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EDITORIAL

Biochemical markers of cerebral damage

There was a considerable incidence of post-operative
stroke and neurological complications during 1992 to
1993 in England, Wales and Northern Ireland [1]. While
intensive haemodynamic monitoring may reduce the
rate of reinfarction and cardiac death in patients with
recent myocardial infarction [2], the usefulness of peri-
operative monitoring of cerebral function is less well
established: it is possible that improved monitoring
of cerebral sufficiency could reduce the incidence or
effects of post-operative neurological complications
and strokes.

Intra-operative cerebral monitoring

Currently, cerebral monitoring measures either the
results of the balance between cerebral oxygen supply
and demand, or cerebral blood flow directly. However,
neuropsychological testing is the gold standard for
assessing cerebral damage, and the effectiveness of
a cerebral monitor should be validated against this.

Monitors of cerebral oxygen supply/demand

The electroencephalogram (EEG) is generated by the
pyramidal cells in the cortex. EEG abnormalities as-
sociated with the production of cerebral ischaemia [3]
are well correlated with reductions in cerebral blood
flow (CBF) demonstrated by **Xe. At a normal cerebral
metabolic rate for oxygen (CMRO,) in anaesthetized
patients, the flow required to maintain a normal EEG
(critical CBF), is 30% (15 mL 100g~" min~") of normal
flow (50 mL 100g~"' min~") and lower flows usually
cause EEG changes. Changes in the EEG are always
produced rapidly when the flow is reduced to less
than 10mL 100g~" min~"' (ischaemic flow) [4]. Ulti-
mately the EEG becomes isoelectric but this may not
indicate that there is irreversible damage of the
cortex[b]. However, anaesthetic techniques and
hypothermia [6] may also produce a flat EEG that is
indistinguishable from global ischaemia. Artifacts as
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a result of diathermy and other electrical equipment
may mimic normal electrical activity in the presence
of an ischaemic (flat) EEG.

Despite these drawbacks, the EEG has proved to be
a sensitive means of monitoring neurological function
up to 1 day post-operatively. In 1145 consecutive ca-
rotid endarterectomies all patients with a prolonged
or fixed neurological deficit had an associated EEG
abnormality [4]. However, with follow-up extending to
6 years, the EEG was an unreliable indicator of the
adequacy of cerebral perfusion [7] when used to deter-
mine whether a temporary shunt was needed during
carotid endarterectomy.

The Cerebral Function Analysing Monitor (CFAM)
provides easily interpreted processed EEG data by
analysing the EEG amplitude and frequency
distribution [8]. However, it is recommended that the
CFAM be combined with serial conventional EEG re-
cording in order to improve reliability when mon-
itoring cortical areas[9].

Near infra-red spectroscopy (NIRS) is well es-
tablished for studying cerebral oxygenation and
haemodynamic responses in neonates[10,11] using
‘transmission spectroscopy’, where light is shone
across the whole head. In adults, because of the large
head and thick skull ‘reflectance spectroscopy’ is re-
quired with the optodes a few centimetres apart on
the same side of the head[12]. With wide (>4cm)
optode separations, NIRS measures true cerebral oxy-
genation, butitis also affected significantly by changes
in extracranial blood flow and oxygenation [13]. Fur-
ther work is necessary to define those situations in
which cerebral oximetric monitoring is useful, valid
and reliable.

Monitors of CBF

CBF measurements supplement, but are not a sub-
stitute for, a continuous monitor of cerebral function.

Transcranial Doppler (TCD) is usually applied over
the middle cerebral artery and provides continuous
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information on blood flow velocity [14]. As the dia-
meter of the large cerebral arteries does not alter in
the absence of vasospasm, changes in middle cerebral
artery velocity (MCAV) reflect changes in blood flow
to the majority of the cerebral cortex on that side.
However, the changes in MCAV correlate neither with
other cerebral monitoring findings nor with clinical
neurological deficits [15].

