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Abstract Objective: There is re-
luctance to use glutamine-containing
i. v. nutrition for neurosurgical pa-
tients, as this may result in elevated
intracerebral glutamate levels, which
are thought to be associated with
neuronal injury and cell swelling,
causing an increase in ICP and an un-
favourable outcome. As general ICU
patients benefit from i. v. glutamine
supplementation in terms of reduced
mortality and morbidity, neurosurgi-
cal patients might also be candidates
for such treatment, if the possible
relation between i. v. glutamine sup-
plementation and a possible increase
in cerebral glutamate could be sorted
out. Design and setting: The study
protocol had a crossover design with
a 24 h treatment period and a 24 h
placebo period in random order.
Treatment was a glutamine contain-
ing dipeptide, L-alanyl-L-glutamine
200 mg/ml, for 20 h; placebo was
saline. The rate of infusion was

0.125 ml/kg/h, which is equal to
0.34 g/kg of glutamine over the 20 h
period. Microdialysate was collected
for analysis in 120 min portions.
The flow through the microdialysis
catheter was 0.3 µ l/min. Subjects:
Patients with severe head trauma
(GCS ≤ 8; n = 15) on routine moni-
toring, including intracerebral micro-
dialysis, were randomly assigned to
treatment followed by placebo or
placebo followed by treatment. Meas-
urements and results: Glutamine in-
fusion increased plasma glutamine
concentration by 30%, but not
plasma glutamate concentration. In-
tracerebral glutamate was unaffected
in median values and in all individual
patients. Conclusion: Intravenous
glutamine in clinically relevant doses
leaves cerebral glutamate unaffected.
This opens the possibility of eval-
uating the effects of i. v. glutamine
supplementation upon outcome for
neurosurgical ICU patients.

Introduction

Intravenous glutamine supplementation as part of nu-
trition to intensive care unit (ICU) patients improves
outcome [1]. This is demonstrated in general ICU patients
with intravenous feeding and in burn patients with enteral
feeding combined with intravenous glutamine supple-
mentation [2, 3, 4]. The background to these effects is
primarily attributed to prevention of glutamine depletion,
which occurs in several tissues of ICU patients [5, 6, 7].
Low plasma glutamine concentration at ICU admission
is an independent prognostic factor for unfavourable

outcome in ICU patients [8]. Although neurosurgical
patients are a separate patient group, with similarities to
and differences from general ICU patients, i. v. glutamine
supplementation may also be beneficial for long-stay
neurosurgical patients who require nutrition. So far there
are no reports of adverse effects of glutamine supplemen-
tation given to general ICU patients [9]. For neurosurgical
patients, however, there is a reluctance to administer
glutamine supplementation because exogenous glutamine
may cause an increase of plasma glutamate concentration,
which in turn may lead to adverse effects through gluta-
mate accumulation in the brain. Alternatively, elevated
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plasma glutamine concentrations may prevent glutamine
clearance in the brain.

Glutamate is an excitatory neurotransmitter. There
are glutamate receptors in the synapses between neurons.
Glutamate is produced in the neurons and released into
the synapses. Elimination is by re-uptake into neurons
but most importantly through uptake into astrocytes,
where glutamate is aminated into glutamine. Case reports
have been published in which high concentrations of
glutamate in the interstitial fluid adjacent to brain injury
were found in neurosurgical patients [10, 11, 12, 13]. It
has been suggested that a high concentration of glutamate
may be associated with cerebral swelling and a high
intracranial pressure (ICP). However, the mechanism
behind the possible relation between high interstitial
glutamate concentration and high ICP is still obscure [13,
14]. Nevertheless, there is a fear that exogenous glutamine
supplementation may increase interstitial glutamate con-
centration intracerebrally in brain injury patients, resulting
in detrimental effects upon outcome. It is beyond the
scope of this study to clarify the background and the phys-
iological implications of elevated glutamate concentration
in interstitial fluid of the brain in neurosurgical patients.
Rather, it confines itself to addressing the relation between
exogenous i. v. glutamine administration and glutamate
concentration in the brain.

