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SUMMARY

In normothermic rhesus monkeys (Macaca mulatta) blood flow to the brain
was completely interrupted for 1 h, and then restored for different periods from 45
min to 24 h. Neuronal function was monitored by recording the electrocorticogram
(ECoG) and the pyramidal response (PR) to the electrical stimulation of the motor
cortex. In addition, cerebral blood flow, intracranial pressure, epicortical pH, blood
gases, blood glucose, hematocrit, coagulation times, and serum electrolytes were
repeatedly measured.

During ischemia, the ECoG was suppressed within 15 sec, and the pyramidal
response within a few min. In 11 out of 19 animals the PR and — at survival times
of more than 90 min — electrocortical activity returned upon recirculation. In 8
animals recovery of neuronal function did not occur, presumably because of an
impaired blood recirculation of the brain. Reduction in post-ischemic blood flow
resulted from the combined effect of post-ischemic brain swelling with consequent
increase in intracranial pressure, microcirculatory disturbances, and post-ischemic
hypotension. In one case the circulatory disturbance was restricted to circumscribed
areas causing typical boundary zone lesions in the pallidum and parietal lobe.

INTRODUCTION

Cerebral ischemia is an important pathogenetic factor for a variety of neuro-
logical disorders, and therefore has received considerable attention in clinical and
experimental research. In spite of these efforts, the limits of reversibility of ischemic
brain damage are still under discussion. Even in standardized experiments in which
the blood flow of the total brain was completely interrupted and in which the temper-
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ature of the animal was in the normal range, different results were obtained. The
maximal duration of ischemia after which spontaneous EEG activity returned
varied between 10 min (ref. 10) and | h (ref. 13); energy metabolism recovered after
up to 20 min? or 60 min?; and neurological damage was present after 4 min2® or
absent after 25 min®!l. Inconsistent results occurred even in the same experimental
set-up although care was taken to avoid variations in the technical procedurelt.
The wide variations in post-ischemic resuscitation are in contrast to the narrow
limits of functional and biochemical suppression during ischemia. In normothermic
animals the EEG became iso-electric between 10 and 20 sec (see ref. 13), and energy
metabolism ceased within a few minl7.18, The differences in cerebral revival, there-
fore, cannot be related to obvious differences in the functional or metabolic impact of
ischemia but must be due to variations in the recovery process thereafter. Recent
investigations have revealed that the state of post-ischemic blood recirculation is of
major importance, and that a return of neuronal functions after prolonged ischemia is
possible only when blood flow is fully restored2. A post-ischemic impairment of cere-
bral blood flow, on the other hand, almost unavoidably prevents any consistent
functional recovery.

When ischemia lasts more than a few min, an impairment of post-ischemic
blood recirculation is difficult to avoid!. Post-ischemic hypotension®, ischemic brain
swelling with consequent increase in intracranial pressure?®, aggregation of blood
particles®, changes in blood viscosity, and morphological alterations2? participate
in the increase in vascular resistance and a decrease in tissue perfusion pressure.
Little is known about the interrelationship and mutual dependency of these factors,
and even less about the therapeutic possibilities for its prevention. Since any cerebral
or extracerebral parameter which in the course of ischemia is deranged may directly
or indirectly influence post-ischemic blood flow and — by this — recovery, a multi-
disciplinary approach should be used to study this question.

In the present investigation total cerebral ischemia of 1 h was produced in nor-
mothermic rhesus monkeys, and the changes in various physiological and biochemical
functions were correlated with the occurrence or absence of functional recovery. The
first paper of this series deals with the physiological and morphological observations,
the second with the role of post-ischemic brain swelling®®, and the last with the
influence of ischemia on brain metabolism15.

MATERIAL AND METHODS

Thirty-one adult monkeys (Macaca muidatta) were used. The animals were
sedated with phencyclidine (Sernylan®, 10 mg i.m.), anesthetized with pentobarbital
(Nembutal®, 15-20 mg/kg i.v.), tracheotomized and after immobilization with
gallamine triethiodide (Flaxedil®, 2,5 mg/kg i.v.) ventilated with room air. When
necessary, small additional doses of pentobarbital were given intravenously during
the course of the experiment. Endtidal Poz and Pcos were monitored continuously
and adjusted to yield an arterial Poz above 100 mm Hg and an arterial Pcos of approx-
imately 40 mm Hg. One femoral artery and one femoral vein were cannulated for



