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Summary

Patients and Interventions. Tissue damage caused by brain retrac-
tion was evaluated utilizing intracerebral microdialysis in six patients
operated on subfrontally for pituitary adenoma. The microdialysis
probes (membrane length 10 mm, cut-off 20 kDalton) were placed in
cerebral cortex beneath the brain retractor and perfused with Ringer
solution at 0.3 pl/min. The microdialysis vials were changed at in-
tervals of 30 minutes and analysed for glucose, pyruvate, lactate,
glutamate and glycerol.

Results. During brain retraction regional intracerebral glucose
was within normal range in cortical tissue and the levels of lactate,
glutamate, and glycerol as well as the lactate/pyruvate ratio were
considerably above normal range.

Conclusion. The biochemical analysis shows a pronounced in-
complete cerebral ischemia due to brain retraction. The increases in
glutamate and glycerol indicate tissue damage and degradation of
cell membranes. Intracerebral microdialysis may be a valuable tool
in the development of optimal techniques for brain retraction during
neurosurgical procedures.

Keywords: Cerebral microdialysis; brain retraction; energy me-
tabolism; ischaemia.

Introduction

Brain retraction is often necessary for adequate ex-
posure during intracranial surgery. The retractors
produce a certain pressure on the brain surface and
secondary brain tissue damage appears to be a fre-
quent complication [1, 2]. This damage is caused either
by direct injury to the tissue or ischemia due to reduc-
tion of the regional perfusion pressure [3, 4, 5]. Various
intra-operative techniques have been suggested to in-
crease the information of the ongoing pathological
processes: brain electrical activity monitoring, regional

blood flow monitoring, and retractor blade pressure
monitoring [2]. Information regarding cerebral energy
metabolism within the affected area would be of par-
ticular interest and intracerebral microdialysis has
been utilized in a preliminary report regarding meta-
bolic changes during cerebrovascular surgery [6]. Re-
cently, the technique of intracerebral microdialysis has
been developed for routine clinical use and biochemi-
cal analysis can now be performed and monitored
bedside [7, 8]. In this study we report on cerebral en-
ergy metabolism in cortical tissue compressed by brain
retractors during routine subfrontal extirpation of pi-
tuitary adenomas.

Patients and Methods

The study was performed in the Department of Neurosurgery, the
First Affiliated Hospital of, Kunming, Yunnan Province, Peoples
Republic of China. All patients were treated according to the ethical
principles at Kunming Medical College. The surgical procedures
were performed in accordance with the clinical routines and were not
changed because of the microdialysis study. Eight patients treated
with resection of non-secreting pituitary adenomas were included in
the study. In two of the patients the microdialysis sampling was in-
terrupted due to technical problems. In the six remaining patients the
duration of microdialysis was 165 + 31 min (range 120-210 min).

All patients were operated on under general anaesthesia via a
right-sided subfrontal approach. Anaesthesia was induced with thio-
pentone and fentanyl and continued with a combination of enfluran
and propofol. After exposure of the right frontal lobe the micro-
dialysis catheter was inserted into cortical tissue immediately be-
neath the brain retractor. The adenoma surgery was performed ac-
cording to surgical routines and the position of the brain retractor
was usually not changed during this period. There were no episodes



680

W. Xu et al.

Table 1. Mean Values + S.D. of Measured Biochemical Variables as well as the Lactate[Pyruvate (laJpy) Ratio During Brain Retraction. For
Comparison, Data from Normal Human Brain [7 ], from Human Brain During Manifest Ischemia [8], and from Normal Piglet Brain ( Gdrden-
fors A et al., Personal Communication) are Included in the Table

Glucose Lactate Pyruvate La/py Glycerol Glutamate
mmol/L mmol/L pmol/L ratio pmol/L umol/L
Brain retraction 1.24+0.7 5425 45 + 38 201 + 148 161 + 78 65 + 77
Human brain Awake normal 1.7+ 0.9 29409 166 + 47 23+ 4 82 + 44 16 + 16
Manifest ischemia 0.1 +£0.2 89+0.2 31 +0.2 458 + 563 573 + 427 381 + 236
Piglet brain Normal 1.8 +0.7 2.0+038 124 +93 1845 35+ 11 7+6

of arterial hypo- or hypertension during surgery and the blood levels
of haemoglobin, sodium, potassium, glucose and creatinine re-
mained within normal range.

