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Abstract

Introduction: Few studies have evaluated the route of
nutritional therapy in patients with head trauma.

Objective: We aimed at investigating whether early
enteral (EN) or parenteral nutrition (TPN) may differ in
protein/ calorie supply, serum glucose modifications, and
acute phase response in patients with traumatic brain
injury (TBI).

Methods: Twenty two patients with moderate TBI
(Glasgow score between 9-12) were randomized to receive
isocaloric and isonitrogeneous either EN (n = 12) or TPN
(n = 10). The daily amount of calories and nitrogen (N)
supplied, the nitrogen balance, and the daily serum level
of glucose, C-reactive protein, and albumin were
collected for 5 consecutive days. Clinical endpoints as
length of stay and mortality were also compared.

Results: Mortality was 9.1% (two cases) with one case
in each group. A progressive caloric deficit occurred in
both groups (p = 0.001) without difference between them.
The mean serum glucose level in TNP patients (134.4,
95% CI =122.6 to 146.2 mg/dl) was significantly higher
than in the EN group (102,4; 95% CI1 91.6 to 113.2 mg/dL)
(p < 0.001). There was a trend (p = 0.06) of 24 h urinary N
loss to be greater in TPN group which received higher
amounts of N than the NE group (p < 0.05). However,
nitrogen balance was similar in the two groups. There
was no difference in either the clinical outcome variables
or the acute phase response.

Conclusion: Both routes were able to supply increasing
provision of calories to brain injured patients. TPN
provided significantly greater amount of nitrogen but
losses were also greater. Nitrogen balance was similar
with both types of therapy. Parenteral compared to
enteral nutrition lead to greater hyperglycemia. There
was no influence of the route in both the early inflamma-
tory response and clinical outcome.
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NUTRICIQN ENTERAL O PARENTERAL
EN LESION TRAUMATICA CEREBRAL:
UN ESTUDIO PROSPECTIVO Y RANDOMIZADO

Resumen

Introduccion: Pocos estudios han evaluado la ruta de la
terapia nutricional en pacientes con traumatismo
craneoencefilico.

Objetivo: El objetivo fue investigar si la nutricién
enteral (EN) o parenteral (TPN) precoz puede ser dife-
rente en suministro de calorias y proteinas, en las modifi-
caciones de glucosa sérica, y en la respuesta de fase aguda
en pacientes con lesién cerebral traumética (TBI).

Métodos: Veintidés pacientes con TBI moderado
(puntuacién de Glasgow entre 9 a 12) fueron aleatori-
zados para recibir de forma isocalérica y isonitrogenada
EN (n=12) o TPN (n = 10). La cantidad diaria de calorias
y el nitrégeno (N) que se suministra, el balance de nitré-
geno, y el nivel sérico de glucosa al dia, la proteina C-reac-
tiva, y la albimina fueron recolectados durante 5 dias
consecutivos. Criterios de valoracién clinicos como la
duracién de la estancia y la mortalidad también fueron
comparados.

Resultados: La mortalidad fue del 9,1 % (dos casos) con
un caso en cada grupo. Un déficit calérico progresivo se
produjo en ambos grupos (p = 0,001), sin diferencia entre
ellos. El nivel de glucosa sérica media de los pacientes com
TNP (134.4,1C 95% = 122,6 a 146,2 mg/dl) fue significati-
vamente mayor que en el grupo com EN (102,4 1C 95%:
91,6 a 113,2 mg/dl) (p < 0,001). Se observé una tendencia
(p = 0,06) en la pérdida urinaria de N em 24 h ser mayor
en el grupo TPN que recibié mayor cantidad de N que el
grupo EN (p < 0,05). Sin embargo, el balance de nitrégeno
fue similar en ambos grupos. No hubo diferencia en cual-
quiera de las variables de resultado clinico o la respuesta
de fase aguda.

Conclusion: Ambas rutas fueron capaces de suminis-
trar cantidades didrias mayores de calorias para
pacientes con lesion cerebral. Nutricién parenteral sumi-
nistro cantidad mayores de nitrégeno, pero las pérdidas
fueron tambiem mayores. El balance nitrogenado fue
similar con ambos tipos de terapia. Parenteral en compa-
racién con la nutricién enteral conduce a una mayor
hiperglucemia. No hubo influencia de la ruta, tanto en la
respuesta inflamatoria temprana y los resultados clinicos.
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Introduction

The nutritional status of patients with traumatic brain
injury (TBI) is a key factor to enhance morbidity and
mortality. The lack of appropriate nutritional therapy
(NT) leads to the onset of rapid malnutrition in such
patients and may increase the risk for infections, muscle
wasting, indications and maintenance of mechanical
ventilation, and prolonged healing of wounds.">* Nutri-
tional support in this subset of critically ill patients is a
key component of the whole therapy >

TBI patients experiment a hypermetabolic and
hypercatabolic state with a severe loss of nitrogen and
rapid deterioration of body lean mass.”® Resting energy
expenditure in patients with isolated TBI showed is
augmented with an average of 140% over a normal
individual ranging from 120% to 250%. despite the use
of sedation and muscular blockers.*"?

