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Abstract

Background. The present analysis of patients with aneurismal subarachnoid hemorrhage addresses the 
question of how far systemically administered energy substrates or medication during intensive care management 
can significantly influence cerebral metabolism and must therefore be considered when interpreting the results 
of cerebral microdialysis. Methods. An intracerebral microdialysis catheter was implanted in 13 patients with 
aneurysmal subarachnoid hemorrhage after aneurysmatic clipping. The extracellular concentrations of glucose, 
lactate, glutamate and glycerol were determined by bed-side analysis together with systemic parameters (blood 
glucose, insulin and noradrenalin administration). To test our setup in patients with severe aneurysmal subarach-
noid hemorrhage typical symptoms, the incidence of secondary cerebral ischemia and cerebral vasospasm, were 
analyzed in relationship to the course of the measured parameters by cerebral microdialysis. Results. The glucose 
levels in the microdialysate showed a tendency to be dependent on the systemic glucose concentration, as long as 
cerebral ischemia was not present. Furthermore there were 7 cases of temporary hypoglycemia mainly in patients 
with cerebral ischemia (n = 5). Administration of noradrenalin and insulin had no influence on the measured 
systemic and local metabolic parameters or insulin therapy. The same applies to the administration of glucose or 
fat during the nutritional therapy. Conclusion. The hypothesis that the glucose level in brain tissue is influenced 
by the serum glucose levels is valid as long as cerebral ischemia is not present. Systemic administration of energy 
carriers during parenteral nutrition as well as noradrenalin and insulin does not lead to a relevant effect on the 
results of cerebral microdialysis. Anestezjologia i Ratownictwo 2011; 5: 290-299.
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Studies about the inf luence of blood glucose 
management during intensive care therapy especially 
for patients with severe neurological damage are lim-
ited. It is therefore necessary to evaluate the general 
intensive care therapy concepts further, to adapt this 
to the special, in this case neurological condition 
and therefore to further development. In the current 
literature cerebral microdialysis has proven to be an 
established method for early recognition of secondary 
damage, especially in connection with the occurrence 
of cerebral vasospasms, on the basis of alterations in 
concentrations of neurochemical substances measured 
in the extracellular space of brain tissue as the correlate 
of local metabolism [3,5,13-17].

The aim of our clinical study was firstly to deter-
mine to what extent clinical questions (determination 
of insufficient perfusion, secondary cerebral ischemia 
etc.) can be mirrored in the daily routine by using 
microdialysis using our own set-up. A further aim 
was to analyze the effect of systemic interactions on 
parameters of cerebral metabolism (e.g. glucose, lactate, 
glutamate and glycerol) during administration of, for 
example catecholamines and insulin. 

Method

The patient study is part of an investigation 
protocol for the administration of a multimodal neu-
romonitoring of intensive care patients with severe 
neuronal damage, which was approved by the local 
ethics committee.

The study included intensive care patients (age 
> 18 years) with aneurysmal subarachnoid hemorrhage. 
As the patients were not able to give their consent, 
approval for inclusion in the study was obtained after 
prior confirmation of the official representative.

At the beginning of the extended neuromonitoring 
the patients received analgosedation and controlled 
mechanical ventilation. The analgosedation was carried 
out in the first 3 days of the intensive care treatment 
with propofol (3-6 mg/kg body weight/h) and remi-
fentanil (0.1-0.25  µg/kg body weight/h). After day 4 
analgosedation was switched to midazolam (5-7 mg/h) 
and sufentanil (30-50  µg/h). All patients received 
a cerebral perfusion pressure (CPP)-oriented therapy 
regimen with a target CPP of  > 70 mmHg. If this target 
could not be achieved after adequate volume therapy 
continuous catecholamine was administered. 

Background

The worldwide annual incidence of cerebral aneu-
rysms amounts to 0.2-9.9% [1]. The outcome in these 
patients is mostly dependent on the extent of primary 
neurological damage as well as the resulting second-
ary brain damage, which often develops with a time 
delay of several hours up to several days. One of the 
most common causes of secondary cerebral ischemia 
is considered to be the occurrence and severity of 
cerebral vasospasms and known as delayed ischemic 
neurological deficit (DIND) when clinical symptoms 
are present. In contrast acute focal neurological 
deficits (AFND) are directly related to the cerebral 
hemorrhage event [2]. Because of the complexity of 
the disease there are increased requirements on the 
intensive care monitoring methods, to ensure an 
adequate and timely detection of the extent of pri-
mary damage and simultaneously the early recogni-
tion of the development of secondary brain damage. 
Neuromonitoring represents not only a support for 
therapy and determination of the prognosis but is 
also an essential component of the neuroprotective 
strategy [3-5].

