& frontiers | Frontiers in Neurology

@ Check for updates

OPEN ACCESS

Andres M. Rubiano,
El Bosque University, Colombia

Kejia Hu,

Massachusetts General Hospital and
Harvard Medical School, United States
Giovanni Grasso,

University of Palermo, Italy

Xiaofeng Luo
luoxiaof@lzu.edu.cn

This article was submitted to
Neurotrauma,

a section of the journal
Frontiers in Neurology

19 July 2022
21 November 2022
13 December 2022

Zheng Q, Duan D, Xu J, Wang X, Ge Y,
Xiong L, Yang J, Wulayin S and Luo X
(2022) Comparative safety of multiple
doses of erythropoietin for the
treatment of traumatic brain injury: A
systematic review and network
meta-analysis.

Front. Neurol. 13:998320.

doi: 10.3389/fneur.2022.998320

© 2022 Zheng, Duan, Xu, Wang, Ge,
Xiong, Yang, Wulayin and Luo. This is
an open-access article distributed
under the terms of the Creative
Commons Attribution License (CC BY).
The use, distribution or reproduction
in other forums is permitted, provided
the original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which
does not comply with these terms.

Frontiersin Neurology

Systematic Review
13 December 2022
10.3389/fneur.2022.998320

Comparative safety of multiple
doses of erythropoietin for the
treatment of traumatic brain
injury: A systematic review and
network meta-analysis

Qingyong Zheng'?®, Dan Duan?, Jianguo Xu?, Xing Wang?*,
Yonggui Ge®, Lu Xiong?, Jingjing Yang®, Saimire Wulayin® and
Xiaofeng Luo®*

!School of Public Health, Lanzhou University, Lanzhou, Gansu, China, 2Evidence-Based Nursing
Center, School of Nursing, Lanzhou University, Lanzhou, Gansu, China, *Evidence-Based Medicine
Center, School of Basic Medical Sciences, Lanzhou University, Lanzhou, Gansu, China, “The First
Clinical Medical College of Lanzhou University, Lanzhou, Gansu, China, *Department of

Rehabilitation, The First Hospital of Lanzhou University, Lanzhou, Gansu, China, *The Second
Clinical Medical College of Lanzhou University, Lanzhou, Gansu, China

Introduction: Over the past few decades, advances in traumatic brain injury
(TBI) pathology research have dynamically enriched our knowledge. Therefore,
we aimed to systematically elucidate the safety and efficacy of erythropoietin
(EPO) dosing regimens in patients with TBI.

Methods: Data search included PubMed, the Cochrane Library, Embase, Web
of Science, and ClinicalTrials.gov for related research published before July
2022. The network meta-analysis was conducted using ADDIS 1.16.8, and the
CINeMA tool was used to assess the quality level of evidence.

Results: A total of six RCTs involving 981 patients were included in the network
meta-analysis. EPO did not significantly reduce mortality in patients with TBI,
but its risk of death decreased with increasing dosage (odds ratio (OR) of
12,000u vs. placebo = 0.98, 95% ClI: 0.03-40.34; OR of group 30,000u vs.
placebo = 0.56, 95% CI: 0.06-5.88; OR of 40,000u vs. placebo = 0.35, 95%
Cl: 0.01-9.43; OR of 70,000u vs. placebo = 0.29, 95% CI: 0.01-9.26; OR of
group 80,000u vs. placebo = 0.22, 95% Cl: 0.00-7.45). A total of three studies
involving 739 patients showed that EPO did not increase the incidence of deep
vein thrombosis in patients with TBI. However, the risk tended to rise as the
dosage increased. Another two studies demonstrated that EPO did notincrease
the incidence of pulmonary embolism. The quality of evidence for all outcomes
was low to moderate.

Conclusion: Although the efficacy of EPO was not statistically demonstrated,
we found a trend toward an association between EPO dosage and reduced
mortality and increased embolic events in patients with TBI. More high-quality
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original studies should be conducted to obtain strong evidence on the optimal

dosage of EPO.

Systematic review registration:

https://www.crd.york.ac.uk/PROSPERO/

display_record.php?RecordID=272500. The study protocol was registered
with PROSPERO (CRD42021272500).

