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Obijective: To investigate the effects of sequential nutritional support on nutritional status and
immune regulation in patients with early severe traumatic brain injury (STBI).

Patients and methods: A total of 62 patients diagnosed with STBI enrolled from Chaoyang
Hospital (Beijing, China) from February 2015 to October 2016 were divided into two groups.
The observational group (n=34) was given sequential nutritional support and the control group
(n=28) was given the standard formula of whole protein enteral preparations. The energy supply
for the two groups was 30 kcal/kg/d and protein 1.6 g/kg/d, respectively. The albumin (ALB),
total protein (TP), high-sensitivity C-reactive protein (Hs-CRP), neuron-specific enolase (NSE),
Glasgow Coma Score (GCS), and regulatory T cells before and after nutritional treatment were
measured in both groups.

Results: At the 14th day, the levels of ALB (41.7+4.2 g/L) and TP (70.6+4.9 g/L) were signifi-
cantly higher than those in the control group (33.512.3 g/L and 62.3£3.9 g/L) (P<<0.05). The
levels of Hs-CRP and NSE were significantly lower in the observational group (0.96+0.82 mg/L
and 11.9617.82 ng/L) than in the control group (1.17£0.74 mg/L and 19.17£6.74 ng/L) (P<<0.05).
The GCS score in the observational group (11.5+2.9) was significantly higher than that in the
control group (8.1£1.7) (P<<0.05). The percentage of Tregs in the peripheral CD4* lymphocytes
was significantly lower in the observational group than in the control group (P<0.05).
Conclusion: The effect of sequential nutritional support is better than conventional nutritional
support in patients with STBI. The findings call for early identification of malnutrition and
individual nutritional support.

Keywords: severe traumatic brain injury, enteral nutrition, sequential nutrition, regulatory
T lymphocytes

Introduction

Early enteral nutrition (EN) in patients with severe traumatic brain injury (STBI)
is superior to parenteral nutrition (PN).! Since many patients are in a state of coma
after STBI, the rate of basal metabolism will increase due to high stress. A previ-
ous study suggested that the mean amount of energy consumption in STBI patients
was significantly higher than that of basic energy consumption at rest.? Insufficient
energy supply to STBI patients would lead to severe nutritional deficiency, immune
dysfunction, interfering repair and functional compensation of the central nervous
system, which further increased the risk of malnutrition and directly influenced the
prognosis of patients.* Zhang and Jiang* reported that the incidence of nutritional
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disorders could increase to 30% within 1 week after brain
injury. Moreover, the delayed nutritional support would
lead to rapid malnutrition and poor functional recovery in
patients with STBI.

Currently, there is a consensus that early application of
EN support is beneficial to patients with STBI. EN not only
can provide sufficient nutritional substrate but also can acti-
vate the intestinal nerve-endocrine-immune network which
can promote the secretion of intestinal hormones and facili-
tate gastrointestinal peristalsis.'® However, the appropriate
method of EN support is still unclear. In addition, gastroin-
testinal dysfunction is prone to occur at 1-2 weeks after brain
injury, which makes it difficult for patients to achieve the
target feeding amount (eg, 25 kcal/kg/d). In addition, reflux
and vomiting caused by slow gastric motility and intracranial
hypertension will increase the risk of malnutrition. Therefore,
we proposed that sequential nutritional support for patients
with STBI could ameliorate nutritional status and improve
immune function. Regulatory T cells (Tregs) play an essential
role in the immune system, including maintaining tolerance
to self-antigens, preventing autoimmune disease, and nega-
tively modulating the induction and proliferation of effector
T cells.®” Liesz et al'® suggested that Treg cells were major
cerebroprotective modulators of postischemic inflammatory
brain damage targeting multiple inflammatory pathways.
Treg cells and other effector T cells had been proven to
express the biomarkers CD4, CD25, and Foxp3.!! Recently,
studies proposed that low expression of CD127 coexpressed
with Foxp3 and CD25, particularly in humans, could be
used to distinguish Tregs from activated CD4* T cells.!? In
this study, CD4* CD25*CD127dim cells were considered
as activated Tregs. Therefore, we performed a comparative
study about sequential nutritional support and traditional
nutritional support for patients with STBI. The albumin
(ALB), total protein (TP), high-sensitivity C-reactive pro-
tein (Hs-CRP), neuron-specific enolase (NSE), Glasgow
Coma Score (GCS), and the percentage of CD4*CD25*
T cells in the peripheral lymphocytes and the percentage of
CD4* CD25*CD127dim T cells in the CD4* lymphocytes
were measured before and after nutritional support in both
groups. More detailed information about nutritional status
improvement and immune function recovery will be provided
in this study.

