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LABORATORY INVESTIGATIONS

Desflurane and isoflurane improve neurological outcome after
incomplete cerebral ischaemia in rats
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We have investigated the effects of isoflurane and desflurane on neurological outcome in a rat
model of incomplete cerebral ischaemia. We studied 40 non-fasted male Sprague—Dawley rats,
anaesthetized, intubated and ventilated mechanically with isoflurane and nitrous oxide in oxygen
(Fio, 0.3). Arterial and venous catheters were inserted for measurement of arterial pressure,
drug administration and blood sampling. A biparietal electroencephalogram (EEG) was recorded
continuously using subdermal platinum electrodes. At completion of surgery, administration of
isoflurane was discontinued (with the exception of those animals receiving isoflurane as
treatment) and rats were allowed an equilibration period of 30 min according to the following
procedure: group | (n=10), 66% nitrous oxide in oxygen and fentanyl (bolus 10 pg kg™' iv.
followed by infusion at a rate of 25 pg kg™' h™'); group 2 (n=10), 1.0 MAC of isoflurane in
oxygen (Fip, 0.3) and air; groups 3 and 4 (n=10 per group), 1.0 MAC or 1.5 MAC of desflurane
in oxygen (Fio, 0.3) and air, respectively. Ischaemia was produced by combined unilateral
common carotid artery ligation and haemorrhagic hypotension to 35 mm Hg for 30 min.
Functional neurological deficit was evaluated for 3 days after cerebral ischaemia. At baseline,
brain electrical activity was higher with fentanyl-nitrous oxide, 1.0 MAC of isoflurane and
1.0 MAC of desflurane (groups 1-3) compared with |.5 MAC of desflurane (group 4).
Neurological outcome was improved in isoflurane and desflurane anaesthetized animals (groups
2—4), regardless of the concentration used compared with fentanyl-nitrous oxide anaesthesia
(group 1). The increase in plasma epinephrine and norepinephrine concentrations during
ischaemia was significantly higher in fentanyl-nitrous oxide anaesthetized animals (group I)
compared with animals who received volatile anaesthetics (groups 2—4). These data suggest
that cerebral protection produced by isoflurane and desflurane appears to be related to
reduction in sympathetic activity rather than suppression of cerebral metabolic rate.
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Several animal experiments have investigated the effects oExperiments demonstrating a brain protective effect of
volatile anaesthetic agents on neurological outcome awdlatile anaesthetics have attributed this to suppression
infarct size after cerebral ischaemia. While some of thesé cerebral metabolic rate, thus economizing the balance
studies showed brain protection with halothane, isoflurabetween cerebral metabolic activity and cerebral blood
or sevoflurané;2 others failed to demonstrate improvemenflow. In addition, volatile anaesthetic agents may inhibit
in neurological function or histopatholody.The variability neurotransmitter release (e.g. glutamate, catecholamines)
in results may be related to the differences in the ischaemitich in turn decreases €aand Na influx into postsyn-
models (e.g. focal cerebral ischaemgforebrain ischaemia aptic neurone&:® This reduces the amount of intracellular
vsincomplete hemispheric ischaemia) or insufficient maircatabolic processes (e.g. activation of proteases, lipid perox-
tenance of physiological variables, including brain temidation, nitric oxide). Desflurane is a new volatile anaesthetic
perature. agent with a low blood-gas partition coefficiéhgnd it
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reduces neuronal function and metabolism until EEG bursbtained for measurement of plasma concentrations of
suppression is achieved, similar to isoflurane and sevofl@atecholamines using high performance liquid chromato-
anel®Favourable pharmacokinetic characteristics (e.g. rapidaphy (HPLC). After 30 min, ischaemia was terminated
emergence), cerebrovascular effects similar to those f unclamping the carotid artery and by reinfusion of
isoflurané® and the ability to suppress cerebral metabolismithdrawn blood within 15 min. During an additional
suggest that desflurane could be a good anaesthetic 30rmin recovery period, the catheters were removed and
neurosurgical patients. In this study, we have investigatéie incisions closed. Anaesthesia was discontinued, the
the effects of desflurane compared with isoflurane arichchea was extubated and the animals returned to their
fentanyl-nitrous oxide on neurological outcome in a modehges.
of incomplete cerebral ischaemia in rats. ) o