RESUSCITATION OF THE MONKEY BRAIN 61

blood pressure recording and injection of drugs. The body temperature was kept
constant at 36.8 °C by use of a constant temperature controller. The heads of the
animals were fixed in a stereotactic frame, and a craniotomy was performed over the
right motor and sensory cortex. The dura was left intact, and the brain was prevented
from cooling by a bath of mineral oil which was kept at 37 °C by circulating it through
a heat exchange system. Cerebral ischemia of 60 min was produced in 25 animals by
intrathoracal clamping the brachiocephalic and left subclavian arteries close to their
origin at the aortic arch. Thoracotomy was performed on the left side through the
fourth or fifth intercostal space. In order to avoid a collateral flow to the brain
through unsevered vessels, the internal mammary arteries were ligated, and the
arterial blood pressure was lowered to below 80 mm Hg by infusion of a ganglion-
blocking agent (Arfonad®), combined with arterial bleeding. Completeness of isch-
emia was ascertained as described in the results.

In 19 animals the brains were recirculated with blood after ischemia for pre-
determined periods ranging from 45 min to 24 h. The mean arterial blood pressure
was raised with Novadral® to above 180 mm Hg, the clamps were removed and the
consequent abrupt blood pressure fall was treated by further infusion of Novadral®
until the mean arterial blood pressure stabilized at about 150 mm Hg. The acid-base
balance of the blood, which after releasing the clamps was deranged, was adjusted as
fast as possible to the normal range by infusion of Tris buffer.

Neuronal function was assessed by electrophysiological techniques. The ECoG
was recorded with silver ball electrodes which were placed apart at a distance of about
3 mm on the dura over the sensory cortex. Frequency analysis was performed by
band-pass filters (Schwarzer IVA 79) and by Fourier analysis using a PDP-12 computer
(Digital Equipment). A response in the pyramidal tract was evoked by electrical stim-
ulation of the motor cortex through the unsevered dura with square pulses of 0.3
msec duration and 10 V intensity. The response was recorded with concentric needle
electrodes which were inserted stereotactically into the pyramidal tract at the bulbar
level, stored on magnetic tape (Ampex SP 300) and processed off-line.

In 9 experiments, subarachnoidal pH was measured with a flat surface combina-
tion electrode which was brought into contact with the exposed cortex and thus
recorded from a thin layer of cerebrospinal fluid covering the arachnoidal membrane.
No attempts were made for compensating cortical DC shifts, because active and refer-
ence electrodes were spaced less than 2 mm apart. The electrodes were connected to a
Beckman physiological gas analyzer which allowed for adjustments to the actual
cortical temperature.

Intracranial pressure was measured in 5 animals with a tiny balloon which was
inserted between the dura and the inner surface of the cranium.

Cerebral blood flow was assayed by the 133Xenon injection method. One mCi of
the tracer was dissolved in 1 ml Ringer’s solution and injected into the internal carotid
artery through a small retrograde cathether in the lingual artery. Extracerebral distri-
bution was prevented by ligating the external carotid artery. The position of the
catheter and selective intracerebral injection was controlled by contrast angiography.
Clearance of 133Xenon was observed with two collimated scintillation detectors placed
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over the frontal and parietotemporal regions (Meditronic, Copenhagen). Blood flow
was calculated by stochastic analysis using a blood-brain partition coefficient of 1.2.
Corrections were made for changes in hematocrit but not for variations in Pcos.

Arterial blood samples were withdrawn at fixed intervals for assessment of
aPcog, aPos, apH and standard bicarbonate using microelectrodes (Radiometer,
Copenhagen). Hematocrit, blood glucose, blood coagulation times, and number and
diameter of erythrocytes were also measured. Serum electrolytes were determined
using a flame photometer (Eppendorf, Hamburg).

At predetermined times after ischemia the brains were exposed, the right hemi-
sphere was quickly removed and freeze clamped in liquid nitrogen for biochemical
analyses (see ref. 15). The frontal pole of the left hemisphere was brought into a
buffer and later processed for polyribosomes on sucrose density gradients!s, A 10-mm
thick coronal section of the left hemisphere at the level of the optic chiasm was used
for assessment of brain water and electrolytes30. The rest of the brain was fixed by
immersion in 109, formalin and prepared for light microscopy. Staining with cresyl-
violet, hematoxylin-eosin and silver impregnation according to Bodian was con-
ventional.

