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Abstract
Objective— Brain interstitial glycerol was
studied as a potential marker for mem-
brane phospholipid degradation in acute
human brain injury.
Methods—Glycerol was measured in
microdialysis samples from the frontal
lobe cortex in four patients in the neuroin-
tensive care unit, during the acute phase
after severe aneurysmal subarachnoid
haemorrhage. Microdialysis probes were
inserted in conjunction with a ventriculos-
tomy used for routine intracranial pres-
sure monitoring. Clinical events involving
hypoxia/ischaemia were diagnosed by
neurological signs, neuroimaging (CT and
PET), and neurochemical changes of the
dialysate—for example, lactate/pyruvate
ratios and hypoxanthine concentrations.
Results—Altogether 1554 chemical analy-
ses on 518 microdialysis samples were
performed. Clinical events involving sec-
ondary hypoxia/ischaemia were generally
associated with pronounced increases (up
to 15-fold) of the dialysate glycerol con-
centration. In a patient with a stable
condition and no signs of secondary
hypoxia/ischaemia the glycerol concentra-
tion remained low. Simultaneous deter-
mination of glycerol in arterial plasma
samples showed that the changes in brain
interstitial glycerol could not be attributed
to systemic changes and an injured blood
brain barrier.
Conclusions—This study suggests that
membrane phospholipid degradation oc-
curs in human cerebral ischaemia. Inter-
stitial glycerol harvested by microdialysis
seems to be a promising tool for monitor-
ing of membrane lipolysis in acute brain
injury. The marker may be useful for
studies on cell membrane injury mecha-
nisms mediated by for example, Ca2+

disturbances, excitatory amino acids, and
reactive oxygen species; and in the evalua-
tion of new neuroprotective therapeutic
strategies.
(J Neurol Neurosurg Psychiatry 1998;64:486–491)
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Degradation of membrane phospholipids is a
well known phenomenon in acute experimen-
tal brain injury and is thought to underlie the
disruption of cellular membranes with loss of

vital functions such as barrier and transport
capabilities, leading to a cascade of harmful
events including oedema formation.1–6 Such
increased lipolytic activity has mainly been
studied by measuring free fatty acids and
membrane phospholipids extracted from brain
homogenate samples in animal models of
ischaemia, hypoxia, hypoglycaemia, and
epilepsy.4 To our knowledge there is little or no
information onmembrane phospholipid degra-
dation in acute human brain injury. Glycerol is
an end product of membrane phospholipid
degradation and has been used to study mem-
brane phospholipid degradation in brain ho-
mogenates after cerebral ischaemia and
seizures.7–9 In a recent study on traumatic brain
injury in rats, interstitial glycerol harvested by
intracerebral microdialysis was found to be a
promising marker for the monitoring of
post-traumatic membrane phospholipid
degradation.10 11 We have developed the micro-
dialysis technique for neurochemical monitor-
ing in patients with severe acute brain injuries,
including subarachnoid haemorrhage and
trauma.12–15 This has created a new opportunity
for neurochemical monitoring of the human
brain. The present study tested the hypothesis
that interstitial glycerol is a useful marker for
monitoring of membrane phospholipid degra-
dation in acute human brain injury. Some of
the results have appeared in abstract form.16

Patients and methods
Four patients were studied during the acute
phase after serious aneurysmal subarachnoid
haemorrhage. The patients required an intra-
ventricular catheter for intracranial pressure
monitoring and were treated at the neurointen-
sive care unit. The clinical management was
based on early aneurysm surgery and “aggres-
sive” neurointensive care. Intracerebral micro-
dialysis was performed as described in detail
elsewhere.13 In short, a microdialysis probe
(CMA/10, 4 mm polyamide membrane, CMA/
Microdialysis, Stockholm, Sweden) was in-
serted in the frontal cortex in conjunction with
a ventriculostomy. The probe was perfused
with sterile artificial CSF (containing 140 mM
Na+, 2.7 mM K+, 1.2 mM Ca2+, 0.9 mM Mg2+,
and 147 mmol Cl−) at a rate of 2 µl/min using a
CMA/100 microinjection pump (CMA/
Microdialysis). An equilibration period of 30 to
60 minutes without sampling was allowed after
probe implantation or resumed pumping after
accidental interruptions or changing syringes.12