Approximately 40% of multiple trauma patients
develop hospital malnutrition and are most prone to infec-
tion, increasing the mortality rate up to 60% in patients
who stay in the ICU for over than five days." This may be
attributed to systemic inflammation followed by immne
paralysis which is frequently seen after trauma. In acute
TBIL, the activation of compensatory anti-inflammatory
response syndrome (CARS) often leads to immunosup-
pression which may result in sepsis followed by multi-
organ dysfunction syndrome and mortality."

The hypermetabolism and hypercatabolism increase
the loss of urinary nitrogen which can exceed 30 g of N
per day. Thus NT is essencial in theses cases."> However
the route to deliver nutrients in TBI is still controversial.
Comparisons between enteral nutrition (EN) and total
parenteral nutrition (TPN) have consistently shown that
feeding the patient via the gut leads to less infectious
complications and reduces the length of stay.'” EN is more
physiological and is the first option in critically ill patients
because it maintains the integrity of the intestinal
mucosal,"*" prevents bacterial translocation, and
improves the immunological response.'*" However in a
patient with severe TBI (GST < 8) there is an increased
possibility of aspiration into the airways with enteral
feeding. Morover the evolution of the prescription to meet
the caloric goals is often most difficult with EN and thus
may lead to undernutrition."*'*** On the other hand TPN is
most associated with infectious complications, and is
usually associated to hyperglicemia and overfeeding.'”

A few studies have assessed TPN as opposed to EN
in TBL Thus we aimed at investigating the efficacy of
EN or TPN to deliver nutrients in TBI patients.
Secondly we compared the clinical outcome and the
acute phase protein response with the two routes of
nutritional therapy.

Methods

This was a clinical, prospective, randomised study.
Inclusion criteria included patients of both sexes, aged

between 18 and 60 years-old, admitted to the ICU of
the Rondonopolis Regional Hospital (HRRoo), diag-
nosed with moderate TBI (Glasgow score 9-12) during
the period August 2008 to June 2009. All the patients
were included after confirmation of TBI performed by
clinical, neurological assessment, and CT scan. The
present study was approved by the Ethics Research
Committee of the Jilio Miiller University Hospital.

Exclusion criteria included: chronic renal failure (peri-
toneal or hemodialysis or creatinine > 2.5 mg/dl), history
of chronic obstructive pulmonary disease, hepatic
dystfunction or cirrhosis or bilirubin > 3 mg%; insulin-
dependent diabetes mellitus; morbid obesity; pre-
existing malnutrition, defined as body mass index less
than 17 kg/m? pregnancy, immune depressive condi-
tions, and associated abdominal trauma. Randomised
patients were also excluded from either enteral or
parenteral groups if for any reason they were not able to
receive nutrition for more than two consecutive days.

Patients were randomised to receive either EN or NPT
as soon as they were hemodinamically stable. Both
groups were programmed to receive a 25 to 30
kcal/kg/day and 1.5 g/kg/day of protein. EN formula
(Soya Diet; Support, Brazil (composition/100 mL: 3.6 g
of protein [70% soy protein]. 14 g of carbohydrate, and
3.5 gof lipids [77% long-chain and 23% median-chain
fatty acids] added with casein to reach 1.5 g/kg/day) was
administered via 8 or 10F oro- or naso-enteral feeding
tube in gastric position with pump infusion.

TPN was administered by central venous access
with the following composition/100 ml: 3.8 g of amino
acids, 14 g of glucose and 3.3 g of lipids (50% long-
chain and 50% medium-chain fatty acids). Inmunonu-
trients were not used. The required calories and protein
for each individual in the two groups was set to be
reached after three days of therapy.

Outcome variables

The clinical outcome variables compared were:
mortality, morbidity, length of stay in ICU, and days of
mechanical ventilation. In both groups the amount of calo-
ries and protein received daily was monitored. The differ-
ence between calories and protein prescribed and actually
recelved was also calculated over the five days of follow up.

