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ABSTRACT

BACKGROUND: Massive transfusion (MT) is traditionally defined as transfusion of more than 10 units of red blood cells (RBCs)
within the first 24 h after admission. The aim of this study is to analyze the trend of MT in regional trauma center including ratio of
fresh frozen plasma (FFP) and packed RBC.

METHODS: Retrospective data were driven from 2014 to 2016. A total of 185 patients who received more than 10 packed RBC
units within the first 24 h after admission were included in the study. We analyzed transfusion requirements for each time interval 4 h
and 24 h after admission. Moreover, we compared transfusion characteristics between survival and non-survival group, between high
FFP:RBC group (21: 2) and low FFP:RBC group (<1: 2), and between the first half and latter half period.

RESULTS: There was a trend for improvement in the FFP:RBC ratio after applying the MT protocol. The FFP:RBC ratio increased
from 1:1.7 to I:1.4 within 24 h after arrival. The time to first transfusion was shortened (137-106 min). Mortality was lower in high
FFP:RBC group than that of low FFP:RBC group.

CONCLUSION: In our study, the MT protocol improved the FFP:RBC ratio. A higher FFP:RBC ratio also led to an improvement in
the mortality rate in MT patients.
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tigated the importance of rapid transfusion after admission,
as well as the use of more balanced transfusion units. Early
and aggressive transfusion with a high ratio of fresh frozen
plasma (FFP) or platelets to RBCs can reportedly decrease

INTRODUCTION

Trauma is the second leading cause of death and the second
most frequent cause of massive transfusion (MT) worldwide.

[1'1n 2010, hemorrhage-related deaths accounted for approx-
imately 40% of deaths due to trauma.! Rapid transfusion
of an appropriate amount of blood is essential for reducing
death from hemorrhage, and a MT protocol can be helpful as
a way to achieve this goal.?-!

MT was traditionally defined as the transfusion of 10 or
more units of packed red blood cells (RBCs) within the first
24 h after admission.l”? Since the 1990s, studies have inves-

mortality among MT patients.®! Although increasing the
plasma ratio in MT improves coagulopathy, there are various
opinions about the appropriate ratio of plasma to packed
RBCs and the patient-specific use of blood components
based on coagulation (conventional and/or viscoelastic)
tests.’! Furthermore, the relationship between coagulopa-
thy and mortality is complex and difficult to prove.l'%'l The
previous studies have proposed an ideal FFP:RBC ratio of
I:1.1812-181 However, other studies have reported that a high
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FFP:RBC ratio did not influence the mortality of trauma pa-
tients.['8!%]

The purpose of this study was to review our experiences
of performing MT for severely injured patients with the ob-
jective of evaluating the impact of the FFP-to-RBC ratio on
coagulopathy and mortality.

MATERIALS AND METHODS

The study was performed in the trauma center of the Ga-
chon University Gil Hospital in South Korea. This study was
approved by the local ethics committee (GFIRB2021-137).

In 2012, the Ministry of Health and Welfare in South Korea
started to set up a national trauma system. The main purpose
was to establish a network of regional trauma centers. Our
trauma center is the first trauma center established in South
Korea and is properly equipped based on the standards of the
United States level | trauma centers.

Using electronic medical records, retrospective data from Jan-
uary 2014 to December 201 6 were obtained from the authors’
regional trauma center. The inclusion criteria were patients
who received more than 10 packs of RBC transfusion within
24 h. Patients younger than |6 years were excluded from this
analysis. We used patients’ basic characteristics, including age,
sex, mechanism of injury, and hospital admission data, includ-
ing the Injury Severity Score (ISS), Abbreviated Injury Scale,
the time interval from trauma or admission to transfusion, and
physiological measurements (body temperature, mean arterial
blood pressure, heart rate, respiratory rate, oxygenation, ar-
terial pH, hemoglobin, hematocrit, lactate, international nor-
malized ration (INR), systolic and diastolic blood pressure,
and the Glasgow Coma Scale [GCS]). We also used transfu-
sion-related intervention information, which included packed
RBCs, FFP, and platelets, along with the time taken for these
units to be transfused within the first 4 h and 24 h after ad-
mission (specifically, 0—4 h, and within 24 h). Our trauma data
system automatically monitored patients’ transfusion status 4
and 24 h after being hospitalized for quality control.