Dialysate was collected on a 24 hour/day basis,
normally in 60 minute fractions, during seven

J Neurol Neurosurg Psychiatry 1998;64:486–491486

Department of
Neurosurgery
L Hillered
J Valtysson
P Enblad
L Persson

Department of Clinical
Chemistry
L Hillered

Department of
Anesthesiology,
Uppsala University
Hospital, Uppsala,
Sweden
J Valtysson

Correspondence to:
Dr Lars Hillered,
Department of
Neurosurgery, Uppsala
University Hospital, S-751
85 Uppsala, Sweden. Fax
0046 18 55 86 17; email:
Lars.Hillered@neurokir.uu.se

Received 16 April 1997 and
in revised form 2 September
1997
Accepted 18 September
1997

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.64.4.486 on 1 A

pril 1998. D
ow

nloaded from
 

http://jnnp.bmj.com/


to eight days. During the night (11 00 pm to 8
00 am) three hour fractions were sampled. The
samples were stored at −70°C until analy-
sis.The study was based on 518 collected sam-
ples and 1554 chemical analyses. Glycerol was
measured on a CMA/600 microdialysis ana-
lyser (CMA/Microdialysis). This is a self
calibrating autoanalyser designed for microdi-
alysis samples measuring glycerol
enzymatically.17 In our hands the within run
imprecision (coeYcient of variation) was 3% at
the 15 µmol/l concentration (n=10). Lactate
and pyruvate were analysed by high perform-
ance liquid chromastography with UV detec-
tion (214 nm) as described previously.18

Plasma concentrations of glycerol were deter-
mined by performing microdialysis (the same
membrane length, perfusion medium, and per-
fusion rate as for brain tissue) on heparinised
arterial plasma samples17 from the same
patients, to allow a direct comparison with the
interstitial glycerol concentrations.The dia-
lysate lactate/pyruvate (L/P) ratio was used as a
marker for energy disturbances due to ischae-
mia, reflecting the redox state of the cells. This
ratio is normally<2013 15 and probably inde-
pendent of probe recovery.19 The microdialysis
results were compared with routine data on the
clinical course including neurological status,
physiological and chemical monitoring, and
neuroimaging (CT and PET). All microdialy-
sis results are presented as dialysate (D)
concentrations without correction for microdi-
alysis probe recovery, as there is no suitable
method available for continuous or repeated
determination of in vivo probe recovery. In
vitro recovery was not determined for sterility
reasons. In any case, in vitro recovery cannot be
used to assess in vivo recovery.20 Simple
regression analysis was performed to deter-
mine the correlations between brain interstitial
glycerol and hypoxanthine, glutamate (with
data from Persson et al15), lactate, and L/P ratio,
in all patients (Stat View 4.01, Abacus
Concepts Inc, Berkeley, CA, USA). Clinical
outcome according to the Glasgow outcome
scale (GOS)21 was assessed three months after
subarachnoid haemorrhage. The protocol was
approved by the ethics committee at the Upp-
sala University Hospital and permission to use
microdialysis was obtained by the patient’s
relatives.

Results
The patients had all had a serious subarach-
noid haemorrhage. This was defined as a high
Hunt and Hess grade22 on admission, early
neurological deterioration, and/or a high Fisher

grade on CT.23 The table shows some clinical
characteristics of the patients. In all patients
several CT scans and in case 1 also PET
(regional cerebral blood flow, cerebral meta-
bolic rate of oxygen, and oxygen extraction
ratio) were performed before, during, and after
the microdyalisis period.14 Microdialysis data
on energy related metabolites and excitatory
amino acids as well as CT and PET findings in
these patients have appeared in previous
reports.14 15