RESULTS

Prior to ischemia control measurements were made of all recorded parameters.
In spite of the extensive surgical preparation, the recordings obtained were within
physiological limits in most of the animals (Table I). The functional state of the cere-
bral cortex was monitored by recording the ECoG and the pyramidal response to
the electrical stimulation of the motor cortex. The ECoG was typical for anesthe-
sia with barbiturates, and consisted mainly of 8-12 Hz activity with amplitudes up
to 75 uV, interspersed by bursts of lower frequencies with amplitudes of 100 4V or
higher (Fig. 3). The pyramidal response was composed of a short latency D wave
which is the direct response of the pyramidal tract neurons to the electrical stimulus,
and several long latency I waves which are due to synaptical activation of the same
neurons. The amplitudes of these waves depended on the localization of the electrode,
and varied between 100 and 600 uV. Arterial clamping combined with lowering of
the bicod pressure by infusion of Arfonad® and withdrawal of blood caused an
immediate arrest of the cerebral circulation. In animals, in which the brains were not
recirculated with blood, completeness of ischemia was confirmed by intravenous
injection of Evans blue 15 min prior to removal of the brain. The unstained areas,
i.e. the regions of complete ischemia, comprised the total head including the brain,
the upper part of the spinal cord, both forepaws and the trunk down to approximately
Th 5. The critical blood pressure level, above which a collateral flow to the brain
through the ascending spinal arteries occurred, was determined in one animal by
removing the brain after the clamping and raising the blood pressure with vasoactive
agents. A bleeding from the severed vessels at the base of the skull began at a systolic
arterial pressure above 180 mm Hg and ceased when the pressure fell to or below
150 mm Hg (Fig. 1). This finding was constant at repeated trials.
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Fig. 2. Comparison of 133Xenon clearance in animals with complete and incomplete cerebral ischemia.
One mCi 133Xenon was injected into the internal carotid artery immediately prior to vascular clamping,
and radioactivity was recorded throughout the period of ischemia. In the animal with complete
ischemia, radioactivity remained constant during ischemia, and rapidly diminished upon restoration
of cerebral blood flow (arrow). In incomplete ischemia a slow residual blood flow was reflected by
a continuous decrease of 133Xenon after vascular clamping.

In experiments with blood recirculation of the brain, ischemia was ascertained
by injecting 133Xenon into the internal carotid artery immediately prior to the clamp-
ing, and monitoring the radioactivity of the brain with extracranial scintillation
detectors throughout the period of ischemia (Fig. 2). In 3 experiments, a remaining
flow of about 5 ml/100 g/min persisted after the clamping, and in one experiment
circulation did not stop earlier than 6 min after the clamping. These cases were included
in the experimental group because they provided valuable information about the
pathomechanism of post-ischemic impairment of blood recirculation (see below).

Foltowing the clamping rapid and severe changes in neurophysiological func-
tions occurred. After a free interval of only 1-3 sec, the power and frequency of the
ECoG temporarily increased for 5 sec and then quickly decreased until the ECoG
became isoelectric within less then 15 sec. Synaptical activation of the pyramidal
tract neuions (i.e. the I waves) was suppressed after 2-3 min, and the direct electrical
response (D wave) disappeared after 4-6 min. The ECoG and the PR remained
isoelectric throughout the period of ischemia.
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Cortical pH began to decrease immediately after the beginning of ischemia at
a rate of approximately 0.08 units/min until a value of about 7.0 was reached. During
the remainder of ischemia it continued to fall only slightly to between 6.8 and 6.95
(Fig. 4).

The general state of the animals was markedly affected during ischemia. The
low blood pressure and the reduction in the amount of perfused tissue caused relative
hypocapnia which could only partly be corrected by adjusting the respiration pump.
Blood glucose and serum potassium increased, and in many animals blood coagula-
tion was affected, resulting in a decrease of clotting and prothrombin times combined
with an occasional prolongation of thrombin time. Since blood pressure was drastic-
ally reduced during ischemia, the changes in coagulation times can be best explained
by a shock-induced release of intrinsic thromboplastin, followed by disseminated
intravascular coagulation with different degrees of consumption coagulopathy.

Sixty min after the clamping the blood flow was restored to the brain at high
arterial pressure. The immediate recirculation of the brain was reflected by a sudden
increase in intracranial pressure and by the clearance of 133Xenon, which had been
injected into the brain prior to ischemia (Fig. 2). The restoration of flow caused an
abrupt decrease in arterial pH which, however, was rapidly reversed by appropriate
infusion of Tris buffer. Mean arterial blood pressure was kept at about 130 mm Hg
by continuous infusion of vasoactive drugs.