To analyze the effect of the FFP:RBC ratio, patients were
classified into two groups. At our institution, FFP cannot be
transfused as fast as RBCs. Type O RBCs can be transfused
as soon as they are requested, but FFP takes about | h, as it
takes time to dissolve the blood. Therefore, it is not easy to
achieve a high RBC:FFP ratio in the early phase. Referring to
the literature, cases where the FFP:RBC ratio was greater
than 1:1.5 were defined as the high FFP group, and those with
a ratio lower than 1:1.5 were assigned to the low FFP group.
[20-22] Patients with a ratio of 0, who received only RBCs and
no FFP, were classified as belonging to the low FFP group.

Since the establishment of the trauma center in 2014, efforts
have been made to establish various protocols within the in-
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stitution. The MT protocol was established through a mul-
tidisciplinary conference (including trauma department staff,
emergency department staff, a laboratory medicine physician,
and a medical laboratory scientist) held in June 2015. There-
fore, the difference between the periods before and after the
MT protocol was established (January 2014-June 2015 vs. July
2015-December 2016) was also investigated.

Basic demographic data were analyzed using the Fisher’s ex-
act test for categorical variables and the Mann-Whitney U-
test for continuous variables. Statistical significance was ac-
cepted at p<0.05. Transfusion characteristics were compared
between the survival and non-survival groups and between
the high FFP group (=1:1.5) and the low FFP group (<I:1.5).

RESULTS

In total, 9332 patients were admitted over a 3-year period.
Transfusions were administered to 978 patients, and 185

Table I. Baseline demographic characteristics of patients
Characteristic n % MeantSD
N 185
Age (years) 52.3%17.7
Males 136 735
Injury mechanism

Blunt injury 165 89.2

Penetrating injury 18 9.7
SBP at admission (mmHg) 102.7+41.1
Respiratory rate/min at admission 21.4+5.8
Heart rate (bpm) at admission 104.2+27.5
Body temperature at admission (°C) 36.0x1.0
GCS at admission 9.4+5.1
pH 7.3%0.2
INR 1.8£1.5
Hemoglobin 10.5+2.4
Hematocrit 31x6.7
Base excess -10.5+6.5
Lactate 6.2+3.6
Final ISS™ 28.8x11.9
Transfusion requirements within
24 h after admission

RBC 21.1x16

FFP 13x11.6

Platelets 6.1+7.1
Immediate surgical treatment 133 719
Mortality 90 486

GCS: Glasgow Coma Scale; INR: International normalized ratio; ISS: Injury
Severity Score; RBC: Red blood cell; FFP: Fresh frozen plasms; SBP: Systolic
blood pressure; SD: Standard deviation.
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(18.9%) patients received MT, which was defined as receiving
more than 10 units of packed RBCs within 24 h after admis-
sion. Basic demographic data are shown in Table I. A total of
I85 patients who received transfusion with 10 or more units
of packed RBCs within the first 24 h after admission were in-
cluded in this study. The patients’ average age was 52.3 years,
and 136 (73.5%) patients were men. In this study, 89.2% of
patients were admitted due to blunt injuries. The mortality
rate-defined as the proportion of trauma-related deaths in
the hospital-among patients treated with 10 or more trans-
fused RBC units was 48.5%.

The number of transfusions required within 4, 4-24, and 24 h
and the average FFP:RBC ratio for each time interval were re-
ported (Table 2). The FFP:RBC transfusion ratio (range) was
[.5 (0-2.1) within 4 h, 1.0 (0.6-1.7) within 424 h, and 1.5
(1.2-2.1) within 24 h.

