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Low-Dose, Early Fresh Frozen Plasma Transfusion Therapy After Severe Trauma Brain

Injury: A Clinical, Prospective, Randomized, Controlled Study
Li-Min Zhang, Rui Li, Wen-Bo Sun, Xu-Peng Wang, Man-Man Qi, Yang Bai, Jing Bai, Wei-Chao Zheng
-BACKGROUND: To investigate role of Low-dose, Early
Fresh frozen plasma Transfusion (LEFT) therapy in pre-
venting perioperative coagulopathy and improving long-
term outcome after severe traumatic brain injury (TBI).

-METHODS: A prospective, single-center, parallel-group,
randomized trial was designed. Patients with severe TBI
were eligible. We used a computer-generated randomiza-
tion list and closed opaque envelops to randomly allocate
patients to treatment with fresh frozen plasma (5 mL/kg
body weight; LEFT group) or normal saline (5 mL/kg body
weight; NO LEFT group) after admission in the operating
room.

-RESULTS: Between January 1, 2018, and November 31,
2018, 63 patients were included and randomly allocated to
LEFT (n [ 28) and NO LEFT (n [ 35) groups. The final
interim analysis included 20 patients in the LEFT group and
32 patients in the NO LEFT group. The study was terminated
early for futility and safety reasons because a high pro-
portion of patients (7 of 20; 35.0%) in the LEFT group
developed new delayed traumatic intracranial hematoma
after surgery compared with the NO LEFT group (3 of 32;
9.4%) (relative risk, 5.205; 95% confidence interval, 1.159e
23.384; P [ 0.023). Demographic characteristics and in-
dexes of severity of brain injury were similar at baseline.

-CONCLUSIONS: LEFT therapy was associated with a
higher incidence of delayed traumatic intracranial hema-
toma than normal fresh frozen plasma transfusion in pa-
tients with severe TBI. A restricted fresh frozen plasma
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Abbreviations and Acronyms
CI: Confidence interval
DTICH: Delayed traumatic intracranial hematoma
FFP: Fresh frozen plasma
GCS: Glasgow Coma Scale
INR: International normalized ratio
LEFT: Low-dose, Early Fresh frozen plasma Transfusion
RBC: Red blood cell
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transfusion protocol, in the right clinical setting, may be
more appropriate in patients with TBIs.
INTRODUCTION
evere traumatic brain injury (TBI) is one of the most
common causes of morbidity and mortality.1 Among
Spatients with TBI, 15%e30% have been reported to

experience blood coagulation disorders, mainly in the form of
uncontrolled hemorrhage.2 Talving et al.3 reported that the
development of TBI coagulopathy is associated with longer
intensive care unit length of stay and an almost 10-fold
increased risk of death.
In the case of excessive bleeding, fresh frozen plasma (FFP) is

frequently transfused to provide coagulation factors either pre-
ventively or after hemorrhagic complications.4 It has been
proposed that correction of coagulopathy by FFP transfusion can
have beneficial effects on the outcome of the disease.5 In
addition, May et al.6 suggested that patients with a Glasgow
Coma Scale (GCS) score of �6 would benefit from empiric
infusion of FFP. The most common reason for FFP transfusion
is the correction of an elevated international normalized ratio
(INR), although evidence is lacking to support such a practice
(INR >1.6).7 FFP does not reliably correct mild to moderate
elevations in INR or induce a more procoagulant state.8,9

Restrictive strategies have been recommended because of the
poor evidence of FFP efficacy, the risk of adverse effects, and the
cost and difficulties in providing an appropriate supply of FFP.10

The decision to administer plasma to a critically ill patient in
TBI: Traumatic brain injury
TCDB: Traumatic Coma Data Bank
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the absence of active bleeding remains controversial.11 Early and
low-dose resuscitation with FFP might improve neurologic out-
comes as well as decrease incidences of transfusion overload.12

Generally, FFP transfusion in cardiac surgery is recommended
only in cases of excessive bleeding associated with a
documented coagulation defect.13 Until now, no previous
randomized controlled trials have demonstrated the effect of
Low-dose, Early Fresh frozen plasma Transfusion (LEFT) therapy
on perioperative complications and outcomes of patients with
severe TBI. A post hoc follow-up study of patients with severe TBI
was conducted.