CASE 1

This patient (a 56 year old woman) developed
cerebral ischaemia starting during surgery and
this eventually resulted in a cerebral infarct in
the probe area.The patient was initially in Hunt
and Hess grade IV and Fisher grade 4. She
immediately received an intraventricular cath-
eter (with the attached microdialysis probe) in
the right frontal lobe for CSF drainage. She
recovered consciousness after CSF drainage
and was operated on on day 3. Figure 1
illustrates the entire 188 hour (7.8 days)
microdialysis observation period. Before sur-
gery the D-L/P ratio was virtually normal and
the D-glycerol concentration was low (<10
µmol/l), after an initial increase. The aneurysm
ruptured during surgery and both anterior cer-
ebral arteries were temporarily clipped three
times. Shortly thereafter the D-L/P ratio
increased greatly, reflecting cerebral ischaemia.
After repair of the aneurysm and removal of the
temporary clips, a partial restitution of energy
metabolism was seen as indicated by a decreas-
ing trend for the D-L/P ratio. However, a few
hours later a secondary deterioration was seen
with a dramatic increase of the D-L/P ratio. An
angiography performed some days later
showed complete occlusion of the right ante-
rior cerebral artery. The D-L/P ratio continued
to increase and reached sharp peak concentra-
tions between 92 and 104 hours, then de-
creased significantly during the subsequent
hours towards the normal ratio of 15–20. In
conjunction with the increase in D-L/P ratio
after aneurysm repair a pronounced increase in
the D-glycerol concentration was found (fig 1).
The peak D-glycerol concentration, about
15-fold the preoperative value, occurred 24
hours later. D-glycerol then slowly levelled oV
towards the preoperative concentration. A few
smaller peaks were found during this normali-
sation phase.These chemical changes corre-
sponded in time to the development of a
cerebral infarct within the probe area in the
right anterior cerebral artery territory. The
diagnosis of infarct development during micro-
dialysis was established by repeated CT and
PET.14 15 The patient was assessed as severely
disabled (GOS) at three month follow up.

CASE 2

This patient (a 69 year old man) developed
severe systemic hypoxaemia and multiple
hypodense lesions in the brain, including the
frontal lobe harbouring the probe, but not in
the probe area. The patient had a subarach-
noid haemorrhage with abrupt onset of
unconsciousness. He was intubated and

Table 1 Patient characteristics

Case
No

H and H on
admission

CT Fisher
grade

Aneurysm
location

MD probe
location MD days

Aneurysm
surgery day

GOS
3 months

1 IV 4 ACoA R frontal 1 - 9 3 SD
2 II 2 L MCA R frontal 1 - 9 3 SD
3 III 4 ACoA R frontal 2-10 3 MoD
4 II 4 R ICA L frontal 2 - 8 3 GR

H and H = Hunt and Hess; CT = computerised tomography; AcoA = anterior communicating
artery;MCA = middle cerebral artery; ICA = internal carotid; R/L = right/left hemisphere;MD =
microdialysis;MD days = duration of microdialysis measurement; GOS = Glasgow outcome scale
(SD, severe disability; MoD, moderate disability; GR, good recovery). For further explanation see
text.
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ventilated and referred to us. On admission he
had regained consciousness and was assessed
as Hunt and Hess grade II and the CT was
graded as Fisher 2. The medical history
disclosed congestive heart disease and pulmo-
nary emphysema and he was a heavy smoker.
The microdialyisis probe was inserted with a
ventricular catheter in conjunction with the
aneurysm surgery. He was extubated directly
postoperatively, but later developed respira-
tory problems with hypoxaemia and he
deteriorated neurologically with depressed
consciousness. He was reintubated and artifi-
cially ventilated. During the initial 48 hour
period microdialyisis showed a pronounced
temporary increase in D-L/P ratio, suggesting
moderate to severe hypoxia/ischaemia (fig 2).
During the rest of the observation period the

D-L/P ratio remained somewhat above the
normal concentration. Also, in this patient a
pronounced increase in D-glycerol was found
in association with the increase of the D-L/P
ratio during the first 48 hours. The peak con-
centration of D-glycerol was 65 µmol/l, which
was close to the peak value for case 1.
D-glycerol then gradually decreased to the low
concentration seen initially in case 1 (below 10
µmol/l). During the final part of the observa-
tion period small D-glycerol peaks were occa-
sionally seen but the concentrations never
exceeded 15 µmol/l. Several CT scans showed
multiple hypodense lesions but failed to
disclose any ischaemic lesion in the probe area
(although a small hypodense lesion was seen in
the white matter of the right frontal lobe). At
the three month follow up the outcome was
severe disability due to memory disturbances
and confusion. He was ambulatory and had no
motor deficits.

