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CAN EARLY AGGRESSIVE ADMINISTRATION OF FRESH FROZEN PLASMA
IMPROVE OUTCOMES IN PATIENTS WITH SEVERE BLUNT
TRAUMA?—A REPORT BY THE JAPANESE
ASSOCIATION FOR THE SURGERY OF TRAUMA
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ABSTRACT—Background: This study investigated the effect of a high ratio of fresh frozen plasma (FFP) to red blood cells
(RBCs) within the first 6 and 24 h after admission on mortality in patients with severe, blunt trauma. Methods: This
retrospective observational study included 189 blunt trauma patients with an Injury Severity Score (ISS) >16 requiring RBC
transfusions within the first 24 h. Receiver operating characteristic (ROC) curve analysis was performed to calculate cut-off
values of the FFP/RBC ratio for outcome. The patients were then divided into two groups according to the cut-off value.
Patient survival was compared between groups using propensity score matching (PSM). Results: The area under the ROC
curve was 0.57, and the FFP/RBC ratio was 1.0 at maximum sensitivity (0.57) and specificity (0.67). All patients were
then divided into two groups (FFP/RBC ratio >1 or <1) and analyzed using PSM and inverse probability of treatment
weighting (IPTW). The unadjusted hazard ratio (HR) was 0.44, and the adjusted HR was 0.29. The HR was 0.38 by PSM and
0.41 by IPTW. The survival rate was significantly higher in patients with an FFP/RBC ratio >1 within the first 6h.
Conclusions: Severe blunt trauma patients transfused with an FFP/RBC ratio >1 within the first 6 h had an HR of about
0.4. The transfusion of an FFP/RBC ratio >1 within the first 6 h was associated with the outcomes of blunt trauma patients
with ISS >16 who need a transfusion within 24 h.
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INTRODUCTION

Damage control resuscitation (DCR) was proposed in the
latter half of the 2000s as a treatment strategy for severe trauma
patients with major bleeding (1, 2). This involves planned
treatment bundles to reduce mortality rates, including aggres-
sive transfusion of fresh frozen plasma (FFP) and platelets
early during treatment (3). Various FFP-packed red blood cell
(RBC) ratios were reported, with many recommending a 1:1
ratio (4-6).

Although it has been suggested that a higher FFP/RBC ratio
reduces mortality in patients requiring massive transfusions, the
time window to accomplish the proposed ratio of FFP/RBC is
unclear. Snyder et al. (7), using a Cox proportional hazards
analysis with time-dependent variables, found no significant
correlation between the FFP/RBC ratio and the mortality rate.
However, Holcomb et al. (8) recently performed a prospective,
multicenter, observational study and reported that higher
plasma and platelet ratios early in resuscitation were associated
with decreased mortality in patients who received transfusions
of at least 3 units of blood products within 24 h after admission.
Cox hazards regression analysis showed that higher FFP/RBC
ratios (>1) were independently associated with decreased
6-h mortality.

The reported studies for the transfusion strategy, including a
higher plasma/RBC ratio, were constructed with a study popu-
lation that consisted of penetrating trauma rates of 40% to 60%
(4-9). However, there are many areas or countries with differ-
ent study populations in which blunt trauma patients are
predominant. The Trauma Register of the German Trauma
Society (DGU) (10) and the Japan Trauma Data Bank (11)
have reported that the rates of blunt trauma were 94.9% and
94.1%, respectively. Patients with blunt trauma and penetrating
trauma have a different mechanism of coagulopathy. Blunt
trauma stimulates the production of tissue factor and factor VII,
which can activate excessive coagulation (12, 13). Therefore,
the effective FFP/RBC ratio for patients with blunt trauma can
differ from that for penetrating trauma.

This study investigated the effect of a high FFP/RBC ratio
within the first 6h and 24 h after admission on mortality in
patients with severe blunt trauma (injury severity score (ISS)
>16) requiring blood transfusion for resuscitation.

PATIENTS AND METHODS

The Japanese Observational Study for Coagulation and Thrombolysis in
Early Trauma (J-OCTET), a multicenter, retrospective study, was planned by
the Committee for Future Planning of the Japanese Association for the Surgery
of Trauma, and a database was created.

In this retrospective study, data were collected from trauma patients, age
>18 years and with ISS >16, who were admitted to committee member
hospitals between January and December 2012. Before creation of the database,
117 patient parameters considered suitable for the purposes of this study by the
committee members were selected from the clinical perspective.