The characteristics of the survival (n=90) and non-survival
(n=95) groups were also compared (Table 3). The survival
group had significantly higher hemoglobin, hematocrit, pH,
base excess, and GCS scores on admission and lower INR,
lactate, and ISS. The average time interval from admission to

Table 2.  Transfusion requirements at 4 hours and 24 hours after admission (median, IQR)

Characteristic

Transfusion requirements

Average FFP:RBC ratio for
each time interval

Packed RBCs
FFP

Platelets
RBC:FFP

Packed RBCs
FFP

Platelets
RBC:FFP:Platelts
Packed RBCs
FFP

Platelets
RBC:FFP:Platelts

Transfusion within 4 hours

Transfusion within 4 to 24 hours

Transfusion within 24 hours

9 (5-14) 1.5 (0-2.1)
4 (0-7)
0 (0-0)
2.3: 1
8 (4-13) 1.0 (0.6-1.7)
5@3-I1)
2 (0-10)
1.6: 1: 0.4
16 (12-24) 1.5 (1.2-2.1)
10 (6-17)
2 (0-10)
1.6: 1: 0.2

IQR: Interquartile range; RBC: Red blood cell; FFP: Fresh frozen plasma.

Table 3. Comparison of the characteristics of patients according to survival outcomes

Characteristic Non-survival group (n=90) Survival group (n=95) p-value
Age 53 (42-67) 54 (37-64) 0.348
Men (%) 56 (62.2) 80 (85.2) 0.001
Hemoglobin 9.7 8.1-11.2) 11.5(9.9-12.5) <0.001
Hematocrit 28.9 (24.4-33.6) 33.1 (28.7-36.2) <0.001
pH 7.20 (7.07-7.32) 7.34 (7.26-7.39) <0.001
INR 1.6 (1.3-2.0) 1.3 (1.2-1.5) <0.001
Base excess -13.6 (-18.3—9.5) -7.9 (-10.7—4.4) <0.001
Lactate 7.9 (5.1-10.9) 4.4 (2.7-5.6) <0.001
Admission GCS 4 (3-8) 15 (11-15) <0.001
Final ISS™ 29 (25-38) 25 (17-33) 0.001
Interval from trauma to transfusion (min) 120 (66-215) 110 (73-202) 0.650
Interval from admission to transfusion (min) 29 (21-99) 35 (22-86) 0.585
FFP-RBC ratio within 4 hours 1.3 (0-2.0) 1.7 (0.9-2.3)

FFP-RBC ratio within 24 hours 1.5 (1.1-2.2) 1.6 (1.3-2.1) 0.229

INR: International normalized ratio; GCS: Glasgow Coma Scale; ISS: Injury Severity Score; FFP: Fresh frozen plasma; RBC: Red blood cell.
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Table 4. Comparison of characteristics of the high-FFP group (FFP:RBC21:1.5 within 24 hours) and the low-FFP group

(FFP:RBC<|:1.5 within 24 hours)

Characteristic High FFP group (n=89) Low-FFP group (n=96) p-value
Age 53 (42-66) 54 (38-64) 0.959
Sex (male) 62 (69.7%) 74 (77.1%) 0317
Hemoglobin 10.7 (9.3-12.0) 10.7 (9.3-12.0) 0.379
Hematocrit 30.3 (26.7-35.3) 31.3 (26.8-35.7) 0.384
pH 7.25 (7.15-7.36) 7.29 (7.20-7.37) 0.164
INR 1.5 (1.3-1.8) 1.4 (1.3-1.7) 0.499
Base excess -11.7 (-16.7—8.3) -8.5 (-13.5-5.0) 0.003
Lactate 6.0 (3.7-8.6) 5.1 (3.6-7.5) 0.176
Admission GCS 7 (3-15) 13 (4-15) 0.116
Final 1SS* 29 (24-38) 26 (18-34) 0.031
TRISS

