.0) 1.27 (1.08–1.50) 0.005 259/1637 (15.8) 0.79 (0.66–0.95) 0.011
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 1.00–1.25 165/495 (33.3) 1.14 (0.90–1.45) 0.29 127/495 (25.7) 1.12 (0.88–1.41) 0.35

 1.25– 225/766 (29.4) 0.84 (0.68–1.04) 0.11 204/766 (26.6) 1.17 (0.95–1.43) 0.13
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patients requiring massive transfusion. Table S5. Trends in the incidence, 
blood products transfused, and outcomes of the sensitivity analysis by 
excluding 157 patients who died in the emergency room (N = 5090). 
Table S6. Results of the sensitivity analysis with generalized estimating 
equations to assess the association between the four transfusion ratio cat-
egories and outcomes conducted by excluding 157 patients who died in 
the emergency room (N = 5090). Table S7. Trends in the incidence, blood 
products transfused, and outcomes of the post hoc sensitivity analysis 
by altering the definition of massive transfusion to patients who received 
at least 20 units of RBC on the day of admission (N = 3238). Table S8. 
Results of the sensitivity analysis with generalized estimating equations to 
assess the association between the four transfusion ratio categories and 
outcomes conducted by altering the definition of massive transfusion to 
patients who received at least 20 units of RBC on the day of admission 
(N = 3238). Table S9. Trends in the incidence, blood products transfused, 
and outcomes of the post hoc sensitivity analysis by altering the definition 
of massive transfusion to patients who received at least 60 total units 
of RBC, FFP, and platelets within the first 2 days of admission (N = 4624). 
Table S10. Results of the sensitivity analysis with generalized estimating 
equations to assess the association between the four transfusion ratio 
categories and outcomes conducted by altering the definition of massive 
transfusion to patients who received at least 60 total units of RBC, FFP, 
and platelets within the first 2 days of admission (N = 4624). Table S11. 
Trends in the incidence, blood products transfused, and outcomes of the 
post hoc sensitivity analysis by restricting the sample to patients admitted 
to the tertiary emergency centers (N = 4650). Table S12. Results of the 
sensitivity analysis with generalized estimating equations to assess the 
association between the four transfusion ratio categories and outcomes 
conducted by restricting the sample to patients admitted to the tertiary 
emergency centers (N = 4650). Table S13. Trends in the incidence, blood 
products transfused, and outcomes of the post hoc sensitivity analysis 
by restricting the sample to patients who were admitted to hospitals 
that had continuously provided data to the database from 2011 to 2020 
(N = 3783). Table S14. Results of the sensitivity analysis with generalized 
estimating equations to assess the association between the four transfu-
sion ratio categories and outcomes conducted by restricting the sample 
to patients who were admitted to hospitals that had continuously pro-
vided data to the database from 2011 to 2020 (N = 3783). Figure S1. Non-
linear associations between the FFP to RBC ratio or platelet to RBC ratio 
and in-hospital mortality revealed by sensitivity analyses with restricted 
cubic spline analysis conducted by excluding 157 patients who died in 
the emergency room. Figure S2. Non-linear associations between the FFP 
to RBC ratio or platelet to RBC ratio and adverse events in the sensitivity 
analyses with restricted cubic spline analysis conducted by excluding 157 
patients who died in the emergency room. Figure S3. Non-linear associa-
tions between the FFP to RBC ratio or platelet to RBC ratio and in-hospital 
mortality revealed by sensitivity analyses with restricted cubic spline anal-
ysis conducted by altering the definition of massive transfusion to patients 
who received at least 20 units of RBC on the day of admission. Figure S4. 
Non-linear associations between the FFP to RBC ratio or platelet to RBC 
ratio and adverse events in the sensitivity analyses with restricted cubic 
spline analysis conducted by altering the definition of massive transfusion 
to patients who received at least 20 units of RBC on the day of admission. 
Figure S5. Non-linear associations between the FFP to RBC ratio or plate-
let to RBC ratio and in-hospital mortality revealed by sensitivity analyses 
with restricted cubic spline analysis conducted by altering the definition 
of massive transfusion to patients who received at least 60 total units of 
RBC, FFP, and platelets within the first 2 days of admission. Figure S6. 
Non-linear associations between the FFP to RBC ratio or platelet to RBC 
ratio and adverse events in the sensitivity analyses with restricted cubic 
spline analysis conducted by altering the definition of massive transfusion 
to patients who received at least 60 total units of RBC, FFP, and platelets 
within the first 2 days of admission. Figure S7. Non-linear associations 
between the FFP to RBC ratio or platelet to RBC ratio and in-hospital mor-
tality revealed by sensitivity analyses with restricted cubic spline analysis 
conducted by restricting the sample to patients admitted to the tertiary 
emergency centers. Figure S8 Non-linear associations between the FFP 

to RBC ratio or platelet to RBC ratio and adverse events in the sensitivity 
analyses with restricted cubic spline analysis conducted by restricting 
the restricting the sample to patients admitted to the tertiary emergency 
centers. Figure S9. Non-linear associations between the FFP to RBC ratio 
or platelet to RBC ratio and in-hospital mortality revealed by sensitivity 
analyses with restricted cubic spline analysis conducted by restricting the 
sample to patients who were admitted to hospitals that had continuously 
provided data to the database from 2011 to 2020. Figure S10. Non-linear 
associations between the FFP to RBC ratio or platelet to RBC ratio and 
adverse events in the sensitivity analyses with restricted cubic spline 
analysis conducted by restricting the sample to patients who were admit-
ted to hospitals that had continuously provided data to the database from 
2011 to 2020.
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