Patients were followed up in the first five days with
daily blood samples for glucose, albumin, urea, creati-
nine, C-reactive protein (CRP) assays. The ratio
CRP/albumin was defined as inflammatory index. A
24-h urine collection was conducted in all patients in
each of the five days of the study. The urinary urea
nitrogen (N) was assayed by automated colorimetric
method. Nitrogen balance was calculated daily using
the formula: nitrogen balance: N ingested-N excreted
(24-hour urinary urea nitrogen x 0.46 + 2). The
constant of 2 g of N in the nitrogen balance computa-
tion was an assumption of stool, integumentary, and
other insensible nitrogen losses.

Nutritional therapy in brain trauma
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Table I
Distribution of demographic, clinical and laboratory
variables in the two groups at admission

Variable EN(n=12) TPN(n=10) 4

Sex (M/F) 11 9/1 1.00
Age group (years) 31+13 31+10 0.94
Glasgow score® 9(9-13) 9(9-12) 0.34
RTS score™ 7(6-8) 6.9(7-8) 1.00
Apache Il score® 14(8-22) 13(7-21) 0.42
Weight (kg)’ 749+84 73.9+72 0.77
“Serum glucose (mg/dL) 89.2+273 93+34.8 0.55
Albumin (g/dLy 3405 32+04 0.20
Urea (mg/dL)y 309+110 346+93 0.41
Leukocytes (x10° c/mm’) 13.1(52-263)  9.55(73-13.21) 0.11
C-reactive protein (mg/dLy 62.0+474 61.2+322 0.96

*RTS: Revised Trauma Score.
‘Mean and Standard Deviation.
Mean and Range.

Sample size was calculated supposing a difference of
30 mg/dL with a standard deviation of 20 mg/dL in serum
glucose levels. The sample size required to achieve 80%
power and type 1 error of 5% was calculated to be 10
individuals per group. Data were analysed using the
Statistical Package for Social Sciences (SPSS) version
10.0. The chi-square or Fisher exact test was used for
comparisons between categorical variables. Repeated
measures ANOVA test was used for independent and
paired comparisons of continuous variables. A signifi-
cance level of 5% was established.

Results

The distribution of demographic, clinical, and
biochemical data at admission in the two study groups
can be seen in table I. It was observed that the two
groups were homogeneous in relation to the scores of
severity assessment and biochemical tests performed at
time of admission to hospital.

Clinical outcome

The mortality rate was 9.1% (2 cases) with one case in
each group (EN =8.3% and TPN = 10%; p = 1.00). There
was no significant difference in morbidity between the
two groups (p = 0.35). No cases of regurgitation in EN
group were reported. There were four cases of complica-
tions (two cases of pneumonia and two cases of sepsis) in
TPN group (40%) and two cases of pneumonia in the EN
group (16.7%). The mean length of ICU stay was 14 days
in both groups ranging from 5-26 days in EN group and
from 6-24 days in TPN group (p = 0.86).

Nutritional outcome

Both groups received similar total amount of calo-
ries during five days (NE = 5,958 + 3,619 kcal vs. TNP
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Fig. 1.—Evolution of calories received by the patients between
in the two groups during the five days of the study. Data express
the mean.
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Fig. 2—Evolution of nitrogen received by the patients between
in the two groups during the five days of the study. Data express
the mean.

=6,586 + 1,052 kcal; p = 0.34). The amount of calories
significantly increased (p < 0.01) in each consecutive
day of the study in both groups (fig. 1). However, there
was a progressive caloric deficit in the two groups (p =
0.001) without significant difference between who
received either EN or TPN (p =0.55).

Patients in both groups received increasing quanti-
ties of nitrogen day after day (p < 0.001). However, the
group of patients treated with TPN received a signifi-
cantly higher amount of N (p = 0.006) than the group
treated with EN (fig. 2).

The urinary nitrogen assay showed that all the
patients presented increased loss of nitrogen varying
from 6.97 to 49.38 g of N/day. Although always nega-
tive, during the evolution of the nutritional therapy all
patients presented a significant improvement (p =
0.001) in the nitrogen balance (fig. 3). The mean
nitrogen balance was from -5.9 (95% CI: -7.9t0-4.0) g
of N/day in the EN group, and -4.6 (95% CI: -6.7 to -
2.4) gof N/day in the TPN group (p = 0.34).

