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Objective: To investigate the 28-day mortality, the length of ICU stay, days in the hospital, 
days of ventilator use, adverse events, and nosocomial infection events of low-protein, 
hypocaloric nutrition with glutamine in the first 7 days of the intensive care unit (ICU) 
patients with severe traumatic brain injury (STBI).
Patients and Methods: A total of 53 patients diagnosed with STBI enrolled from the third 
affiliated hospital of Nanchang University (Nanchang, China), from January 2019 to 
July 2020, were divided into two groups. We performed a randomized prospective controlled 
trial. The intervention group (n=27) was nutritional supported (intestinal or parenteral) with 
a caloric capacity of 20–40% of European Conference on Clinical Nutrition and Metabolism 
(ESPEN) recommendations; specifically, low-protein intake was 0.5–0.7g/kg per day (con-
taining the amount of alanyl-glutamine), glutamine was 0.3 g/kg per day, and the intervention 
treatment lasted for 7 days. The control group (n=26) was nutritionally supported with 
a caloric capacity of 70–100% of ESPEN recommendations, and the protein intake was 
1.2–1.7 g/kg per day. The primary endpoint was 28-day mortality. Secondary endpoints were 
the length of ICU stay, days in the hospital, days of ventilator use, adverse events and 
nosocomial infection events.
Results: There were no differences in baseline characteristics between groups. Survival 
curve analysis using the Kaplan-Meier method revealed no significant difference in 28-day 
mortality between the two groups (P=0.31) while adverse events (χ2= 5.853, P=0.016), 
nosocomial infection rate (χ2 = 4.316, P=0.038), the length of ICU stay (t=−2.617, 
P=0.012), hospitalization time (t=−2.169, P=0.036), and days of ventilator use (t=−2.144, 
P=0.037) of patients in the intervention group were significantly lower than those in the 
control group.
Conclusion: Low-protein, hypocaloric nutrition with glutamine did not show different 
outcomes in 28-day mortality compared to full-feeding nutritional support in the ICU 
patients with STBI. However, low-protein, hypocaloric nutrition with glutamine could 
provide a lower need for ICU time, hospitalization time, and ventilator time in the ICU 
patients with STBI.
Keywords: acute phase, severe traumatic brain injury, nutrition, low-protein, hypocaloric, 
glutamine

Introduction
Brain injury indicates a severe trauma caused by violence on the head. Its mortality 
rate has dropped by 50% in the past 20 years. One of the reasons for the gradual 
decrease in brain injury mortality is the continuous improvement of intensive care 
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technology.1 In the treatment of patients with severe brain 
injury, nutritional support plays a vital role in improving 
the prognosis of patients with severe brain injury. Now 
everyone’s consensus is that proper nutritional support is 
of great significance for the functional recovery of patients 
with severe brain injury. However, whether early nutrition 
can help reduce the abnormalities in the acute phase and 
improve the prognosis of patients is controversial, and has 
not been supported by the latest experiments in this field.

ICU clinicians often ask questions at this stage: Should 
patients with severe brain injury start nutritional support 
treatment in the early stage of the disease? Does adding 
glutamine help improve the prognosis? These questions 
have not been clearly answered by the latest ESPEN2 

and the American Neurosurgery Guidelines.3

Therefore, these problems prompted us to explore 
whether the low-protein and low-calorie nutritional with 
glutamine in the acute phase is beneficial to improve the 
clinical outcome of patients with severe brain injury 
or not.

Patients and Methods
Patients
The study sample including 53 STBI patients was enrolled 
at the Department of intensive care unit (ICU) and 
Emergency intensive care unit (EICU) of the third 
affiliated hospital of Nanchang University (Nanchang, 
China), from January 2019 to July 2020. Patients meeting 
the inclusion criteria were randomly divided into an inter-
vention group and a control group according to the random 
number. The randomization list is generated by 
a computer. We used opaque, sealed, and sequentially 
numbered envelopes to seal the random number. The feed-
ing strategy cannot be designed in a double-blind manner 
due to the need to provide corresponding nutritional sup-
port. Only patients who completed 7 days of treatment 
were considered for analysis, and patients who did not 
end the follow-up period were excluded. The random 
number was returned to the sequence of patient replace-
ment until the sample size was completed.