Fifteen medical institutions participated, and 796 patients were registered.
The present study targeted blunt trauma patients who were transfused early after
admission, to investigate the effect of a high FFP/RBC ratio on mortality in
patients requiring blood transfusion for resuscitation. Therefore, 201 blunt
trauma patients who received RBC transfusions within the first 24h
were included.

The parameters investigated in the present study were selected from this
database. When several parameters were judged clinically to have strong
correlations, one of them that was clinically relevant was selected as a
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parameter representative of all of them. The background characteristics of
patients included age, sex, mechanism of injury, and use of anticoagulant/
antiplatelet drugs. The prehospital data included fluid therapy before admission.
The hospital admission data included the ISS (14), heart rate (HR), systolic
blood pressure (SBP), and respiratory rate (RR). The interventions after
admission included use of tranexamic acid within the first 3 h. Transfusion
volumes (units), including RBCs, FFP, and platelets, within the first 6 and 24 h
were reviewed. The FFP/RBC ratios at 6 and 24 h were also calculated. The
follow-up observation period was until hospital discharge.

The present study was approved by the ethics committee of each hospital and
the Japanese Association for the Surgery of Trauma.

Statistical analysis

For the explanatory variables, normality of continuous variables was
assessed by the Shapiro—Wilk test. For two-group comparisons, data with a
normal distribution were examined with the ¢ test, and data with a non-normal
distribution were examined by the Mann—Whitney U test. Before multivariate
analysis, the variance inflation factor (VIF) for each explanatory variable was
calculated. A VIF >5 was regarded as showing multicollinearity, and variables
with a VIF >5 were excluded. The VIF for each explanatory variable was
recalculated and repeated until all explanatory variables had a VIF <5. Cox
proportional hazards analysis (Cox analysis) was performed with these
explanatory variables.

Receiver-operating characteristic (ROC) curve analysis was performed to
calculate cut-off values for the FFP/RBC ratio as the explanatory variable for
survival or death at discharge as the response variable. The FFP and the RBC
refer to the units of FFP and RBCs transfused within the first 6 h. Thereafter, the
patients were divided into two groups according to the FFP/RBC ratio cut-off
value. Differences in the Kaplan—Meier curves between the two groups were
compared by the log-rank test.

Caliper propensity score matching (PSM) was used to match these two
groups. The caliper scale was 0.003. The standardized difference test was used
to measure covariate balance, whereby an absolute standardized difference
above 0.1 represents a meaningful imbalance (15). In addition, the two groups
were compared using inverse probability of treatment weighting (IPTW), with
inverse weighting of the propensity score (16). P <0.05 was considered
significant.

All statistical analyses were performed with EZR (Saitama Medical Center,
Jichi Medical University, Saitama, Japan) (17), which is a graphical user
interface for R v3.1.1 (The R Foundation for Statistical Computing, Vienna,
Austria). More precisely, it is a modified version of R commander designed to
add statistical functions frequently used in biostatistics.

RESULTS

Patients’ characteristics and outcomes

Table 1 shows the patients’ characteristics. A total of 139
blunt trauma patients survived and were discharged alive, and
62 blunt trauma patients died. Age and the ISS were signifi-
cantly higher in the non-survivors.

The mean volume of RBCs or FFP transfused within the first
6h was significantly higher in the non-survivor group than in
the survivor group. The mean volume of RBCs or FFP trans-
fused within the first 24 h was significantly higher in the non-
survivor group. Platelet transfusion volume within the first 6h
was also significantly greater in the non-survivor group. The
blood test results on admission showed that the base excess
(BE) was significantly lower in the non-survivor group. The
VIF was calculated for each parameter in Table 1. The VIF was
>5 for volume of RBCs and FFP within the first 6 and 24 h.
These parameters were excluded from the Cox analysis.