MATERIALS AND METHODS

Study Design
This study was approved by the Ethics Committee of Cangzhou
Central Hospital (Current Controlled Trials number, ChiCTR-INR-
17013901). The double-blind randomized clinical trial was con-
ducted in Cangzhou Central Hospital, which is a tertiary referral
center in Cangzhou (Hebei Province, China) between January 1,
2018, and November 31, 2018. Written informed consent was ob-
tained from all competent patients. Eligible adult patients who
underwent emergency craniotomy evacuation of hematomas and
decompressive hemicraniectomy for subdural hematoma were
randomly assigned to receive either 5 mL/kg of FFP or normal
saline (5 mL/kg) upon admission to the operating room.
Based on computed tomography, the Traumatic Coma Data Bank

(TCDB) score was used to evaluate the anatomic severity of TBI by 2
of the investigators (J.B. and W.Z.) who were unaware of the
treatment assignments.10 This score is divided into 6 classifications
as follows: 1) diffuse injury I (no intracranial pathology); 2) diffuse
injury II (cisterns present withmidline shift 0e5mm and no high or
mixed-density lesions >22 cm3); 3) diffuse injury III (cisterns
compressed or absent with midline shift 0e5 mm and no high or
mixed-density lesions >25 cm3); 4) diffuse injury IV (midline shift
>5 mm and no high or mixed-density lesions >25 cm3); 5) evacu-
ated mass lesion (any lesion surgically evacuated); 6) nonevacuated
mass lesion (high or mixed-density lesion >25 cm3 and not surgi-
cally evacuated). The inclusion criteria for patients who underwent
surgery were as follows: 1) preoperative GCS score of 3e8; 2)
subdural hematoma with TCDB �4; 3) <3 hours after admission.
The exclusion criteria included 1) severe cardiac, pulmonary, he-
patic, or renal dysfunction; 2) history of dementia or prior central
nervous system disease; and 3) history of coagulating disorders or
anticoagulant drug usage (e.g., aspirin, clopidogrel, warfarin).
Patients were randomly and equally allocated into a LEFT group

and a NO LEFT group as control by card shuffling of sealed
opaque envelopes. FFP (5 mL/kg body weight) was infused (over
20e30 minutes) to patients in the LEFT group upon admission in
the operating room. In the NO LEFT group, normal saline (5 mL/
kg of body weight) was infused (over 20e30 minutes). The
administration of FFP or normal saline was carried out by anes-
thesiologists or nurses who were not involved in the patient
assessment.

Baseline Assessment and Follow-Up Data Collection
We obtained baseline information on age, sex, weight, body mass
index, and severity of the illness and the injury. The Abbreviated
e22 www.SCIENCEDIRECT.com WORLD NE
Injury Scale was calculated, and then initial Injury Severity Score
was assessed by trained assessors. The indexes specific to brain
injuries that we used were the last recorded GCS score before
randomization (while the patient was not sedated), pupillary light
reflex score, and TCDB score from the last computed tomography
scan performed before randomization. After randomization, heart
rate, systolic and diastolic arterial blood pressure, duration of
surgery (total time in the operating room), urine volume, esti-
mated blood loss, red blood cell (RBC) transfusion, FFP trans-
fusion, hydroxyethyl starch transfusion, second surgery, and
postoperative complications (delayed traumatic intracranial he-
matoma [DTICH], acute respiratory distress syndrome, pneu-
monia, and acute renal failure) as well as the measurements of
hemoglobin, platelet count, INR, glucose, serum sodium, potas-
sium, use of mechanical ventilation, and length of antibiotic
administration were recorded daily until discharge from the
intensive care unit, death, or until postoperative day 28.
At 6 months after discharge, outcomes in patients with TBI

were determined according to the Glasgow Outcome Scale. Ac-
cording to the Glasgow Outcome Scale, death, vegetative state,
and severe disability were defined as poor outcomes, and mod-
erate disability and good recovery were defined as good outcomes.

Statistical Analysis
The study was designed to have 90% power (at a 2-sided a error of
5%) to detect a difference in the incidence of mortality based on
our previous retrospective study.5 This generated a sample size of
at least 20 patients for each group. Finally, we decided on a
sample of approximately 1.5 times the required size calculation.
The data were exported from the study database and analyzed

using SPSS Version 18 software (SPSS, Inc., Chicago, Illinois,
USA). The patients with missing data were excluded from the
current study. Univariate analyses of proportions were compared
using c2 test or Fisher exact test, and continuous variables were
compared using unpaired t tests or analysis of variance. The re-
sults of comparisons of event rates in the 2 groups are presented
as relative risk with 95% confidence interval (CI). Bivariate logistic
regression analysis was used to assess DTICH and LEFT treatment
for the dependent variable. The results are presented as odds ratio
with 95% CI. Survival times were compared in the 2 groups with
the use of the log-rank test and are presented as a Kaplan-Meier
curve unadjusted for baseline covariates.