ICU stay 8 (3-31) 8 (3-21) 0.459
Hospital day 12 (1-52) 14 (4-47) 0.381
Interval from trauma to transfusion (min) 88 (64-200) 138 (76-209) 0.032
Interval from admission to transfusion (min) 26 (19-56) 44 (24-164) 0.001
Mortality (%) 47 (52.8%) 43 (44.8%) 0.305

FFP: Fresh frozen plasma; RBC: Red blood cell; INR: International normalized ratio; GCS: Glasgow Coma Scale; ISS: Injury Severity Score; TRISS: Trauma and Injury

Severity Score; ICU: Intensive care unit.

transfusion and from trauma to transfusion was not statisti-
cally different, and neither was the FFP:RBC transfusion ratio.

The characteristics of the high FFP group and the low FFP
group were compared (Table 4). In the high FFP group, base
excess was lower (=1 1.7 vs. —8.5, p=0.003) and the ISS score
was higher (29 vs. 26, p=0.031). The interval from admission
to transfusion was shorter in the high FFP group (26 min vs.
44 min, p=0.001), while the mortality rate was not signifi-
cantly different between the two groups (52.8% vs. 44.8%,
p=0.305).

The results from January 2014 to June 2015 and from July
2015 to December 2016 were compared (Table 5). There
was no significant difference in other patient-related indica-
tors during the two periods, but the ISS was higher (26 vs. 29,
p=0.05) in the second period. Compared with patients in the
first period, patients in the second period received MT faster
after trauma (137 min vs. 106 min, p=0.03). Moreover, the
FFP:RBC ratio was higher (1.7 vs. 1.4, p=0.004) in the second
period. The mortality rate decreased from 50.5% in the first
half period to 46.8% in the second period, but this difference
was not statistically significant.

DISCUSSION

MT occurs in 3-5% of all civilian and 8-10% of all military
trauma patients.[?>2 Although MT is used in a relatively small
proportion of trauma patients, mortality due to hemorrhage
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within these patients occurs early (in the first 6 h after ar-
rival) and is frequent (40%).'*%*21 Furthermore, these MT
patients consume more than 70% of all blood transfused to
trauma patients.®!

Some differences among countries should be considered re-
garding trauma patients and the trauma care system. Blunt
injuries account for the majority of all injuries in Korea. The
percentage of patients with blunt trauma was 89.2% in this
study, which is similar to that reported in studies published in
Japan (80—100%).") However, this proportion is much higher
than has been reported in the US studies, where blunt trauma
accounts for 40-60% of trauma cases.’'¥] In general, blunt
trauma patients have different injury patterns from those of
patients with penetrating trauma.’¥ The major cause of early
mortality in patients with penetrating trauma is trunk hem-
orrhage.! Patients with penetrating trauma are more likely
to require massive blood transfusions than those with blunt
trauma.B®'! Rowell et al.B? found that the use of high plas-
ma:RBC ratios during MT may be more beneficial for patients
with penetrating injuries than for patients with blunt injuries.

Early and aggressive plasma transfusion is important in pa-
tients with critical hemorrhagic trauma. Zink et al.’® re-
ported that a higher ratio of FFP:RBC transfusion within the
first 6 h improved both 6 h and in-hospital mortality. No
consensus exists regarding the optimal FFP:RBC ratio; how-
ever, many authors agree that a ratio of 1:1-1:2 is associated
with lower mortality. In the PROPPR randomized trial, the 24
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Table 5. Comparison of characteristics of the periods before and after adoption of the massive transfusion protocol

Characteristic Before the protocol (n=91) After the protocol (n=94) p-value
(January 2014 to June 2015) (July 2015 to December 2016)