Patients and methods

Patients
The study sample included 62 STBI patients recruited at
the Department of Neurosurgery and Hyperbaric Oxygen

of Chaoyang Hospital (Beijing, China) from February 2015
to October 2016. The study sample consisted of 39 (62.9%)
males and 23 (37.1%) females with mean age of 44.5 years
(range from 21 to 68 years). The mean body weight was
65.7£18.9 kg and mean BMI was 20.1£3.5 kg/m?. The daily
intake of energy per person was calculated from height,
weight, and nutritional status.

Inclusion criteria: 1) patients who were admitted to the
hospital within 24 h after the onset of disease and who were
diagnosed with brain contusion of closed or open brain injury
based on history of the disease, signs and head CT scan (GCS
for these patients ranged from 4 to 8 with a duration >24 h);
2) stable vital signs; 3) Nutritional Risk Screening 2002
(NRS2002) score >3, as recommended by the European
Society for Parenteral and Enteral Nutrition (ESPEN) and
accredited by the Chinese Society for Parenteral and Enteral
Nutrition (CSPEN); and 4) survival more than 14 days.

Exclusion criteria: patients with organic disease, such as
liver and kidney disease, gastrointestinal bleeding, malig-
nancy, diabetes, and other endocrine diseases that affect
protein metabolism.

This study was approved by the Beijing Chaoyang
Hospital Ethics Committee of Capital University of Medi-
cal Sciences (2016-Section-83). Written informed consent
was obtained from the patients’ immediate family members
before enrollment. Patients were divided into a control group
(28 cases) and an observational group (34 cases) using a ran-
domized table method. Nutritional screening, evaluation and
treatment were performed for different nutritional support.

Methods

Routine treatment

Routine treatment for all patients are as follows: nerve
nutrition, dehydration to decrease the intracranial pressure,
maintenance of hemostasis, administration of hormones,
prevention of infection, and maintenance of water, electro-
lyte, and acid—base balance. Intracranial hematoma removal
and decompressed surgery were performed as per patients’
conditions.

Nutrition support

After admission all patients were intubated with nasogastric
or nasojejunal tube (diameter 2.7 ram, length 125 ram, with
inductive wire and lubricated coating, produced by Fresenius
Medical Company, Bad Homburg vor der Hohe, Germany).
After intestinal function recovery, all patients were fed with
EN via nasogastric or nasojejunal tube. The target energy
supply was 30 kcal/kg/d at the initial speed of 60 mL/h, and
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was gradually increased to either 80 mL/h or 100 mL/h.
In addition, the amount of intestinal nutrition and the drip
speed were adjusted as per the patient’s tolerance.

Observational group: Patients were given pepsin short
peptide type EN (standard energy density, 125 g/kit, 500 keal,
produced by Nutricia, Utrecht, the Netherlands) within 24 h
of onset. Based on a patient’s energy needs and tolerance,
500 kcal/500 mL, 750 kcal/750 mL, or 1,000 kcal/1,000 mL
nutrient solution was administered in the first 3 days of
treatment. In brief, on the first day, pepsin 500 kcal/500 mL
nutrient solution (protein 20 g, fat 8.5 g, carbohydrate 88 g)
was given to patients at a speed of 60 mL/h continuous
pumping. On the second day, pepsin 750 kcal/750 mL nutrient
solution (protein 30 g, fat 12.75 g, carbohydrate 132 g) was
given at the rate of 80 mL/h to enhance the patient’s nutri-
tion, whereas on the third day, 1,000 kcal/1,000 mL nutrient
solution (protein 40 g, fat 17 g, carbohydrate 176 g) was
infused at the rate of 100 mL/h. The rest of the energy was
provided by total parenteral nutrition (TPN; prepared with
glucose, 20% fat milk, 18 kinds of amino acids, water-soluble
vitamins, fat-soluble vitamins, alanyl glutamine, electrolytes,
and trace elements). After 48 h, the total volume and drip rate
were modified as guided by the patient’s intestinal tolerance.
Based on different energy requirements of each person, EN
was gradually transferred to the short peptide and whole
protein method after 72 h. Further, the proportion of EN
was also adjusted. During this period, whole protein powder
(Guangzhou Bangshi Biotechnology Co., Ltd, Guangzhou,
China; specifications: 300 g/tank, energy 5,040 kJ; 15 g
protein powder containing 11.2 g protein) was added to meet
the protein requirement of 1.6 g/kg/d.

