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 Background: The aim of this study was to investigate the effects of red blood cell (RBC) storage duration on the outcomes 
of adult isolated traumatic brain injury (iTBI) patients after transfusion.

 Material/Methods: A total of 1252 adult iTBI patients who received the fresh RBCs (stored for £14 days) or old RBCs (stored for 
>14 days) were finally enrolled in this study. The primary outcome was 90-day mortality. The secondary out-
comes were in-hospital mortality, nosocomial infection, and complications.

 Results: By 90 days after RBC transfusion, 89 patients (17.0%) had died in the fresh RBC group, and 107 had died (14.7%) 
in the old RBC group, with no significant difference in 90-day mortality between the 2 groups (OR=1.192, 95% 
CI: 0.877–1.620, P=0.261). According to ISS score, no differences were discovered in mild injury (OR=1.079, 
95% CI: 0.682–1.707, P=0.746), severe injury (OR=1.055, 95% CI: 0.634–1.755, P=0.838), and more severe injury 
(OR=1.940, 95% CI: 0.955–3.943, P=0.064). For GCS score, there were no differences in mild injury (OR=1.546, 
95% CI: 0.893–2.676, P=0.118), moderate injury (OR=0.965, 95% CI: 0.616–1.513, P=0.877), and severe injury 
(OR=1.332, 95% CI: 0.677–2.620, P=0.406). We also observed no significant differences in secondary outcomes.

 Conclusions: Use of old RBCs did not increase the 90-day mortality in adult iTBI patients.

 MeSH Keywords:	 Brain	Injuries	•	Erythrocytes	•	Mortality

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/923448

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

1 Department of Blood Transfusion, The First Affiliated Hospital of Nanchang 
University, Nanchang, Jiangxi, P.R. China

2 Department of Neurology, The First Affiliated Hospital of Nanchang University, 
Nanchang, Jiangxi, P.R. China

3 Department of Information, The First Affiliated Hospital of Nanchang University, 
Nanchang, Jiangxi, P.R. China

4 Department of Science and Technology, The First Affiliated Hospital of Nanchang 
University, Nanchang, Jiangxi, P.R. China

5 Department of Personnel, The First Affiliated Hospital of Nanchang University, 
Nanchang, Jiangxi, P.R. China

6 President’s Office, The First Affiliated Hospital of Nanchang University, Nanchang, 
Jiangxi, P.R. China

7 Department of Medical Administration, The First Affiliated Hospital of Nanchang 
University, Nanchang, Jiangxi, P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2020; 26: e923448

DOI: 10.12659/MSM.923448

e923448-1
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Traumatic brain injury (TBI), a leading cause of long-term dis-
ability and death [1], is characterized by traumatic structural 
damage and/or cerebral dysfunction caused by external forc-
es [2]. More than 10.0 million humans experience TBI annually 
worldwide [3], and over 2.5 million present to the emergency 
department each year [4]. Early observational research report-
ed that the mortality rate of TBI was approximately 40% [5]. 
Previous studies reported the effects of red blood cells (RBCs) 
storage duration on outcomes in critical patients [6,7]. Due to 
the large oxygen consumption of the human brain, anemia 
can easily lead to brain damage that requires blood transfu-
sion [8]. To the best of our knowledge, however, there have 
been few large-sample clinical studies of the effect of RBC 
storage duration on TBI outcomes. Therefore, it is important 
for clinicians to focus on the effects of RBCs storage duration 
in patients with TBI.

Anemia is associated with poor outcomes in brain injury pa-
tients [9–12], such as TBI and ischemic stroke, which is a com-
mon symptom of TBI, with 30–40% incidence [13]. In the ear-
ly development of anemia, vasodilation in a healthy brain can 
maintain the cerebral oxygen delivery [14]. When brain injury 
occurs, the compensatory mechanisms are blocked and cellu-
lar hypoxia exacerbates due to the decreased concentrations 
of hemoglobin (Hb) [15]. Evidence indicates that RBCs trans-
fusion can improve brain metabolism and oxygenation [8,16]. 
Early studies found that nearly 50% of patients needed to re-
ceive a blood transfusion [17], and approximately 50% of ane-
mic patients with TBI were transfused with RBCs at least once 
in the neurological intensive care unit (NICU) during hospital-
ization [13,18,19].