A return of central nervous function after ischemia was estimated from the reap-
pearance of the pyramidal response and the ECoG (Fig. 3). Two groups of animals
could readily be distinguished: one in which signs of functional recovery returned?!,
and one in which recovery was absent8. In the first group the electrically evoked D
wave of the pyramidal response began to reappear 4-10 min after ischemia, a synap-
tically evoked I wave after 40-60 min, and first signs of spontaneous EEG activity
after 90 min-2 h. The D wave returned to normal amplitude within 90 min, and the
I waves within 3 h, provided the animals were allowed to survive long enough.
Recovery of the ECoG, on the other hand, proceeded very slowly. Initially, bursts of
high voltage slow waves reappeared which were separated by isoelectric periods of
diminishing length. Later, low voltage continuous background activity emerged,
which slowly increased in amplitude. Fourier analysis revealed a return to or above
initial power only in the animals which survived 12 and 24 h, but in both cases fast
wave activity was still reduced in comparison to the control recording (Figs. 3, 4).

In the animals, which are referred to as the ones without functional recovery,
a synaptically evoked I wave or electrocortical activity did not return, even when the
animals were allowed to survive for several hours. In two cases low amplitude D
waves temporarily returned but even this response was secondarily suppressed
shortly afterwards (Fig. 4).

The inconsistency in functional recovery led to the question of which factors are
responsible for this difference. Various physiological parameters, therefore, were
compared in both groups (Table I).

The most obvious differences concerned the flow rate of the recirculating blood.
In the animals with recovery blood flow was normal or slightly above normal after
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Fig. 3. Electrocorticogram (ECoG) and pyramidal response (PR) to the electrical stimulation of the
motor cortex prior to and 24 h after ischemia of 60 min. ECoG was recorded with bipolar electrodes
through the intact dura from the sensory cortex, and frequency analysis was performed using 4 band-
pass filters (the amplitudes of the spikes correspond to the frequencies of the analyzed waves).
The PR was recorded with concentric needle electrodes from the pyramidal tract at the bulbar level.
It consisted of a directly evoked D wave and 3 synaptically evoked I waves. Note the normalization
of the pyramidal response and the recovery of major electrocortical activity after ischemia. Frequency
analysis revealed that the number of theta and delta waves was nevertheless increased.

ischemia, whereas in the animals without recovery it was considerably reduced. Thirty
to 45 min after ischemia cerebral blood flow averaged only 8.4 4 4.1 ml/100 g/min as
compared to 46.1 4 12.1 in the animals with signs of functional recovery. The
reduction in blood flow was accompanied by a higher hematocrit and a slightly
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Fig. 4. Comparison of various physiological parameters during and after ischemia of 60 min with
(left) and without (right) signs of functional recovery. ECoG, power of electrocortical activity
(calculated by Fourier analysis and expressed in arbitrary units); PR, amplitudes of the D wave
and the first I wave of the pyramidal response to the electrical stimulation of the motor cortex (in
percentage of control); MABP, mean arterial blood pressure; ICP, intracranial pressure; Cort. pH,
epicortical pH; CBF, cerebral blood flow (in percentage of control). Note the transient return of a
D wave, the blood pressure oscillations during ischemia, and the low recirculation rate in the animal
without recovery.

lower blood pressure. An unexpected relationship existed between completeness of
ischemia and recovery. In 3 out of 8 animals without recovery ischemia was incom-
plete, the remaining blood flow amounting to approximately 109, of the control
value. In the group with signs of recovery, on the other hand, ischemia was incom-
plete only in 1 out of 11 animals, and in this case flow eventually stopped after 6 min.
Comparison of blood gases between the two groups revealed that during the early
phase of recirculation even minor 1espiratory insufficiency might be of importance.
In animals without recovery, aPcos was slightly higher, and aPo: significantly
lower than in the other group.

The failure of neuronal recovery was accompanied by a remaining low cortical
pH and by a continuous increase in serum potassium which in some cases rose to
more than 5 mEq./1. Measurement of coagulation times revealed a further aggrava-
tion of consumption coagulopathy, particularly in the group of animals with signs
of functional recovery. Finally, significantly higher concentrations of serum glucose
and lower concentrations of serum calcium were observed in the animals without
recovery.