High performance liquid chromatography (HPLC)

. Blood samples for measurement of plasma concentrations
Materials and methods of catecholamines were obtained using vials containing
After obtaining approval from the Institutional Animalglutathione (Kabe Labortechnik, Wbrecht-Elsenroth). All
Care Committee, we studied 40 non-fasted male Spragudeod samples were transported on ice and centrifuged at
Dawley rats (weighing 350-430 g), anaesthetized in 4C for 10 min. Decanted plasma was stored at —70°C.
bell jar saturated with isoflurane. Their tracheas weiRRlasma samples were processed using a Chromosystem test
intubated and the lungs ventilated mechanically witkit for HPLC analysis of catecholamines (Chromosystems,
1.7% isoflurane (expired concentration) and 66% nitroddunich, Germany). Plasma (1 ml) was mixed with 0.5 ml
oxide in oxygen (Capnomac Ultima, Datex). Catheters aluminium oxide. As an internal standard, dehydroxy-
were inserted into the right femoral artery and vein, angenzylamine (DHBA) 600 pg (artificial catecholamine) was
into the right jugular vein for continuous measuremergdded to the sample. The remaining particles of plasma
of mean arterial pressure (MAP), blood sampling anproteins were washed out. Elution of catecholamines was
drug administration. The right common carotid artergompleted by adding 120l elution buffer. The vials with
was isolated for later clamping. Vecuronium was givethe elute were placed into an autoinjector WISP (Model
as a continuous infusion (0.1 mg Kgmin™) to maintain 712, Waters Chromatographie, Eschborn, Germany) and
neuromuscular block. On completion of the surgicd0 ul were injected into the HPLC circulation system
preparation, administration of isoflurane was discontinudthobile phase sodium acetate buffer for HPLC analysis of
(with the exception of those animals receiving isofluraneatecholamines, Chromosystems, Munich, Germany). The
as a treatment) and animals were allowed an equilibratietute was passed over the analytical column (Chromo-
period of 30 min according to one of the followingsystems, Munich, Germany) to the electrochemical detector
treatments: group 1nE&10) received 66% nitrous oxide (Waters 406 Electrochemical Detector, Waters Chromato-
in oxygen and fentanyl (bolus 1Qg kg™ i.v. followed graphie, Eschborn, Germany) by the Waters 600 Multi-
by infusion at a rate of 25ug kg* h™); group 2 solvent Delivery System (flow rate 1 ml mil pressure
(n=10) received 1.0 MAC of isoflurane (1.4% expiredB000 PSI). The whole system was controlled and data were
concentration) in oxygen and airFip, 0.3); group 3 stored by the Maxima 820 Software (Waters Chromato-
(n=10) received 1.0 MAC of desflurane (5.7% expiredraphie, Eschborn, Germany).
concentration) in oxygen and aiFig, 0.3); and group 4
(n=10) received 1.5 MAC of desflurane (8.5% expirefFlectroencephalography (EEG)
concentration) in oxygen and aiFig, 0.3). The EEG was recorded continuously via subdermal platinum