A modern intensive care treatment concept incor-
porates special therapeutic approaches and strategies in 
addition to the classical neurosurgical focus of avoiding 
relevant operative complications (e.g. acute secondary 
hemorrhage and hydrocephalus) and early recognition 
and/or prevention of secondary brain damage.

Retrospective analyses of the patients with primary 
neurological conditions showed that these patients have 
an increased risk of respiratory problems, especially 
infections. Therefore they have a poorer outcome than 
other intensive care patients. Hyperglycemia is also 
much more common in these patients than other inten-
sive care patients [1]. In recent years the effect of blood 
glucose levels on the outcome of intensive care patients 
has increasingly become a subject of scientific discus-
sion [6-9]. Van den Berghe et al. showed that a strict 
control of blood glucose led to a decrease in infections, 
but there was a danger of undesired hypoglycemia with 
negative effects on patient outcome [10,11]. However, 
the results of the NICE-SUGAR study with 6,104 
patients showed that the 90 day mortality of patients 
with normoglycemia (blood glucose 81-108  mg/dl) 
was significantly higher than those with blood glucose 
levels of 144-180 mg/dl (odds ratio 1.14, 95% CI 1.07-
1.31, p = 0.02) [12]. 
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Patient monitoring

The standard monitoring includes the continuous 
recording of arterial blood pressure and heart rate 
(electrocardiogram ECG), peripheral oxygen saturation 
(SpO2), central venous pressure (CVP) and recording of 
the ventilation parameters. Temperature was measured 
via the urinary bladder.

The extended neuromonitoring included an intra-
parenchymal intracranial pressure monitoring (ICP 
Express, Codman, UK) and an interstitial cerebral 
microdialysis catheter (CMA 70, CMA Microdialysis, 
Sweden) which was perfused with a sterile 0.9% NaCl 
at a flow rate of 0.3 µl/min. The extracellular concentra-
tions of glucose, lactate, glutamate and glycerol were 
measured photometrically at the bedside.

Implantation of the intracerebral monitoring was 
carried out during the operative treatment of the aneu-
rysm. The microdialysis catheter was placed in the sup-
posed cerebral region, supplied by the injured vessel in 
all patients. A computed tomography (CT) was carried 
out to confirm the placement of the implanted probe. 
Further CT-scans were routinely done on postopera-
tive days 2 and 3 and then every 7 days. The diagnosis 
of secondary cerebral ischemia was made from the 
CT by a radiologist and independently confirmed by 
the responsible neurosurgeon. Criteria for cerebral 
ischemia were defined as newly occurring and persist-
ing extensive density comparisons between grey and 
white matter (hypodensity) and when applicable with 
merging of cortical furrows. Cerebral vasospasm was 
diagnosed by transcranial doppler (TCD) and defined 
as any mean flow velocity > 120 cm/sec. 

Vital parameters and intracranial pressure were 
recorded together with the results of the cerebral micro-
dialysis (ICU-Pilot©, CMA Microdialysis, Sweden). The 
microdialysis data are presented as concentrations 
as measured in the microdialysate, without correc-
tions for probe recovery rates. All data were stored in 
a patient documentation system (DocVue©, Hewlett-
Packard, Deutschland). All electronic and manual data 
gathered were transferred to a table. The measurements 
for the first twoStatview 4.0 (SAS Institute Inc, Cary, 
NC, USA) was used for statistical calculations and pre-
sentation of the data was made using the mean values 
and standard deviations. Statistical dependence of two 
parameters was tested by linear regression analysis. 
Fisher’s Z transformation was used to calculate mean 
values of the individual correlation coefficients. Mean 

value analyses, in particular ANOVA testing, were used 
to evaluate statistically relevant differences between 
the measurements of microdialysis, blood glucose 
and insulin or noradrenalin amounts in correlation 
to cerebral ischemia (group 1 no cerebral ischemia, 
group 2 with cerebral ischemia). The significance level 
was p < 0.05. 