Inclusion criteria: ① patients with non-surgical treat-
ment with a GCS score of 4 to 8; ② patients with no 
previous serious diseases of the blood system, respiratory 
system, endocrine system, cardiovascular system, and cen-
tral nervous system, and no severe combined injury and 
skull base fracture; ③ all the selected cases were admitted 
to the hospital within 8 hours after the injury.

Exclusion criteria: ① hemorrhagic shock, severe cardio-
pulmonary disease, children under 18 and elderly over 70 
years old; ② patients who had undergone surgery or died 
during the observation and treatment process (7 days).

The study was approved by the Ethics Committee of China 
Clinical Trial Center. This study was conducted in accordance 
with the Declaration of Helsinki. Written informed consent 
before enrollment in the study was provided by relatives. This 
trial has been registered in the Chinese Clinical Trial Registry, 
with the identifier of ChiCTR1800020106.

Methods
All patients were routinely provided with corresponding 
treatments such as sedation, hypothermia, muscle relaxants, 
dehydration, and anti-infection. According to ESPEN2 2018, 
the full feeding group (control group) and the permissive 
underfeeding group (intervention group) were determined.

The intervention group were nutritional supported 
(intestinal or parenteral) with a caloric capacity of 
20–40% of European Conference on Clinical Nutrition 
and Metabolism (ESPEN) recommendations; specifically, 
low-protein intake was 0.5–0.7g/kg per day (containing 
the amount of glutamine), glutamine was 0.3 g/kg 
per day, and the intervention treatment lasted for 7 days.

The control group was nutritionally supported with 
a caloric capacity of 70–100% of ESPEN recommenda-
tions, and the protein intake was 1.2–1.7 g/kg per day, 
without glutamine.

The calorie and protein intake of the intervention group 
and the control group gradually returned to normal after 
the 8th day. The nutritional route of the two groups of 
patients was first enteral nutrition, and the enteral nutrition 
given was full-fledged. In the control group, two bottles of 
amino acids were supplemented parenterally to achieve the 
protein required for the test.

Testing Indexes
The primary endpoint was 28-day mortality. Secondary end-
points were adverse events (diarrhea, gastric retention, refeed-
ing syndrome), the length of ICU stay, days in the hospital, 
days of ventilator use, and nosocomial infection events.

Statistical Analyses
Sample size was calculated using PASS 15.0.5 software 
(NCSS, LLC. Kaysville, Utah, USA),The calculation of 
the sample size is based on the ability to change between 
groups (at least 80% of the power) during the 1 day of ICU 
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hospitalization, and the power to simultaneously detect the 
5% change in mortality during ICU hospitalization.

R open-source software (version 3.6.0) was used for 
statistical analysis. The Kaplan-Meier method was used for 
survival curve analysis. When the two groups of data are 
normally distributed data, t-test were used; Contingency 
Table 2 × 2 in size were analyzed with chi-square, 
Contingency Table 2 × 5 in size were analyzed with Fisher 
exact test when sparse data (b<5 observations) were present. 
The Kaplan-Meier method was used to analyze the survival 
curve. P-value <0.05 is considered statistically significant.

Results
Baseline Characteristics
A total of 53 patients (male 37, female 16, age 22–69) with 
STBI were enrolled in this study and randomly divided into 
two groups. As presented in Table 1, there was no significant 
difference in gender, age, BMI score, APACHEⅡ score, and 
GCS score between the two groups.