Cox analysis and the FFP/RBC ratio cut-off value

Since 12 patients had missing values, Cox analysis included
189 blunt trauma patients. Significant factors were age, ISS,
platelet transfusion volume within the first 6 h, the FFP/RBC
ratio at 6 h, SBP on admission, hemoglobin (Hb) on admission,
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TasLE 1. Patients’ background characteristics and outcomes at hospital discharge
Survivors Non-survivors P value
n 139 62
Sex (%) Male 93 (66.9) 43 (69.4) 0.87
Age 48.0 [32.5, 69.5] 62.0 [45.5, 71.8] 0.017
Prehospital fluid (%) Yes 19 (13.7) 11 (17.7) 0.52
Anticoagulant and/or antiplatelet (%) Yes 8 (5.6) 2 (3.2) 0.727
Tranexamic acid <3h (%)" No 76 (54.7) 35 (56.5) 0.88
Yes 63 (45.3) 27 (43.5)
ISS 26.0 [22.0, 35.0] 36.50[26.0, 41.0] <0.001"
Head or neck AIS code < 3 40 (31.2) 19 (31.1) 0.02
4 3 (18.0) 11 (18.0)
5 17 (13.3) 24 (39.3)
Face <3 22 (17.2) 4 (6.6)
Chest <3 38 (29.7) 16 (26.2) 0.497
4 31 (24.2) 20 (32.8)
5 12 (9.4) 4 (6.6)
Abdomen or pelvic contents <3 108 (84.3) 53 (86.9) 0.261
4 19 (14.8) 6 (9.8)
5 1 (0.8) 2 (3.3)
Extremities or pelvic girdle <3 47 (36.7) 18 (29.5) 0.364
4 19 (14.8) 1(18.0)
5 10 (7.8) 8 (13.1)
External <3 125 (97.7) 61 (100) 1.000
4 1 (0.8) 0 (0.0)
RBC within 6 h (U) 6.0 [4.0, 10.0] 16.0 [8.0, 23.5] <0.001"
FFP within 6 h (U) 6.0 [2.0, 10.0] 10.0 [5.3, 20.0] 0.001"
FFP/RBC ratio at 6h 1.0 [0.5, 1.3] 0.8 [0.6, 1.0] 0.066
Platelet trans. <6h (%)~ ou 111 (79.9) 38 (61.3) 0.001"
5U 1(0.7) 0 (0.0)
i0U 13 (9.4) 5(8.1)
15U 1(0.7) 2(3.2)
20U 9 (6.5) 15 (24.2)
25U 0 (0.0) 1(1.6)
30U 0 (0.0) 1(1.6)
35U 1(0.7) 0 (0.0)
40U 3(2.2) 0 (0.0)
RBC within 24 h (U) 10.0 [6.0, 17.0] 18.0 [10.0, 28.0] <0.001"
FFP within 24h (U) 10.0 [4.0, 17.0] 16.0 [8.0, 20.0] 0.018"
FFP/RBC ratio at 24 h 1.0 [0.6, 1.3] 0.83 [0.6, 1.1] 0.177
Platelet trans. <24 h (%) ou 90 (64.7) 30 (48.4) 0.182
10U 16 (11.5) 6 (9.7)
15U 3(2.2) 3 (4.8)
20U 20 (14.4) 18 (29.0)
30U 3(2.2) 3 (4.8)
40U 3(2.2) 1(1.6)
50 U 2 (1.4) 1(1.6)
55U 1(0.7) 0 (0.0)
100 U 1(0.7) 0 (0.0)
Heart rate on admission 100.0 [79.0, 120.0] 103.0 [83.0, 120.0] 0.753
SBP on admission (mmHg) 110.0 [89.0, 140.0] 118.0 [80.0, 142.5] 0.623
Respiratory rate on admission 23.5 [20.0, 30.0] 22.0[18.0, 29.5] 0.53
WBC on admission (x10%/puL) 11.9 [9.0, 17.0] 11.8 [8.7, 15.6] 0.718
Hb on admission (g/dL) 11.9[10.2, 13.5] 11.9 [10.1, 14.0] 0.999
PLT on admission (x10%puL) 20.0 [15.5, 25.2] 18.50 [14.25, 22.53] 0.046
CPK on admission (IU/L) n=204 373.0 [217.0, 645.0] 320.0 [218.0, 522.0] 0.916
Base excess on admission n=198 —-3.4[-6.4, -1.1] —-5.5[-10.5, —-3.7] <0.001"

“Shows a significant difference (P < 0.05) median [25th percentile, 75th percentile].

Prehospital fluid: whether the patients received intravenous infusion before admission or not.

Anticoagulant and/or antiplatelet: whether the patients had been receiving these drugs based on their history.

Tranexamic acid <3h: whether the patients received tranexamic acid intravenously within 3h after admission.

RBC within 6 h (U): the total number of units of packed red blood cells that the patients received within 6 h after admission.