Results

A total of 13 patients (6 males and 7 females) aged 
32-61 years (mean 57 ± 11 years) with cerebral micro-
dialysis were included in the analysis (Table 1). No 
complications occurred in any of the patients which 
could be attributed to positioning of the microdialysis 
catheter. The average analysis time period was 6.7 ± 3.2 
days.

Table 1. Demographic data
Patients (n = 13)

Age (years) 57 ± 11
Body weight (kg) 80 ± 16
Initial Glasgow Coma Score 6.9 ± 1.6
Hunt & Hess classification 3.7 ± 0.6
Aneurysma localization 
PICA 2
ACA/RCA 5
MCA 4
Others 2
Comorbidities
Arterial hypertension 8
Diabetes mellitus 4
start microdialysis monitoring/
time after initial event (days) 3.6 ± 1.9
Cerebral vasospasm 4

Special features

Anisocoria on 
admission (n = 2)

Initially uncon-
scious (n = 1)
Initial cerebral 

edema CT (n = 1)

PICA - Posterior inferior cerebellar artery 
ACA - Anterior cerebral artery; RCA - right carotid artery; MCA 

– A. cerebri media

Detection of cerebral ischemia

During the treatment severe cerebral ischemia 
could be detected by CT in 8 patients. The initial aver-
age GCS in these patients was 7.5 ± 1.0, versus 6.0 ± 2.0 
in patients without cerebral ischemia. The cerebral 



293

Anestezjologia i Ratownictwo 2011; 5: 290-299  

Nauka praktyce / Science for medical practice

cerebral ischemia
Yes No

* p<0.001

cerebral vasospasm

glycerol
[µmol/l]

0

50

100

150

200

250

300

350

400

450

Yes No

p<0.005

Figure 1. Mean concentrations for glycerol in extracellular brain tissue related to the occurrence of cerebral 
ischemia or cerebral vasospasm
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perfusion pressure (CPP) was not significantly different 
for the patient populations (without cerebral ischemia: 
80 ± 10 mmHg vs. with cerebal ischemia 83 ± 6 mmHg).

The average blood glucose concentration for patients 
without cerebral ischemia was 10.0 ± 2.0 mmol/l and 
in the microdialysate 2.2 ± 1.0 mmol/l. Otherwise, in 
patients with cerebral ischemia the blood glucose was 
9.0 ± 1.6 mmol/l (p < 0,05) and in the microdialysate 
1.6 ± 1.0 mmol/l (p < 0.05).

Patients with cerebral ischemia showed sig-
nificantly higher lactate values in extracellular 
brain tissue than patients without cerebral ischemia 
(2.4 ± 0.9 mmol/l versus 3.3 ± 1.3 mmol/l, p < 0,005). 
A tendency towards a weak correlation between blood 
and extracellular glucose could be detected indepen-
dent of the presence of cerebra ischemia (group 1: 
R² = 0.210 versus group 2: R² = 0.531). The average 
glycerol concentrations for the microdialysate values 
between both groups were significantly higher for 
patients with ischemia (264.9 ± 215.3 µmol/l) than for 
the reference group (84.6 ± 58.7 µmol/l, p < 0.0001, 
Fig. 1). Glutamate values were very heterogeneous 
so that differences between the groups could not be 
analyzed (17.6 ± 65.7 µmol/l versus 12.9 ± 18.4 µmol/l).

Cerebral vasospasm

Similar results were found for the correlation 
between extracellular glucose and lactate in relation 
to the occurrence of cerebral vasospasm (without 
vasospasm R² = 0.439, with vasospasm R² = 0.117). 
The concentrations for glycerol microdialysis values 
between the 2 groups were significantly higher for the 
group with vasospasm (mean 334 ± 233.2 µmol/l) than 
the reference group (159.3 ± 63.6 µmol/l, p < 0.005) 
(Fig. 2). Glutamate showed a large heterogeneity so that 
differences between the groups could not be analyzed 
(without vasospasm 1.7 ± 10.1 µmol/l, with vasospasm 
17.2 ± 16.2 µmol/l). The daily infusions of glucose and 
fat, as well as insulin and noradrenalin had no influence 
on these alterations.