Incomplete hemispheric ischaemia was produced in a@éedle electrodes placed over both hemispheres at the
animals by a combination of right common carotid occlusioparietotemporal/s frontal cortex recording sites. Electrode
and haemorrhagic hypotension to a target MAP of 35 mm Hmpedances were maintained below 5 kW. Bandpass was
for 30 min. A deviation of 1 mm Hg from the target pressurset at 0.1-30 Hz. After amplification (AC/AD Strain Gage
was tolerated. Pericranial temperature was measured Ayplifier, Model P122, Grass Instruments Division) the
insertion of a 22-gauge stainless steel needle thermisEEG signals were digitized (CED 1401 plus, Science
(YSI temperature controller, model 73A, OH, USA) beneatRroducts GmbH, Germany) to 12-bit data with a sample
the right temporalis muscle and was maintained constaate of 250 Hz and stored on computer hard disk using the
throughout the experiment and recovery at 37°C by Sergoftware Spike 2 (Cambridge Electronics). Offine EEG
control using an overhead heating lamp. Mechanical ventilanalysis was performed using software based on the Spike
tion was adjusted to maintalPec, at 4.7-5.3 kPa. Arterial 2 program, followed by fast Fourier transformation (FFT:
pH was adjusted by infusion of sodium bicarbonate. Arteriajpoch length 2.048 s (5X0.004 s)). Integrated EEG power
blood-gas partial pressures and plasma glucose analy§eé¢? HzY) was calculated as absolute values for selected
were performed at baseline, at 15 min and 30 min durirffigequency bands: delta 0.45-3.9 Hz, theta 4.0-7.9 Hz, alpha
ischaemia, and after reperfusion. At the beginning ar&0-12.9 Hz and beta 13.0-30.0 Hz. Furthermore, median
end of the ischaemic period, arterial blood samples weftrequency (50% percentile) and spectral edge frequency
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Table 1 Mean arterial pressure (MAP), plasma glucose concentrations, arterial blood-gas partial pressures and arterial pH during baseline, isceeeveiy and
(mean 6p)). *P<<0.05vsgroup 1 at each respective treatmer®<¥.05vs group 2 at each respective treatment

Treatment MAP (mm Hg) Glucose (mg dfY Pao, (kPa) Paco, (kPa) pH
Group 1 6 = 10) Baseline 127 (4) 65 (4) 16.9 (0.5) 4.9 (0.1) 7.39 (0.01)
(fentanyl-NO) 15 min ischaemia 35 (1) 199 (21) 17.5 (0.8) 5.3 (0.1) 7.40 (0.01)
30 min ischaemia 35 (1) 126 (26) 17.7 (0.9) 5.3(0.1) 7.41 (0.02)
Recovery 125 (6) 61 (7) 16.9 (0.8) 5.1 (0.1) 7.42 (0.02)
Group 2 6 = 10) Baseline 71 (5)* 91 (4)* 17.7 (10.5) 49 (0.1) 7.40 (0.01)
(1.0 MAC of isoflurane) 15 min ischaemia 35 (1) 164 (13) 16.5 (0.9) 5.3 (0.2) 7.41 (0.02)
30 min ischaemia 35 (1) 198 (23) 17.6 (10.8) 4.8 (0.1)* 7.42 (0.01)
Recovery 109 (6) 132 (16)* 16.9 (1.1) 4.8 (0.1) 7.43 (0.01)*
Group 3 0 = 10) Baseline 81 (3)* 100 (4)* 18.5 (0.5) 5.1 (0.2) 7.38 (0.01)
(1.0 MAC of desflurane) 15 min ischaemia 35 (1) 192 (14) 17.9 (0.8) 5.5 (0.1) 7.39 (0.01)
30 min ischaemia 35 (1) 199 (14) 17.6 (1.1) 5.1 (0.1) 7.40 (0.01)
Recovery 110 (2) 108 (10) 17.2 (1.1) 4.9 (0.1) 7.40 (0.01)
Group 4 0 = 10) Baseline 72 (4)* 113 (7)* 20.5 (0.4)*t 5.0 (0.1) 7.37 (0.01)
(1.5 MAC of desflurane) 15 min ischaemia 35 (1) 190 (10) 19.7 (0.5)1 5.3(0.1) 7.38 (0.01)
30 min ischaemia 35 (1) 220 (11)* 18.4 (0.8) 53 (0.1t 7.39 (0.01)T
Recovery 96 (5)* 153 (14)* 16.9 (1.9) 5.1 (0.1) 7.40 (0.01)