Control group: the control group were fed with Enteral
Nutritional Suspension (Nutricia, specifications: 500 mL/
bottle, energy 3,150 kJ, 750 kcal, protein 30 g, fat 29.2 g,
carbohydrate 184 g; meet daily energy 30 kcal/kg/d).

Testing indexes

Nutritional indexes

The patient’s ALB and TP were measured on the Ist day,
7th day, and 14th day after admission.

Immune indexes

The percentage of CD4*CD25* T cells in the peripheral
lymphocytes and the percentage of CD4* CD25*CD127dim
T cells in the CD4* lymphocytes were used as an immune
index. Briefly, the elbow vein blood was collected and all
the specimens were measured within 2 h. Ten uL. CD25-CY
and 10 uL. CD4-F1TC antibody were added to 100 uL whole
blood, and mixed and reacted with the primary antibodies
in the dark for 15 min. Additionally, 2 mL hemolytic agent
was added and incubated for 10 min in a 37°C water bath.
After the samples were completely hemolytic and washed
with phosphate buffer (PBS), the cells were immediately
detected by flow cytometry.

Statistical analyses

All statistical analyses were performed using SPSS 21.0
(IBM Corporation, Armonk, NY, USA). Continuous vari-
ables were summarized with mean + SD. The between-
group comparison was done using either a parametric
Student’s #-test or a non-parametric rank sum test. A
P-value <0.05 (two-tailed) was considered statistically
significant.

Results

Demographic characteristics

A total of 62 adult patients (39 men and 23 women) with
STBI were enrolled in this study and they were randomly
divided into two groups, including an observational group
(n=34) and a control group (n=28). As shown in Table 1,
the mean age of the observational group was 41.5+10.8
years and the mean age of the control group was 45.419.6
years. There were no significant differences of mean age
between two groups. The observational group consisted
of 22 (64.7%) males and 12 (35.3%) females. There were
17 (60.7%) men and 11 (39.3%) women in the control
group. There were no significant differences in GCS
between the observational group (5.5+1.3) and the control
group (6.2+0.7).

Table | Demographic characteristics

Observational Control
Inflammatory damage indexes group group
The patient’s Hs-CRP and NSE were monitored on the  Number of patients 34 28
Ist day, 7th day, and 14th day after admission. Age (years) 41.5£10.8 45.4£9.6
Sex

Male, n 22 17
GCS Female, n 12 Il
The changes in GCS were measured in both groups on the = Glasgow Coma Score 5.5£1.3 6.2+0.7
Ist day and 14th day after admission. Note: Data presented as mean + SD.
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Table 2 Changes in ALB and TP markers on the Ist, 7th, and 14th day after treatment in control and observational groups

Group n ALB TP

Ist day 7th day 14th day Ist day 7th day 14th day
Control 28 29.543.5 27.9+32 33.5+2.3 63.9+2.8 59.6+4.6 62.3+3.9
Observational 34 27.7£3.0 31.3+2.9 41.7+4.2% 60.31£3.4 62.21t4.9 70.6+4.9%

Notes: *P<<0.05. Data presented as mean + SD.
Abbreviations: ALB, albumin; TP, total protein.

Changes in nutritional indices before and
after treatment in both groups

The ALB and TP were slightly higher in the observational
group than in the control group on the 7th day after treatment,
but the difference between the two groups was non-significant
(P>0.05). On the 14th day, the two indices increased, and
the difference between the groups was statistically significant
(P<0.05, Table 2).

Changes of Hs-CRP and NSE before and

after treatment in both groups

Table 2 presents the changes of Hs-CRP and NSE on the 1st,
7th, and 14th day after treatment. The observational group
had significantly lower level of serum Hs-CRP than the
control group from 7th day (P<<0.05). The observational
group had a non-significantly lower level of NSE indices
than the control group on 7th day, but a significantly lower
level on 14th day (P<<0.05, Table 3).

Changes in GCS scores before and after

treatment in both groups

The GCS scores for the two groups before and after treat-
ment are shown in Table 4. The observational group had a
significantly higher GCS score than the control group on the
14th day (P<<0.05).