The microdialysis catheter (CMA 70, CMA-Microdialysis Stock-
holm, Sweden) consisted of a 60 mm long shaft and a 10 mm long
dialysis membrane (polyamide; 20,000 mol wt cut-off) with an outer
diameter of 0.62 mm. The catheter was connected to a 2.5 ml syringe
placed in micro-infusion pump (CMA 106; CMA Microdialysis,
Stockholm) and perfused with a Ringer solution (Perfusion Fluid,
CMA Microdialysis, Stockholm) at a perfusion flow of 0.3 pl/min.
The microdialysis samples were collected in capped microvials
(CMA, Microdialysis) to prevent evaporation and analysed for glu-
cose, pyruvate, lactate, glutamate, and glycerol using ordinary en-
zymatic methods on a CMA 600 Microdialysis Analyser (CMA Mi-
crodialysis, Stockholm). For technical reasons the microvials were
not analysed bedside in the present study but were kept frozen for
later biochemical analyses. The first sample after flushing of the
catheters was not analysed. The sampling started more than 1 hour
after insertion of the catheters and the microvials were afterwards
exchanged at intervals of 30 min during the period of surgery.

The reference values for normal piglet brain (Gérdenfors A et al.,
personal communication) were obtained from anaesthetized (thio-
pentone, fentanyl), normoventilated, control animals utilizing iden-
tical techniques for microdialysis and biochemical analysis as in the
present study.

The biochemical data are given as mean + S.D. in Table 1 and
mean + S.E.M. in the Figs.

Results

Table 1 gives the mean values + S.D. of measured
biochemical variables as well as the lactate/pyruvate
(la/py) ratio during brain retraction. For comparison,
data from normal human brain [7], from human brain
during manifest ischemia [8], and from normal piglet
brain (Gédrdenfors A et al., personal communication)
are included in the table. During brain retraction, the
average value for intracerebral glucose concentration
was within normal range while the concentrations
of glycerol and glutamate were high. The average
concentration of lactate was also high and, since the
concentration of pyruvate was very low, the lactate/
pyruvate ratio was very high.

Figure 1 a—e illustrates the changes in brain inter-
stitial levels of glucose, lactate, la/py ratio, glutamate,
and glycerol over time during brain retraction. Brain

glucose concentration was initially slightly below
baseline but increased to within normal range during
the period of brain retraction. The lactate level was
normal 1 h after start of brain retraction but increased
to high levels during the following two hours. Lactate/
pyruvate ratio was very high already at the first mea-
surement and remained at this very high level during
the study. Glutamate was within normal range 1 hour
after start of brain retraction but increased to very high
levels during the following measurements. Glycerol
concentration was also within normal range at the first
measurement and increased to very high levels during
the period of surgery.

Discussion

The biochemical variables obtained by microdialysis
show a pronounced disturbance of cerebral energy
metabolism and signs of cell membrane degradation.
The pattern indicates that the metabolic derangement
is caused by severe incomplete cerebral ischemia
caused by the brain retractor.

The biochemical variables chosen give a compre-
hensive view of cerebral energy metabolism and cell
membrane degradation. Glucose is under normal con-
ditions the sole substrate for cerebral energy metabo-
lism. The concentration obtained by microdialysis of
interstitial fluid reflects the balance between delivery of
glucose from the local blood flow and the utilization
rate of the tissue. Baseline concentration in human
brain is 1.7 &+ 0.9 mmol/L [7] and a decrease to a very
low or non-detectable level is an early indicator of
complete or near-complete ischemia [§, 9]. During the
whole period studied cerebral glucose concentration
was within normal range (Fig. la) indicating that
regional cerebral blood flow and delivery of glucose
were sufficient for the glucose utilization rate of the
tissue.

Lactate and pyruvate are considered to be diffusible
through cell membranes, and measurements of ex-
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tracellular la/py ratio should therefore reflect cyto-
plasmatic redox changes [10], which can be expressed
in terms of the lactate dehydrogenase equilibrium:

[NADH][H*]
[NAD)]

With the present technique baseline la/py ratio has
been found to be 23 + 4 in the normal human brain
during wakefulness [7]. The very high la/py ratio ob-
tained already at the 1-hour measurement indicates
that brain retraction caused an incomplete cerebral is-
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Fig. 1 (a—e). Changes in interstitial levels of glucose (a), lactate (b),
lactate/pyruvate ratio (c), glutamate (d), and glycerol (e) due to brain
retraction obtained by intracerebral microdialysis during routine neu-
rosurgical procedures. Time is given in minutes after insertion of the
microdialysis probe. The shaded areas indicate the reference range for
each metabolite obtained in normal human brain during wakefulness

[

chemia with insufficient delivery of oxygen. During the
following hours the hypoxic conditions were reflected
in the continued elevation of the lactate level.

The finding that glucose concentration was within
normal limits (Fig. 1a), indicating sufficient supply of
substrate, although the la/py ratio was very high (Fig.
Ic), indicating insufficient supply of oxygen, is not
contradictory. At a normal haemoglobin concentra-
tion of 150 g x 17! and 95% saturation, human arterial
blood contains about 9 pmole of oxygen per ml and
arterio-venous oxygen difference is about 3 umole x
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ml~! [10]. Thus if CBF is reduced to about 1/3 theo-
retically all oxygen will be extracted. For glucose the
following approximate levels have been described for
humans [10]: arterial concentration 5.1 pmole x ml™';
venous concentration 4.6 pmole x ml™!; arterio-ven-
ous glucose difference 0.5 pmole x ml~'. Accordingly,
during incomplete ischaemia with a gradual decrease
in CBF oxygen supply to the brain will be insufficient
before the supply of substrate is seriously decreased.