RESULTS

During the study period, 63 patients were admitted to the hospital
who had undergone craniotomy evacuation of hematomas
resulting from acute TBIs. Patients were excluded if they had no
FFP transfusion (n ¼ 1; 1.6%), withdrew consent for follow-up
(n ¼ 4; 6.3%), or had incomplete or misclassified data (n ¼ 6;
9.5%). Of the remaining 52 patients, 20 (38.5%) were assigned to
receive 5 mL/kg of FFP and 32 (61.5%) were assigned to receive
saline at the beginning of surgery after admission to the operating
room (Figure 1).

Patient and Traumatic Characteristics
The patients included in this final cohort were all Han Chinese
with the following characteristics: mean age, 64.7 � 8.8 years;
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.09.024
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Figure 1. Enrollment of patients and assessment of primary outcomes. LEFT, Low-dose, Early Fresh frozen plasma Transfusion; GCS, Glasgow Coma Scale;
FFP, fresh frozen plasma.
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female, 25.0%; body mass index, 24.6 � 3.3 kg/m2; heart rate
before anesthesia induction, 103.5 � 24.1 beats/minute; systolic
blood pressure, 154.5 � 32.11 mm Hg; diastolic blood pressure,
90.6 � 15.8 mm Hg; GCS score, 5.1 � 2.6; Injury Severity Score,
21.1 � 8.7; TCDB, 2.7 � 1.5; and pupillary light reflex, 0.8 � 0.9
(Table 1). These 2 groups were well balanced for patient
characteristics.

Intraoperative Variables
For the whole group, the average operative time was 264.8 � 131.1
minutes, and there were no differences between the LEFT group
(267.9 � 166.7 minutes) and NO LEFT group (262.9 � 106.0 mi-
nutes). During surgery, the predominant solution of intravenous
fluid transfusion was crystalloid. Patients lost 18.5 � 12.2 mL/kg of
blood and 13.9 � 9.5 mL/kg of urine and received 7.1 � 3.6 mL/kg
of FFP, 40.8 � 51.3 mL/kg of crystalloid, and 12.1 � 5.2 mL/kg of
colloid. Also, 47 patients (90.4%) received 9.1 � 5.7 mL/kg of
RBCs during the perioperative period (Table 2). There was no
significant difference in the volumes of crystalloid and colloid
administered during surgery. However, patients in the LEFT
group received significantly more FFP than patients in the NO
LEFT group (P ¼ 0.018) (Table 2). Moreover, RBC transfusion
was markedly higher in the LEFT group than in the NO LEFT
group during surgery (P ¼ 0.023) (Table 2).
WORLD NEUROSURGERY 132: e21-e27, DECEMBER 2019
Outcome Data
The mortality rate was 48.1%, and the most common cause of
death was postoperative cerebral hernia. At 6 months, 10 of 20
patients in the LEFT group (50.0%) had died compared with 15 of
32 patients in the saline group (46.9%) (relative risk, 1.133; 95% CI,
0.370e3.467; P ¼ 1.000) (Table 3). In addition, the probability of
survival was not significantly different in the LEFT and NO LEFT
groups (P ¼ 0.883) (Figure 2).
Among patients with LEFT treatment, 7 of 20 patients (35.0%)

developed new DTICH after surgery compared with 3 of 32 pa-
tients in the NO LEFT group (9.4%) (relative risk, 5.205; 95% CI,
1.159e23.384; P ¼ 0.023). Adjustment for baseline covariates,
including RBC transfusion and GCS score on admission, did not
change the study findings. Comparing the LEFT group with the
NO LEFT group, the adjusted odds ratio of DTICH was 5.493 (95%
CI, 1.053e28.652; P ¼ 0.043). Moreover, hospital stay in patients
in the LEFT group (45.2 � 39.4 days) was prolonged compared
with patients in the NO LEFT group (25.9 � 23.6 days) (P ¼ 0.032)
(Table 3).
In the LEFT group, we also observed significantly decreased

platelets (86.2 � 36.3 � 109/L) on postoperative day 1 compared
with the NO LEFT group (122.5 � 40.7 � 109/L) (P ¼ 0.008).
Additionally, 6 of 20 patients (30.0%) in the LEFT group under-
went a second surgery after the first surgery compared with 3 of 32
www.journals.elsevier.com/world-neurosurgery e23
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Table 1. Baseline Characteristics of Patients