CASE 3

This patient (a 71 year old woman) also
illustrated microdialysis findings in the frontal
cortex in the vicinity of a cerebral infarct. The
patient was admitted in Hunt and Hess grade
III. The D-L/P ratios in the initial samples were
moderately increased compared with estimated
normal values and showed a peak about 36
hours after the subarachnoid haemorrhage(fig
3). In conjunction with this a moderate
increase in D-glycerol was found. The peak
concentration reached 40 µmol/l—that is, con-
siderably less than in the first two cases. No
particular clinical event could explain these
early results. A secondary increase in D-L/P
ratio occurred about 88 hours after subarach-
noid haemorrhage and continued for about two
and a half days. During this period the
D-glycerol remained low. Brain CT after three
months showed bilateral hypodensities in both
frontal lobes close to, but not within the probe
area. The cause of these infarcts could not be
established. A second angiography performed
during the second week after subarachnoid
haemorrhage did not disclose arterial narrow-
ing but despite this finding, clinical vasospasm
seems to be the most plausible explanation.
The patient was assessed as moderately disa-
bled (GOS) at three month follow up.

CASE 4

This patient (a 67 year old woman) was
operated on for a right internal carotid
aneurysm and showed an uneventful clinical
course and a good recovery. The patient was
graded as Hunt and Hess II on admission and
CT was graded as Fisher 4. She received an
intraventricular drainage for intracranial pres-
sure monitoring. Several CT scans failed to
demonstrate any structural changes in the
frontal lobe harbouring the probe. The D-L/P
ratio was initially normal, giving way to a
slightly increased concentration during the
remaining observation period (fig 4). Apart
from the moderate increase during the first
eight hours, D-glycerol remained at a low
concentration (mostly below 10 µmol/l) during
the remaining microdialyisis period.

Figure 1 Microdialysate concentrations of glycerol and the lactate/pyruvate ratio in case
1; this patient with subarachnoid haemorrhage developed severe secondary ischaemia after
aneurysm repair (denoted by horizontal bar) which resulted in a cerebral infarction in the
microdialysis probe area.

Figure 2 Microdialysate concentrations of glycerol and the lactate/pyruvate ratio in case
2; this patient with subarachnoid haemorrhage developed secondary hypoxia or ischaemia
which resulted in multiple hypodense lesions remote from the microdialyisis probe area.

Figure 3 Microdialysate concentrations of glycerol and the lactate/pyruvate ratio in case
3; this patient with subarachnoid haemorrhage developed a cerebral infarct in the vicinity of
the microdialyisis probe.

488 Hillered, Valtysson, Enblad, et al

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.64.4.486 on 1 A

pril 1998. D
ow

nloaded from
 

http://jnnp.bmj.com/


PLASMA GLYCEROL CONCENTRATIONS

Analysis of glycerol concentrations in micro-
dialysates from arterial plasma samples, using
the same microdialysis conditions as for the
brain, showed that arterial plasma D-glycerol
concentrations were generally lower than brain
D-glycerol concentrations and thus there was
no indication that increases in brain glycerol
were preceeded by an increase in arterial glyc-
erol. Figure 5 illustrates brain and arterial
D-glycerol in case 1. The data demonstrate
that the increase of brain D-glycerol occurred
before and was larger than for arterial
D-glycerol. Similar findings were made for the
other three patients (data not shown).

STATISTICS

The results from the simple regression analyses
showed a strong positive correlation between
brain D-glycerol and D-L/P ratio (R2 =0.57). A
similar correlation appeared between
D-glycerol and D-hypoxanthine (R2=0.80).
There was a weak correlation between
D-glycerol and D-glutamate (R2=0.17) and
D-lactate (R2 =0.08), respectively.

Discussion
after the original works of Bazan1 2 the
phenomenon of membrane phospholipid deg-
radation has been extensively studied, particu-
larly in experimental models of cerebral
ischaemia, hypoxia, hypoglycaemia, and epi-
lepsy, but also in CNS trauma (for reviews
see4 5 24 25 ). To our knowledge the present study

is the first to show increased interstitial glycerol
concentrations, suggesting increased mem-
brane phospholipid degradation in acute brain
injury in humans. Clinical events involving sec-
ondary cerebral hypoxia/ischaemia after sub-
arachnoid hemorrhage, as evidenced by, for
example, greatly increased dialysate (D)-L/P
ratios and neuroimaging findings, were gener-
ally associated with robust increases (up to
15-fold) of brain D-glycerol. Our results
suggest that interstitial glycerol may be a valu-
able marker for monitoring of membrane
phospholipid degradation in acute human
brain injury and a useful surrogate end point
for evaluation of neuroprotective therapies.

