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The effects of a 
prophylactic bolus of 
lidocaine in focal 
cerebral ischaemia 

In order to determine the cerebral protective effects of an 

intravenous bolus of 5 mg.kg -1 of lidocaine, the left middle 
cerebral artery (MCA) was transorbitally occluded in 19 cats. 
Ten animals received the lidocaine bolus and nine a similar 

volume of saline immediately before MCA occlusion. Samara- 
sensory evoked potentiais (SEP ) were recorded before and after 
the lidocaine bolus as well as continually after MCA occlusion. 
After six/mars of  vessel occlusion and without reperfusion, the 
animals were sacrificed and the brains fixed for histology. Prior 
to MCA occlusion, lidocaine caused a statistically significant (p 
< 0.01) reduction in the amplitude of the major cortical 

component of the SEP (10 • 1.2 IxV vs 6.0 • 1.3 txVL Latency 
was unchanged. In the lidocaine group, SEP' s persisted in 40 
per cent immediately following occlusion whereas they disap- 

peared in all of  the control animals (p < 0.05). Gradual 
recovery occurred in both groups and there were no differences 
at the end of the experiment although the amplitudes tended to be 
greater in the lidocaine group. There were no statlsn'cally 
significant differences in the histological size or severity of  the 
infarcts between the groups. Although infarct size was not 

reduced, transient sparing of  the SEP suggests that further 
studies of lidocaine by continuous infusion in models of 
temporary focal cerebral ischaemia may be warranted. 
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Lidocaine hydrochlodde has been shown by neurochemi- 
col and electrophysiological criteria to have effects which 
might protect against cerebral ischaemia) -3 Aslrup, 
using massive doses of lidocaine (160 mg'kg- ' ) ,  demon- 
strated a marked reduction in cerebral metabolic rate and a 
prolongation of the tolerable limit of global ischaemia as 
measured by cellular potassium efflux.~'a Using similar 
large doses, we were unable to show a protective effect in 
experimental focal cerebral ischaemia, perhaps as a 
consequence of the haemodynamic effects of such large 
doses. 4 More recently, Evans has shown that lidocaine in 
lower doses (5 mg'kg -1) preserved the somatosensory- 
evoked potential (SEP) in cerebral ischaemia created by 
air embolism. 3 However, they only assessed the animals 
for twe hours. We have re-evaluated this lower dose of 
lidocaine in a feline model of focal cerebral ischaemia 
created by middle cerebral artery (MCA) occlusion. 
SEWs were monitored for six hours and the extent of brain 
injury characterized histologically. 

Methods 
After approval by the Council on Animal Care at our 
institution, 19 adult cats, each weighing between 2.5 
and 4 kg, were studied. The study was divided into two 
phases. In the first phase, a tourniquet was implanted 
around the left MCA and the SEP response to an intrave- 
nous bolus of 5 nlg.kg-i lidocaine was evaluated. In 
the second phase, the protective effect of a bolus of 
lidocaine was evaluated when the tourniquet was tightened. 
The anaesthetic technique and the method of monitoring 
the SEP were identical in both phases. 

Phase 1 
Each animal was sedated with ketarnine HCI (30 mg-kg i 
intraperitoneally) and atropine sulphate (0,2 mg intraperi- 
toneally), intubated, paralyzed with gallamine triethiod- 
ide (0.3 mg'kg-1) and artificially ventilated with air and 
oxygen (FIO2 0.6). Anaesthesia was maintained with 
halothane (0.75-1.25 per cent inspired) adjusted to keep 
the blood pressure constant at approximately 120/80. A 
cephalic venous catheter was inserted and 0.9 per cent 
saline infused at 4 rnt.hr - l  . A femoral arterial cut-down 
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catheter was placed for continuous measurement of blood 
pressure and for arterial blood gas sampling. A capno- 
graph was used to monitor end-expired CO2(ETCO2) 
which was kept between 30 and 35 mmHg. Arterial blood 
gases were drawn to check the adequacy of oxygenation, 
confirm the accuracy of end-expired CO2 and to measure 
pH. Base deficit was corrected when necessary with 
intravenous sodium bicarbonate. Body temperature was 
measured with a rectal probe and kept near 37.5~ with a 
warming blanket. 