KEYWORDS

erythropoietin, traumatic brain injury, optimal dose, safety, systematic review,

network meta-analysis

Introduction

Traumatic brain injury (TBI) refers to a series of blunt or
sharp mechanical forces that induce vascular injury and hypoxia,
leading to glial activation, primarily astrogliosis, inflammation,
cell death, and tissue loss (1). It is worth noting that TBI may
further cause cerebral herniation, cerebral edema, decreased
cerebral perfusion pressure, and increased intracranial pressure
in patients (2). TBI continues to plague millions of people
worldwide and disproportionately affects the young, middle-
aged, and elderly (3). Data show that about half of the global
population experiences TBI once in their lifetime, resulting in
substantial annual economic losses (4). TBI has been a pressing
medical and public health problem globally and a leading cause
of death and long-term disability (5).

Over the past few decades, advances in TBI pathology
research have dynamically enriched our knowledge (6). TBI
causes nearly irreversible brain damage, and its treatment
and management remain significant challenges to clinicians.
Therefore, several neuroprotective drugs have been extensively
studied, focusing on early intervention in patients to protect
brain nerve cells from secondary damage caused by ischemia
and hypoxia (7). Erythropoietin (EPO) is a hemopoietin growth
factor in the type 1 cytokine superfamily. It exists in the
spleen, liver, bone marrow, and lung and is also expressed, to
a lesser extent, in the brain, where it can elicit neuroprotective
effects (8). Several randomized controlled trials (RCTs) (8-14)
and meta-analyses (15-18) have found EPO to be efficacious

Abbreviations: TBI, traumatic brain injury; EPO, erythropoietin; RCTs,
randomize control trials; NMA, network meta-analysis; PRISMA, Preferred
Reporting Items for Systematic Reviews and Meta-Analyses; RoB2, Risk of
bias 2; CINeMA, Confidence in Network Meta-Analysis; GRADE, grading
of recommendations, assessment, development and evaluation; DVT,
deep venous thrombosis; PSRF, potential scale reduction factor; OR, odds
ratio; sTBI, severe traumatic brain injury; GCS, Glasgow Coma Scale;
NSE, neuron-specific enolase; ICP, intracranial pressure; ICU, intensive
care unit; RBC, red blood cell; GOS, Glasgow Outcome Scale; GOS-
E, Glasgow Outcome Scale Extended; APACHE, Acute Physiology and
Chronic Health Evaluation; BP, blood pressure; IV, intravenous injection;

SC, subcutaneous injection; u, units.
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in the treatment of patients with TBL The findings were
broadly similar, with EPO reducing mid-term mortality in
patients with TBI. However, it did not significantly improve
neurological function or increase the incidence of adverse
events. However, the doses of EPO for TBI varied widely
among the available studies. No studies have assessed the dose-
response relationships in patients with TBI treated with EPO,
and conventional meta-analyses have failed to elucidate the
variation level in the efficacy of different EPO doses.

Network meta-analysis (NMA) enables a coherent ranking
of multiple interventions, thus assisting decision-makers who
wish to choose among various treatment options (14). Therefore,
we performed an NMA to assess the efficacy of EPO in
patients with TBIL It allows simultaneous comparison of the
efficacy relationship between different doses to assess the
effectiveness of EPO dosing regimens in treating patients
with TBI.

Materials and methods

This study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines (PRISMA) (19). Ethical approval was not required
since this review did not relate to individual patient data.
This network meta-analysis was previously registered on the
PROSPERO platform (CRD42021272500).

Search strategy

We searched PubMed, the Cochrane Library, Embase,
Web of Science, and ClinicalTrials.gov for RCTs using EPO
for patients with TBI. The initial search was completed on
7 December 2020, and the search results were updated to 10
July 2022, using the automatic push function of the database
weekly. Syntax and vocabulary were adjusted across databases,

namely, “erythropoietin®, “Epoetin Alfa”, “Darbepoetin
alfa?, “EPO”, traumatic brain injur®, “brain concussion”,
“brain  contusion”, “chronic traumatic encephalopathy”,

“craniocerebral trauma”, penetrating head injur®, “basilar skull
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fracture”, “cerebrovascular trauma”, “traumatic intracranial
hemorrhage”, and “TBI”, which were used individually or
conjunctively. Supplementary Table 1 lists the search strategies
used in this review. Related articles from the reference lists were
also included to search for additional articles that the previously
prespecified search strategy may not have retrieved.

Study eligibility criteria

Studies that met the following criteria were included in
our network meta-analysis: (1) patients with TBI requiring
hospitalization, (2) RCTs compared the efficacy of EPO with
placebo in patients with TBI, (3) studies should accurately
report drug doses or calculate approximate doses based on the
design regimen description, (4) significant clinical outcomes and
adverse events were reported in the outcome indicators, and (5)
all included studies should be written in English.