Systemic interactions

The average blood glucose concentration during 
the whole measurement period was 9.4 ± 1.8 mmol/l, 
whereby a hyperglycemic constellation was pre-
dominant (blood glucose > 6.6 mmol/l). Temporary 
hypoglycemia (blood glucose < 3.3 mmol/l) occurred 

in 2 patients in group 1 and 5 patients in group 2. 
The mean extracellular glucose concentrations were 
1.8 ± 1.0 mmol/l (range 0.01-6.0 mmol/l). In 4 patients 
from group 2 extracellular glucose concentrations 
< 1.0 mmol/l occurred during treatment with normal 
systemic glycemia. 

Regression analysis between the individual blood 
glucose concentrations and the corresponding glucose 
concentrations in the microdialysate over the total 
observation time revealed a coefficient of determina-
tion of R² = 0.220 (p < 0.05). Further statistical analyis 
with respect to the inf luence of secondary events 
showed a weak tendency to a correlation between blood 
and extracellular glucose in patients without ischemia 
(group 1 R² = 0.383, group 2 R² = 0.146) or cerebral 
vasospasm (group 1 R² = 0.327, group 2 R² = 0.114). 

Anaylsis of the daily insulin dosage gave a lower 
dosage in patients with cerebral ischemia (67.8 ± 64.2 
I.E. versus 81.9 ± 64.0 I.E., not significant) or vasospasm 
(63.1 ± 36.1 versus 98.0 ± 62.6 I.E., p < 0.05), but no 
direct correlation to blood glucose levels (R² = 0.203), 
brain tissue glucose (R² = 0.138) or daily glucose 
(R² = 0.035) and lipid infusions (R² = 0.034).

The average daily dosage of noradrenalin was 
higher in patients with cerebral ischemia (6.8 ± 16.2 mg) 
than those in group 1 (4.3 ± 6.1 mg, not significant) 
so that the target of a CPP > 70  mmHg could be 
achieved in both groups (80.0 ± 10.0  mmHg versus 
83.0 ± 6.0 mmHg, not significant). The administration 
of further catecholamines was of subordinate impor-
tance from clinical and statistical viewpoints. Patients 
where administration of noradrenalin was necessary 
had on average a higher blood glucose concentration 
(without 8.9 ± 1.2  mmol/l, with 9.9 ± 2.2  mmol/l, 
p < 0.05) which was accompanied by a higher insulin 
administration (without 45.6 ± 43.9 I.E./die, with 
112.4 ± 67.2I.E./die, p < 0.0001). The glucose levels 
in extracellular brain tissue showed a tendency to be 
higher as long as noradrenalin was applied but this was 
not statistically significant (without 1.6 ± 0.9 mmol/l, 
with 1.9 ± 1.0  mmol/l). The administration of nor-
adrenalin had no influence on the extracellular lactate 
levels (without 2.9 ± 0.9 mmol/l, with 3.0 ± 1.6 mmol/l). 
The appearance of cerebral ischemia and vasospasm did 
not lead to any further significant changes.

Discussion

In this study the main question to be answered 
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was to what extent existing or administered energy 
substrates or the administration of metabolically 
effective medications, significantly influence cerebral 
metabolism and must therefore be taken into conside-
ration for the interpretation of the results of cerebral 
microdialysis. In order to test the set-up used for the 
complex clinical picture of aneurysmal subarachnoid 
hemorrhaging, the typical symptoms of secondary 
cerebral ischemia vasospasm were correlated to each 
other. The results can be summarized as follows:
1. Cerebral microdialysis is suitable to detect secon-

dary cerebral ischemia and/or cerebral vasospasm.
2. A weak statistical correlation exists between glu-

cose in the microdialysate and the systemic glu-
cose concentration in patients without cerebral 
ischemia or cerebral vasospasm.

3. Administration of noradrenalin caused a higher 
blood glucose concentration with corresponding 
higher administration of daily insulin dosages. No 
influence on the glucose and lactate concentra-
tions in extracellular brain tissue was found even 
in correlation to secondary cerebral ischemia.

4. Administration of glucose or lipid during nutri-
tional therapy had no influence on systemic and 
local metabolic parameters or insulin therapy.
The chronological behavioral pattern of glucose 

and lactate in the microdialysate has already been 
investigated in several clinical studies in patients with 
severe head injuries. Normally the glucose concentra-
tion in brain tissue decreased by cerebral ischemia 
and lactate rises [18,19]. Other investigations also 
found this metabolic behavior pattern in patients with 
aneurysmal subarachnoid hemorrhage as long as an 
acute cerebral ischemia could also be identified in these 
patients [20,21].