Changes in Secondary Endpoints After 
Treatment in Both Groups
Patients in the intervention group exhibited lower adverse 
events (P=0.038, Table 2), lower probability of nosoco-
mial infection (P = 0.016, Table 2), shorter ICU time 
(P=0.012, Figure 1), shorter hospital stay (P=0.036, 
Figure 1), and longer time non-ventilator (P= 0.037, 
Figure 1) compared to the control group.

Comparison of the 28-Day Mortality 
Between the Two Groups
The Kaplan-Meier method was used to analyze the survi-
val curve, revealing that the ICU survival rate of the 
intervention group was slightly higher than that of the 
control group while there was no statistically significant 
difference (P=0.31, Figure 2).

Subgroup Analysis Based on GCS Score
According to the GCS score, patients with 4 points and 5 
points were combined into group I, and patients with 6 
points,7 points and 8 points were combined into group II. 
The survival rates of the intervention group and the control 
group on the 28th day were compared in group I and group 
II, respectively. As indicated by the GCS score in group II, 
the 28th-day survival rate of the intervention group was 
significantly higher than that of the control group, (Figure 3).

Discussion
Traditionally, it is recommended to provide adequate nutri-
tional support in the acute phase of critical illness to 
reduce catabolism and prevent malnutrition. This is con-
sidered to be a window period. Early nutritional support 
can reduce the severity of the disease and accelerate the 
recovery from inflammatory syndrome (SIRS). The nutri-
tional treatment provided by clinicians during this time is 
a non-nutritional benefit.4 In the past ten years, experts in 
critical care medicine believed that complete starvation is 
essential for preserving autophagy. If feeding is provided 

Table 1 Baseline Characteristics of the Study Cohort

Characteristics Intervention Group (n=27) Control Group (n=26) t/χ2 value P-value

Age mean(SD)a 49.44(14.94) 48.31(10.41) t=0.322 P =0.749

Male n(%)b 20(74.07) 17(65.38) χ2=0.475 P =0.491

BMI mean(SD)a 21.58(1.33) 21.95(1.40) t=0.982 P =0.331

APACHEⅡscore(SD)a 21.41(2.14) 21.27(2.22) t=0.231 P =0.818

GCS score n(%)c

4 4(14.8) 3(11.5)

5 5(18.6) 8(30.8) χ2=6.430 P =0.163

6 12(44.4) 4(15.4)

7 4(14.8) 6(23.1)

8 2(7.4) 5(19.2)

Notes: P value >0.05 is nonsignificant; at-test performed; bChi-square performed; cFisher exact test performed. 
Abbreviations: BMI, body mass index; GCS, Glasgow Coma Scale/Score; APACHE II, Acute Physiology and Chronic Health Evaluation II.
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in the early stage of critical illness, the stress response to 
injury will be disrupted.5 Patients during this period of 
time presents severe inflammation, insulin resistance, and 
intolerance to enteral feeding.6 Therefore, they believe that 
permissive underfeeding may be more beneficial in the 
acute phase of severe brain injury patients.7

In the 1980s, researchers revealed that the physiologi-
cal characteristics of severe TBI patients in the acute phase 
were large amounts of catabolism, increased energy 
expenditure, severe pro-inflammatory reactions, insulin 
resistance, and increased AGI (acute gastrointestinal 
injury) risk. Some studies have unilaterally emphasized 
the need to provide enough calories for patients with 
severe TBI8 while the appearance of insulin resistance, 
gastrointestinal dysfunction, hyperglycemia on the nervous 
system, and other sequelae was caused by the lack of 
evaluation.9 After entering the ICU, patients with severe 
brain injury will be given corresponding treatments such 
as hypothermia, sedation, and mechanical ventilation. 
These treatment measures reduce the patient’s resting 
energy expenditure by 10–30%.10 Moreover, the use of 
tranquilizers and muscle relaxants further aggravates 

severe gastrointestinal dysfunction. This clinical study 
presented that patients in the intervention group experi-
enced less gastrointestinal disorders, electrolyte imbal-
ances, and high blood sugar compared to patients in the 
control group (Table 2). Therefore, blindly emphasizing 
adequate nutritional support in the acute phase of severe 
brain injury will only cause more complications, adversely 
affecting the prognosis of patients.