The blood storage medium can lead to significant alterations 
in the biochemical and metabolic processes of RBCs. These 
changes, called “storage lesions”, worse with longer duration 
of storage, and can affect the function, viability, and quality of 
RBCs [20–23]. Trauma studies discovered that use of old RBCs 
was associated with increasing risk of mortality, infections, and 
deep-vein thrombosis (DVT) [24], while several studies failed to 
find any adverse effects of transfusion with old RBCs [25,26], 
indicating that the effect of RBCs storage duration in TBI pa-
tients is unclear. However, there is no consensus on the defi-
nition of fresh or old RBCs. A study in the New England Journal 
of Medicine demonstrated that transfusion with RBCs stored 
for more than 2 weeks was associated with a significantly in-
creased risk of postoperative complications, as well as reduced 
short-term and long-term survival, in patients undergoing car-
diac surgery [27]. In the present study, we formed 2 groups ac-
cording to the storage duration of RBCs to investigate the dif-
ferences in adult isolated TBI (iTBI) patients who received the 
RBCs transfusion with different storage durations.

Material	and	Methods

Patients

This study retrospectively screened 3468 consecutive patients 
with TBI admitted to the Department of Neurosurgery at the 
First Affiliated Hospital of Nanchang University from Jan 2013 
to Jan 2018. After screening, 1252 patients with iTBI were fi-
nally enrolled and divide into 2 groups in this study. The fresh 
RBC group was defined as the RBCs transfusion with a stor-
age period £14 days, and the old RBC group was referred to 
the RBCs transfusion with a storage duration >14 days. iTBI 
was defined as the presence of intracranial hemorrhage, brain 
contusion, diffuse axonal injury, or cerebral edema with an ab-
breviated injury scale (AIS) score £1 for all other body regions. 
This research was approved by the Institutional Review Board 
(IRB) of the First Affiliated Hospital of Nanchang University, 
and the approval number was 2019 (052).

Patients who met the following criteria were included: (1) age 
³16 years old; (2) admission to hospital within 12 h after in-
juring; (3) the RBCs transfusion at least once during hospital-
ization; (4) AIS score ³3 for head and AIS £1 for all other body 
regions in iTBI patients [28]. Exclusion criteria were: (1) the 
length of hospital stay (LOS) <72 h; (2) patients who received 
both fresh and old RBCs transfusion in the hospital; (3) preg-
nancy; (4) lost to follow-up.

Data collection

All RBCs were leuko-reduced without irradiation or washing, 
and citrate phosphate dextrose adenine (CPDA) was used as 
the anticoagulant. After pretreatment, the RBCs were stored 
in the blood storage refrigerator at 2°C to 6°C. All RBCs had 
been transfused within 35 days after collection.

The demographic and injury information was recorded, includ-
ing Glasgow coma scale (GCS) score, injury severity score (ISS), 
head and neck AIS, and Hb and RBCs transfusion history. The 
ISS score is the quadratic sum of the highest AIS values for 
the 3 most severely damaged areas of the body. The defini-
tions for the severity of injury were: (1) mild injury: ISS score 
£16; (2) severe injury: 16< ISS score £25; (3) more severe in-
jury: ISS score >25. The classification for injury based on GCS 
score were: (1) mild injury: score at 3–8; (2) moderate injury: 
score at 9–12; (3) severe injury: score at 13–14.

iTBI management

All patients were strictly managed in accordance with iTBI 
hospital guidelines, which were proposed based on the Brain 
Trauma Foundation information [29]. In general, patients un-
derwent the RBCs test with 8 g/dL of Hb transfusion trigger 
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to maintain the target concentration of Hb close to 10 g/dL. 
However, the transfusion indications and Hb target concentra-
tions for each particular patient were decided by the attending 
physician, which were independent of the research purposes. 
The Department of Blood Transfusion randomly provided pa-
tients with fresh or old RBCs transfusion.