Percentages of CD4*CD25* T cells and
CD4* CD25*CDI127dimT cells in the
whole lymphocytes before and after

treatment in both groups
As shown in Table 5, in the control group there were no
significant differences of the percentages of CD4*CD25*

T cells/peripheral lymphocytes and CD4* CD25*CD127dim
T cells/CD4* lymphocytes in the whole lymphocytes at
the Ist, 7th, and 14th days. However, in the observational
group, the percentage of CD4*CD25* T cells in the peripheral
lymphocytes and the percentage of CD4* CD25*CD127dim
T cells in the CD4* lymphocytes were significantly decreased
at the 7th and 14th days.

Discussion

To the best of our knowledge, this study is the first to test the
effect of sequential nutritional support on nutritional status
and immune regulation in patients with early STBI. We found
that the observational group who were given sequential nutri-
tional support had higher levels of ALB and TP, and lower
levels of serum Hs-CRP, NSE, and Treg cells compared with
the control group who were given the standard formula of
whole protein enteral preparations, suggesting a beneficial
effect of sequential nutritional support. The findings provide
important information on the treatment of early STBI and
highlight the protection of the intestinal tract. However, these
findings require validation in other studies.

In this study, we adopted short-peptide enteral nutritional
transition and whole protein EN mixed feeding, and addi-
tionally added a high protein sequential treatment program
for the observational group, with whole protein type EN for
the control group. When patients in the control group were
given the whole protein type EN preparations, a series of
reactions occurred in their digestive tracts, often leading
to intolerance, reflux, and diarrhea. They had lower levels
of serum TP and ALB than the observational group on the
7th day after treatment, but their gastrointestinal motility
function was normal, after checking the residual amount in
their stomach. We suggested that even if the early EN was

Table 3 Changes of Hs-CRP and NSE before and after treatment in control and observational groups

Group n Hs-CRP (mg/L) NSE (ng/L)

Ist day 7th day 14th day Ist day 7th day 14th day
Control 28 2.621+0.85 1.76+0.62 1.17£0.74 27.3248.85 22.5619.62 19.1716.74
Observational 34 2.51+0.74 1.12+0.57* 0.96+0.82 5.58+10.74 19.72+11.57 11.96+7.82*
P-value 0.261 0.015 0.047 0.087 0.061 0.012

Note: *P<<0.05.

Abbreviations: Hs-CRP, high-sensitivity C-reactive protein; NSE, neuron-specific enolase.
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Table 4 Changes in GCS before and after treatment in control
and observational groups

Group n Ist day 7th day 14th day
Control 28 6.3t1.5 7.7+1.2 8.1+1.7
Observational 34 7.212.1 9.4+2.6 11.5£2.9%
P-value 0.229 0.891 0.027

Note: *P<<0.05.
Abbreviation: GCS, Glasgow Coma Score.

administrated, this stage inhibits the gastrointestinal func-
tion. The digestion and decomposition of the whole protein
increased the gastrointestinal burden and caused damage to
intestinal mucosal cells, resulting in incomplete absorption of
the whole type protein. We adopted the transition treatment
program from short peptide to whole protein type gradually
for the observational group. The observational group showed
significantly higher levels of serum TP and ALB after high
protein nutritional support, compared to the control group.
It has been shown that 20% of the early nutrients of STBI
patients was provided by the gastrointestinal tract, and this
can then maintain the gastrointestinal mucosal structure.’
The small amount of short peptide at the early stage in the
observational group is good for digestion, reduces the burden
on the gastrointestinal tract, improves the patient’s gastroin-
testinal tolerance, and thus stabilizes the physiological state
after acute gastrointestinal injury in patients with STBI.
After traumatic brain injury, the local inflammatory
response is activated and a large amount of inflammatory
factors are released, leading to secondary injury. Meanwhile,
the microglia activated in the central nervous system after
the brain injury interact with Tregs through the media, and
activate the Tregs. Tregs can aggravate the brain injury due to
cerebral microcirculatory disturbance and thrombogenesis.
Kleinschnitz et al'* suggested that Foxp3* Tregs cells could
induce microvascular dysfunction and ablation of Tregs
reduced microvascular thrombus formation and improved
cerebral reperfusion on stroke. Similarly, in this study, the
percentage of Tregs in the whole lymphocytes significantly
reduced after nutritional support. Tregs are a subset of CD4*
T lymphocytes, accounting for about 5%—10% of all CD4*
T lymphocytes. Activated Tregs can inhibit the activity of

other T lymphocytes, leading to immunosuppression, which
can reduce the immunity of patients in the acute phase of trau-
matic brain injury, thus leading to pulmonary infection and
other complications."”® Sequential nutritional support could
effectively protect the gastrointestinal function, reduce the
release of intestinal bacteria or toxins, inhibit the displace-
ment of inflammatory mediators, and prohibit the activation
of Tregs, which could alleviate inflammatory responses and
secondary injuries.'®!