Figure 4 shows the total caloric and nitrogen intake,
and the nitrogen loss during the five days of the study.
There was no difference in the total of calories received
by the two groups in the five days of the study. TPN
group received more N but excreted more than the EN

group.
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Fig. 3—Evolution of nitrogen balance received by the patients
between in the two groups during the five days of the study. Da-
ta express the mean.
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Biochemical outcome

Serum glucose progressively increased in the two
groups (p = 0.04), and was significantly higher in the
group that received TPN (p < 0.01). Glicemia in the TPN
group (134.4; C195% = 122.6-146.2 mg/dl) was signifi-
cantly greater than the NE group (102.4; CI 95% =91.6-
113.2 mg/dl) (p < 0.001). CRP increased and albumin
decreased during evolution in all patients (fig. 5a and b).
There was no difference in either the evolution or
comparison of the two groups (p = 0.64) regarding the
inflammatory index (CRP/albumin) (data not shown).

Discussion

The findings of this study showed that the two nutri-
tional routes can offer increasing quantities of nitrogen
and calories. However TPN have delivered nitrogen
more efficiently. Other significant result was the
confirmation that TBI patients lose increased amount
of nitrogen independently of the chosen nutritional
route. Nitrogen excretion in TBI patients may signifi-
cantly increased for up to four weeks leading to
enlarged nitrogen requirements'. In the present study
the loss of nitrogen was so important that in both
groups the daily provision of protein was unable to
equilibrate the nitrogen balance. Nevertheless the early
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Fig. 5—Evolution of C-reactive protein (A) and albumin (B) in
the two groups during the five days of the study. Data express
the mean and SEM. P > 0.05.

initiation of nutritional therapy by either NE or TPN
routes was important to minimize the losses as reported
earlier.” In fact, early versus late initiation of nutri-
tional therapy in TBI patients may improve the
outcome. A recent systematic review made by Perel et
al. found that early feeding may be associated with
fewer infections and a trend towards better outcomes in
terms of survival and disability.”

A few studies have investigated whether EN or TPN
may influence the clinical outcome in TBI patients.®"”
The pooled results from trials analysed by a Cochrane
systematic review suggested a trend towards better
results with parenteral nutrition.” Indeed, intolerance to
enteral feeding in TBI may exist and impair the deliver of
nutrients.” However, we have not found any differences
in clinical parameters in this study. Moreover, the final
amount of both calories and proteins delivered in five
days were not different between the groups.

The amount of nitrogen dispensed with TPN was
greater than with EN. This is in agreement with other
reports in critically ill*> and TBI patients.” However,
patients receiving TPN showed increased losses of
nitrogen which in the end lead to similar nitrogen
balance with the two therapies. We have not found
similar result in the literature. One assumption for this
interesting finding was that as the provision of intra-
venous nitrogen increases the excretion also augments.
Further studies are necessary to explain these results.

Stress induces hyperglycaemia in various critical
conditions such as TBI by a complex neuroendocrine
response which includes enhanced gluconeogenesis,
glycogenolysis, relative insulin deficiency, and
impaired glucose utilisation.” In these patients it has
been shown that maintaining glycaemia near the normal

Nutritional therapy in brain trauma
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levels may improve the outcome.” In this context, TPN
may promote poorer glucose control when compared to
EN.” Our findings are in accordance to the literature
showing not only a trend to hyperglycemia after TBT” but
also that patients receiving TPN are most prone to
present higher serum glucose levels when compared to
those treated with EN.»

The organic response to trauma, especially after TBI
is caracterized by an inflammatory response with the
raise of serum IL-6 and positive acute-phase proteins
and dropping of serum albumin and pre-albumin.” The
acute-phase proteins alterations were seen in the
present study but they were not influenced by the type
of nutrition provided. In the same way, our study failed
to show differences in the clinical outcome. However,
the sample was not calculated to achieve this endpoint
and thus, our findings has to be analyzed with caution.

Another issue often claimed against EN in TBI is the
possibility of pneumonia especially in those under
mechanical ventilation.”” Although only a few cases
were studied there was no case of frank regurgitation in
patients underwent EN and the rate of pneumonia was
similar in both groups. It is plausible to support the
concept that the high incidence of pneumonia
frequently seen in patients with head trauma is multi-
factorial, and not due to enteral feeding which may be
protective as recently reported in one study.”

Conclusions

The overall results obtained by the present study allow
us to conclude that both routes provide increasing and
similar quantities of calories in TBI patients. TPN
provided significantly more nitrogen than EN though the
nitrogen balance is improved by both therapies. Hyper-
glycaemia is most prone to occur with TPN but the
inflammatory response and clinical outcome were not
affected by the type of nutrition provided.
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