Outcomes

The 90-day mortality rate served as the primary outcome. sec-
ondary outcomes were in-hospital mortality, nosocomial infection 
(pulmonary, wound, and urinary tract infections), and complica-
tions (myocardial infarction, acute kidney injury (AKI) and DVT).

Statistical analysis

The statistical analysis was performed using SPSS version 22.0 
(IBM Corp., Armonk, NY, USA) and GraphPad Prism 6 (GraphPad 
Software, Inc., San Diego, CA, USA). Numerical variables are pre-
sented as the mean±standard deviation (SD) by t test. Classified 
variables are expressed as frequencies (n) and percentages (%) 
with the chi-square test or Fisher’s exact probability method. 
Using single-factor logistic regression to compare with the pri-
mary outcome of iTBI at 90 days, the frequency (%), odds ra-
tio (OR), and 95% confidence interval (CI) were calculated. OR 
values presented the ratio of the mortality risk of the fresh 
RBCs group to the old RBCs group. Univariate and multivari-
ate regression analyses were used to assess the death-relat-
ed factors in patients with iTBI. The survival results are pre-
sented with Kaplan-Meier survival curves, and a corresponding 
log-rank test was used to assess the treatment effects. P<0.05 
was considered statistically significant.

Results

Patient	characteristics

A total of 3468 patients were screened with an electronic med-
ical record system. Of these, 2162 cases (62.34%) met 1 of ex-
clusion criterion, and 1306 cases (554 in the fresh RBCs group 
and 752 in the old RBCs group) were finally enrolled to con-
duct the 90-day mortality analysis. The overall rate of loss to 
follow-up in patients with iTBI was 4.13% at 90 days (Figure 1).

As shown in Table 1, the parameters age (t=1.730, P=0.084), 
sex (c2=3.044, P=0.081), weight (t=–1.647, P=0.100), diabetes 
history (c2<0.001, P=0.992), hypertension history (c2=0.002, 
P=0.968), GCS score on admission (t=0.916, P=0.360), head and 
neck AIS (t=0.009, P=0.993), ISS score (t=–0.810, P=0.405), LOS 
in hospital (t=–1.183, P=0.237), LOS in ICU (t=0.904, P=0.336), 
duration of mechanical ventilation (t=–1.37, P=0.172), brain in-
jury (subdural hematoma, epidural hematoma, subarachnoid 
hemorrhage, intracerebral hemorrhage, intraventricular hem-
orrhage, brain contusion and diffuse axonal injury) (c2=10.662, 
P=0.099), and causes of injury (non-accidental injury, fall over 
injury, traffic injury, and falling from a height injury) (c2=6.353, 
P=0.096) were no significantly different between the 2 groups.

Transfusion	of	RBCs	in	patients	with	iTBI

In Table 2, there were no statistically significant differences 
in patients who received ³4 u RBCs (c2=0.492, P=0.483), RBC 
transfusion volumes of per patient (t=–1.180, P=0.238), or pre-
transfusion Hb (t=–1.579, P=0.115) between the 2 groups. The 
dose-response relationship curve of blood transfusion volumes 

Assessed for eligibility (n=3468)

Screened for consent (n=1306)

Old RBCs groups (n=752)Fresh RBCs groups (n=752)

Dropped out (n=23)

Completed the 90-day follow up (n=729)

Dropped out (n=31)

Completed the 90-day follow up (n=523)

Excluded (n=2162)
Age <16 years (n=681)
Admission to hospital beyond 12h after injure (n=45)
Never received RBCs transfusion during hospitalization (n=62)
Head AIS <3 and AIS ≥1 for other body regions (n=397)
LOS <72 h (n=51)
received both fresh and old RBCs while in hospital (n=912)
Pregnancy (n=14)

Figure 1. Flow chart of the study.
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of iTBI patients is presented in Figure 2. The results revealed 
no dose-response relationship between blood transfusion 
volumes and 90-day mortality. In addition, no obvious differ-
ences were founded in patients who were transfused other 
blood components, including platelets (Z<0.001, P=1.000), FFP 
(Z=0.997, P=0.319) and cryoprecipitate (Z<0.001, P=1.000), be-
tween the 2 groups.