Intracranial pressure was recorded in 5 experiments, in two of which recovery
was absent after ischemia. In both the animals with and without recovery, intracranial
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Fig. 5. Low power micrograph of a coronal section of the left hemisphere of a monkeyw hich was
killed 24 h after complete cerebral ischemia of 1 h (same animal as in Fig. 3). Infarcts in the parietal
lobe and in the inner segment of the pallidum (immersion fixation in formalin; Bodian staining, X4).

pressure rose to more than 75 mm Hg within a few minutes after beginning recircu-
lation (Fig. 4). In the animals with recovery, intracranial pressure returned to normal
within less than 1 h, whereas in the animals without recovery it remained elevated
for longer periods of time and faithfully followed the changes in systemic blood pres-
sure.
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Fig. 6. Micrographs of monkey brains 12 and 24 h after ischemia of | h (a—c: same animal as Fig. 4 left;
d: same animal as Fig. 3). a: parietal cortex (Nissl staining, x 50); b: cerebellar cortex (Nissl staining,
% 50); c: pyramidal cell from parietal cortex (Niss! staining, x 500); d: pericellular baskets around
Purkinje cells (Bodian staining, < 500). The material was fixed in formalin by immersion.

The morphological investigation was restricted to the cerebellum, the brain
stem and one coronal section of the left hemisphere at the level of the optic chiasm.
Since the remainder of the brain was used for biochemical analyses, these samples had
to be fixed by immersion; this permitted only the description of major morphological
changes.

At the end of ischemia, a swelling of the perivascular cell elements and of the
outer part of the molecular layer was present. Most of the neurons were unchanged
and the cytoplasm contained normal amounts of Nissl’s substances. After restoring
the blood flow, the perivascular swelling became more pronounced, particularly in
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the animals without recovery. The swelling of the molecular layer diminished in the
animals with recovery, but remained unchanged in the others.

In the neurons two types of changes were observed: ischemic shrinkage and
homogenization of the cell cytoplasm. The ischemic cell changes were more frequent
and resembled closely the artificially produced dark neurons3 from which they could
be differentiated only by their predominant localization in the depths of the sulci
and in the Ammon’s horn formation. They increased in number with longer recircu-
lation times, particularly in the animals without functional recovery. Homogenization
of cell cytoplasm or dusty fragmentation of Nissl’s substance without change in the
cell size, on the other hand, occurred more frequently in animals with signs of func-
tional recovery. This change seemed to be reversible, because after 12 and 24 h of
recirculation numerous neurons with normal amounts and configuration of Nissl’s
substance were observed (Fig. 6). In the animal with 24-h recirculation infarcts in the
inner part of the pallidum and in the boundary zone between the territories of the
medial and anterior cerebral arteries were present, indicating an inadequate blood
reperfusion of these parts of the brain after ischemia (Fig. 5). The volume of the infarct-
ed areas was estimated by planimetry and amounted to less than 49, of the total
brain volume. This relatively small volume might explain that the biochemical anal-
ysis of the same brain yielded almost normal values?5.

DISCUSSION

The results of the present series of experiments in rhesus monkeys conform to
earlier observations in normothermic cats and dogs in which also relatively complex
neuronal functions, such as evoked or spontaneous EEG activity, evoked potentials
and energy metabolism returned after complete ischemia for as long as 1 h%12,13,
In some of these experiments, brain temperature was allowed to decrease during
ischemia which might have had a favorable influence on the functional outcomel3.
The present investigation does not favor this interpretation, because neuronal
recovery was observed in spite of a constant brain temperature in the normothermic
range throughout the period of ischemia. This indicates that contrary to a lowering
of the temperature before ischemia, a temperature drop after the beginning of isch-
emia does not influence recovery.

A resuscitation of the normothermic monkey brain after 1 h complete ischemia
has not been described before. Much of the previous work concerned the revival of
the hypothermic monkey brainl? which at a temperature below 20 °C was successful
after ischemia in excess of 30 min2?. West and Matsen28 produced unilateral ischemia
of the monkey brain for 1 h but did not observe any recovery of EEG activity.
Miller and Myers2® described complete neurological recovery of the normothermic
monkey brain after cardio-circulatory arrest of 20 min, and recovery with minor
neurological damage after circulatory arrest of up to 24 min. This is longer than in
the experiments of Kaupp et al.l4, who succeeded in reviving the monkey brain
after normothermic circulatory arrest of only up to 12 min without, and of up to 14
min with permanent neurological damage. These investigations, however, cannot be
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compared directly with our results, because resuscitation of the brain was likely
to be complicated by the after-effects of general circulatory arrest on other parts of
the body, particularly on the heart itself.