The results of our study also show a reduction of 
extracellular glucose levels with cerebral ischemia and 
a significant increase in lactate in the extracellular 
microdialysate. However, in patients with cerebral 
vasospasm there was a significant reduction of extra-
cellular glucose in brain tissue which did not influence 
the parameter lactate. 

There are a variety of explanations for this. The first 
hypothesis would be a lower substrate availability due 
to reduced cerebral blood flow with subsequent reduced 
concentration in the extracellular fluid, independent 
of the systemic supply. 

Furthermore there is an unequal balance between 
available oxygen and local needs, for example in the 

acute period of severe neuronal damage or during 
cerebral ischemia. This relative deficite of oxygen leads 
to the increased anaerobic glycolysis. Because the net 
energy yield is substantially less than for oxidative 
phosphorylation, an increased consumption of glucose 
to cover the energy needs could be sufficient to explain 
the lower glucoseti level. The simultaneous increase in 
lactate levels in the extracellular space in the subgroup 
with ischemia would also be explained by this. In 
addition glutamate would also be released due to the 
primary brain damage. In connection with this and 
also taking the results of Magistretti and Pellerin into 
account, it could be concluded that after activation by 
glutamate, glucose metabolism occurs as far as lactate 
also in astrocytes independent of the oxygen supply 
[22,23]. The lactate produced then becomes available 
to neurons as substrate.

As a consequence of the cerebral ischemia destruc-
tion of cell membranes and release of glycerol occurs 
as indirect characteristics for membrane damage [24]. 
The patients in the ischemia group of this study showed 
substantially higher values of glycerol than those in 
the control group. Glycerolti therefore seems to be 
a very promising marker especially for the presence 
of ischemia with cell membrane destruction but not 
for early recognition of ischemia [25]. In the results of 
Peerdemann et al. a level of 150 mmol/l is described 
for estimation of the outcome in patients with brain 
trauma [26]. The mean values for glycerolti in our study 
were clearly higher in the ischemia group. In addition 
to release of glycerol the transport of systemically sup-
plied glycerol across a disrupted blood-brain barrier 
could also be responsible for the increase. Hillered 
et al. determined glycerol in plasma and brain tissue 
inpatients with brain damage but their results do not 
support this possibility [24].

Importance of systemic factors
A number of studies have shown that the presence 

of increased blood glucose in patients during intensive 
care is associated with an increased morbidity and mor-
tality. Most of these patients had no history of diabetes 
and the blood glucose levels increased during the severe 
stress situation. In 2001 van den Berghe et al. were the 
first to report on the positive effect of strict control of 
blood glucose on patient outcome in a general surgery 
intensive care [10]. Subsequent studies by other groups 
could not, however, substantiate this effect and the 
intensified insulin therapy was more often associated 
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with a frequent occurrence of hypoglycemic events. 
In the meantime two large multicenter clinical studies 
have been carried out but no advantage of complete 
normalization of blood sugar in intensive care patients 
could be recognized in the results. 

Of these two studies, one was prematurely aban-
doned due to the frequent occurrence of severe hypo-
glycemia. The attempt to maintain the blood glucose 
level completely within the normal range seems to 
have had a more negative effect in this situation. The 
results of this NICE-SUGAR study show the advantage 
of blood sugar adjustment in the range 144-180 mg/dl 
(8.0-10.1 mmol/l) in the patient group with “conven-
tional” treatment compared to a group with stricter 
blood glucose control between 81 and 108  mg/dl 
(4.5-6.0 mmol/l) [27]. In the first case (conventional 
adjustment) 69% of patients in intensive care needed 
insulin whereas 97.2% of those patients with stricter 
adjustment criteria needed insulin. It is not surprising 
that even with a careful monitoring regime in the nor-
mally adjusted second group many more instances of 
severe hypoglycemia occurred than in the group with 
conventional treatment.