GENERAL QUESTIONS

Before discussing the individual patient data a
few general questions are considered. Firstly,
what does an increase in brain interstitial glyc-
erol mean? Although little is known about nor-
mal interstitial glycerol concentrations in the
brain there may be a blood to brain gradient for
glycerol.17 Furthermore, systemic glycerol con-
centrations are known to increase in response
to stress—for example, by cathecolamine
induced lipolysis in adipose tissue.26 Therefore,
an increased interstitial glycerol concentration
in acute brain injury could reflect leakage of
glycerol over a disrupted blood-brain barrier.
The simultaneous measurement of arterial
plasma glycerol in this study showed, however,
that the changes in brain glycerol could not be
attributed to a systemic overflow via a damaged
blood-brain barrier, supporting the view that
these were primarily intracerebral events.
Previous experimental work on cerebral ischae-
mia has shown a substantial increase (4-fold-
15-fold) of brain tissue glycerol.7–9 Those
authors concluded that the increase in glycerol
reflected membrane phospholipid breakdown
as glycerol is an end product of membrane
phospholipid hydrolysis and as other possible
sources were not likely. Thus triglycerides are
only found in trace amounts in brain tissue27 28

and during ischaemia carbohydrate stores are
quantitatively transformed into lactate.29 Al-
though the transport mechanisms of glycerol
between the extracellular and intracellular
compartments are not known, we assume that
the increases of interstitial glycerol found in
this study reflect the same phenomenon as in
experimental brain ischaemia—that is, mem-
brane phospholipid degradation. Secondly,
what are the triggering mechanisms for mem-
brane phospholipid degradation? Loss of Ca2+

homeostasis and energy failure are thought to
be the main triggering events for membrane
phospholipid degradation in cerebral
ischaemia,4 24 but a free radical mediated
mechanism may also be involved.3 30 31 It is
noteworthy that energy failure is not a prereq-
uisite as seizures with a relatively well preserved
energy state were associated with accumulation
of free fatty acids32 and glycerol.8 In this situa-
tion receptor mediated phospholipase activa-
tion may be the predominant factor, triggered
by, for example, excitatory amino acids.25 33 34

Thirdly, what does increased membrane phos-
pholipid degradation mean? It is generally

Figure 4 Microdialysate concentrations of glycerol and the lactate/pyruvate ratio in case
4; this patient with subarachnoid haemorrhage had an uneventful postoperative course and
developed no signs of secondary ischaemia or structural brain damage in the frontal lobe
harbouring the microdialyisis probe.

Figure 5 Glycerol changes in microdialysis samples from brain cortex and arterial plasma
(case 1).
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thought that in acute brain injury it is an
important pathophysiological event underlying
the disturbance of vital cellular membrane
functions. Whether or not membrane phos-
pholipid degradation reflects irreversible brain
damage is not clear.4 Because membrane phos-
pholipid degradation can occur under certain
conditions (hypoglycemic coma) without de-
tectable brain damage this is not necessarily the
case. Therefore, normalisation of brain intersti-
tial glycerol concentrations may reflect either
recovering or dying cells (see below).

INDIVIDUAL PATIENT DATA

The patients with subarachnoid haemorrhage
in this study were selected because they showed
secondary cererebral hypoxia/ischaemia of
varying severity. Thus case 1 had a long lasting
episode of secondary ischaemia leading to cer-
ebral infarction in the microdialyisis probe
area, cases 2 and 3 temporary secondary
hypoxia/ischaemia without infarction in the
probe area, and case 4 minor disturbances of
energy metabolism and no structural changes
in the frontal lobe harbouring the microdialyi-
sis probe.The ischaemic event in case 1 was
associated with a pronounced increase of
D-glycerol. This probably reflected profound
ischaemia with energy failure as the D-L/P
ratio rise was large and accompanied by an
undetectable D-glucose concentration and
increased D-hypoxanthine and D-glutamate.15