We excluded the following studies: (1) non-randomized
trials, retrospective studies, case-control studies, review articles,
case reports, and letters to the editor; (2) studies that did not
explicitly report drug administration and dosing; and (3) studies
involving patients with other concomitant serious diseases or at
risk of initial thrombosis.

Study selection

The initial search records were imported into EndNote
X9 literature management software. In this study, two authors
(QZ and DD) reviewed the titles and abstracts of the articles
according to the inclusion criteria. Subsequently, full-text
versions of all potentially relevant trials were obtained and
examined to ensure that the study qualified for the network
meta-analysis. We then selected the most recent data for analysis
for the same trial reports with different follow-up periods. Any
divergence regarding eligibility was resolved by discussion with
a third reviewer (FX).

Data extraction

We created a standard data table to collect related data
including eligible studies characteristics (e.g., name of the first
author, published year, type of research design, and follow-
up time), characteristics of study participants (e.g., mean age,
gender, and countries), drug administration (e.g., route, dose
arrangement, total drug dose, and time to intervention), and
reported clinical outcomes (e.g., adverse events). Any differences
in the evaluation of these data were discussed until consensuses
were reached.
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Quality evaluation

The risk of bias for each study was independently assessed by
reviewers employing the identical bias risk assessment tool used
for randomized trials from the Cochrane Handbook (RoB2)
(20, 21). Risk of bias graphs showing the bias levels as low risk,
high risk, and unclear risk, was generated using Review Manager
5.4 (Oxford, UK; The Cochrane Collaboration). Confidence
In Network Meta-Analysis (CINeMA) version 1.9.1 (https://
cinema.ispm.unibe.ch/) calculates the NMA contribution matrix
by using the netmeta package of R software, based on the grading
of recommendations, assessment, development and evaluation
(GRADE) methodology for assessing the quality of evidence
reported in the results (22). A comparison-adjusted funnel plot
with the Egger test was constructed to assess for publication
bias (23).

The geometry of the network

We created evidence networks between comparisons using
STATA (Stata Corp, College Station, Texas, USA, version
16.0) (24). A network plot was drawn presenting the
interrelationships of comparisons across trials, which showed
how each intervention was linked to the others through direct
or indirect comparisons. In the network, each regimen is
represented by a unique node, which means different nodes were
designated for different dosages of EPO. Lines indicate direct
head-to-head comparison of regimens, and the thickness of the
line corresponds to the number of trials in the comparison. The
node size corresponds to the number of samples involved in

the intervention.

Data synthesis and statistical analysis

ADDIS (IMI GetReal Initiative, EU, version 1.16.8) was used
to calculate the safety by comparing different doses of EPO
with placebo. ADDIS is rooted in the Bayesian theory and
based on a model of the Markov chain Monte Carlo (MCMC)
simulation method to obtain the corresponding combined effect
sizes. The computational model adopted a random effect, rather
than a fixed effect, model since it is the most conservative and
appropriate analysis to account for variance among studies.
The parameter setting of ADDIS is as follows: number of
chains, 4; tuning iterations, 20,000; simulation iterations, 50,0005
thinning interval, 10; inference samples, 10,000; and variance
scaling factor, 2.5. The consistency model was used to pool
data regarding mortality, pulmonary embolism, and deep
venous thrombosis (DVT). Convergence was assessed using the
potential scale reduction factor (PSRF), with a PSRF closer
to 1 indicating better convergence and a PSRF <1.2 denoting
acceptable (25).
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FIGURE 1
Flowchart of literature identification, review, and selection.

To improve the estimation accuracy of comparing relative
effect sizes, we also created rank probabilities to derive
recommendations for each outcome (25). These rankings
included all treatments and were ordered according to their
probability of being the best to the least. Consistency analysis
was used to assess the overall consistency degree of the
included studies, while node split analysis was used to
estimate the robustness of the model (if closed loops exist
in the network relationships), revealing possible differences
among direct and indirect comparisons of specific nodes
and their branches in the network, with a p-value of <0.05
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revealing inconsistencies in the network, which require further
study (26).

Results

Study characteristics

As shown in Figure 1, 544 studies were identified through
the initial search, and 10 additional records were identified
through citation tracking. After screening, we removed 51
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duplicate records and excluded 449 studies that deviated from
the inclusion criteria by reviewing the titles and abstracts. We
reviewed the full text of the remaining 54 studies, 48 of which
were removed due to non-randomized controlled trial designs or
the unavailability of specific data. Finally, six RCTs (7, 9-12, 27)
involving 981 patients were included. Table I summarizes the
basic characteristics of the included studies.