Regional cerebral blood flow can be determined
from clearance curves obtained from extracranial de-
tection of intra-arterially injected ™*Xe [16]. While CBF
with ®¥Xe shows a good correlation with EEG ab-
normalities, the severity of ischaemia indicated by
38Xe clearance does not predict the appearance of
neurological complications. Indeed, during carotid oc-
clusion the higher the CBF the more likely that patients
developing EEG changes would develop neurological
complications [3].

These intra-operative cerebral monitors (EEG,
CFAM, NIRS, TCD, CBF measurement) can be quite
sensitive to cerebral ischaemia, but have poor speci-
ficity. They are also of limited value for post-operative
assessment and follow-up. Furthermore, these mon-
itors have not been sufficiently validated against
neuropsychological testing — the gold standard for
assessing mild global cerebral damage.

Neuropsychological testing

Neuropsychological impairment as an indicator of ir-
reversible brain dysfunction has formed the basis for
granting disability pensions[17] and neuropsycho-
logical tests have also been used to evaluate the
fitness of patients to return to driving after cerebral
damage [18]. While major stroke and neurologic ab-
normalities can be diagnosed rapidly on recovery from
anaesthesia, more subtle defects
psychological testing, which is usually carried out 8
weeks after operation to avoid the residual effects of
anaesthesia and surgery. In the evaluation of the ef-
fects of carotid endarterectomy, cognitive im-
provement is greater in functions ipsilateral to the
operation [19], and the neuropsychological tests used
must be designed appropriately.

reguire neuro-

Biochemical markers

Subtle cerebral defects can be diagnosed by neuro-
psychological testing, but this can only be used for

late-stage assessment. The development of tech-
niques to identify biochemical markers of cerebral
damage offers the possibility of rapid, continuous and
specific diagnosis of cerebral ischaemia which would
allow the early institution of neuroprotective therapies.

Lactate

Studies have shown that high concentrations of CSF
lactate correlate with rising intracranial pressure, in-
creasing cerebral arterial spasm and cerebral oedema
following stroke and subarachnoid haemorrhage [20,
21]. CSF lactate values above 3.5mmol L' are as-
sociated with a poor prognosis[21], while values
below 2.5mmol L' indicate a good chance of
survival [20]. However, arterial and jugular bulb blood
lactate concentrations are not helpful [22]. CSF lactate
can easily be contaminated with lactate from shed
blood cells[21] and it is also affected by CSF glucose
levels [22,23]. Hence, lactate levels may not represent
permanent cerebral cell damage[24,25] and are not
closely and specifically correlated to the clinical
outcome [26].

Creatine kinase and others

In contrast to brain lactate level, the loss of large
molecular cytosolic enzymes from the brain cells and
their increase in body fluid compartments have been
used as indices of irreversible brain cell damage. The
sensitivity of brain-specific creatine kinase (CK-BB) for
cerebral damage is affected by the type of cerebral
insult. CSF CK-BB seems to be an early indicator of
brain damage and its level reflects the extent of
cerebral damage following externally inflicted head
injuries [27]. In the study of Vaagenes et al.[24], leak-
age of brain cytosolic CK-BB into the CSF strongly
suggested irreversible brain damage after induced
cardiac arrest followed by cardiopulmonary re-
suscitation. The initial change was a decrease in brain
tissue CK-BB. After 24 h, CSF CK-BB increased with a
peak at 48 h and returned to normal by 96 h. Peak CK-
BB levels correlated with histopathological cerebral
damage and neurological deficit score at 96 h. In co-
matose states following cardiac arrest, CSF CK-BB
peaks of more than 50 U L' at 48 h in dogs[24], and
of more than 10-20 U L' at 48-72 h in patients [28],
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show a strong correlation with permanent brain dam-
age. However, blood levels of CK-BB are not reliable
for predicting brain damage after cardiac arrest[29]
because CK-BB may also be released from extra-
cerebral sources[30]. In addition, CSF CK-BB values
are not predictive for stroke[31,32] and are easily
inactivated at body temperature [33]. This lack of ther-
mostability prevents the use of CK-BB for comparing
‘warm’ cardiopulmonary bypass with ‘cold’ bypass.
Lactate dehydrogenase (LD) and aspartate amino-
transferase (ASAT) are more thermostable [33] but
there is no good correlation between their CSF levels
and neurological deficit after cardiac arrest[24] and
they are also unpredictive for stroke [31,32].