Outcomes	related	to	death	and	major	illnesses

The results of single-factor logistic regression are shown in 
Figures 3 and 4. At 90 days after RBC transfusion, 89 patients 
(17.0%) died in the fresh RBC group, and 107 died (14.7%) in 
the old RBC group, with no significant difference in 90-day mor-
tality between the 2 groups (OR=1.192, 95% CI: 0.877–1.620, 

P=0.261). According to ISS score, no differences were discovered 
among mild injury (OR=1.079, 95% CI: 0.682–1.707, P=0.746), 
severe injury (OR=1.055, 95% CI: 0.634–1.755, P=0.838), and 
more severe injury (OR=1.940, 95% CI: 0.955–3.943, P=0.064). 
For GCS score, there were no significant differences in mild 
injury (OR=1.546, 95% CI: 0.893–2.676, P=0.118), moderate 
injury (OR=0.965, 95% CI: 0.616–1.513, P=0.877), and severe 
injury (OR=1.332, 95% CI: 0.677–2.620, P=0.406) (Figure 3).

We also observed no significant differences in secondary out-
comes (Figure 4), including in-hospital mortality (OR=0.985, 95% 
CI: 0.727–1.334, P=0.922), pulmonary infection (OR=0.481, 95% 
CI: 0.202–1.146, P=0.091), wound infection (OR=0.752, 95% CI: 
0.447–1.267, P=0.283), urinary tract infection (OR=1.243, 95% 
CI: 0.968–1.597, P=0.088), myocardial infarction (OR=0.987, 95% 

Variables Fresh	RBCs	(n=523) Old	RBCs	(n=729) t/c2 P

Age, years, mean ±SD  43.34±11.96  42.11±12.98 1.730 0.084

Gender, Male, n (%)  375 (71.7)  489 (67.1) 3.044 0.081

Weight, Kg, mean±SD  61.49±10.58  62.50±10.86 –1.647 0.100

Blood storage duration, mean±SD  12.08±1.46  24.28±2.69 –102.904 <0.001

Diabetes history, n (%)  46 (8.8)  64 (8.8) <0.001 0.992

Hypertension history, n (%)  70 (13.4)  97 (13.3) 0.002 0.968

GCS score on admission, mean±SD  10.72±2.67  10.58±2.63 0.916 0.360

Head and neck AIS, mean±SD  4.03±0.80  4.03±0.79 0.009 0.993

ISS score, mean±SD  18.40±7.91  18.78±8.50 –0.810 0.418

LOS in hospital, days, mean±SD  19.03±6.23  19.45±6.18 –1.183 0.237

LOS in ICU, days, mean±SD  1.75±0.21  1.76±0.18 0.904 0.336

Mechanical ventilation, days, mean±SD  1.65±0.15  1.68±0.51 –1.37 0.172

Brain injury, n (%) 10.662 0.099

 Subdural hematoma  187 (35.8)  294 (40.3)

 Epidural hematoma  154 (29.4)  221 (30.3)

 Subarachnoid hemorrhage  97 (18.5)  96 (13.2)

 Intracerebral hemorrhage  48 (9.2)  63 (8.6)

 Intraventricular hemorrhage  13 (2.5)  28 (3.8)

 Brain contusion  17 (3.3)  22 (3.0)

 Diffuse axonal injury  7 (1.3)  5 (0.7)

Causes of injury, n (%) 6.353 0.096

 Non-accidental injury  207 (39.6)  253 (34.7)

 Fall over injury  134 (25.6)  226 (31.0)

 Traffic injury  73 (14.0)  114 (15.6)

 High falling injury  109 (20.8)  136 (18.7)

Table 1. Characteristics of the iTBI patients.

iTBI – isolated traumatic brain injury; RBCs – red blood cells; GCS – Glasgow coma scale; AIS – abbreviated injury scale; ISS – injury 
severity score; LOS – the length of stay; ICU – Intensive Care Unit.
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CI: 0.525–1.856, P=0.967), AKI (OR=0.902, 95% CI: 0.629–1.294, 
P=0.576), and DVT (OR=1.062, 95% CI: 0.779–1.447, P=0.706). 
The survival time on the basis of RBC storage duration is pre-
sented in Figure 5.

