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Background. Enteral nutrition (EN) is often used in patients with traumatic brain injury (TBI), but some studies have shown that EN
has its disadvantages. However, it is not clear which nutritional support is appropriate to reduce mortality, improve prognosis, and
improve nutritional status in patients with TBI. We performed this Bayesian network meta-analysis to evaluate the improvement of
nutritional indicators and the clinical outcomes of patients with TBI. Methods. We systematically searched PubMed, Embase,
Cochrane Library, andWeb of Science from inception until December 2021. All randomized controlled trials (RCTs) which compared
the efects of diferent nutritional supports on clinical outcomes and nutritional indicators in patients with TBI were included.Te co-
primary outcomes included mortality and the value of serum albumin. Te secondary outcomes were nitrogen balance, the length of
study (LOS) in the ICU, and feeding-related complications. Te network meta-analysis was performed to adjust for indirect
comparison and mixed treatment analysis. Results. 7 studies enroll a total of 456 patients who received diferent nutritional supports
including parenteral nutrition (PN), enteral nutrition (EN), and PN+EN. No efects on in-hospital mortality (Median RR� 1.06, 95%
Crl� 0.12 to 1.77) and the value of 0-1 days of serum albumin were found between the included regimens. However, the value of
11–13 days of serum albumin of EN was better than that of PN (WMD� −4.95, 95% CI� −7.18 to −2.72, P< 0.0001, I2� 0%), and
16–20days of serum albumin of EN+PN was better than that of EN (WMD� −7.42, 95% CI� −14.51 to −0.34, P � 0.04, I2� 90%).
No efects on the 5–7day nitrogen balance were found between the included regimens. In addition, the complications including
pneumonia and sepsis have no statistical diference between EN and PN. EN was superior to PN in terms of LOS in the ICU and the
incidence rate of stress ulcers. Although the diference in indirect comparisons between the included regimens was not statistically
signifcant, the results showed that PN seemed to rank behind other regimens, and the diference between them was extremely small.
Conclusion. Available evidence suggests that EN+PN appears to be the most efective strategy for patients with TBI in improving
clinical outcomes and nutritional support compared with other nutritional supports. Further trials are required.

1. Introduction

Traumatic brain injury (TBI) is a major global health
problem, which is a common presentation in neurosurgery
and a leading cause of mortality and disability under the age
of 40 [1, 2]. Based on the incidence of traumatic brain injury
in China, it is estimated that there are 108 to 332 new
hospital admissions per 100,000 people per year [3]. TBI has
dynamically changeable life-threatening conditions which

impose a heavy burden on socioeconomic consequences
[2, 4]. Patients after an injury are always subject to a state of
hypermetabolism and hypercatabolism [5]. Te increased
metabolic rate after TBI has been shown to correlate with
intracranial pressure [6]. Increasing the body’s basal met-
abolic rate is a usual way to respond to these changes. Te
abnormal metabolic processes have been recognized as
important elements of secondary injuries. Nutritional
support has been appreciated as a crucial treatment for
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abnormal metabolic conditions following TBI [7]. Moreover,
the Brain Trauma Foundation proposed TBI patients should
attain basal caloric replacement after injury at least by the ffth
day and at most, by the seventh day [8]. But the nutritional
support is generally neglected in the TBI population.

TBI patients mainly maintain their nutritional status
through enteral nutrition (EN) and parenteral nutrition
(PN). Both approaches have their advantages and disad-
vantages. EN is an important way to correct systemic
metabolic disorders, improve immunity, and enhance the
poor prognosis of TBI patients, which is in line with human
physiological needs. However, intolerance to EN often oc-
curs in the early stage after TBI, and PN is needed to supply
the calories required by those patients. However, it should be
noted that studies have shown that PN is associated with
a higher infection rate, hyperglycemia, hepatic steatosis, and
other complications [9].

Te Brain Traumatic Foundation has proposed when to
attain basal caloric replacement, but there is no agreement
about how to reach the optimal route of nutritional support.
We perform this network meta-analysis aiming to explore
the efect and outcomes of diferent nutritional supports in
TBI patients.

2. Methods

2.1. Registration. Tis network meta-analysis is reported in
line with the Preferred Reporting Items for Systematic
Reviews andMeta-Analyses (PRISMA) statement. Te study
protocol was registered (identifer: CRD42021292847) on
December 24, 2021, with the International Prospective
Register of Systematic Reviews (PROSPERO).