Excitatory amino acids are generally considered
to play an improtant role in the development of cell
damage in cerebral ischemia and trauma [11, 12, 13,
14]. An increase in interstitial glutamate has been
described in patients with spontaneous intracranial
haemhorrhages [15, 16] and has also been confirmed in
a variety of pathological conditions utilizing different
techniques for intracerebral microdialysis and bio-
chemical analysis. In the present study we compared
the glutamate levels during brain retraction to those
obtained with identical techniques in normal human
brain and in human brain with near-complete ischae-
mia [8, 9, 17]. The interstitial glutamate level was high
but within normal range at the 1-hour measurement
and the pronounced increase during the following two
hours indicates that excitotoxic mechanisms may be of
importance also during brain retraction.

Experimental studies with biochemical analyses of
rat brain homogenates originally suggested that glyc-
erol might be an indicator of cell membrane degrada-
tion [18, 19]. When intracerebral microdialysis was in-
troduced in clinical practice glycerol was proposed as a
clinically useful indicator of cell membrane degrada-
tion [7, 8,9, 17] and this variable has been described to
increase to very high levels during severe ischemia [8,
17, 20, 21]. In brain tissue, glycerol can be derived pri-
marily from two sources: from the glycoltic chain via
glycerol-3-phosphate and from a phospholipase acti-
vated degradation of the glycerophospholipids of the
cell membranes [7]. It is well established that the latter
pathway is rapidly activated in ischemia and other
conditions associated with energy failure, which leads
to the accumulation of large concentrations of various
free fatty acids [22]. In the present study the progres-
sive increase in glycerol is interpreted as caused by
membrane degradation due to the hypoxic/ischaemic
conditions in combination with the high extracellular
levels of glutamate.

The incidence of brain retraction injury is difficult to
determine. In a recent review it was summarized that
brain injury secondary to retraction occurred in 10%
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of major cranial base tumour procedures and in 5%
of intracranial aneurysm and other tumour surgery [2].
High-resolution CT or magnetic resonance imaging
performed after surgery can visualize the lesion but
during the surgical procedures the possibilities for de-
tecting imminent tissue damage has been limited to
two kinds of measurements: brain electrical activity
monitoring, and regional blood flow monitoring.

Brain electrical activity monitoring is usually per-
formed with evoked potentials (EP). For extensive
cranial base surgery spontaneous EEG as well as brain
stem auditory EP and somatosensory EP have been
used concurrently [23, 24]. These techniques are valu-
able in particular since they can be performed with
little operative delay. However, the changes in EEG
during anaesthesia limit the usefulness of this tech-
nique and monitoring by EP can only be performed in
certain regions of the brain [2]. Intra-operative mea-
surements of regional cerebral blood flow (CBF) can
be performed by two techniques: laser-Doppler [25]
and thermal diffusion [26]. However, both techniques
have been considered to have insufficient accuracy for
practical routine intra-operative use [2].

Various types of retractor blade pressure monitor-
ing have been used in the laboratory as well as intra-
operatively [2]. In a series of experimental studies
Andrews et al. studied the effects of controlled brain
retraction and evaluated tissue damage as well as the
protective effects of various treatment protocols utiliz-
ing recording of EP and measurements of regional
CBF by needle-point laser-Doppler [27, 28, 29]. They
concluded that brain retraction should be limited to 15
minutes maximum at a pressure of less than 40 mm
Hg, with a 5-min recovery period between retractions
[2].

The present study shows that intracerebral micro-
dialysis gives important information regarding tissue
damage during brain retraction. The technique can be
used intra-operatively but is presumably too compli-
cated and laborious for routine use. However, the mi-
crodialysis technique is well suited for experimental
evaluation of optimal techniques for brain retraction
and the results may later be verified during clinical
conditions.
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Comment

The authors describe the use of microdialysis to establish the local
energy metabolism changes during brain retraction. They describe in
detail the microdialysis method and these are correct for the purpose
of this study. It might have been interesting to demonstrate that the
metabolism level was at a constant value after 1 hour of micro-
dialysis.

In my experience some metabolites require 110 min. to reach the
steady state level. The choice of the products that have been analysed
(glucose, lactate, pyruvate, lactate/pyruvate ratio, glycerol and glu-
tamate) are an interesting and very justified choice to illustrate the
tissue damage due to retraction.

The method of microdialysis is well compared to the advantages
and limits of others methods of brain monitoring.

In conclusion the authors wonder if the technique is presumably
too complicated for routing use, but in experienced hands the tech-
nique is actually simple and very reproducible
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