Univariate	and	multivariate	regression	analyses	of	90-day	
mortality in iTBI patients

We investigated the death-related factors of iTBI patients 
utilizing univariate and multivariate regression analyses, as 
shown in Table 3. There were significant statistical differenc-
es regarding age (OR=1.020, 95% CI: 1.008–1.033, P=0.001), 
weight (OR=0.983, 95% CI: 0.969–0.997, P=0.020), hyperten-
sion history (OR=2.031, 95% CI: 1.377–2.997, P<0.001), LOS in 
hospital (OR=1.197, 95% CI: 1.163–1.233, P<0.001), subarach-
noid hemorrhage (OR=0.286, 95% CI: 0.156–0.524, P<0.001), 

intraventricular hemorrhage (OR=2.053, 95% CI: 1.037–4.063, 
P=0.039), and traffic injury (OR=0.563, 95% CI: 0.330–0.959, 
P=0.035). No differences were discovered in sex, fresh RBCs 
transfusion, diabetes history, GCS score on admission, head 
and neck AIS, ISS score, LOS in ICU, duration of mechanical 
ventilation, epidural hematoma, intracerebral hemorrhage, 
brain contusion, diffuse axonal injury, falling over injury, and 
falling from a height injury between the 2 groups (all P>0.05).

The findings of the multivariate analysis showed obvious dif-
ferences in age (OR=1.026, 95% CI: 1.006–1.045, P=0.010), 
sex (OR=0.513, 95% CI: 0.335–0.785, P=0.002), LOS in hospi-
tal (OR=1.178, 95% CI: 1.142–1.215, P<0.001), subarachnoid 
hemorrhage (OR=0.332, 95% CI: 0.153–0.722, P=0.005), in-
traventricular hemorrhage (OR=3.027, 95% CI: 1.219–7.515, 
P=0.017), and falling from a height injury (OR=0.528, 95% CI: 
0.291–0.958, P=0.036). We also found no differences in weight, 
fresh RBCs, diabetes history, hypertension history, GCS score 
on admission, head and neck AIS, ISS score, LOS in ICU, du-
ration of mechanical ventilation, epidural hematoma, intrace-
rebral hemorrhage, brain contusion, diffuse axonal injury, fall 
over injury, and traffic injury (all P>0.05). These results show 
that RBC storage duration had no effect on the 90-day mor-
tality in patients with iTBI.

Discussion

TBI is a critical public health problem worldwide, with profound 
and persistent impacts on the individual, society, and econ-
omy globally. In clinical treatment, blood transfusion is often 
used for anemic patients with TBI [30]. However, the effects 
of RBCs storage duration in TBI patients have been unclear. 
In the present study, we assessed differences in outcomes in 
adult iTBI patients who received RBC transfusion with different 

Variable Fresh	RBCs	(n=523) Old	RBCs	(n=729) Statistics P

Receiving ³4u RBCs, n (%)  409 (78.2)  582 (79.84) c2=0.492 0.483

RBCs transfusion of per patient, u, mean±SD  4.203±0.959  4.266±0.923 t=–1.180 0.238

Pre-transfusion Hb, g/L  67.62±6.39  68.18±5.83 t=–1.579 0.115

Other blood components for transfusion 

 Platelets, n (%)  8 (1.5)  16 (2.2) c2=0.717 0.397

 Platelets, mean  10  10 Z<0.001 1.000

 FFP, n (%)  27 (5.2)  56 (7.7) c2=3.122 0.077

 FFP, mean  379.629  396.429 Z=0.997 0.319

 Cryoprecipitate, n (%)  37 (7.1)  52 (7.8) c2=0.243 0.622

 Cryoprecipitate, mean  10  10 Z<0.001 1.000

Table 2. RBCs transfusion for iTBI patients.

RBCs – red blood cells; iTBI – isolated traumatic brain injury; Hb – hemoglobin; FFP – fresh frozen plasma.