2.2. Literature Search. Two review authors independently
performed the electronic search in PubMed, Embase,Web of
Science, and Cochrane Library from inception to December
24, 2021, of which the search strategy was performed around
the PICOS. Te search strings contain adults with traumatic
brain injury, enteral nutrition, parental nutrition, and RCTs.
In addition to the databases, the two review authors also
independently scanned the reference lists of included studies
and included articles that met the inclusion criteria. Te
complete search strategies are shown in Document S1.

2.3. Trial Selection. Trials were included if they met the
following eligibility criteria: randomized clinical trials
(RCTs) that compared diferent nutritional supports for
patients with TBI; adults (aged 18 years or older) with TBI of
any severity or patients with multiple injuries including head
injury; any of the treatment strategies of EN, PN, and
EN+PN; and the following outcomes: mortality, the value of
serum albumin, nitrogen balance, LOS in the ICU, and
feeding-associated complications including pneumonia,
sepsis, and stress ulcer. Trials were excluded if they met the
following exclusion criteria: non-RCT, quasi-randomized
trials, and studies based on other languages other than
English.

2.4.OutcomeMeasures andDataExtraction. Te co-primary
outcomes were overall in-hospital mortality and the value of
11–13days and 16–20days of serum albumin. Te secondary
outcomes were nitrogen balance, the LOS in ICU, the incidence
rate of pneumonia, the incidence rate of sepsis, and the in-
cidence rate of stress ulcers. Two investigators independently
reviewed the included studies and extracted the relevant data
from each study, including the year of publication, author’s
name, region, patients’ mean age, patients’ sex, Glasgow Coma
Scale when admission, sample size, treatment arms, timing to
starting nutrition, and the patients’ outcomes. Any discrep-
ancies regarding the extraction of data were resolved by recheck
of the study data and discussing with the corresponding author.
When information is missing, an independent author sought
data by sending an email to the original author.

2.5. Risk of Bias andQualityAssessment. Temethodological
quality of individual studies was assessed using the Cochrane
risk of the bias assessment tool, based on the following
aspects: random sequence generation; allocation conceal-
ment; blinding of outcome assessment; incomplete outcome
data; selective reporting; and other bias. Each item was
assessed with a high, low, or unclear risk of bias, and dis-
agreements were resolved through open discussion with the
corresponding authors.

2.6. StatisticalAnalysis. We performed a traditional pairwise
meta-analysis using the RevMan software (version 5.4.1,
Cochrane Collaboration, Copenhagen, Denmark). For the
dichotomous outcomes, relative risks (RRs) with 95% con-
fdence intervals (CIs) were analyzed. For the continuous
outcomes, weighted mean diference (WMDs) with 95% CIs
was analyzed. Chi-square statistics were used to assess het-
erogeneity between trials, with an I2 value greater than 50%,
indicating signifcant heterogeneity [10]. Bayesian network
meta-analysis was performed to compare three interventions
(EN, PN, and EN+PN) using the automated software
GeMTC (version 0.14.3 Groningen, USA). It combines direct
and indirect information to obtain estimates of the relative
intervention efects of multiple intervention comparisons
[11]. Te node splitting model was used to evaluate whether
direct and indirect efects are consistent. We used non-
informative uniform and normal prior distributions and three
diferent sets of starting values to ft the model, yielding
150000 iterations (50000 per chain) to obtain the posterior
distributions of model parameters. For overall in-hospital
mortality and the value of serum albumin, we used
5000 burn-ins and a thinning interval of 50 for each chain.
Te rank probability graph generated by the network meta-
analysis is designed to fnd out which nutritional support is
best. Random efect variance and inconsistent random efect
variance are also used to analyze its consistency.

3. Results

3.1. Study Selection. Te PRISMA diagram is illustrated in
Figure 1. We screen PubMed, Embase, Web of Science, and
the Cochrane Library from inception to December 24, 2021
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and retrieved 2750 articles. We removed 557 duplicate
publications, and 2155 articles were excluded according to
title and abstract. We performed a further evaluation, and
only seven RCTs were included from diferent countries
enrolling 456 patients [12–18].

3.2. Study Characteristics. Te seven RCTs [12–18] which
included 456 individuals with an average age of 37.29
(SD � 8.32) years were conducted in fve regions, which
included USA (n � 2), Iran (n � 1), Brazil (n � 1), Italy
(n � 1), and China (n � 2), between 1983 and 2016. All
the studies included both men and women. And of
these, a large proportion is male. Te GCS ranges from 3
to 12. Te baseline characteristics of the included studies
are presented in Table 1. In terms of nutrition pathways,

213 individuals were included in the EN group, 168
individuals in the PN group, and 75 in the EN +
PN group.