This was supported by the occlusion of the
right anterior cerebral artery diagnosed by a
second angiography and the infarct develop-
ment in the microdialyisis probe area according
to CT and PET.15 In view of these findings the
normalisation of D-glycerol starting 96 hours
after subarachnoid haemorrhage most likely
reflected dying cells and diVusion of glycerol to
surrounding tissue rather than recovery from
ischaemia. Notably, the increase in D-L/P ratio
and D-glycerol concentration occurred con-
comitantly. This is consistent with previous
experimental studies showing a good correla-
tion between increases of glycerol in brain
homogenate and energy failure during experi-
mental cerebral ischaemia.8 9 The early event in
case 2 was also associated with a pronounced
but more transient increase in D-glycerol.
Although the increased D-L/P ratio was some-
what less pronounced than in case 1 this was
probably an episode of severe temporary
hypoxia/ischaemia with energy failure as both
D-hypoxanthine and D-glutamate concentra-
tions were high.15 There was no conspicuous
clinical explanation for this event. The lack of
structural changes in the probe area on CT
suggests that the normalisation of D-glycerol
(and the other microdialyisis indices) reflected
recovery of cell metabolism in this situation.
Case 3 showed two episodes of moderately
increased D-L/P ratio, one early and the
second one starting 88 hours after subarach-
noid haemorrhage. Both events featured pre-
served D-glucose concentrations and mild to
moderate increases in D-hypoxanthine and
D-glutamate,15 suggesting partial ischaemia.
The early ischaemic episode was associated
with a moderate increase of D-glycerol whereas

the second episode was not. The reason for this
is not known, but a significantly higher
D-hypoxanthine concentration15 suggests a
more pronounced energy disturbance during
the early event. Case 4 showed an uneventful
clinical course and a good recovery. She
displayed no structural brain damage and
seemed to have close to normal energy
metabolism (D-L/P ratio only slightly above
normal). In general, this was associated with a
low concentration of D-glycerol, similar to the
concentration seen in the other patients under
presumed non-ischaemic conditions. The ini-
tial moderate increase of D-glycerol was
associated with a dramatic increase in
D-hypoxanthine and D-glutamate but no other
signs of ischaemia.15 This phenomenon has
been noted in several patients with subarach-
noid haemorrhage and could reflect recovery
from the global ischaemia produced by the
aneurysm rupture, as discussed elsewhere.13 15

The high initial D-glutamate is probably a suf-
ficient explanation for the early increase in
D-glycerol. Although case 4 was chosen as a
“control patient“, it should be noted that a
brain subjected to serious subarachnoid haem-
orrhage, which is an ethical requirement for an
invasive technique such as microdialyisis,
cannot be expected to present perfectly normal
conditions. It is therefore diYcult at this stage
to determine if the basal concentration in our
patients under non-ischaemic conditions re-
flects a normal interstitial glycerol concentra-
tion or not. There is virtually no information
available on interstitial glycerol concentrations
in normal brain, as most previous studies
measured glycerol in brain homogenates.7–9 We
found one study reporting a basal dialysate
glycerol concentration of 2 µmol/l in rat brain,
using a similar but not identical (3 mm
membrane length instead of 4 mm)microdialy-
sis system.11

OVERALL RESULTS

A strong positive correlation was found be-
tween brain D-glycerol and D-L/P ratio. The
correlations between D-glycerol and
D-glutamate or D-lactate were weak. This is in
line with our previous finding that D-L/P ratio
had a high specificity as a marker for ischaemia,
as defined by PET criteria, whereas the specifi-
city for D-glutamate and D-lactate was low.14

Hypoxanthine, another commonly used
marker for energy metabolic perturbations,
also showed a strong positive correlation with
glycerol. These findings support the concept
from previous experimental work that mem-
brane phospholipid degradation measured as
glycerol accumulation is strongly correlated
with ischaemia or trauma with a perturbed
energy state.8–11

Conclusions
This study provides data suggesting that mem-
brane phospholipid degradation occurs in
human cerebral ischaemia. Clinical events
involving secondary hypoxia/ischaemia after
aneurysmal subarachnoid haemorrhage were
generally associated with large increases of
interstitial glycerol. Interstitial brain glycerol
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harvested by microdialysis seems to be a prom-
ising new tool for monitoring of lipolytic activ-
ity in acute brain injury. The marker may be
useful for studies of injury mechanisms related
for example, to distubed Ca2+ homeostasis,
excitotoxicity, and reactive oxygen species, as
well as in the evaluation of new neuroprotective
therapeutic strategies.
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