Characteristics and Variables All Patients (n [ 52) LEFT Group (n [ 20) NO LEFT Group (n [ 32) P Value

Age, years, mean (SD) 64.71 (8.8) 65.7 (10.4) 64.1 (7.7) 0.548

Sex, female, number (%) 13 (25.0) 7 (21.9) 6 (30.0) 0.510

Weight, kg, mean (SD) 70.4 (12.9) 69.5 (11.7) 71.0 (13.7) 0.677

Height, cm, mean (SD) 168.6 (8.3) 168.1 (8.6) 168.9 (8.1) 0.720

BMI, kg/m2, mean (SD) 24.6 (3.3) 24.4 (2.4) 24.8 (3.8) 0.703

ASA, score, mean (SD) 3.9 (0.5) 4.0 (0.32) 3.8 (0.5) 0.231

Initial GCS, score, mean (SD) 5.1 (2.6) 4.7 (1.9) 5.3 (2.9) 0.434

PLR, score, mean (SD) 0.8 (0.9) 0.6 (0.8) 1.0 (0.9) 0.132

Initial ISS, score, mean (SD) 21.1 (8.7) 19.8 (7.4) 23.2 (10.2) 0.171

TCDB, score, mean (SD) 2.8 (1.5) 2.8 (1.5) 2.6 (1.5) 0.776

Systolic blood pressure, mm Hg, mean (SD) 154.5 (32.1) 156.4 (35.4) 153.3 (30.4) 0.746

Diastolic blood pressure, mm Hg, mean (SD) 90.6 (15.8) 88.4 (16.5) 91.9 (15.5) 0.442

Heart rate, beats/minute, mean (SD) 103.5 (24.1) 106.5 (26.8) 101.7 (22.5) 0.491

Hemoglobin, g/L, mean (SD) 126.0 (20.7) 120.3 (24.7) 129.5 (17.3) 0.116

PLT, � 109/L, mean (SD) 181.5 (70.2) 161.5 (60.2) 194.4 (74.1) 0.103

APTT, seconds, mean (SD) 31.8 (6.9) 31.9 (6.8) 31.8 (7.1) 0.914

FIB, g/L, mean (SD) 2.5 (1.1) 2.6 (1.2) 2.5 (1.1) 0.824

INR, score, mean (SD) 1.2 (0.4) 1.2 (0.4) 1.1 (0.3) 0.431

PT, seconds, mean (SD) 12.8 (4.1) 13.3 (4.5) 12.5 (3.8) 0.505

TT, seconds, mean (SD) 15.3 (3.8) 15.48 (3.4) 15.18 (4.1) 0.785

Serum glucose, mg/dL, mean (SD) 10.8 (4.5) 11.14 (4.1) 10.6 (4.8) 0.672

Serum sodium, mmol/L, mean (SD) 138.5 (4.9) 138.75 (5.2) 138.3 (4.8) 0.774

Serum potassium, mmol/L, mean (SD) 3.8 (0.61) 3.9 (0.6) 3.7 (0.6) 0.213

Categorical value is displayed as count (percentage). Continuous variables are displayed as mean (SD).
LEFT, Low-dose, Early Fresh frozen plasma Transfusion; NO LEFT, no Low-dose, Early Fresh frozen plasma Transfusion; BMI, body mass index; ASA, American Society of Anesthesiologists; GCS,

Glasgow Coma Scale; PLR, pupillary light reflex; ISS, Injury Severity Score; TCDB, Traumatic Coma Data Bank; PLT, platelets; APTT, activated partial thromboplastin time; FIB, fibrinogen; INR,
international normalized ratio; PT, prothrombin time; TT, thrombin time.
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patients (9.4%) in the NO LEFT group (relative risk, 4.143; 95% CI,
0.901e19.049; P ¼ 0.071) (Table 3).
DISCUSSION