FFP within 6 h (U): the total number of units of fresh frozen plasma that the patients received within 6 h after admission.

FFP/RBC ratio at 6 h: the total number of units of fresh frozen plasma that the patients received within 6 h after admission divided by the total number
units of packed red blood cells.

Platelet trans. <6 h: the total number of units of platelet transfusion within the first 6 h after admission.

AIS indicates abbreviated injury scale; CPK, creatine phosphokinase; Hb, hemoglobin; ISS, injury severity score; PLT, platelet count; SBR, systolic blood
pressure; WBC, white blood cell count.
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TasLe 2. Cox proportional hazards analysis of time to death of
enrolled patients (n=189)

Hazard ratio (95% Cl)

Age 1.02 (1.00-1.03
Sex 1.40 (0.73-2.67
Prehospital fluid 1.13 (0.53-2.40
Anticoagulant and/or antiplatelet 0.47 (0.10-2.21
ISS 1.05 (1.03-1.08
Tranexamic acid <3h 0.75 (0.42-1.31
Platelet trans. <6h 1.32 (1.04-1.68
FFP/RBC ratio > 1 within 6 h' 0.29 (0.14-0.62 0.001"
Platelet trans. < 24h 0.92 (0.78-1.10 0.370

P value

0.045
0.310
0.760
0.340
<0.001"
0.310
0.023

HR on admission
SBP on admission
RR on admission

0.99 (0.98-1.01
1.01 (1.00-1.02
0.98 (0.95-1.01

0.330
0.045
0.250

0.980
0.032
0.041"
0.260
0.001"

WBC on admission

Hb on admission

PLT on admission

CPK on admission

Base excess on admission

1.00 (0.94-1.06
1.16 (1.01-1.34
0.95 (0.90-1.00
1.00 (1.00-1.00
0.90 (0.85-0.96

“Shows a significant difference (P < 0.05).

TThis factor was composed of two categorical variables: FFP/RBC ratio
>1 or FFP/RBC <1.

Prehospital fluid: whether the patients received intravenous infusion
before admission or not.

Anticoagulant and/or antiplatelet: whether the patients had been
receiving these drugs based on their history.

Tranexamic acid <3h: whether the patients received tranexamic acid
intravenously within 3h after admission.

FFP/RBC ratio within 6 h: the ratio of the total number units of fresh frozen
plasma that the patients received within the first 6 h after admission to the
total number units of packed red blood cells.

Platelet trans. <6 h: the total number of units of platelet transfusion within
the first 6 h after admission.

CPK indicates creatine phosphokinase; Hb, haemoglobin; ISS, injury
severity score; PLT, platelet count; SBP, systolic blood pressure; WBC,
white blood cell count.

)
)
)
)
)
)
)
)
FFP/RBC ratio > 1 within 24 h' 1.27 (0.59-2.74) 0.540
)
)
)
)
)
)
)
)

HAGIWARA ET AL.

and BE on admission (see Supplement Table 1, Supplemental
Digital Content 1, at http://links.lww.com/SHK/A349).

Using the FFP/RBC ratio at 6 h, which was the significant
independent variable on Cox analysis, ROC curve analysis was
performed for survival at discharge as the response variable.
The area under the curve (AUC) was 0.57 (0.50-0.66), and the
FFP/RBC ratio was 1.0 at maximum sensitivity (0.57) and
specificity (0.67). This ratio of 1.0 was set as the cut-off value.
This cut-off value was then used to divide the patients into two
groups (based on an FFP/RBC ratio >1 and an FFP/RBC ratio
<1.0), and Cox analysis was again performed (Table 2). The
significant factors were age, ISS, platelet transfusion volume
within the first 6 h, FFP/RBC ratio >1 within 6h, SBP on
admission, Hb on admission, and BE on admission. These
significant factors were equal to the factors presented in
Supplement Table 1, Supplemental Digital Content 1, at
http://links.lww.com/SHK/A349. It was found that transfusion
of an FFP/RBC ratio >1 or <1 within the first 6h was the
significant independent variable for patients’ outcomes.

Comparison of outcomes between groups by propensity
score matching (PSM)

PSM was performed to compare the two groups (FFP/RBC
ratio >1 within the first 6 h and FFP/RBC ratio <1 within the
first 6 h). The propensity score was created from the following
13 covariates: age, fluid therapy before admission, use of
anticoagulant/antiplatelet drugs, ISS, use of tranexamic acid,
HR, SBP, RR, WBC, Hb, PLT, CPK, and BE.