(95% percentile) were calculated. For EEG recordings witompared with all other groups. The amount of withdrawn
burst suppression, the suppression periods were discarbembd necessary to induce haemorrhagic hypotension was
from the EEG. The suppression epoch fraction was calctcemparable between groups, with the exception of a differ-
lated using custom-made burst suppression recognitience between 1.0 MAC and 1.5 MAC of desflurane (groups
software. The fraction of electrical silence was express@&dand 4) (group 1: 12.8 (0.39) ml; group 2: 11.8 (0.97) ml;
as a percentage of the duration of the total epoch (% timgyoup 3: 13.9 (0.48) ml; and group 4: 10.4 (0.63) ml).
Before ischaemia, plasma concentrations of glucose were
Neurological outcome significantly lower in the fentanyl—nitrous oxide anaesthet-

Neurological outcome scores were evaluated at 24, 48 dagd rats (group 1) compared with the other groups. During
72 h after ischaemia by an investigator blinded to tH&chaemia, there were no differences in plasma concentra-
treatment. Neurological outcome was evaluated accordifigns of glucose between the groups with the exception of
to the following scoring system where a score of 0 reprefats anaesthetized with 1.5 MAC of desflurane (group 4).
ented no detectable neurological deficit and a score of livthese animals, plasma concentrations of glucose increased
stroke-related death: grooming (worst score 1), coplgnificantly. During recovery, plasma concentrations of
sciousness (worst score 4), walking performance (woi@icose were higher after 1.0 MAC of isoflurane (group 2)
score 4), ability to climb on a rope platform (worst scor@nd 1.5 MAC of desflurane (group 4) compared with
4) and ability to stay on a rotating screen (worst score Jgntanyl—nitrous oxide (group 1).

The diagnosis ‘stroke-related death’ within the first 24 h Figure 1 shows the changes in plasma concentrations of

was accepted only if the rats developed progressive sigrgiecholamines. Before ischaemia, there were no significant
of stroke impairment. differences in norepinephrine and epinephrine plasma con-

centrations between groups. During ischaemia, the increase
in plasma concentrations of norepinephrine and epinephrine

Data are reported as measp), Neurological deficit scores WaS [€ss with any volatile anaesthetic compared with

and physiological variables were analysed using the H té’ﬂimals anaest_hetized With fentanyl—nitrous oxide (grqup 1),
of Kruskal-Wallis. Critical rank differences for multipleith the exception of an increase in plasma concentrations of
comparisons were determined by the method of Hart&Pinephrine with 1.0 MAC of desflurane (group 3).

EEG data were compared using the Mann-Whitbegest ‘Figure 2 shows neurological outcome data, evaluated
followed by Bonferroni correction. Significance wasVery 24 h for the 3 days after ischaemia. With feptanyl—
assumed aP<0.05. nitrous oxide anaesthesia (group 1), 50% of rats died after

the first 24 h, and 80% died after 48 h as a result of stroke-
related events. After 3 days, all animals had died from
Results severe brain damage. In contrast, all animals anaesthetized
Table 1 shows the physiological variables during and aftaith isoflurane (group 2) or desflurane (groups 3 and 4)
incomplete hemispheric ischaemia. At baseline, MAP wasirvived the 3-day examination period. Animals anaesthet-
significantly lower with isoflurane (group 2) and desfluranized with volatile anaesthetics developed only minor neuro-
(groups 3 and 4) compared with fentanyl-nitrous oxidiegical deficits, regardless of the compound or anaesthetic
anaesthesia (group 1). According to the protocol, MAP wa®sncentration. There was no difference in neurological
35 mm Hg in all groups during ischaemia. During recovergutcome between isoflurane (group 2) and desflurane
MAP was less with 1.5 MAC of desflurane (group 4)groups 3 and 4) anaesthetized animals.