We conducted a post hoc follow-up study of patients with severe
TBI recruited into the LEFT study. The demographic characteris-
tics and severity of brain injury at baseline were similar in the
patients assigned to LEFT treatment and patients assigned to NO
LEFT for blood transfusion. We determined the incidence of
DTICH was significantly higher among patients in the LEFT group
compared with patients assigned to the NO LEFT group. Addi-
tionally, length of antibiotic administration prolonged in the LEFT
group compared with NO LEFT group.
Since the Ministry of Public Safety issued the alcohol penalty

law in 2011, which declared that all drivers found to be over the
legal alcohol limit (�80 mg alcohol in 100 mL blood) were liable
to prison sentences, TBIs caused by road traffic accidents now
e24 www.SCIENCEDIRECT.com WORLD NE
more frequently involve mopeds (called electric bicycles in China)
than automobiles.14 In contrast to automobile drivers who are
generally in their 20s to 50s, moped riders are of all ages. In
addition, with the significant prolongation of life span in China,
falls are becoming the leading cause of TBI in individuals �55
years of age.15,16 Thus, in contrast to some previous studies, the
current study reported mean age for both groups in the 60s.
For patients with severe TBI, dehydration administration before

surgery and vasodilation by anesthetics might directly induce
hypovolemia after dural opening when Cushing response dis-
appeared. The quick improvement of hypovolemia by colloid
effectively avoids hypotension that might lead to more cerebral
ischemia.10 Moreover, perioperative rotational
thromboelastometry clot formation and structure, plasma
fibrinogen, and factor XIII levels were generally within the
normal range after appropriate amount of colloid transfusion
(<1 L).17 In our previous study, the safety of hydroxyethyl starch
administration was discussed and verified.10 In the current
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.09.024
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Table 2. Perioperative Characteristics of Patients

Characteristics and Variables All Patients (n [ 52) LEFT Group (n [ 20) NO LEFT Group (n [ 32) P Value

Surgical duration, minutes, mean (SD) 264.8 (131.1) 267.9 (166.7) 262.9 (106.0) 0.895

Isotonic crystalloid transfusion, mL/kg, mean (SD) 37.2 (19.5) 38.5 (21.3) 36.9 (19.2) 0.491

Hydroxyethyl starch 130/0.4, mL/kg, mean (SD) 12.1 (5.2) 11.9 (5.3) 12.3 (5.3) 0.758

Estimated blood loss, mL/kg, mean (SD) 18.5 (12.2) 17.9 (9.6) 18.9 (13.8) 0.776

Urine volume, mL/kg, mean (SD) 13.9 (9.5) 14.2 (9.8) 13.7 (9.5) 0.877

RBC transfusion, mL/kg, mean (SD) 9.1 (5.7) 11.3 (6.8) 7.6 (4.5) 0.023

FFP transfusion, mL/kg, mean (SD) 7.1 (3.6) 8.6 (4.4) 6.2 (2.8) 0.018

Interval from onset of operating room admission
to FFP transfusion, minutes, mean (SD)

72.3 (51.0) 18.9 (13.0) 99.0 (40.7) 0.000

Autologous blood, mL/kg, mean (SD) 5.5 (7.2) 4.0 (4.8) 6.5 (8.3) 0.223

Dexamethasone administration, mg/kg, mean (SD) 0.1 (0.1) 0.1 (0.1) 0.1 (0.1) 0.067

Continuous variables are displayed as mean (SD).
LEFT, Low-dose, Early Fresh frozen plasma Transfusion; NO LEFT, no Low-dose, Early Fresh frozen plasma Transfusion; RBC, red blood cell; FFP, fresh frozen plasma.
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study, an average amount of 12.1 � 5.2 mL hydroxyethyl starch
(500e1000 mL for 1 patient) was administered.
A previous study revealed the beneficial effects of FFP treatment

in a long-term survival model of combined TBI and hemorrhagic
shock.12 It was shown that early treatment with FFP substantially
attenuates degree of neurologic impairment, improves rate of
recovery, and preserves cognitive functions. This might be
associated with neuroprotection by improving cerebral
perfusion, diminishing glutamate-mediated excitotoxic
Table 3. Postoperative Characteristics of Patients

Characteristics and Variables All Group (n [ 52)

Hemoglobin, g/L, mean (SD) 101.4 (24.1)

PLT, � 109/L, mean (SD) 108.2 (42.5)

DTICH, number (%) 10 (19.2)

Second surgery, number (%) 9 (17.3)

Intracranial infection, number (%) 9 (17.3)

ARDS, number (%) 8 (15.4)

Pneumonia, number (%) 23 (44.2)

ARF, number (%) 5 (9.6)

Length of hospital stay, days, mean (SD) 33.3 (31.7)

Length of antibiotics administration, days, mean (SD) 21.3 (18.3)

Length of mechanical ventilation, days, mean (SD) 2.13 (3.8)

GOS, score, mean (SD) 2.2 (1.1)

Mortality, number (%) 25 (48.1)