In relation to outcomes reported, all but three studies
[14–16] reported in-hospital mortality, all but three reported
the value of serum albumin [13, 15, 16], and all but four
reported the nitrogen balance [12, 16–18].

3.3. Risk of Bias. Details of the quality assessment in each
study included are provided in Figure 2. A judgment of low,
high, or unclear risk of bias was rated in each domain, and
then the study was evaluated to be at a low risk of bias (if all
domains were at low risk), a high risk of bias (if high risk
in≥ 1 domain), or unclear risk of bias (if unclear risk in≥ 1
domain without any domain at a high risk). Of these, 0 RCTs

Records identified through
database searching
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Cochrane Library (n = 370), Web of
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Additional records
identified through

other sources
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Total publications
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Figure 1: Te fowchart of studies evaluating nutritional supports for TBI through the selection process.
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had a low risk of bias, 3 had an unclear risk of bias, and 4 had
a high risk of bias.

4. Results from Direct Comparisons

4.1. Primary Outcomes. Te primary outcomes of direct
comparisons are the in-hospital mortality and the value of
serum albumin during 11–13 days after EN, PN, and
EN+PN support. In-hospital mortality had no signifcant
diference in the EN group when compared with the PN
group (RR� 0.96, 95% CI� 0.50 to 1.86, P � 0.91, and
I2 � 49%). (Figure 3)

Tere was obvious heterogeneity among these included
studies; thus, the random efect model was utilized for
statistical analysis. Te results indicated that the value of
serum albumin had no signifcant diference during 0-1 days
and 5–7 days but increased during 11–13 days
(WMD� −4.95, 95% CI� −7.18 to −2.72, P< 0.0001, and
I2 � 0%) and 16–20 days (WMD� −7.42, 95% CI� −14.51 to
−0.34, P � 0.04, and I2 � 90%) in the EN group compared to
the PN group (Figure 4)

4.2. SecondaryOutcomes. Between the EN group and the PN
group, there was an increase trend of the LOS in the ICU in
the PN group (WMD� 3.98, 95% CI� 0.31 to 7.65, P � 0.03,
and I2 �13%) (Figure S1). Moreover, three complications
were analyzed, including pneumonia, sepsis, and stress ulcer.
Incidence of stress ulcer in the PN group was higher than the
EN group (RR� 2.97, 95% CI� 1.47 to 6.00, P � 0.002, and
I2 � 0%) (Figure S2). Compared with the PN group, the EN
group did not signifcantly reduce the incidence of pneu-
monia (RR� 0.83, 95% CI� 0.38 to 1.78, P � 0.63, and
I2 � 52%) and sepsis (RR� 2.36, 95% CI� 0.28 to 20.12,

P � 0.43, and I2 � 62%). And in contrast to the EN group, the
EN+PN group had no infuence on the value of serum
albumin during 0 days (P � 0.61).

We compared nitrogen balance between the PN and the
EN groups and between the EN+PN and the EN groups,
respectively. Tere was no heterogeneity in nitrogen balance
during 10-11 days between EN and PN groups, and the ni-
trogen balance during 10-11 days in the EN group was higher
than in the PN group (WMD� −3.64; 95% CI� −4.77 to
−2.50, P< 0.00001, and I2 � 0%) (Figure S3). Random efect
models were utilized (I2> 75%) in the fve outcomes (nitrogen
balance during 0-1 days, 3 days, 7 days in PN vs. EN group
(Figure S3); nitrogen balance during 7 days, 11–14 days in
EN+PN vs. EN group). Te results showed that there was no
statistically signifcant diference on all of these (Figure S4).

4.3. Results from the Network Meta-analysis (NMA). All
networks held the principles of coherency, transitivity, and
consistency. NMA maps of the studies examining the in-
hospital mortality and the value of serum albumin of dif-
ferent nutritional supports are in Figure 5. Te size of the
nodes relates to the number of individuals in that in-
tervention type. 213 individuals were included in the EN
group, 168 individuals in the PN group, and 75 in the
EN+PN group.Te thickness of lines between interventions
relates to the number of studies for that comparison. Tere
are 3 studies relates to EN+PN vs. EN, 5 studies related to
EN vs. PN, and 2 studies related to EN+PN vs. PN. Figure 6
details the complete matrix for results of the in-hospital
mortality, 5–7 days nitrogen balance, 11–14 days nitrogen
balance, 0-1 days serum albumin, and 5–7 days serum al-
bumin. And Table 2 ranks the nutritional pathways based on
the outcome being measured.
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Four studies with 231 individuals contributed to the
NMA assessing the in-hospital mortality. Tere is no sig-
nifcant diference in the in-hospital mortality in the three
groups. But Table 2 illustrates that the EN+PN group may
rank the best for achieving a higher survival rate. Figure 6
illustrates the complete matrix.