These included studies were published between 2010 and
2018, and the participants were distributed in the United States,
Iran, Athens, Australia, New Zealand, France, Germany,
Finland, Ireland, Saudi Arabia, and China. There were no
significant differences in demographic characteristics, including
age, sex, the severity of disease, and the Glasgow Coma Scale
(GCS). The total EPO dosage among all the trials ranged from
12,000u to 80,000u. Medical treatment included intravenous
and subcutaneous injections and was not reported in only one
research (10). The total duration of drug interventions ranged
from 1 to 7 sessions.

Risk of bias and quality of evidence
evaluation

The evaluation results generally indicated an acceptable
risk of bias among these RCTs (Figure 2). Of the six RCTs,
three trials (7, 12, 27) (50%) were found to have a low risk of
bias for randomization methods, four (7, 11, 12, 27) (66.7%)
for concealment allocation, five (7, 9, 11, 12, 27) (83.3%) for
blinding of participants and personnel, four (7,9, 11, 27) (66.7%)
for blinding of outcome assessment, four (9-11, 27) (66.7%)
for incomplete outcome data, one (27) (16.7%) for selective
reporting, and five (7,9, 10, 12, 27) (83.3%) for other biases. Only
one study (11) was found at high risk of other biases because it
reported inequality at baseline. The specific item scores for each
study are shown in Supplementary Figure 1. The funnel plots of
each outcome indicator were asymmetrical, which might be due
to the small number of studies. The Egger test result are shown
in Supplementary Figures 2-4.

Figure 3 shows the GRADE rating of the quality of evidence.
The overall quality of evidence for mortality, DVT, and
pulmonary embolism was moderate in both EPO and placebo
groups. Some of the individual comparison groups in mortality
and DVT groups were judged to have a low quality of evidence.

Statistical analysis

Comparisons between all doses of EPO and placebo are
presented in a network plot in Figure 4. Placebo served
as a mediator to establish comparisons between all doses.
Pooled ORs and 95% CIs of the treatment efficacy across
groups in the network meta-analysis are given in Figure 5
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and Supplementary Figure 5. The following specific indicators
were analyzed.

Mortality

All studies (981 patients) reported outcomes related to
mortality. The consistency analysis showed almost no statistical
difference, and it was not necessary to perform the node
splitting method to test the inconsistency of node branches.
EPO did not significantly reduce mortality in patients with TBI
compared with placebo (OR of EPO (12,000u) vs. placebo
0.98, 95% CI: 0.03-40.34; OR of EPO (30,000u) vs. placebo =
0.56, 95% CI: 0.06-5.88; OR of EPO (40,000u) vs.
0.35, 95% CI: 0.01-9.43; OR of EPO (70,000u) vs. placebo =
0.29, 95% CI: 0.01-9.26; OR of EPO (80,000u) vs. placebo =
0.22, 95% CI: 0.00-7.45). As seen in the generated sequence
diagram (Supplementary Figure 6), EPO (80,000u) had the
highest therapeutic effect on patients with TBL. Figure 5 shows

placebo

that the comparative effect values gradually decreased with
increasing EPO dose, suggesting that the risk of death in patients
with TBI tended to decrease with an increasing EPO dose.

Deep vein thrombosis

Only two studies (11, 27) (619 patients) reported the
occurrence of DVT. The consistency analysis showed no
statistical differences or closed links between node networks.
EPO did not significantly increase the incidence of DVT in
patients with TBI compared with placebo [OR of EPO (30,000u)
vs. placebo = 0.24, 95% CI: 0.00-7.43; OR of EPO (40,000u) vs.
0.42, 95% CI: 0.02-2.69; OR of EPO (80,000u) vs.
placebo = 0.44, 95% CI: 0.03-6.38]. As seen in the generated
sequence diagram (Supplementary Figure 7), EPO (30,000u)
posed the least risk of increased thrombotic risk in patients

placebo =

with TBI. Supplementary Figure 5 shows that the comparative
effect values progressively decrease with increasing EPO dose,
suggesting that the likelihood of deep vein thrombosis rises
gradually with increasing EPO dose.