Statistical analysis
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Fig 1 Increase in plasma concentrations of catecholamines (basalid@ min of ischaemia) during incomplete ischaemia in groups 1-4 compared

with baseline. Volatile anaesthetics (groups 2-4) significantly depressed the increase in plasma concentrations of norepinephrine and epinephrin
compared with the fentanyl-nitrous oxide B) group (group 1), with the exception of plasma concentrations of epinephrine in the 1.0 MAC of
desflurane group (group 3)P%0.05 compared with the fentanyl-® group.
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Fig 2 Neurological deficit scores after incomplete cerebral ischaemia I|:rig 3 EEG tracings during steady state anaesthesia before incomplete
g 9 P cerebral ischaemia (baseline conditions): slowed EEG with domidant

groups 1-4 over a 3-day examination period. A score of O represents g&ivity with fentanyl-nitrous oxide (D), 1.0 MAC of isoflurane and

neurological deficit and 17 indicates stroke-related death. Desfluraf% MAC of desflurane (groups 1-3); burst suppression with 1.5 MAC of
concentration did not significantly influence neurological outcome (grou%'éesﬂurane (group 4) group ’ PP '

3 and 4). Each bar represents a single rat (10 rats per group).

During baseline, EEG activity decreasedddrequency with a fraction of electrical silence of 30 (18)% and 32
in the fentanyl-nitrous oxide, 1.0 MAC of isoflurane anq17)% during baseline and 38 (15)% and 38 (13)% during
1.0 MAC of desflurane groups (groups 1-3) (Fig. 3)eperfusion in the right and left hemispheres, respectively.
Desflurane (1.5 MAC) produced EEG burst suppressidrnere was no burst suppression pattern with fentanyl—
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nitrous oxide, 1.0 MAC of isoflurane or 1.0 MAC ofimproved outcome or reduced infarct size. For example,
desflurane (groups 1-3). During ischaemia, reperfusion adespite comparable depression of CMR (EEG burst suppres-
recovery, EEG showed dominahfrequency with fentanyl— sion) in a rat model of incomplete hemispheric ischaemia,
nitrous oxide, 1.0 MAC of isoflurane and 1.0 MAC ofneurological outcome was better with 2.0 MAC of isoflurane
desflurane (groups 1-3) and burst suppression with Tédmpared with high-dose methohexit4ln the same isch-
MAC of desflurane (group 4). The relationship betweeaemia model, isoflurane suppressed CMR more than halo-
baseline and recovery fax and 3 activity, spectral edge thane, but there was no difference in neuroprotective
frequency and total power of the ischaemic right hemispheeéfects! High concentrations of propofol (1.0-1.5 mgkg
was compared between groups. The control group (groopn) reduced CMR by 50% while halothane at a concentra-
1) showed a strong decreasednactivity,  activity and tion of 1.0% produced only modest changes in CMR.
spectral edge frequency from baseline to recovery compatddwever, both anaesthetics improved neurological outcome
with the essentially constant relationship in the volatilafter cerebral ischaemia to a similar extéhin support of
anaesthetic groups (groups 2 and 3). From baseline this, increasing doses of pentobarbital did not reduce infarct
recovery, an increase in total power was observed in growgsdume further despite a dose-dependent reduction in CMR
2 and 3 compared with a decrease in the control groip a rat model of focal ischaemid.In summary, the lack
(group 1). of neuroprotection by suppression of CMR suggests that
other factors appear to be important in the improved
. . outcome produced by anaesthetic agénts.
Discussion Catecholamines modulate NMDA receptors and thereby
Our results showed that compared with fentanyl-nitrowfect neuroexcitatio#? This may be related to potentiation
oxide anaesthesia, isoflurane and desflurane improvefd -type C&* channel conductances which in turn increase
neurological outcome in a rat model of incomplete cerebrBlIMDA receptor-induced curren.lt is possible that the
ischaemia. Brain protection was similar for the two volatileoncentrations of central and circulating catecholamines
anaesthetics, regardless of the concentration. During baa#ect neurological outcome after cerebral ischaemia. This
line, the EEG was suppressed with fentanyl—nitrous oxidis, consistent with studies in this and other experimental
1.0 MAC of isoflurane and desflurane, while 1.5 MAC opreparations showing substantial neuronal protection with