Four studies with 238 individuals contributed to the
analysis of the value of serum albumin. Tere is no sig-
nifcant diference in the value of serum albumin on 0-1 days
or 5–7 days after admission in the three groups. Te rank
probability of albumin showed that the probability of the
EN+PN group ranking the frst was higher than that in the
PN group and the EN group on 0-1 days after admission,
while the probability of the EN+PN group ranking the frst
was higher than that in the EN group and the PN group on
5–7 days after admission. Te fgure illustrates the complete
matrix.

5. Discussion

Te systemic metabolism rate of a patient with TBI is usually
disrupted, and the energy consumption is usually faster than
those of a normal person. Tese changes lead to the process
of undernutrition complications such as negative nitrogen
balance and hypoproteinemia, which escalate brain damage
and poor prognosis. Although it is known that nutritional
support cannot completely reverse the catabolic state [19],
appropriate nutritional support can efectively enhance the
nutritional status and have a great signifcant efect on the
recovery of patients.

Tis NMA represents the analysis regarding nutritional
interventions for people with TBI. We combined direct and

indirect evidence from 7 RCTs comparing 3 diferent in-
tervention arms in over 456 adults with TBI. Our main
outcomes indicate that a combined intervention consisting
of the PN and the EN may be promising nutrition support
for decreasing in-hospital mortality in patients with TBI.
However, this conclusion is not statistically signifcant,
which may be due to the small sample size, early studies, and
the few relevant RCTs, which might contribute to the dis-
crepancy. From other studies [20, 21], these fndings are
supported, as while there is some cross-over between the
benefts of PN and EN; each also contributes especially to the
body’s recovery after injury. Studies note that gastrointes-
tinal function impairment is common in patients with TBI
[22]. PN can rapidly improve the nutritional status of pa-
tients in a short period and is superior to EN in early life-
saving nutritional support. But at the same time, the timely
opening of the EN is more in line with the physiological
needs, is the more efective use of substrates to better support
cell and organ functions, can avoid liver immune injury
induced by PN, and can reduce the occurrence of compli-
cations such as hyperglycemia and hyperosmia. Terefore, it
is reasonable to assume that these two nutritional supports
together contribute to further improving the outcome of TBI
patients, thereby reducing patient in-hospital mortality.

After the TBI, the value of serum albumin may decrease
due to increased consumption, bleeding loss, insufcient
intake, or other reasons. Hypoproteinemia is bound to
weaken the patient’s resistance and pose a risk of poor
prognosis [23]. It is now generally accepted that a moder-
ately high level of serum albumin may be most benefcial for
patients with TBI [3]. Appropriate nutritional support to
improve serum albumin is particularly important. Our direct

(75 individuals)
EN+PN

(3 studies)

(5 studies)

(2
 st

ud
ie

s)

(213 individuals)

EN

PN
(168 individuals)

Figure 5: Te comparison network of the included studies.
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results showed that EN and EN+PN groups had no sig-
nifcant diference in the value of serum albumin at day 0,
while the value of serum albumin in the EN+ PN group on
days 16–20 was signifcantly higher than the EN group,
indicating that EN+ PN had a better efect on improving
serum albumin than EN. NMA results showed that no
matter at 0-1 day or 5–7 days, three groups of the value of
serum albumin had no obvious diference. Te emergence
of this outcome may be due to the following reasons: al-
bumin has a longer half-life (about 20 days), and it is
a negative acute-phase reactant, meaning that serum al-
bumin concentrations rise slowly during nutritional
therapy [3, 24].Terefore, it is necessary to extend the study
period when assessing nutritional status improvement with
serum albumin. A study by Caliri et al. [25] showed that the
initial serum albumin value of patients with TBI was much

lower than the minimum normal level on admission. And
using enteral caloric implementation, hypoalbuminemia
improved slightly after 1month, and serum albumin
returned to normal after 12months. In our analysis, the
included articles have insufcient data to support more
days of serum albumin in this analysis. However, according
to the rank probability results of NMA, EN may rank the
frst in improving the serum albumin through 5–7 days of
nutritional support.Terefore, combined with the results of
direct comparison and network analysis, the EN (with or
without the PN) is more valuable than the PN alone for
increasing serum albumin, a reliable nutritional indicator.
But, it is worth noting that the use of fuid resuscitation
with albumin for TBI in the frst week may increase in-
tracranial pressure, which is the most likely mechanism of
increased mortality in these patients [26]. We should also

In-hospital mortality
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Figure 6: Te matrix for the results of the in-hospital mortality, 5–7 days nitrogen balance, 11–14 days nitrogen balance, 0-1 days serum
albumin, and 5–7 days serum albumin.
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note that albumin is not recommended for resuscitation in
patients with TBI [27].