Age 53 (35-66) 53 (42-63) 0.964
Sex (male) 64 (47.1%) 72 (52.9%) 0.405
Hemoglobin 10.2 (9.2-12.0) 10.7 (9.1-12.0) 0.872
Hematocrit 30.3 (26.8-35.3) 31.2 (26.7-35.6) 0.989
pH 7.28 (7.15-7.36) 7.29 (7.19-7.37) 0.581
INR 1.4 (1.3-1.7) 1.4 (1.2-1.8) 0.327
Base excess -10.7 (-15.5—6.8) -9.5 (-14.2—-5.6) 0.277
Lactate 5.1 (3.4-7.8) 5.6 (4.0-8.7) 0.282
Admission GCS 10 (3—-14) Il (4-15) 0.580
Final 1SS* 26 (18-34) 29 (24-38) 0.050
TRISS

ICU stay 8 (3-16) Il (3-38) 0.065
Hospital day 12 (2-47) 16 (1-52) 0.749
Interval from trauma to transfusion (min) 137 (73-250) 106 (64—199) 0.030
Interval from admission to transfusion (min) 29 (22-111) 30 (22-86) 0.819
FFP-RBC ratio within 4 hours 1.6 (0-2.3) 1.4 (0-2.0) 0.302
FFP-RBC ratio within 24 hours 1.7 (1.3-3.0) 1.4 (1.1-1.9) 0.004
Mortality (%) 46 (50.5%) 44 (46.8%) 0.660

INR: International normalized ratio; GCS: Glasgow Coma Scale; ISS: Injury Severity Score; ICU: Intensive care unit; FFP: Fresh frozen plasma; RBC: Red blood cell.

h mortality rate was 43% in the |:1:| FFP:platelet:RBC group
compared with 58% in the 1:1:2 FFP:platelet:RBC group.B*
Sperry et al.’] reported that an FFP:RBC ratio higher than
I:1.5 was associated with a lower risk of mortality in a mul-
ticenter prospective cohort study. In a multicenter study, the
high FFP group (>1:1.5 FFP:RBC) showed a lower mortality
rate than the low FFP group (47.6% vs. 86.6%, p=0.03).22l We
conducted a retrospective study of MT at a single trauma
center. There was a trend for improvement in the FFP:RBC
ratio after applying the MT protocol. The FFP:RBC ratio in-
creased from 1:1.7 to |:1.4 within 24 h after arrival.

Coagulopathy is common in bleeding trauma patients; there-
fore, it is important to monitor coagulation while applying
the MT protocol. For coagulation monitoring, the viscoelas-
tic method (VEM) is recommended in addition to traditional
laboratory data such as the prothrombin time, platelet count,
and international normalized ratio. VEM provides a quick as-
sessment of hemostasis to assist in clinical decision-making.
I An MT protocol can improve the mortality rate of severe
bleeding patients by minimizing hemorrhage and coagulopa-
thy through transfusion of predetermined blood compo-
nents.?**! Dente et al.’] reported a reduction in the 24 h
mortality (36% vs. 17%, p=0.008) after applying an MT pro-
tocol. Many authors have demonstrated that providing blood
products in an organized and predefined fashion is associated
with improved survival in severely injured trauma patients.

1416

[131738] Cotton et al.’” demonstrated that an exsanguination
protocol, delivered in an aggressive and predefined manner,
significantly reduced the odds of mortality as well as overall
blood product consumption. The increase in the MT proto-
col adherence rate by the trauma teams at our center was
accompanied by improvements in time to transfusion, blood
component ratios, and the mortality rate. The overall mor-
tality rate improved from 50.5% to 46.8%. The time to first
transfusion was shortened and the FFP:RBC ratio within 24
h was improved. However, there was no improvement in the
proportion of patients who received FFP transfusion within
4 h.