desflurane induced an EEG burst suppression pattern. Dasenuated central sympathetic discharge. During ischaemia,
pite these differences in neuronal functional activity anthere was an 18-fold increase in norepinephrine and a
possibly cerebral metabolic rate (CMR), the extent d&00-fold increase in dopamine in cerebral tisdt#concen-
brain protection was similar in isoflurane and desflurarteations which have been shown to have adverse effects on
anaesthetized animals. This and related research suggestronal tissue and biochemical recovery after an ischaemic
that suppression of CMR is not the major mechanism bigsult® 2223 Anaesthetics reduce plasma and central concen-
which volatile anaesthetics mediate brain protection duririgations of norepinephrine and dopamiftand it is possible
cerebral ischaemial-15 that this effect relates to improved neurological outcome in
Cerebral metabolic suppression has long been thoughtds study. In rats, ganglionic block before the onset of
be one of the major mechanisms of neuronal protectioterebral ischaemia reduced neurological deficit and histo-
By reducing CMR during cerebral ischaemia, volatile anaepathological damage from incomplete cerebral ischaémia.
thetics adjust cerebral metabolic demand to low energyis effect was partially reversible by infusion of
supply2® In our study, we used two different concentrationsatecholamines. In support of this, administration of the
of desflurane: 1.0 MAC of desflurane (and isoflurane armd-adrenoreceptor agonists clonidine and dexmedetomidine
fentanyl-nitrous oxide) reduced EEG frequency, whicteduced sympathetic activity during ischaemia and produced
relates to slight suppression of CMR18 Increasing the a dose-dependent improvement in neurological outcome in
concentration of desflurane to 1.5 MAC induced EE@ifferent model$®-28 This effect was reversed by the
burst suppression which probably relates to near maxinwl-adrenoreceptor antagonist atipamezole. As dexmedeto-
depression of functional CMR. Based on the differences midine does not affect CMR but decreases CBF, the
neuronal activity, 1.5 MAC of desflurane was expectedeurological protection seen with this agent is unlikely to
to result in better neurological outcome compared withe related to a mechanism which involves balancing CMR
anaesthetic states with less functional neuronal suppression CBF. In our study, the increase in plasma catecholamines
(i.e. fentanyl-nitrous oxide or 1.0 MAC of volatile anaeswas attenuated by isoflurane and desflurane, regardless of the
thetic). However, while the volatile anaesthetics improveidhaled concentration, compared with animals anaesthetized
neurological outcome compared with fentanyl-nitrouwith fentanyl—-nitrous oxide and neurological outcome was
oxide, there was no difference in the extent of neuronedlated to the change in plasma catecholamines. These
protection (which was near maximal), regardless of thresults support the hypothesis that central and peripheral
volatile anaesthetic concentration. This observation is cosympathetic activity mediate neurological outcome after
sistent with other studies which failed to demonstrate incomplete cerebral ischaemia.
relationship between reduction in CMR by anaesthetics andit is also possible that suppression of catecholamine
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release occurs secondary to a reduction in presynaptic norepinephrine depletion enhances recovery after brain ischemia.
sodium channel currents in addition to NMDA and kainate Ann Neurol 1985; 18: 325-36 o .
receptor activity® In vitro studies in cerebrocortical synap- 7 Koorn R, Kahn RA, Brannan TS, Martinez-Tica J, Weinberger J,
tosomes, cortical brain slices and CA1 neurones have shown <" Dt Effect of isoflurane and halothane on in-vivo ischemia-
. . induced dopamine release in the corpus striatum of the rat.
that exposure to volatlle.anaesthetlcs' decrease; glutamat%esthesiology 1993: 79: 82735
release, glutamate-mediated synaptic transmission adp,e| PM, Drummond ]JC, Cole DJ, Goskowicz RL. Isoflurane
inhibits C&" influx.2%-32This is consistent with the results  reduces ischemia-induced glutamate release in rats subjected to
in rats subjected to transient near complete forebrain isch- forebrain ischemia. Anesthesiology 1995; 82: 9961003
aemia, where isoflurane decreased ischaemia-induced gli-Yasuda N, Targ AG, Eger El, Johnson BH, Weiskopf RB.
tamate release compared with fentanyl-nitrous oxide Pharmacokinetics of desflurane, sevoflurane, isoflurane, and