In a further analysis van den Berghe et al. could 
show an advantage by the use of intensified insulin 
therapy particularly for patients with isolated severe 
neuronal damage, whereby this was primarily limited 
to a critical illness polyneuropathy [28]. The demon-
strated positive effect on the intracranial pressure 
(ICP) is only of statistical relevance with a reduction 
to 11 mmHg versus 13 mmHg with nearly identical 
CPP (81 mmHg versus 80 mmHg) and the very hete-
rogeneous patient collective. The negative influence 
of hypoglycemia alone on the neurological outcome 
is also not unexpected. Patients in hypoglycemic 
shock show, for instance, an altered EEG pattern and 
disturbed sense of perception (cognitive function) up to 
loss of consciousness. At the cellular level this is often 
correlated to neuronal cell destruction especially in 
very vulnerable regions of the brain (e.g. hippocampus) 
[29]. In contrast animal experiments have shown that 
cell damage is potentiated by hyperglycemia occurring 
during cerebral ischemia [30]. It is therefore logical 
to analyse to what extent systemic supply of energy 
sources or medications which intervene in energy 
metabolism influence the substrates in brain tissue.

The results showed no direct statistical correlation 
between the blood glucose and the glucose measured 
in extracellular tissue. There was a tendency towards 

a stronger statistical correlation in the group with no 
secondary events. The data of our study were not based 
on a protocol of intensified insulin therapy, which can 
explain the increased incidence of hyperglycemic situa-
tions. However, an unexpected hypoglycemia occurred 
in 7 patients. A direct dependence of glucose in brain 
tissue on the availability of systemic glucose could be 
proven in healthy patients [31]. The occurrence of severe 
neuronal damage with a without cerebral ischemia 
then possibly led to a disruption of glucose production 
(flow-metabolism mismatch) and the glucose transport 
system (GLUT1 und GLUT3) [32].

Cerebral microdialysis is an established bed-side 
method to register alterations in cerebral metabolism. 
There are only a limited number of clinical studies 
analyzing the possible influence of systemic changes 
in homeostasis on the metabolic parameters measured 
with cerebral microdialysis. In a clinical study on 149 
patients with SAH Sarrafzadeh et al. showed that the 
occurrence of hyperglycemia (> 120  mg/dL) within 
the first 7 days was a negative predictive factor for 
patient outcome [33]. Bilotta et al. showed that strict 
blood sugar control led to a reduction in the infection 
rate from 42% to 27% in patients with aneurysmal 
subarachnoid hemorrhaging, however, no influence 
on the neurological outcome and mortality could be 
demonstrated [34]. 

Another detailed analysis by Vespa et al. described 
the chronological alterations of extracellular glucose 
and lactate in brain tissue in patients with severe neu-
ronal damage and the influence of systemic noxious 
substances. The authors found a weak correlation 
between extracellular glucose in brain tissue and 
the blood glucose concentration (r = 0.26). In 72% 
of the cases the reasons for lower extracellular blood 
concentrations were unknown. Critical alterations 
in cerebral perfusion led to a temporary reduction in 
extracellular glucose with moderate increases in extra-
cellular lactate. A significant correlation between the 
two parameters could not be demonstrated (r = -0.06). 
A lower glucose concentration (< 0.2  mmol/l) with 
no connection to systemic hypoglycemia or obvious 
secondary brain damage was associated with a poorer 
outcome 6 months after onset of disease. These results 
suggest an increased glucose turnover in the early phase 
of the disease [5].

Persisting glucose concentrations of < 0.1 mmol/l 
in extracellular brain tissue occur ultimately in peri-
ods of severe cerebral ischemia and reflect the limited 
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cerebral glucose supply [35,36]. In contrast increased 
glucose concentrations are associated with deteriora-
tion in the neurological situation, which should not be 
taken as a sign of severe neurological damage but that 
the increased glucose principally has a direct negative 
influence on cells. 

This leads to the hypothesis that neuronal dam-
age per se leads to the direct dependence of glucose in 
brain tissue on the glucose supply in blood described 
in healthy patients and can therefore explain the lack 
of correlation in the clinical studies. The upregulation 
of the active glucose transporter GLUT1 seems to play 
a substantial role here. The situation becomes complex 
if, for instance, a reduced glucose supply also exists 
by the occurrence of reduced cerebral perfusion or 
ischemia or if the increased metabolic demands of the 
brain cannot be met due to the alterations in cerebral 
blood flow (flow-metabolism mismatch). 