Pulmonary embolism

The occurrence of pulmonary embolism was reported
in only one study (603 patients). The consistency analysis
showed no statistical differences or closed links between node
networks. EPO did not increase the risk of pulmonary embolism
in patients with TBI compared with placebo (OR of EPO
(30,000u) vs. placebo=1.88, 95% CI, 0.17-30.16; OR of EPO
(40,000u) vs. placebo=0.96, 95% CI, 0.11-7.41; OR of EPO
(80,000u) vs. placebo = 0.39, 95% CI, 0.02-3.67). As seen in
the generated sequence diagram (Supplementary Figure 8), EPO
(80,000u) had the highest therapeutic effect in patients with TBI.
Supplementary Figure 5 shows that EPO tends to change from
deleterious to beneficial with increasing doses.
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TABLE 1 Baseline characteristics of included studies.

References Study Followup Inclusion Number of Age (years) Sex (males%) Drug administration Outcomes
design criteria participants
(EPO/Placebo)
EPO Placebo EPO Placebo Route Dosing Total dose Time to
regimen intervention
Nirulaetal. (11) Doubleblind  Dischargeor ~ Moderate or 16 (11/5) 35+19 40 £+ 26 8(72.7) 3(60) v 40,000u 40,000u Within 6 h 1.Serum NSE, S-100B
RCT single dead sTBI: GCS < 2.ICP values 3.Adverse
center 13 events 4.Mortality 5.ICU
stay
Abrishamkar Double blind ~ Discharge or ~ sTBI with DAI: 54 (27/27) 252+54 273+£40 - - SC 2,000u-Day 2, 12,000u About 5h 1.RBC count,
etal. (9) RCT single dead GCS (4-8) 4,6,8,10 for 6 hematocrit,
center doses in 2 2.thrombocyte count
weeks 3.GOS,GCS 4.Adverse

events: none 5.Mortality

Aloizos etal. (10) RCT 6 months sTBI: GCS <9 42 (24/18) 294+13 465+45 23(95.8) 16 (88.8) - 10,000u of 70,000u - 1.GOS,GOS-E 2.Adverse
Multicenter EPO for 7 events: none 3.Mortality
consecutive at 14 days 4 APACHE II
days score 5.ICP increasing
6.ICU stay
Nichol etal. (27)  Double blind, 6 months Moderate or 603 (305/298) 30.5 30 256 (83.9) 245(82.5) SC 40,000u Day 0 40,000u—147  Within 24 h 1.GOS-E 2.Adverse
RCT sTBI: (22.9-47.5)* (22.9-48.3) then weekly 80,000u—82 events 3.Mortality at 6
Multicenter GCS:3-12 for max 3 120,000u—75 months
doses
Lietal. (12) Double blind 3 months sTBI: GCS<7 146 (75/71) 434+10.1 41.14+9.6 49 (65.3) 41 (57.7) sC EPO (100 30,000u Within 2h 1.Serum NSE, S-100B
RCT single u/kg) (average protein 2.Itemized GOS
center 6,000 units) on 3.mortality at 10 days
day 1,3,6,9 4.BP, hemoglobin level
and 12 5.Adverse events
Bai and Gao, (7)  Triple blind 10 weeks sTBI: GCS < 8 120 (60/60) 445+ 114 43.14+10.9 41 (68.3) 44 (73.3) SC 6,000u, within  30,000u Within 2h 1.GOS score 2.Adverse
RCT single 2h, on days 3, events 3.Mortality at 10
center 5,10, and 15 weeks

RCT, randomized controlled trial; sTBI, severe traumatic brain injury; GCS, Glasgow Coma Scale; DAI, Diffuse axonal injury; NSE, neuron-specific enolase; ICP, intracranial pressure; ICU, intensive care unit; RBC, red blood cell; GOS, Glasgow Outcome
Scale; GOS-E, Glasgow Outcome Scale Extended; APACHE, Acute Physiology and Chronic Health Evaluation; BP, blood pressure; IV, intravenous injection; SC, subcutaneous injection; u, units.
" Age range.
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Discussion

This study compared the efficacy and safety of different doses
of EPO and placebo in treating patients with TBL. EPO had a
significant trend advantage in the prognosis of patients. EPO did
not significantly reduce mortality in patients with TBI compared
with placebo but showed a trend toward lower mortality in
patients with TBI as the total dose increased. At this time, we
were unable to determine the relationship between different
doses of EPO and embolic events.