Categorical values are displayed as count (percentage). Continuous variables are displayed as m
LEFT, Low-dose, Early Fresh frozen plasma Transfusion; NO LEFT, no Low-dose, Early Fresh frozen

acute respiratory distress syndrome; ARF, acute renal failure; GOS, Glasgow Outcome Scale.
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secondary brain injury, and reducing mitochondrial dysfunction
induced by early FFP transfusion. A previous study reported that a
significant improvement in INR was observed in patients with
higher pretransfusion FFP. In addition, FFP resuscitation caused
an immediate increase in adenosine diphosphateeinduced and
arachidonic acideinduced platelet aggregation.18,19 Bianchi et al.13

also reported that FFP in the priming solution appears slightly
superior to late administration in terms of postoperative
bleeding in infants undergoing cardiac surgery. However, before
LEFT Group (n [ 20) NO LEFT Group (n [ 32) P Value

102.3 (22.1) 100.9 (25.5) 0.859

86.2 (36.3) 122.5 (40.7) 0.008

7 (35.0) 3 (9.4) 0.033

6 (30.0) 3 (9.4) 0.071

5 (25.0) 4 (12.5) 0.280

3 (15.0) 5 (15.6) 1.000

11 (55.0) 12 (37.5) 0.216

2 (10.0) 3 (9.4) 1.000

45.15 (39.4) 25.91 (23.6) 0.032

28.3 (21.4) 16.91 (14.8) 0.027

2.4 (3.8) 1.97 (3.9) 0.697

1.9 (0.8) 2.41 (1.2) 0.082

10 (50.0) 15 (46.9) 1.000

ean (SD).
plasma Transfusion; PLT, platelet; DTICH, delayed traumatic intracranial hematoma; ARDS,
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Figure 2. The 30-day survival rates for patients with severe traumatic
brain injuries with or without Low-dose, Early Fresh frozen plasma
Transfusion (LEFT). Kaplan-Meier analysis was performed to assess the
outcomes of patients with traumatic brain injury who received LEFT
treatment compared with patients who did not receive LEFT treatment.
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our current study, a randomized, controlled trial examined the
effect of FFP in severe closed head injury.20 It was suggested
that early empiric infusion of FFP (10e15 mL/kg) in patients
with severe head injury may lead to adverse effects, such as an
increase in the frequency of DTICH and an increase in
mortality. In our previous study, a robust positive association
was demonstrated between FFP transfusion and mortality or
worse outcomes (Glasgow Outcome Scale score �3) for patients
with severe TBIs.10 Besides plasma transfusionerelated acute
lung injury and overload, inordinate coagulation might be exac-
erbated.21 Moreover, FFP may accelerate the coagulation process
and consumptive coagulopathy, inducing bleeding tendency in
brain. In addition, FFP may increase the cerebral blood flow and
blood pressure, thus inducing bleeding from previously injured
vessels.20 Our data show poor efficacy of early, low-dose FFP
therapy in limiting RBC transfusion or preventing coagulopathy (i.
e., DTICH), a finding that is in agreement with results of several
studies using FFP.5,22,23

Our study was a double-blind comparison of FFP transfusion in
patients with severe TBI. First, the patients in the LEFT group
e26 www.SCIENCEDIRECT.com WORLD NE
received more FFP transfusion compared with the NO LEFT group.
It was revealed that early FFP administration not only decreased
total volume of FFP, but also increased additional FFP transfusion.
Although there was no significant difference between the LEFT
and NO LEFT groups in mortality and functional outcomes, the
incidence of DTICH was significantly higher among patients
assigned to LEFT treatment than among patients assigned to NO
LEFT treatment. Moreover, platelets on postoperative day 1 in
patients with LEFT treatment significantly decreased compared
with patients in the NO LEFT group. This might be a vital reason
why the incidence of DTICH was significantly higher in the LEFT
group than in the NO LEFT group. As blood volume increased,
relative concentration of platelets induced by FFP transfusion
decreased, and blood would easily flow out from previously
injured vessels. The incidence of second surgery between these 2
groups was not different, but the P value of 0.056 also emphasized
the risk of further surgeries after early and low-dose (5 mL/kg) FFP
transfusion. Also, Sezik et al.24 reported that pretransfusion INR
was strongly correlated with change in INR with 1 unit FFP. A
weaker improvement in INR was observed in patients with lower
pretransfusion INR. Transfusion for patients not meeting
current FFP guidelines does not reliably reduce the INR and
exposes patients to unnecessary risk.25 Additionally, prolonged
antibiotic administration in the LEFT group was also found in
the current study. It might be correlated with wet lung induced
by volume overload and left heart failure.
Our study provides post hoc data to guide the choice of

resuscitation fluid in patients with TBI, and we maintained
blinding of treatment assignment throughout the study period and
achieved 6-month follow-up completion rates >90%. Persistent
intracranial pressure monitoring was missing due to high in-
cidences of intracranial infection. Moreover, the biologic mecha-
nisms for the observed differences in DTICH are unclear. Further
detailed analyses of biologic mechanisms associated with intra-
cranial hypertension are required.
CONCLUSIONS