anaesthetized contrdislthough glutamate pathways were _ halothane in pigs. Anesth Analg 1990; 71: 340-8
. . . . . IP Koenig HM. What's up with the new volatile anesthetics, desflurane
not studied during our experiments, it is possible tha : .
and sevoflurane, for neurosurgical patients? | Neurosurg Anesth 1994;

suppression of glutamate turnover produced improved out- 4. 559 _3,

come with isoflurane and desflurane. 11 Sano T, Drummond JC, Patel PM, Grafe MR, Watson JC, Cole DJ.
Changes of physiological variables, including brain tem- A comparison of the cerebral protective effects of isoflurane and
perature, critically influence neurological outcofién our mild hypothermia in a model of incomplete forebrain ischemia in

study, pericranial temperature was maintained at 37.0°C the rat. Anesthesiology 1992; 76:221-8
and arterial blood-gas partial pressures and arterial pH wdpe Ridenour T, Warner DS, Todd MM, Gionet T. Comparative effects
controlled before, during and after ischaemia. In animals ©f Propofol and halothane on outcome from temporary middle
anaesthetized with volatile anaesthetics, plasma Ccmcemlrél_cerebral artery occlusion in the rat. Anesthesiology 1992; 76: 80712
i . ! Nehls DG, Todd MM, Spetzler RF, Drummond JC, Thompson RA,
.IIOI"IS Of_ glucose mcreaged b.efore and after. cerebral Johnson PC. A comparison of the cerebral protective effects of
|SChaem|a' Compar.ed with anlmals anaesthetized With isofiurane and barbiturates during temporary focal ischemia in
fentanyl-nitrous oxide. Although increased plasma glucose primates. Anesthesiology 1987; 66: 453-64
concentrations worsen neurological outcome in this ard Baughman VL, Hoffman WE, Thomas C, Miletich D}, Albrecht RF.
other model$? this did not reverse the neuroprotective Comparison of methohexital and isoflurane on neurologic outcome
effects of isoflurane and desflurane in our study. and histopathology following incomplete ischemia in rats.
In summary, isoflurane and desflurane improved neurg- Anesthesiology 1990;72: 85-94 _
. . . L 5 Warner DS, Takaoka S, Wu B, et al. Electroencephalographic burst
logical outcome after incomplete cerebral ischaemia in rats o ' - : )

. . K i i suppression is not required to elicit maximal neuroprotection from
co_mpared_ with animals anaes’[hetlzed with fentanyl—nltr(_)us pentobarbital in a rat model of focal cerebral ischemia. Anesthesiology
oxide. This effect was independent of the concentration |99¢. 84: 1475-84
of volatile anaesthetic and neuronal activity. Howevers Todd MM, Warner DS. A comfortable hypothesis reevaluated.
neurological outcome was related to plasma concentrations Anesthesiology 1992; 76: 1614
of catecholamines, which were suppressed by isoflurah® Stulken EH, Milde JH, Michenfelder JD, Tinker JH. The nonlinear
and desflurane, but not by fentanyl-nitrous oxide. Although "esponses of cerebral metabolism to low concentrations of
decreased Circulating catecholamines and improved neul,O_halotham-:‘, enflurane, isoflurane and thiopental. Anesthesiology 1977,

. . 46:28-34
Ioglcal outcome may_ be coincidental, t_hes_e data SUgg?ﬁt Lutz L), Milde JH, Newberg Milde L. The cerebral functional,
that the eXtent_ of (peripheral) sympathetu; d|sch§1rge, rather metabolic, and hemodynamic effects of desflurane in dogs.
than suppression of CMR, cogld be assougted with neuronal anesthesiology 1990; 73: 125-31
protection produced by volatile anaesthetics. 19 Nicoll RA, Madison DV, Lancaster B. Noradrenergic modulation of
neuronal excitability in mammalian hippocampus. In: Meltzer HY,
ed. Psychopharmacology: The Third Generation of Progress. New York:
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