In the well-known PermiT test, Arabi et al11 compared 
permissive feeding (providing 40–60% of the target 
energy) with full feeding (70–100% of the target energy) 
for the impact of critically ill patients. The results of the 
study demonstrated that there was no difference in infec-
tion, ICU hospitalization, ICU mortality, or 90-day mor-
tality between the two groups. However, these early low- 
calorie nutritional supports can be observed by reviewing 
recent clinical trials of nutritional support. There are more 
or fewer deficiencies in the design of the treatment in 
clinical research. The PermiT test only limits calories, 
not the intake of protein (the protein intake of both groups 
was 1.2–1.5 g/kg per day). In contrast, there is no special 
selection for severe brain injury patients to undergo 

Table 2 Comparison of Nosocomial Infection and Adverse Events Between the Two Groups

Outcome Intervention Group (n=27) Control Group (n=26) χ2 value P-value

Nosocomial infection n (%)b 5(18.5) 13(50) 5.853 P =0.016

Adverse events n (%)b 7(33.38) 14(66.7) 4.316 P =0.038

Notes: An adverse event was defined as one or more symptoms of diarrhea, or refeeding syndrome, or gastric retention; Nosocomial infection events: After 48 hours of 
hospitalization, all patients in the hospital were infected.Refeeding syndrome was defined to various manifestations related to metabolic abnormalities caused by re-intake 
(including oral intake, enteral or parenteral nutrition) after a long period of drought; Gastric retention was defined as anyone who vomits food that was ingested 4 to 6 
hours before, or on an empty stomach for more than 8 hours, the residual amount in the stomach> 200mL; Diarrhea was defined as noninfectious bowel movements greater 
than five times per day and the excrement with a fluid characteristic; P value <0.05 is significant; bChi-square performed.

Figure 1 Comparison of total hospital stay, ICU stay, and mechanical ventilation time. Duration in the ICU or hospital or on a ventilator greater than 12 hours per day is 
counted as one day. at-test performed. P value <0.05 is significant.
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intervention studies, though the EDEN trial12 (Early and 
Delayed Feeding Treatment of Acute Lung Injury or Acute 
Respiratory Distress Syndrome) studies have restricted 
calorie and protein intake. Therefore, the results of those 
clinical studies are worthy of further discussion.

During the development of severe TBI, the relationship 
between the body and nutrition becomes extremely com-
plicated. In this clinical trial, the patients we enrolled 
suffered from a severe brain injury. The total amount of 
protein given to the observation group in the acute phase 

Figure 2 Comparison of 28-day mortality between the two groups.

Figure 3 Subgroup analysis 28-day mortality between the two groups based on GCS score.
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was 0.5–0.7g/(kg·d), and the intake of glutamine was 0.3 
g/(kg·d). Someone will definitely ask, why do we design 
the experimental program in this way? The answer is that 
glutamine is an indispensable nutrient in the human 
body.13 When a severe brain injury occurs, Glutamine in 
the body gradually decreases, and endogenous glutamine 
cannot meet the needs of the body under stress, aggravat-
ing metabolic disorders and making many severe patients 
have very poor clinical outcomes.14 Therefore, some 
researchers suggest that patients with severe brain injury 
should be given supplementary glutamine at an early 
stage.15–17

Studies have discovered that both glutamine and low- 
dose amino acids have the potential to activate 
autophagy.18 Besides, the effect of autophagy explains 
that preserving (or minimizing) early nutrition may be 
more beneficial to critically ill patients.19 Recent observa-
tional studies have revealed20,21 that providing nutritional 
support rich in glutamine, either alone22 or combined with 
probiotics23 or alanine,24 can reduce hospitalization time 
and infection of moderate to severe traumatic brain injury. 
In the CALORIES25 and NUTRIREA-26 trials, lower cal-
ories and protein intake during the first week of ICU stay 
exhibited better clinical outcomes. Stroud26 compared the 
effects of different protein intakes in the treatment of 
protein-energy malnutrition, concluding that high-protein 
intakes are dangerous.