Before the matching, there were 96 patients with an FFP/
RBC ratio <1 within the first 6 h, and 93 patients with an FFP/
RBC ratio >1 within the first 6h (see Supplement Table 2,
Supplemental Digital Content 1, at http://links.lww.com/SHK/
A349). Although there were no significant differences in all
covariates, 7 of 13 covariates had absolute standardized differ-
ences >1.0, which represented meaningful imbalance.

TasLe 3. Comparison between patients with/without FFP/RBC ratio >1 within 6 h with propensity score matching

FFP/RBC >1 within 6h

Standardized
No Yes P value difference test
n 53 53
Age 53.0 [18.0, 87.0] 50.0 [22.0, 90.0] 0.914 0.08
Prehospital fluid (%) Yes 7 (13.2) 9 (17.0) 0.787 0.05
Anticoagulant and/or antiplatelet (%) Yes 3(5.7) 3 (5.7) 1 0.00
ISS 29.0 [16.0, 66.0] 29.0 [16.0, 57.0] 0.766 0.04
Tranexamic acid <3h (%) Yes 26 (49.1) 22 (41.5) 0.559 0.08
Heart rate on admission 101.0 [42.0, 161.0] 94.0 [52.0, 164.0] 0.417 0.03
SBP on admission (mmHg) 116.0 [18.0, 175.0] 110.0 [40.0, 190.0] 0.542 0.01
Respiratory rate on admission 23.0 [12.0, 50.0] 22.0 [10.0, 49.0] 0.257 0.06
WBC on admission (x10%/pL) 12.8 [3.4, 32.5] 11.2 [4.3, 36.9] 0.17 0.07
Hb on admission (g/dL) 11.6 [6.5, 16.2] 11.9 [2.8, 16.0] 0.618 0.06
PLT on admission (x10%puL) 20.0 [9.4, 37.6] 19.4 [4.6, 37.8] 0.431 0.05
CPK on admission (IU/L) 397.0 [64.0, 2835.0] 378.0 [64.0, 1401.0] 0.485 0.05
Base excess on admission —4.6 [-17.9, 3.8] —4.7 [-20.9, 1.7] 0.892 0.04

The propensity score was created from all variables in Table 4. Caliper Matching (scale =0.003) was performed.

Prehospital fluid: whether the patients received intravenous infusion before admission or not.

Anticoagulant and/or antiplatelet: whether the patients had been receiving these drugs based on their history.

Tranexamic acid <3h: whether the patients received tranexamic acid intravenously within 3h after admission.

CPK indicates creatine phosphokinase; Hb, haemoglobin; ISS, injury severity score; PLT, platelet count; SBP, systolic blood pressure; WBC, white blood

cell count.


http://links.lww.com/SHK/A349
http://links.lww.com/SHK/A349
http://links.lww.com/SHK/A349
http://links.lww.com/SHK/A349

SHOCK May 2016

1.0 FFP/RBC >=1 within 6 h
0o " Yes

Ty — No
08 el e bt

o -

Probability of survival

05 7 ]
04 - Logrank test, p= 0.022
03
T T T
0 50 100 150 Day
Number of patients at risk
No 53 g 3 0
Yes 53 16 6 2

Fic. 1. Kaplan—Meier curves of patients transfused with an FFP/RBC
ratio >1 within the first 6 h (red line) and patients transfused with an FFP/
RBC ratio <1 within the first 6 h (black line). Propensity score matching
was done between the two groups. The FFP/RBC ratio >1 group has a
significantly higher survival rate at discharge (log-rank test; P=0.022).

Table 3 shows the PSM results. There were 53 patients with
an FFP/RBC ratio <1 within the first 6 h, and 53 patients with
an FFP/RBC ratio >1 within the first 6 h. All covariates had
absolute standardized differences <1.0. Figure 1 shows
Kaplan—Meier curves for the patients after PSM. Patients with
an FFP/RBC ratio >1 within the first 6h had significantly
better survival (log-rank test; P =0.022).