3

2

1

0
2 3 4

Blood transfusion volume (u)

5 6

Figure 2.  The dose-response relationship curve of blood 
transfusion volumes of iTBI patients.
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storage durations. Our results showed that there were no sig-
nificant differences in 90-day mortality among patients who 
received fresh or old RBCs transfusion. We also found that the 
secondary outcomes, including in-hospital mortality, nosoco-
mial infection, and complications, were similar in the 2 groups, 
which has important implications for intensive care and trans-
fusion therapies.

Multiple studies have produced conflicting results on the ef-
fects of RBC storage duration in trauma patients. A previous 
study reported that the transfusion of RBCs stored for more 
than 2 weeks can increase the mortality of trauma patients, 
and that RBCs storage duration for transfusion may be an in-
dependent predictor of mortality, despite universal leukore-
duction [31]. Weinberg et al. retrospectively assessed trauma 
patients who received ³1 unit of exclusively old (³14 days) 
vs. fresh (<14 days) RBCs during the first 24 h of hospitaliza-
tion. They found that in patients undergoing transfusion of 3 
or more units of RBC within 24 h of hospital arrival, transfu-
sion with relatively older blood was associated with a signifi-
cantly higher mortality risk [32]. However, the present analysis 

of 1252 adult patients with iTBI showed that mortality was 
not affected by the duration of RBCs storage, and the transfu-
sion of old RBCs did not increase the 90-day mortality in iTBI 
patients. Ruel-Laliberte et al. reported that fresh RBC trans-
fusion does not improve the neurologic functional outcomes 
in TBI patients at 6 months compared with standard issued 
RBCs [33]. Yamal et al. concluded that older blood did not have 
adverse effects in severe TBI [25], which supports our findings.

At present, it is not possible to infer that the alterations of bio-
chemistry, physiology, and structure in RBCs stored for approx-
imately more than 14 days do not harm patients with iTBI. In 
our study, compared with old RBCs, transfusing fresh RBCs did 
not improve the primary or secondary outcomes in iTBI pa-
tients. However, our results differ from previous observation-
al studies that suggested transfusion with fresh RBC produces 
better clinical outcomes for patients [24,34]. Interpretation of 
these findings may be complicated by the potential confound-
ers, such as differently defined storage durations, inclusion or 
exclusion criteria, research designs, and subjects.

Subgroups

All patients

ISS score

Mild injury

Severe injury

More severy injury

GCS

Mild injury

Moderate injury

Severe injury

P

0.261

0.746

0.838

0.064

0.118

0.877

0.406

OR (95% Cl)

1.0

Old RBCsFresh RBCs

2.0 3.0 4.0

1.192 (0.877–1.620)

1.079 (0.682–1.707)

1.055 (0.634–1.755)

1.940 (0.955–3.943)

1.546 (0.893–2.676)

0.965 (0.616–1.513)

1.332 (0.677–2.620)

Fresh RBCs Old RBCs
no. of patients/total no. (%)

89/523 (17.0)   107/729 (14.7)

39/236 (16.5)   49/316 (15.5)

31/200 (15.5)   40/270 (14.8)

19/87 (21.8)   18/143 (12.6)

32/185 (17.3)   28.235 (11.9)

37/254 (14.6)   56(373 (15.0)

20/84 (23.8)   23/121 (19.0)

Figure 3.  Forest plot of absolute risk differences in primary outcomes.
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The revised RBC transfusion guidelines proposed by the 
American Association of Blood Banks (AABB) recommend that 
patients should receive RBCs selected at any point within the 
licensed dating period (standard issue) rather than limiting 
transfusion to fresh RBCs [35]. This is consistent with our study 
results, and we do not support the selective use of fresh RBCs. 
Our research provides strong evidence that fresh RBC transfu-
sion has no clinical benefits in comparison with old RBC trans-
fusion among adult iTBI patients, which supports the current 
international practice of transfusion using older RBCs.

Conclusions

In this study, we assessed differences in outcomes in adult iTBI 
patients who received RBCs transfusions with different stor-
age durations. The results revealed no differences in the pri-
mary and secondary outcomes among iTBI patients transfused 
the fresh or old RBCs, which indicates the use of old RBCs did 
not increase the 90-day mortality rate in adult iTBI patients.