The question arises how far this constellation is 
influenced by systemic supply of glucose. In animal 
experiments the infusion of a glucose solution led to an 
increase in glucose levels in extracellular brain tissue. 
However, under moderate cerebral hypoxic conditions 
(paO2 25-30 mmHg) glucose supply leads to a tendential 
increase in extracellular lactate. This becomes impor-
tant because under the conditions of hyperglycemia 
or an increased glucose concentration in brain tissue 
glucose is anaerobically metabolized to lactate and 
therefore causes local acidosis with corresponding cell 
toxicity. This process is not additionally influenced by 
the osmotic effect of an external glucose supply [37]. 

The administration of noradrenalin to guarantee 
an adequate cerebral perfusion is advantageous in 
comparison to other catecholamines with respect to 
improved cerebral oxygenation and lack of influence 
of cerebral autoregulation. Under physiological condi-
tions administration of noradrenalin via activation 
of α-adrenergic receptors is associated with reduced 
insulin secretion and therefore an increased blood 
glucose level. Our analysis showed increased glucose 
concentrations in blood and extracellular tissue but 
there was no direct dose-dependence. A possible 
explanation could be alterations to the glucose trans-
porter GLUT1. During cerebral ischemia and also 
hyperglycemia there is an upregulation of GLUT1 
with a corresponding increase in extracellular brain 
tissue glucose [38]. Animal experiments have indicated 
a possible passive glucose transport due to a disturbed 
blood-brain barrier during cerebral ischemia [39]. 

Furthermore, the weak relationship to the presence 
of cerebral vasospasm is not only exexplainable by an 
exclusive effect of insulin himself [40]. 

Within these sometimes controversial discus-
sions over a potential effect of a strict blood glucose 
control, the question arises how much influence the 
administration of insulin has on the results of cerebral 
microdialysis. Investigations on the calculation of the 
necessary insulin dose for intensified insulin therapy 
show that only 35% of the blood glucose concentration 
can be calculated. The remaining part is influenced by 
nonspecific factors. Studies on the direct dose-effect 
relationship of insulin and cerebral glucose are limited 
[41-43]. A current study by Schlenk et al. investigated 
the correlation between insulin and glucose but found 
a reduction of glucose concentrations in the microdi-
alysate. However, because of the presence of a cerebral 
vasospasm this could not be clearly attributed to an 
effect of insulin [40]. 

The systemic administration of insulin in our 
analyses also had no significant influence on glucose 
levels in blood or extracellular brain tissue. If a nega-
tive effect of hypoglycemia or hyperglycemia can be 
believed, especially on the neurological outcome, then 
it is necessary to consider the various constellations 
of extracellular glucose in severe neuronal damage. 
From this it can be concluded that a simultaneous 
systemic and local glucose monitoring is necessary as 
are further studies.

Furthermore, in our study no evidence of an 
influence of the systemic supply of triglycerides on the 
glycerol levels in the extracellular space was found. If 
the amounts of triglycerides administered enterally 
and parenterally as well as the hypnotics administered 
for sedation are calculated, the values for our patients 
lie within the recommended amounts for critically 
ill patients. Our investigations therefore confirm the 
investigations of Hillered et al. on acute brain dam-
age in humans that no correlation exists between the 
systemic triglyceride values and those in brain tissue 
dialysates [24].

Summary

Monitoring of cerebral metabolism using cerebral 
microdialysis has proven to be a valuable instrument 
for differentiated surveillance of intensive care patients 
with severe neurological damage. The parameter glu-
cose has become the center of interest together with the 
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discussion on the effectiveness of a strict blood sugar 
control in intensive care patients. The neurological out-
come can also be influenced by a strict glucose mana-
gement. The lack of a statistical correlation between 
glucose values in blood and extracellular brain tissue, 
especially during the phases of cerebral ischemia but 
also specific event-related behavioral patterns of meta-
bolic parameters show the necessity for simultaneous 
monitoring of glucose levels in blood and brain tissue. 
In our investigations the systemic supply of energy 
suppliers, as well as noradrenalin and insulin during 
parenteral nutrition, did not lead to a relevant influence 
on the results of cerebral microdialysis. 

However, the limited amount of data and the very 
complex pathology of the disease from a neurological 
perspective, necessitate further studies using micro-
dialysis.
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