In our study comparing LEFT with NO LEFT treatment for coag-
ulation during surgery, DTICH and prolonged length of antibiotic
administration were observed in patients with severe TBI. These
findings suggest that a restricted FFP transfusion protocol in the
right clinical setting may be more appropriate in patients with
severe TBIs.
REFERENCES

1. Sandsmark DK. Clinical outcomes after traumatic
brain injury. Curr Neurol Neurosci Rep. 2016;16:52.

2. KumarMA.Coagulopathy associatedwith traumatic
brain injury. Curr Neurol Neurosci Rep. 2013;13:391.

3. Talving P, Benfield R, Hadjizacharia P, et al.
Coagulopathy in severe traumatic brain injury: a
prospective study. J Trauma. 2009;66:55-62.

4. Anglin CO, Spence JS, Warner MA, et al. Effects
of platelet and plasma transfusion on outcome in
traumatic brain injury patients with moderate
bleeding diatheses. J Neurosurg. 2013;118:676-686.

5. Innerhofer P, Fries D, Mittermayr M, et al.
Reversal of trauma-induced coagulopathy using
first-line coagulation factor concentrates or fresh
frozen plasma (RETIC): a single-centre, parallel-
group, open-label, randomised trial. Lancet Hae-
matol. 2017;4:e258-e271.

6. May AK, Young JS, Butler K, et al. Coagulopathy
in severe closed head injury: is empiric therapy
warranted? Am Surg. 1997;63:233.
UROSURGERY, http
7. Vlaar AP, in der Maur AL, Binnekade JM, et al.
A survey of physicians’ reasons to transfuse
plasma and platelets in the critically ill: a pro-
spective single-centre cohort study. Transfus Med.
2009;19:207-212.

8. Stanworth SJ, Walsh TS, Prescott RJ, et al.
A national study of plasma use in critical care:
clinical indications, dose and effect on pro-
thrombin time. Crit Care. 2011;15:R108.

9. Kor DJ, Gajic O. Blood product transfusion in the
critical care setting. Curr Opin Crit Care. 2010;16:
309-316.
s://doi.org/10.1016/j.wneu.2019.09.024

http://refhub.elsevier.com/S1878-8750(19)32454-4/sref1
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref1
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref2
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref2
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref3
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref3
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref3
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref4
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref4
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref4
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref4
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref5
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref5
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref5
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref5
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref5
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref5
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref6
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref6
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref6
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref7
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref7
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref7
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref7
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref7
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref8
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref8
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref8
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref8
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref9
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref9
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref9
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2019.09.024


ORIGINAL ARTICLE

LI-MIN ZHANG ET AL. LEFT THERAPY AFTER SEVERE TBI
10. Zhang L, Li R, Zhao X, et al. Increased transfusion
of fresh frozen plasma is associated with mortality
or worse functional outcomes after severe trau-
matic brain injury: a retrospective study. World
Neurosurg. 2017;104:381-389.

11. Warner MA, Chandran A, Jenkins G, et al. Pro-
phylactic plasma transfusion is not associated with
decreased red blood cell requirements in critically
ill patients. Anesth Analg. 2017;124:1636-1643.

12. Halaweish I, Bambakidis T, He W, et al. Early
resuscitation with fresh frozen plasma for trau-
matic brain injury combined with hemorrhagic
shock improves neurologic recovery. J Am Coll Surg.
2015;220:809-819.

13. Bianchi P, Cotza M, Beccaris C, et al. Early or late
fresh frozen plasma administration in newborns
and small infants undergoing cardiac surgery: the
APPEAR randomized trial. Br J Anaesth. 2017;118:
788-796.

14. Jiang JY, Gao GY, Feng JF, et al. Traumatic brain
injury in China. Lancet Neurol. 2019;18:286-295.

15. Maas AIR, Menon DK, Adelson PD, et al. Trau-
matic brain injury: integrated approaches to
improve prevention, clinical care, and research.
Lancet Neurol. 2017;16:987-1048.