Furthermore, this study selected Hs-CRP and NSE as
indicators to assess the impact of sequential nutritional treat-
ment on inflammatory damage of central nervous system
in patients. CRP is a sensitive non-specific inflammatory
marker, a type of acute protein produced when the body
tissue is damaged or stimulated by inflammation. Hs-CRP
is regarded as a marker of clinical infection and acute
inflammatory response due to close relations to inflam-
mation and the degree of tissue damage.!® Clinical trials
suggested that CRP levels in patients with brain injury and
cerebral hemorrhage are highly related to inflammation and
prognosis. NSE is a type of nerve-specific protein which is
highly sensitive and can reflect brain tissue injury, and has
become an important index to judge brain injury and evalu-
ate prognosis in recent years."” In this study, Hs-CRP and
NSE significantly decreased in both groups after treatment
with EN, and the observational group had significantly lower
levels of Hs-CRP at the 7th day compared with the control
group, further demonstrating that sequential nutritional sup-
port could reduce the inflammatory damage of nerve cells
through immunoregulation.

We used the neurological score to assess the prognosis
and observed significantly higher GCS scores in the obser-
vational group than in the control group on the 14th day
after treatment. Improvement of GCS scores indicated that
sequential nutritional support could effectively and efficiently
promote the cerebral functional recovery after STBI. Chiang
et al** demonstrated that EN within 48 h post-injury is associ-
ated with better survival, GCS recovery, and outcome among
STBI patients, particularly in those with a GCS score of 6-8.
Early EN should start within 48 h post-brain injury to reduce
clinical malnutrition, prevent bacterial translocation from

Table 5 The percentage of CD4"'CD25" T cells and CD4" CD25'CD|127dim T cells in the whole lymphocytes in the control and

observational groups before and after treatment

Group CD4'CD25* CD4" CD25°CDI127dim

Ist day 7th day 14th day Ist day 7th day 14th day
Control 9.81+4.5 5.9+2.2 4.5+2.7 20.7+5.4 17.37.9 16.7+4.2
Observational 10.9+6.8 4.6£1.7*% 2.3£1.9% 19.3%6.1 I1.2+4.8% 9.6+4.9%
Notes: *P<<0.05; *P<0.01.
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the gastrointestinal tract and improve outcome in patients
with STBI.

Therefore, sequential nutritional support not only pre-
vents reduction in the early protein level in patients with
severe STBI, but also regulates immunity. Therefore, this
regulation can meet the needs of abnormal metabolism,
reduce nerve cell damage, and can promote the recovery of
nerve function. Sequential EN support is advantageous in
the formulation of the formula and adjustment of nutritional
program over the conventional EN support. Sequential EN
implementation depends largely on its ability to promote the
repair of intestinal function, improve the patient’s gastroin-
testinal tolerance, and reduce malnutrition, infection, and
inflammatory damage caused by immunosuppression. The
stability of the internal environment and effective nutritional
support can greatly reduce the complications after STBI.

There were several limitations to this study, including an
insufficient number of enrolled patients, lack of further com-
parison of different types of STBI, such as closed brain injury
and open brain injury, surgical or non-surgical treatments
of STBI, the lack of analysis of genetic and environmental
effects, and the absence of follow-up research. Therefore, it
is necessary to collect detailed information from more suit-
able patients in a future study.

Conclusion

Compared with conventional nutritional support, sequential
nutritional support shows a better effect on nutritional status
and immune regulation in patients with STBI. It could be
widely applied to improve the quality of life of patients in
clinical settings, although further validations are needed.

Data sharing statement

All necessary information about this study were presented
in the manuscript. Raw data regarding our patients are not
publicly available due to the respect and protection of our
patients’ privacy but are available from the corresponding
authors upon reasonable request.
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