Improved nitrogen balance is associated with increased
protein intake. Nitrogen loss is not only related to nitrogen
input but also the catabolic rate. Clinicians often use this
indicator to assess the catabolic status and adjust nutritional
regimens in response to nitrogen balance changes. We
notice that other studies proposed that nitrogen balance was
independently associated with improved survival [28]. In
this study, nitrogen balance was analyzed to evaluate the
impact of diferent nutritional supports on the nutritional
status of TBI patients. Our direct results indicated that there
was no signifcant diference in nitrogen balance at 0-1 day
between the EN group and the PN group, but the nitrogen
balance at 10-11 days of the EN group was higher than that
of the PN group, indicating that EN had a better efect on
improving nitrogen balance than PN. Our NMA analysis
results showed that there was no statistically signifcant
diference in nitrogen balance between the EN group, PN
group, and EN+PN group at 5–7 days nor between 11-
14 days. However, it was worth noting that the ranking of
nitrogen balance at 5–7 days and 11–14 days showed that
with the extension of nutritional intervention time, up to
11–14 days, the order of nitrogen balance from the initial
PN>EN changed to EN>PN, but the efect of EN+PN and
EN on the improvement of nitrogen balance cannot be
judged. In ranking nutritional interventions to decrease
mortality and improve nitrogen balance, the 5–7 day PN
group was deemed to be the least efective. We notice that
some studies prove that PN can improve nitrogen balance
rapidly. It helps to improve lymphocyte levels quickly, which
is conducive to the recovery of immune function [29]. So,
the PN also cannot be ignored in the treatment of TBI.

Our meta-analysis results showed that the LOS in the
ICU and the incidence of stress ulcer in the EN group were

signifcantly lower than those in the PN group, and there was
no statistical diference in the pneumonia rate. Making
a scientifc and reasonable plan to ensure the smooth
implementation of early enteral nutrition can not only
maintain the barrier function of the gastrointestinal tract but
also prevent intestinal toxins from entering the bloodstream
and causing bacterial translocation [30–33]. In addition,
earlier studies believed that the EN was closely related to the
occurrence of aspiration pneumonia, but in recent years, due
to the popularity of nasojejunal feeding, percutaneous en-
doscopic gastrostomy feeding, and transpyloric feeding, the
incidence of aspiration pneumonia has decreased signif-
cantly [34–36]. In addition, it is undeniable that the support
of the PN in the period of intolerance to the EN can improve
the immune function of patients with TBI and promote
recovery. In neurosurgery, patients with TBI have a high rate
of mortality and disability rate, and its treatment is ex-
tremely challenging. Every link of treatment, including
nutrition, should not be ignored.

In this study, only English-language articles were
searched, which may lead to incomplete article collection
and may reduce the quality of research results. In addition,
we realize that positive results may be easier to publish than
negative results, which resulted in inherent publication bias.
Moreover, the sample sizes are relatively small, and the
heterogeneities in sample and methodology are inherent
across the included articles, so nutritional supports cannot
be studied in detail. Too many risks of bias are unclear when
we assessed the risk of bias, whichmay skew the results of the
network meta-analysis from the truth. We recommend that
more high-quality RCTs be conducted in the future to guide
clinical work. All of these limitations may afect the au-
thenticity of conclusions.

6. Conclusions

Available evidence suggests that EN+PN appears to be the
most efective strategy for patients with TBI in improving
clinical outcomes and nutritional support compared with
other nutritional supports. Further trials are required.
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Table 2: Results of the rank test for diferent nutritional supports.

Supports Rank 1 Rank 2 Rank 3
In-hospital mortality
EN+PN 0.08 0.1 0.82
EN 0.58 0.35 0.07
PN 0.34 0.54 0.12
0-1 days serum albumin
EN+PN 0.51 0.24 0.26
EN 0.33 0.41 0.26
PN 0.17 0.35 0.48
5–7 days serum albumin
EN+PN 0.2 0.38 0.41
EN 0.74 0.21 0.05
PN 0.06 0.4 0.54
5–7 days nitrogen balance
EN+PN 0.62 0.25 0.13
EN 0.11 0.36 0.54
PN 0.27 0.39 0.34
11–14 days nitrogen balance
EN+PN 0.56 0.38 0.06
EN 0.41 0.53 0.06
PN 0.03 0.09 0.88
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