EPO drugs have been developed over several generations,
but the original studies did not describe the specific type or
batch of EPO used in detail. Each generation of EPO has a
different half-life, and the variety of injection methods can affect
the metabolic process of EPO in the body. However, the short
half-life of EPO does not produce significantly different results
among studies due to the factors mentioned earlier (28). The
pharmacokinetic properties of EPO were fully considered, and
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our analysis collected much of the evidence on the efficacy of
different doses of EPO for treating TBI, rather than the duration
of treatment.

Our network meta-analysis showed that EPO did not show a
significant advantage in reducing mortality in patients with TBI.
Liu’s research (18) found that EPO significantly reduced mid-
term mortality (6 months) in patients with TBI. The main reason
for the difference in conclusions may be that this study excluded
RCT studies that did not accurately report drug doses and did
not differentiate time to death. There were also differences in the
mechanisms between the traditionally paired meta-analysis and
the Bayesian algorithm-based network meta-analysis. However,
robust evidence in the network meta-analysis showed that the
effect value gradually decreased with the increase in the total
dose of EPO, strongly implying that the higher dose of EPO
was more likely to reduce the mortality of patients with TBI.
Although none of the original studies have demonstrated the
effectiveness of EPO treatment in patients with TBI (7, 9-12,27),
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Network comparison plots for outcome indicators. (A) mortality, (B) deep vein thrombosis, and (C) pulmonary embolism. EPO, erythropoietin;
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C
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Placebo

the high dose of EPO (120,000u) used in Nichol’s study (27)
demonstrated the narrowest confidence interval with the highest
level of evidence (16), which was similar to the results of our
network meta-analysis. We believe that further dose trials are
warranted. Nevertheless, we were not able to detect the exact size
differences between the various dosing regiments even with such
a network meta-analysis.

Concerning the occurrence of deep vein thrombosis,
our research showed that EPO use did not increase the
risk of its occurrence, which was similar to the results of
previous conventional meta-analyses (15-18). With further
studies or increased doses, EPO may become a risk factor
for the increased incidence of DVT in patients with TBI.
Due to the small number of studies and the insignificant
relationship, we believe that EPO did not increase the
likelihood of pulmonary embolism, which is similar to the
results of previous traditional meta-analyses (15). Notably,
EPO was associated with increased blood viscosity, elevated
hemoglobin concentration, and vasoconstriction, which may
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contribute to thromboembolism and the risk of cardiovascular
events, including death (8). Although this has not yet been
demonstrated in patients with TBI, we found that particular
propensity and inappropriate dosage may increase the risk of
embolism in this high-risk group. Our study aims to determine
the optimal EPO dose for patients with TBI to ensure a reduction
in adverse events based on optimal therapeutic effects.

Other related indicators were reported in the original
studies, such as neurological recovery, length of hospital
stay, and cardiovascular events. However, due to their small
amount, they were not able to constitute the comparison
network. Although most animal experiments have found that
EPO can improve the prognosis of neurological function
after TBI treatment, in recent meta studies, the improvement
of neurological function has no statistical significance in
human studies, which may be related to insufficient sample
size and the number of studies or the failure to adopt
the most appropriate clinical observation indicators. Liu’s
research (18) found that EPO has a certain effect on
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4.80 2.62 1.56 1.31
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(0.03, 40.34) (0.06, 5.88) (0.01, 9.43) (0.01, 9.26) (0.00, 7.45)
FIGURE 5
Effects of different doses of erythropoietin on mortality compared with placebo based on network meta-analysis. EPO, erythropoietin; u, unit.

shortening the length of hospital stay of patients. High-
quality evidence is relatively scarce, and further studies are
needed to address these uncertainties, especially regarding
optimal dosage, therapeutic time window, and duration
of therapy.

Limitations

There are also some limitations to our studies. First
and foremost, we had to abandon a few studies where
complete data cannot be obtained because of the need
for relatively accurate dose calculations. In addition, we
neither have complete data on what treatments patients
received other than EPO nor do we know whether these
essential treatments potentially impact patient outcomes.
Moreover, some of the studies had a high risk of bias,
but after careful assessment, this had a limited impact on
the results.

Conclusion

The network meta-analysis neither showed a significant
therapeutic effect of EPO in patients with TBI nor increased
the risk of adverse events. However, there is a potential
correlation between EPO dose and treatment efficacy, and
higher doses of EPO may be more effective in treating patients
with TBI. We look forward to more high-quality original
studies on the dose and timing of EPO for patients with
TBI to obtain more substantial evidence on the optimal dose
of EPO.
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