The aim of the study was to determine whether
a clinically relevant i. v. infusion of glutamine as part of
a nutritional protocol would have any impact upon the
interstitial glutamate concentration in the brain as sampled
through intracerebral microdialysis. This was studied

Table 1 Patient characteristics / Clinical details of patients

Patient Diagnosis Gender Age Body Total Sedation Glasgow
(years) weight glutamine Coma

(kg) (g) Score

1 Bilateral frontal contusions, haematoma M 24 99 32 Barbiturate 4
2 Subdural haematoma F 54 83 27 Propofol 3
3 Subdural and epidural haematoma M 39 66 22 Propofol 4
4 Epidural haematoma, contusions M 18 62 20 Barbiturate 4
5 Subdural haematoma M 56 70 23 Propofol 7
6 Epidural haematoma, contusions, F 67 63 21 Propofol 3

skull base fracture
7 Epidural haematoma F 45 75 24 Propofol 4
8 Subdural haematoma M 68 60 20 Propofol 5
9 Subdural haematoma contusions M 54 75 24 Propofol 8

10 Subdural haematoma, traumatic F 49 72 23 Propofol 6
subarachnoid haemorrhage, contusions

11 Traumatic subarachnoid haemorrhage, M 51 67 22 Barbiturate 3
contusions

12 Epidural haematoma, traumatic M 58 82 27 Barbiturate 8
subarachnoid haemorrhage, contusions

13 Subdural haematoma, contusions M 65 79 26 Propofol 8
14 Epidural haematoma M 39 69 22 Propofol 3
15 Epidural and subdural haematoma, M 33 71 23 Propofol 8

traumatic subarachnoid haemorrhage,
contusions

in head trauma patients with severe injury requiring
ventilator treatment, ICP monitoring, and microdialysis
monitoring. The study design was randomized crossover
with intravenous glutamine versus placebo, and the pri-
mary outcome parameter was glutamate concentration in
the microdialysate from an intracerebral catheter placed
adjacent to the injured area.

Materials and methods

Patients in the neurosurgical ICU were eligible for the
study. Inclusion criteria were severe head injury with
Glasgow Coma Score (GCS) ≤ 8 with invasive ICP moni-
toring and microdialysis monitoring. Absence of informed
consent was an exclusion criterion. The characteristics of
the patients are given in Table 1. Informed consent was
obtained from the legal representative of the patient (in all
cases the next of kin), and the study protocol was approved
by the Ethics Committee of Karolinska Institutet.

When positioning the microdialysis catheter in the
brain we aimed for the penumbra zone surrounding a brain
contusion, which has been shown to be highly vulnerable
compared with normal brain tissue [11]. After placement
of the microdialysis catheter (CMA70, 10 mm mem-
brane, CMA Microdialysis, Stockholm) an intracerebral
placement close to the injured area was documented by
computer tomography (CT). A run-in period of at least
12 h before the start of the study commenced immediately
after placement of the microdialysis catheter. The 48-h
study period fell within the initial 4 days of ICU stay.
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All patients were intubated and sedated on a pressure-
controlled ventilator mode. This decision was taken when
GCS was ≤ 8, according to the routines of the unit.
The goal of the brain-protective therapy was to keep
ICP below 20 mmHg. Patients were initially sedated
using propofol. When prolonged sedation (> 4 days) was
needed a switch to midazolam/morphine sedation was
accomplished. During the study period, however, propofol
or barbiturates were used for sedation. Patients received
intravenous nutrition 24 h/day using separate components
of amino acids (Vamin. Glucose, Fresenius-Kabi), fat
(Vasolipid 20%, Braun) and glucose. The caloric target
was 25 kcal/kg body weight (BW), and the fat emulsion
provided not more than 40% of the total energy supply.
The amino acid solution was administered according to
BW (10 ml/kg/24 h), and it contained glutamate (9.0 g/l),
but no glutamine.