Outcomes

In-hospital mortality (%)

Nosocomial infection (%)

Pulmonary

Wound

Urinary tract

Complications (%)

Myocardial infraction

AKI

DVT

P

0.922

0.091

0.283

0.088

0.967

0.576

0.706

OR (95% Cl)

0.5

Old RBCsFresh RBCs

1.0 1.5 2.0

0.985 (0.727–1.334)

0.481 (0.202–1.146)

0.752 (0.447–1.267)

1.243 (0.968–1.597)

0.987 (0.525–1.856)

0.902 (0.629–1.294)

1.062 (0.779–1.447)

Fresh RBCs Old RBCs
no. of patients/total no. (%)

89/523 (16.3)   120/729 (16.5)

7/523 (1.3)   20/729 (2.7)

23/523 (4.4)   42/729 (5.8)

157/253 (30.0)   187/729 (25.7)

17/523 (3.3)   24/729 (3.3)

55/523 (10.5)   84/729 (11.5)

83/523 (15.9)   110/729 (15.1)

Figure 4.  Forest plot of absolute risk differences in secondary outcomes.
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Figure 5.  Kaplan-Meier survival analysis of time to death in iTBI 
patients.
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Variables

Univariate Multivariate

P OR
95%	CI

P OR
95%	CI

Lower Upper Lower Upper

Age 0.001 1.020 1.008 1.033 0.010 1.026 1.006 1.045

Gender (Male) 0.085 0.755 0.549 1.040 0.002 0.513 0.335 0.785

Weight 0.020 0.983 0.969 0.997 0.155 0.985 0.965 1.006

Fresh blood 0.262 1.192 0.877 1.620 0.231 1.252 0.867 1.808

Diabetes history 0.377 0.769 0.430 1.378 0.192 0.591 0.268 1.302

Hypertension history <0.001 2.031 1.377 2.997 0.193 1.543 0.803 2.965

GCS score on admission 0.512 0.981 0.927 1.039 0.751 1.011 0.944 1.083

Head and neck AIS 0.801 1.025 0.846 1.242 0.739 1.039 0.831 1.298

ISS score 0.163 0.987 0.969 1.005 0.858 1.002 0.980 1.025

LOS in hospital <0.001 1.197 1.163 1.233 <0.001 1.178 1.142 1.215

LOS in ICU 0.161 0.766 0.527 1.112 0.984 0.990 0.387 2.536

Mechanical ventilation 0.125 1.029 0.992 1.068 0.555 1.028 0.937 1.129

Brain injury

 Subdural hematoma Ref Ref

 Epidural hematoma 0.652 0.925 0.657 1.300 0.604 1.181 0.630 2.212

 Subarachnoid hemorrhage <0.001 0.286 0.156 0.524 0.005 0.332 0.153 0.722

 Intracerebral hemorrhage 0.996 0.000 0.000 – 0.996 0.000 0.000 –

 Intraventricular hemorrhage 0.039 2.053 1.037 4.063 0.017 3.027 1.219 7.515

 Brain contusion 0.998 0.000 0.000 – 0.998 0.000 0.000 –

 Diffuse axonal injury 0.331 0.360 0.046 2.821 0.325 0.258 0.017 3.838

Causes of injury

 Non-accidental injury Ref Ref

 Fall over injury 0.485 1.137 0.793 1.632 0.500 0.806 0.432 1.506

 Traffic injury 0.035 0.563 0.330 0.959 0.253 1.500 0.748 3.006

 High falling injury 0.255 0.774 0.498 1.203 0.036 0.528 0.291 0.958

Table 3. Univariate regression analysis of 90-day mortality in patients with iTBI.

iTBI – isolated traumatic brain injury; OR – odds ratio; CI – confidence interval; RBCs – red blood cells; GCS – Glasgow coma scale; 
AIS – abbreviated injury scale; ISS – injury severity score; LOS – the length of stay; ICU – Intensive Care Unit.
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