Comparison of outcomes between groups by hazard
ratios (Cox analysis, PMS, and IPTW)

Table 4 shows the hazard ratio results. Patients with an FFP/
RBC ratio >1 within the first 6h had significantly better
survival, with an unadjusted hazard ratio of 0.44 and an
adjusted hazard ratio of 0.29 (adjusted by all variables in Table
2). However, between the groups with an FFP/RBC ratio >1
within 24h and <1 within 24 h, survival rates were not sig-
nificantly different (unadjusted and adjusted hazard ratios). The
results with PSM when patients were divided into two groups
(FFP/RBC ratio >1 within the first 6 h and FFP/RBC ratio <1
within the first 6 h) showed significantly better survival with an
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FFP/RBC ratio >1, with a hazard ratio of 0.38. The between-
group comparison using [IPTW also showed significantly better
survival with an FFP/RBC ratio >1, with a hazard ratio of 0.41.

Histogram of transfused RBC volume

Figure 2 is a histogram of the number of units of RBCs
transfused within the first 6 h. The highest proportion in both
groups received between 2 and 6 units of RBCs. The difference
in the RBC units between patients transfused with FFP/RBC
>1 and FFP/RBC <1 decreased after matching.

DISCUSSION

In 2005, Ho et al. (18) reported that, when hemorrhage is
difficult to control because of severe clotting factor deficiency
associated with major bleeding in trauma, 1 to 1.5 units of FFP
must be given for every unit of RBCs to control the bleeding.
They also stated that, when clotting factors decrease by about
50%, a 1:1 ratio of FFP to RBCs should be given to prevent
further clotting factor deficiency. Although their study was
based on a simulation, several clinical studies were later
conducted to confirm these results (4, 5, 7, 19, 20).

However, none of the above studies examined the time
window for achievement of a high FFP/RBC ratio transfusion.
Recently, Kutcher et al. (21) and Holcomb et al. (8) used Cox
regression analysis to prospectively examine the relationship
between the FFP/RBC ratio and the mortality rate, considering
the time factor. Kutcher et al. (21) reported that the hazard ratio
was 0.58 for a high FFP /RBC ratio within 24 h in patients who
received a massive transfusion (>>10 units of RBCs). Holcomb
et al. (8) reported that the hazard ratio was 0.31 for a high FFP/
RBC ratio within the first 6 h after admission in patients who
received >3 units of RBCs. Thus, the mortality rate was
significantly lower in the high FFP ratio group, even consid-
ering the time window for the accomplishment of this
high ratio.

The present study focused on FFP and RBC volumes trans-
fused within the first 6h and within the first 24 h after admis-
sion to examine the FFP/RBC ratio within the first 6 h and the
first 24 h. Univariate analysis and Cox analysis did not show the

TasLE 4. Cox proportional hazards analysis of time to death in patients with FFP/RBC use (n=189)

Model Hazard ratio P value
FFP/RBC >1 within 6h Unadjusted 0.44 (0.25-0.74) 0.002"
Within 6 h Multivariable adjusted™ 0.29 (0.14-0.62) 0.001"
Within 24 h Unadjusted 0.62 (0.36—1.00) 0.051
Within 24 h Multivariable adjusted™ 1.27 (0.59-2.74) 0.540

“All variables in Table 2 were selected.

Cox proportional hazards analysis of FFP/RBC ratio >1 within 6 h and mortality among patients matched by propensity score and among patients
adjusted by inverse probability of treatment weighting with propensity scores

Model Hazard ratio P value
FFP/RBC ratio >1 within 6 h (n=106)" Adjusted by propensity Score matching 0.38 (0.17-0.86) 0.020
within 6 h (n=189)" Adjusted by IPTW 0.41 (0.24-0.70) 0.001

106 is the number of patients matched by propensity score; the number of patients with FFP/RBC ratio >1 within 6 h included 53 patients, and those with

an FFP/RBC ratio <1 included 53 patients.
7195 is the number of study patients without missing values.
IPTW indicates inverse probability of treatment weighting.
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Fic. 2. Histograms of RBC units received within the first 6 h in patients transfused with an FFP/RBC ratio >1 (red) and patients transfused with an
FFP/RBC ratio <1 (black). The left side of the figure shows the histogram of the prematching patients’ group, and the right side shows the histogram of the post-
matching patients’ group. The highest proportion of patients in both groups received between two and six units of RBCs. However, the difference in the RBC units
between patients transfused with FFP/RBC >1 and FFP/RBC <1 decreased after matching.