16. Brazinova A, Rehorcikova V, Taylor MS, et al.
Epidemiology of traumatic brain injury in Europe:
a living systematic review [e-pub ahead of print]. J
WORLD NEUROSURGERY 132: e21-e27,
Neurotrauma https://doi.org/10.1089/neu.2015.4126,
accessed December 19, 2018.

17. Nilsson CU, Strandberg K, Engstrom M, et al.
Coagulation during elective neurosurgery with
hydroxyethyl starch fluid therapy: an observational
study with thromboelastometry, fibrinogen and
factor XIII. Perioper Med (Lond). 2016;5:20.

18. Imam AM, Jin G, Sillesen M, et al. Fresh frozen
plasma resuscitation provides neuroprotection
compared to normal saline in a large animal
model of traumatic brain injury and polytrauma.
J Neurotrauma. 2015;32:307-313.

19. Sillesen M, Johansson PI, Rasmussen LS, et al.
Fresh frozen plasma resuscitation attenuates
platelet dysfunction compared with normal saline
in a large animal model of multisystem trauma.
J Trauma Acute Care Surg. 2014;76:998-1007.

20. Etemadrezaie H, Baharvahdat H, Shariati Z, et al.
The effect of fresh frozen plasma in severe closed
head injury. Clin Neurol Neurosurg. 2007;109:
166-171.

21. Marshall A, Levine M, Howell ML, et al. Dose-
associated pulmonary complication rates after
fresh frozen plasma administration for warfarin
reversal. J Thromb Haemost. 2015;14:324-330.

22. Rourke C, Curry N, Khan S, et al. Fibrinogen
levels during trauma hemorrhage, response to
replacement therapy, and association with patient
outcomes. J Thromb Haemost. 2012;10:1342-1351.
DECEMBER 2019 www.journals.el
23. Chambers LA, Chow SJ, Shaffer LET. Frequency
and characteristics of coagulopathy in trauma
patients treated with a low- or high-plasma-
content massive transfusion protocol. Am J Clin
Pathol. 2011;136:364-370.

24. Sezik S, Aksay E, Kilic TY. The effect of fresh
frozen plasma transfusion on international
normalized ratio in emergency department pa-
tients. J Emerg Med. 2014;47:596-600.

25. Abdel-Wahab OI, Healy B, Dzik WH. Effect of
fresh-frozen plasma transfusion on prothrombin
time and bleeding in patients with mild coagula-
tion abnormalities. Transfusion. 2006;46:1279-1285.
Conflict of interest statement: This study was supported by
the Bureau of Science and Technology of Hebei Province
(Grant No. 172777117 [to Dr. Li-Min Zhang]).

Received 30 July 2019; accepted 5 September 2019

Citation: World Neurosurg. (2019) 132:e21-e27.
https://doi.org/10.1016/j.wneu.2019.09.024

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2019 Elsevier Inc. All
rights reserved.
sevier.com/world-neurosurgery e27

http://refhub.elsevier.com/S1878-8750(19)32454-4/sref10
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref10
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref10
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref10
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref10
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref11
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref11
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref11
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref11
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref12
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref12
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref12
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref12
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref12
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref13
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref13
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref13
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref13
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref13
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref14
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref14
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref15
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref15
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref15
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref15
https://doi.org/10.1089/neu.2015.4126
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref17
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref17
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref17
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref17
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref17
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref18
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref18
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref18
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref18
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref18
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref19
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref19
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref19
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref19
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref19
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref20
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref20
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref20
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref20
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref21
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref21
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref21
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref21
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref22
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref22
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref22
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref22
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref23
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref23
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref23
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref23
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref23
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref24
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref24
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref24
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref24
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref25
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref25
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref25
http://refhub.elsevier.com/S1878-8750(19)32454-4/sref25
https://doi.org/10.1016/j.wneu.2019.09.024
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.journals.elsevier.com/world-neurosurgery

	Low-Dose, Early Fresh Frozen Plasma Transfusion Therapy After Severe Trauma Brain Injury: A Clinical, Prospective, Randomiz ...
	Introduction
	Materials and Methods
	Study Design
	Baseline Assessment and Follow-Up Data Collection
	Statistical Analysis

	Results
	Patient and Traumatic Characteristics
	Intraoperative Variables
	Outcome Data

	Discussion
	Conclusions
	References