Rapid transfusion with high FFP or platelet ratios may lead
to lower mortality in patients who receive MT.H! How-
ever, some studies have suggested that the effect of a higher
FFP:RBC ratio on lower mortality was overstated and could
be attributed to survival bias.['"! Hypothermia and unheated
blood transfusion can adversely affect acidosis and coagulopa-
thy, increasing the mortality of severe trauma patients.l*'1 Our
center included a heated blood transfusion in the MT proto-
col; however, it was not always completed in all cases, mean-
ing that the findings might have been affected by survival bias.

Our study has some limitations. First, the study was limited

due to the short supply and infrequent use of plasma and
platelets. The MT protocol usually includes the use of tranex-
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amic acid; however, at our institution, this was not imple-
mented in some patients. This study focused on the ratio of
blood components, instead of general management of bleed-
ing trauma patients such as tranexamic acid. Second, this was
a retrospective study analyzing data from a single institution.
In addition, some aspects of applying the MT protocol were
not straightforward due to the variety of trauma team mem-
bers and the need to train new personnel.

Conclusion

In our study, the MT protocol improved the FFP:RBC ratio.
A higher FFP:RBC ratio also led to an improvement in the
mortality rate in MT patients. Further research should in-
vestigate more widely adopted MT protocols and conduct
prospective studies in diverse global settings to clarify the
effect of the optimal ratio of blood components for severe
trauma patients.
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ORIJINAL CALISMA - 0Z

Masif transfiizyon protokoliiniin uygulanmasi: Giiney Kore’den tek bir travma
merkezi deneyimi
Dr. Min A Lee," Dr. HyeMin Park,* Dr. Byungchul Yu,! Dr. Kang Kook Choi,' Dr. Youngeun Park,? Dr. Gil Jae Lee!

'Gachon Qniversitesi Tip Fakiltesi, Travmatoloji Bolumd, Incheon-Gtiney Kore
2Gachon Universitesi Gil Tip Merkezi, Travma Cerrahisi B6lim, Incheon-Giiney Kore
3Gachon Universitesi Gil Tip Merkezi, I¢ Hastaliklari Anabilim Dali, Incheon-Giiney Kore

AMAC: Masif transfiizyon (MT), geleneksel olarak, hasta kabuliinden sonraki ilk 24 saat iginde |0 tniteden fazla eritrosit (RBC) transflizyonu olarak
tanimlanir. Bu galismanin amaci, bolgesel bir travma merkezinde taze donmus plazma (TDP) ve eritrosit orani dahil olmak lizere masif transflizyon
(MT) egilimini analiz etmektir.

GEREC VE YONTEM: Geriye déniik veriler 2014’ten 2016’kadar tarandi. Basvurudan sonraki ilk 24 saat iginde 10 iizeri eritrosit tinitesi alan toplam
185 hasta galismaya alindi. Bagvurudan sonra her bir 4 saatlik dilimlerde ve 24 saat sonra transflizyon gereksinimleri analiz edildi. Hayatta kalan ve
hayatta kalmayan grup arasinda, yliksek TDP: eritrosit grubu (2 |: 2) ve diisiik TDP: eritrosit grubu (<I: 2) arasinda ve ilk yari ile ikinci yari donem
arasindaki transflizyon ozellikleri karsilastirildi.

BULGULAR: Masif transfiiszyon protokoliinii uyguladiktan sonra FFP: eritrosit oraninda bir iyilesme egilimi vardi. FFP: eritrosit orani, bavurudan
sonraki 24 saat icinde 1:1.7'den |:1.4’e yiikselmisti. ilk transfiizyona kadar gegen stire kisalmisti (137 dakikadan 106 dakikaya). Mortalite, yiiksek
TDP:eritrosit grubunda, diisiik TDP: eritrosit grubuna gore daha disikt.

TARTISMA: Calismamizda, MT protokolii FFP: eritrosit oranini iyilestirmistir. Daha yiiksek bir TDP:eritrosit orani da MT hastalarinda 6lim oraninda
bir iyilesmeye yol agmistir.

Anahtar sozclikler: Masif transfiizyon; protokol; travma.
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