FFP/RBC ratio within the first 24 h to be a significant factor, but
the FFP/RBC ratio within the first 6 h was a significant factor in
both analyses. ROC analysis for survival at discharge was
performed using the FFP/RBC ratio within the first 6h as a
significant independent variable. The FFP/RBC ratio was 1.0
for maximum sensitivity and specificity, which agrees with the
results of Ho et al. (18). The present results showed a hazard
ratio ranging from 0.29 to 0.44 for patients transfused with an
FFP/RBC ratio >1 within the first 6h based on univariate
analysis, Cox analysis, PSM, and IPTW, and their survival rates
were significantly higher. These hazard ratios were similar
to the results of Kutcher et al. (21) and Holcomb (8), even in a
study population composed of blunt trauma patients.

The blunt trauma rates have been low in studies of Western
countries reporting the effectiveness of early FFP transfusion
4,5,7, 8, 18-22). We believed that coagulopathy in patients
with blunt trauma would be more severe than that in patients
with penetrating trauma, and, consequently, the volume of FFP
transfusion in blunt trauma would be greater than in penetrating
trauma. However, the present results showed that severe blunt
trauma patients who were transfused with FFP with an FFP/
RBC ratio >1 had a similar hazard ratio to previous studies
where the study populations were predominantly penetrating
trauma patients (8, 9, 21). We believe that the similarity of these
hazard ratios may demonstrate clinical robustness.

Many studies have examined patients who received RBC
transfusions > 10 U within the first 24 h to prove the efficacy of
a massive transfusion protocol (4, 5, 7, 20, 21). However,
patients with severe blunt trauma may already have developed
trauma-induced coagulopathy before fluid resuscitation. We
recommend that early aggressive administration of FFP
should be performed even for patients requiring a small number
of RBC units, because it would attenuate trauma-induced
coagulopathy.

Since the present study was a retrospective analysis, a
survival bias may be present. Many patients with severe trauma
die early after admission, and because it takes time to thaw and
administer FFP, some patients die before receiving sufficient

FFP. As a result, they may have received a smaller amount of
FFP. Conversely, patients with relatively less severe trauma
have more time to receive FFP together with other treatments,
so their FFP ratios may be higher (7).

The present patients may also have included patients who
received non-massive transfusions of 2 to 6 units of RBCs
within the first 6h only to raise their hemoglobin levels, or
patients who died while receiving RBCs before the FFP was
transfused sufficiently. Patients who died before sufficient FFP
transfusion had shorter survival times, and as a result, they
presumably also received lower amounts of RBC transfusions.
Nevertheless, if these biases were strong, we would expect
differences in the distribution in the RBC transfusion histogram
between the groups who received an FFP/RBC ratio >1 and an
FFP/RBC ratio < 1. Examining the histogram of RBCs received
within the first 6 h in the unmatched and matched patient groups
(Fig. 2), the highest proportion of patients in both groups
received 2 to 6 units of RBCs. However, the difference in
the RBC units between patients transfused with FFP/RBC >1
and FFP/RBC <1 decreased after matching. Thus, the survival
bias may have been reduced after PSM.

Study limitations

Observational studies always have some cause and effect
relation biases, including a survival bias; this study undoubt-
edly also had such biases. For example, some patients with
severe blunt trauma may have died before FFP was thawed and
transfused. However, we believe that the statistical analysis
using propensity score matching may minimize such bias as
much as possible.

To perform early aggressive administration of FFP, preser-
vation of thawed FFP is needed. Radwan et al. (22) reported
that keeping thawed plasma in an emergency department
expedites transfusion of plasma to severely injured patients.
Unfortunately, the Ministry of Health, Labour and Welfare of
Japan prohibits transfusion of stored thawed plasma. After FFP
is thawed, it must be transfused within 3 h. However, we believe
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that these concerns will be resolved in the future by activity of
the Japanese Association for the Surgery of Trauma.

A prospective, randomized, controlled study is needed
to prove the efficacy of the transfusion of an FFP/RBC ratio
>1 within the first 6 h.

CONCLUSION

Blunt trauma patients transfused with an FFP/RBC ratio >1
within the first 6 h after admission had a hazard ratio of about
0.4. In other words, their risk of death was reduced by about
60%. Transfusion of an FFP/RBC ratio >1 within the first 6h
was associated with the outcome of severe blunt trauma
patients with ISS >16 and needed a transfusion within 24 h.
The present results suggest that early aggressive administration
of FFP may be crucial for resuscitation in patients with severe
blunt trauma requiring blood transfusion.
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