In the present series of experiments recirculation of the brain occurred under
optimal cardio-circulatory conditions. This was achieved by (a) leaving the heart
intact during ischemia, (b) careful therapeutic adjustment of derangements in blood
homeostatis, and (c) blocking the hypertensive reaction of the systemic blood pressure
to the vascular clamping by infusion of a ganglioplegic agent. The latter seems to
be particularly important, because such a response may lead to severe cardiac in-
sufficiency with fatal pulmonary edemal!t. Avoidance of this complication, on the
other hand, considerably improved the cardio-circulatory statel6 and by this the post-
ischemic blood recirculation of the brain.

Another factor which seems to be of importance for resuscitation of the brain is
that ischemia is bloodless. There is some evidence that stagnant ischemia is more
harmful than bloodless ischemial?, presumably because of an aggregation of blood
particles in the brain vasculature which are difficult to remove upon recirculation.
The sequel of intravascular aggregation has been described by Denny-Brown and
Meyer4, Waltz and Sundt?4, and others. In the present investigation, the ‘blood
factor’ was of lesser importance because the blood drained from the cerebral vessels
through the unobstructed veins. However, ischemia could become bloodless only by
blocking any continuous, even the slowest, inflow of arterial blood, i.¢. only in the pres-
ence of complete ischemia. Our observation of a lower chance of revival in animals
with incomplete, i.e. stagnant ischemia, favors this interpretation, and may alsc
explain that in the experiments of Wolin et a/.28 in which ischemia was incomplete,
EEG returned only after up to 15 min.

Avoidance of post-ischemic cardio-circulatory insufficiency and of micro-
circulatory disturbance provided the basis for an adequate blood reperfusion of the
brain after ischemia. In agreement with earlier observations!? a clear correlation was
found between post-ischemic blood flow and neuronal recovery, although in the
monkey brain post-ischemic hyperemia was less pronounced than in cats. The rarer
occurrence of hyperemia was due to the higher increase in intracranial pressure after
ischemia which in the monkey frequently surpassed 75 mm Hg as compared to an
average increase of only 40 mm Hg in the cat (unpublished results). The increase in
intracranial pressure was the direct consequence of post-ischemic brain swelling,
which in the present series of experiments was 10 %, or more of the total brain volume3®.
This is approximately the volume of displaceable cerebrospinal fluid, which appar-
ently is completely used up during the early post-ischemic phase. In the animals
with signs of functional recovery pressure gradually decreased in parallel to a normal-
ization of brain water3C.

The high increase in intracranial pressure and the consecutive decrease in tissue
perfusion pressure presumably was the reason for the circumscribed infarcts in the
inner segment of the pallidum and in the parietal lobe in one animal (Fig. 5). Such
lesions have been described before as a boundary zone or watershed lesion, because
they occur at the border between the territories of the main supplying arteries of the
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brain3l, Boundary zone lesions are one form of selective vulnerability of the brain
which occur in both animals and humans, when the blood flow or the oxygen supply to
the brain are gradually reduced, because perfusion pressure is the lowest and ischemia
consequently the most severe in these areas?. This interpretation is not valid for the
watershed lesions in our experiment, because the blood flow was completely interrupted
in the total brain. It might be related, however, to a reduced reperfusion of this area
after ischemia during the phase of increased intracranial pressure. Thus, selective
vulnerability of the ischemic brain may be either selective damage or selective failure
of recovery or a combination of both. The concept of selective failure of recovery is
in full agreement with the patchy distribution of the so-called no-reflow phenomenon?,
and with the observation of inhomogenous blood flow after ischemia23. It may
provide an explanation for the variations in the functional outcome in different
experiments which were submitted to an ischemic impact of identical length, because
the post-ischemic phase was much more difficult to standardize than the ischemic
impact itself.

The brains of the here presented animals have been submitted to biochemical
analysis at the end of the experiments. The results obtained indicate that electro-
physiological recovery was paralleled by the restoration of energy metabolism,
protein metabolism, and the normalization of changes in the water and electrolyte
household!:30, It is, therefore, reasonable to assume that brain tissue was viable
after normothermic ischemia of 1 h. However, in acute experiments like the present
ones, functional recovery could not be described in terms of neurological performance,
because the animals were anesthetized and maintained under mechanical ventilation.
It is thus unclear whether the observed return of electrophysiological function reflects
a potential recovery of the brain as a whole.
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