The study protocol had a randomized crossover de-
sign with a 24-h treatment period and a 24-h placebo
period in random order. Microdialysate was collected
for analysis in 120-min portions. The flow through the
microdialysis catheter was 0.3 µl/min. Glutamine was
given as a glutamine-containing dipeptide, L-alanyl-L-
glutamine 200 mg/ml (Dipeptiven, Fresenius-Kabi), at
a rate of 0.125 ml/kg/h, which is equal to 0.34 g/kg of
glutamine over a period of 20 h. Patients heavier than
90 kg received the dose for a patient of 90 kg. During
the placebo period saline was given at the same infusion
rate. Plasma samples were taken at the start and at the
end of glutamine/placebo infusion. Amino acid concen-
trations in microdialysate and in plasma were analysed
by high-performance liquid chromatography (HPLC)
techniques [15].

Fig. 1 Plasma glutamine concentrations in head trauma patients
given a L-alanyl-L-glutamine or b placebo over a period of 20 h.
Filled symbols represent patients randomized to be given glutamine

before placebo, while open symbols represent patients given placebo
before glutamine. The bold line represents median values

Values are presented as medians and ranges, unless oth-
erwise specified. Plasma and intracerebral concentrations
were compared using the Mann–Whitney test for paired
samples.

Results

Plasma determinations of glutamine and glutamate
demonstrated higher concentrations of glutamine dur-
ing the infusion of glutamine-containing dipeptide
(Fig. 1), than during the placebo infusion, which left
the plasma glutamine concentration unaffected. The
median (range) values for glutamine were 582 (298–1014)
µmol/l versus 383 (250–636) µmol/l, p < 0.05, at
the end of the glutamine and placebo infusions re-
spectively. For glutamate the plasma concentration
during the glutamine and placebo infusions did not
change significantly [272 (170–275) µmol/l versus 236
(163–309) µmol/l, NS] (Fig. 2). In addition, no individ-
ual patient showed more than a marginal increase in
plasma concentration of glutamate during the glutamine
infusion.

The concentrations of glutamate in microdialysate
during the glutamine and placebo infusions are given
in Fig. 3. The interindividual scatter in interstitial gluta-
mate concentrations was considerable, but there was no
change in the median value or in any individual patient
during the treatment period or the control period. The
glutamine concentrations in the microdialysate are given
in Fig. 4. Also for glutamine, there were no changes in
the median value or in any individual patient during the
treatment period or the control period, although the plasma
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Fig. 2 Plasma glutamate concentrations in head trauma patients
given a L-alanyl-L-glutamine or b placebo over a period of 20 h.
Filled symbols represent patients randomized to be given glutamine

before placebo, while open symbols represent patients given placebo
before glutamine. The bold line represents median values

Fig. 3 Interstitial cerebral glutamate concentrations obtained via
a microdialysis catheter placed adjacent to the injured area in head
trauma patients given a L-alanyl-L-glutamine or b placebo over
a period of 20 h. Filled symbols represent patients randomized to
be given glutamine before placebo, while open symbols represent
patients given placebo before glutamine. The bold line represents
median values

Fig. 4 Interstitial cerebral glutamine concentrations obtained via
a microdialysis catheter placed adjacent to the injured area in head
trauma patients given a L-alanyl-L-glutamine or b placebo over
a period of 20 h. Filled symbols represent patients randomized to
be given glutamine before placebo, while open symbols represent
patients given placebo before glutamine. The bold line represents
median values
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glutamine concentration increased during the treatment
period.

Discussion
In patients with severe head trauma, i. v. administration of
exogenous glutamine 20–25 g over a period of 20 h did not
influence the glutamate concentration interstitially in the
brain close to the injured area as assessed by microdialysis.