The National Institute of Health and Clinical 
Optimization (NICE) once recommended that nutritional 
support for patients with severe illness or injury start with 
an estimated 50% of the target energy and protein 
requirements.26 In clinical trials, we discovered that time 
in ICU, hospital stay, and ventilator time of the patients in 
the intervention group were significantly reduced 
(Figure 1). Therefore, we recommend that patients with 
severe brain injury should be given low-protein, hypoca-
loric nutrition supplemental glutamine at an early stage.

Since glutamine is administered parenterally, only sin-
gle-blind experiments can be performed. The included 
critically ill patients were given enteral + parenteral nutri-
tion support within 24 hours after admission. After nutri-
tional support was provided, patients in the intervention 
group had a slight improvement in the primary endpoint 
(28-day mortality), though there was no statistical differ-
ence (Figure 2). However, the 28-day mortality of the two 
groups could not be simply compared. If we extend the use 
time of glutamine to 14 days according the ESPEN guide-
line, maybe there will be a statistical difference between 

the two groups.Regarding secondary endpoint,this clinical 
trial provided a reliable and accurate estimate of the infec-
tion rate, including catheter-related infections. The results 
showed that there were significant differences in nosoco-
mial infection events between the two groups.Perhaps due 
to the reduction of nosocomial infections, patients in the 
intervention group also significantly reduced the time 
spent on ICU and mechanical ventilation (Table 2). From 
another perspective, the use of glutamine-enhanced low- 
protein low-calorie nutritional support in this clinical trial 
did not cause harm to critically ill patients with high 
nutritional risk. The patient’s mechanical ventilation time 
was significantly reduced compared to the control group; 
the results were similar to the results of Arabi.27 It was 
observed that the increase in calorie intake was indepen-
dently related to the significant extension of mechanical 
ventilation time. The clinical studies of EPaNIC28 and 
PEPaNIC29 indicated that the early extraintestinal damage 
was caused by the increase in the dose of amino acids 
instead of other macronutrients in the recent secondary 
statistical analysis. The possible reason was that the high 
dose of amino acids strongly inhibited autophagy. In cri-
tical illness, the interaction between autophagy and 
immune response and inflammation is complex and has 
not been fully elucidated.

We performed a subgroup survival analysis and com-
parison of the included patients according to the GCS 
score, revealing that the patients with higher GCS scores 
received inadequate permissive feeding of low protein 
with glutamine compared to the control group; the 28- 
day mortality was significantly different (Figure 3). The 
possible reasons for this phenomenon need to be further 
explored.

Although the subgroup analysis is conducted according 
to the GCS score, the sample size between the two groups 
is still small, and the statistical power is poor. The clinical 
trial is a single-blind trial. It is safe. Meanwhile, it is 
inevitable that we will have some biases when implement-
ing the treatment plan and evaluating the efficacy. This is 
the shortcoming of this clinical trial.

Conclusion
Although in this clinical trial, low-protein, hypocaloric 
nutritional support with appropriate supplemental gluta-
mine given to critically ill patients with STBS in the 
acute phase did not decrease the patient’s 28-day mortality, 
the subgroup analysis exhibited some good effects on the 
results, and the secondary endpoints were significantly 
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improved. Therefore, whether the low-protein and hypo-
caloric nutritional support treatment with glutamine in the 
acute phase has a relatively good effect on the outcome of 
critically ill patients with STBS deserves further 
investigation.

Data Sharing Statement
All necessary information about this study was presented 
in the manuscript. Owing to the respect and protection of 
our patients’ privacy, the raw data regarding our patients 
are not publicly available, but it is available from the 
corresponding authors upon reasonable request.
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