Neurone-specific enolase and S-100

Neurone-Specific Enolase (NSE) is the gamma-subunit
of enolase present primarily in the cytoplasm of neur-
ones. In cerebral reperfusion injury, the formation of
oxygen free radicals following the reduction of oxygen
to superoxide radicals reduces membrane integrity
and results in leakage of NSE from the cytosol into
the extracellular space [34,35] and then into plasma.
S-100 protein is a calcium-binding dimeric protein
with o and B subunits where the B-subunit is highly
brain specific and found predominantly in glial
cells[36], and is similarly found in plasma following
cerebral cell damage. The availability of a radio-
immune assay for NSE and the recent development
of the S-100 assay for the Bp and off isoforms (Sangtec
S-100), has offered a rapid, specific and semi-quant-
itative test for cerebral neuronal and glial cell damage.
NSE and S-100 protein are thermostable and their
assay is not affected by heparin or protamine. There-
fore, samples can be taken throughout surgery in-
volving cardiopulmonary bypass. Haemolysis has a
marked effect on measured NSE, but none on S-100.
Correction of NSE assays should be made for visible
amounts of haemolysis [unpublished datal.

Animal data

The kinetics of S-100 and NSE concentrations in rat
CSF are significantly affected by the type and duration
of injury and the degree of ischaemia. Traumatic cor-
tical contusion was followed by a rapid increase in
both S-100 and NSE and a peak level occurred in both
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after about 7% h, after which the values declined toward
normal. The increase and decrease in S-100 and NSE
levels were slower after focal cerebral ischaemia in-
duced by middle cerebral artery occlusion with a peak
after 2-4 days. S-100 was generally higher than NSE
after trauma[37] implying more severe damage to
glial cells than to neurones, whereas after middle
cerebral artery occlusion NSE concentrations were
higher than S-100 values. NSE levels correlated well
with the number of cerebral artery occlusions and
their duration [38].

Serum or plasma samples have been used in animal
and human studies[35,39] but it is likely that CSF
samples are more predictive [40-42] as there would
be a time delay of NSE and S-100 release measured
in plasma compared with that measured in CSF be-
cause of effect of the blood brain barrier.

Human data

NSE and S-100 have been used in humans as sensitive
markers of brain injury after stroke [43], hypoxic isch-
aemic brain damage, coma cardiac
arrest[40-41] and acute seizure activity [42]. Both
markers have also been used as prognostic indicators
of clinical outcome in cerebrovascular diseases[39]
and in asphysic full-term new-borns[44]. Patho-
logically high CSF levels of NSE were found 24 h after
coronary artery bypass grafting in 95% of the patients.
All S-100 protein concentrations were within the nor-
mal range. Post-operative levels of these two bio-
chemical markers in the CSF tended to be lowest in
the flat-sheet membrane oxygenator group during
cardiopulmonary bypass surgery [45].

However, questions remain about the timing of the
release of NSE and S-100 following cerebral damage,
and their predictive accuracy following surgery needs
to be established against neuropsychological testing
as the gold standard for assessing cerebral damage.

following

Summary

Neuroprotective therapy is likely to be most effective
in preventing or minimizing the effects of cerebral
ischaemia when given as early as possible after the
insult. Neuropsychological testing is the gold standard
for assessing minor cerebral damage, but is carried
out several days or weeks after surgery and is too
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late to be useful for instituting therapy. Current intra-
operative cerebral monitors (EEG, CFAM, NIRS and
TCD) can detect cerebral ischaemia with good sensit-
ivity, and give immediate results, but their specificity
for ischaemia is low. Biochemical markers offer the
possibility of rapid and specific diagnosis of cerebral
ischaemia which would allow the early institution of
neuroprotective therapies.

F. Gao
D. N. F. Harris
London
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