This finding was obtained in a well-defined group
of neurosurgical patients with documented placement
of their microdialysis catheters under well-characterized
clinical conditions during the study period. Furthermore,
measurements began only after a 12-h run-in period fol-
lowing placement of the catheter. The dose of glutamine
administrated was in accord with the clinical recommen-
dations given for general ICU patients [16], resulting in
an increase in plasma glutamine concentrations from low
to normal level in the majority of the patients (Fig. 1).
This is in agreement with earlier studies [17], also with no
influence upon plasma glutamate concentration (Fig. 2).

The normal interstitial concentration of glutamate in
the brain is less than 10 µmol/l [12]. Among the patients
studied, there was one clear outlier in interstitial glutamine
concentration, and in addition four patients had clearly ele-
vated concentrations of glutamate. However, these elevated
levels of glutamate were totally independent of intravenous
administration of glutamine, and they did not change over
time. High interstitial glutamate concentrations in individ-
ual patients have been reported in most studies involving
interstitial glutamate concentration measurements in brain
injury patients [10, 11, 12, 13]. The mechanisms behind
elevated glutamate concentrations interstitially in the brain
as well as the pathophysiological interpretation of such el-
evated concentrations are beyond the scope of this study.

The recommendation to give exogenous i. v. glutamine
supplementation to ICU patients rests on evidence that
such administration is beneficial in terms of outcome [1],
and that it does not cause any harm to the patients [9]. This
is true for general ICU patients, and this study seems to
show that intravenous glutamine administration to patients
with severe head injury does not cause any adverse effects
in terms of further elevation of the interstitial glutamate
concentration in the brain. It must be emphasized that

this finding was in patients with severe head trauma, and
that the documentation of interstitial glutamate concen-
tration is related to the placement of a catheter in the
brain. Furthermore, the beneficial effect of glutamine
is documented in studies of general ICU patients with
multiple organ failure, a situation differing from that of the
patients studied here. As the catabolic drive in brain injury
patients is often even more pronounced than in general
ICU patients with multiple organ failure, similar beneficial
effects of i. v. glutamine can be postulated in neurosurgery
patients, but no such study exists at present. The rationale
for glutamine supplementation in ICU patients is the
glutamine depletion in plasma and tissues [8, 9]. This has
been demonstrated in general ICU patients, and the present
study shows that similar plasma concentrations are also
seen in patients with severe head trauma in the neuro-ICU
(Fig. 1), which opens the possibility of evaluating the use
of glutamine supplementation also in neuro-ICU patients
requiring nutritional support.

The interstitial concentration of glutamine in the mi-
crodialysate was also unaffected by the i. v. infusion of
glutamine, while there was an increase in plasma concen-
tration by a median 30%. This demonstrates that the inter-
stitial concentrations of the injured brain were not influ-
enced by plasma concentrations, although the blood–brain
barrier is known to be leaking in the area close to the in-
jury [18]. As an elevated interstitial concentration of glu-
tamine in the brain may influence the clearance of gluta-
mate, the observed unaltered concentration of glutamine
in the brain may also be interpreted as indicating that i. v.
glutamine administration does not interfere with glutamate
elimination. Plasma glutamine concentration is not known
to correlate with the efflux of glutamine from the brain or
any other glutamine-exporting tissue [19, 20].

In summary, exogenous i. v. glutamine administration
to severe head trauma patients in the neuro-ICU was not
associated with an elevation of interstitial glutamate con-
centration in the brain tissue adjacent to the injured area.
This was true both for patients with normal intracerebral
glutamate concentration and for patients with an elevated
glutamate concentration. The results suggest it to be safe,
in terms of intracerebral glutamate concentration, to use
i. v. glutamine as a nutritional adjunct to head trauma pa-
tients. It also opens the possibility of studying the efficacy
of i. v. glutamine supplementation in this group of patients.
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