The head was immobilized in the sphinx position using 
skull pins and the left proximal MCA exposed transor- 
b/tally as previously described, s A micro-tourniquet was 
placed around the artery but was not tightened. Bilateral 
SEP's were recorded before and after implantation to 
verify that the surgical procedure did not affect the evoked 
potentials. 

Bilateral SEWs were recorded flora silver/silver 
chloride cup electrodes positioned over the coronal 
sutures 1 cm lateral to the mid-line and attached with 
collodion. The reference electrode was placed on the 
glabella, lmpedence was maintained at less than 3000 
ohms. Paired stimulating needle electrodes were placed 
subdermally over the median nerve proximal to the 
transverse carpal ligament bilaterally. Square wave stim- 
uli of 0.2 msec duration and 10 mA were delivered at a 
rate of 4.1/see to each median nerve while evoked 
potentials were recorded from the contralateral scalp. 
Visible twitching of the appropriate paw was observed in 
all cases before muscle relaxants were given. The SEP's 
were recorded with a Nieolet CA 1000 signal averager. 
The band pass filtre was set between 5 and 3000 Hz, with 
a recording duration of 20 msec and sensitivity of 50 
microvolts. Two hundred and fifty six responses were 
averaged and stored for subsequent analysis. To ensure 
reproducibility, each averaged SEP was recorded in 
duplicate. 

Lateneies of the major positive (P) and negative (N) 
cortical deflections were determined. The amplitude of 
the primary cortical potential was measured from the peak 
of the major positive deflection to the trough of the major 
negative deflection. 

To determine the effect of a 5 mg.kg -t lidocaine bolus 
on the normal SEP, the SEP was recorded before and after 
a lidocaine bolus. 

Phase 2 

Following toumLquet implantation, the animals were 
observed during one-week recovery, and only studied in 
the second phase if there were no neurological deficits. 
Each cat was again anaesthetized as our/ned above. The 
tourniquet was exposed and base-line SEP's recorded. 
Ten cats received a single slow intravenous bolas of 
lidocaine (5 mg-kg -I) ten minutes before occlusion and 
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nine animals received a similar volume of 0.9 per cent 
saline. The left MCA was then occluded by tightening the 
tourniquet. SEP's were recorded every five minutes after 
occlusion for thirty minutes and then at thirty-minute 
intervals over the next five and a half hours. Halothane 
anaesthesia (0.75-1.25 per cent) was maintained over 
this entire period. 

Six hours after MCA occlusion and without releasing 
the tourniquet, each animal was killed with pentobarbitone 
(20 mg'kg-I). Perfusion fixation was performed through 
a left ventriculostomy using 500 ml of isotonic saline 
followed by 500 ml of 10 per cent phosphate buffered 
formalin. The brains were fixed in situ for a minimum of 
one week. Then they were removed and immersed in 
formalin for one to three months before processing. The 
left MCA was inspected to verify occlusion. 

An eight micron coronal section 3 mm posterior to the 
temporal lobe tip, through the optic chiasm, was pro- 
cessed and stained with hematoxylan and eosin. This 
section includes part of the somatosensory cortex. With- 
out knowledge of the treatment group or the post- 
occlusion SEWs, the left hemisphere wag microscopically 
examined and the extent of grey matter injury was 
recorded on an 8 • 10 photograph of the section. A 
standardized, previously described, histological scoring 
system was used. 6 Briefly, the brain was graded as 
normal, or as showing evidence of mild (Grade I), 
moderate (Grade II), or severe (Grade III) ischaemic 
injury. The area of each grade was summed and expressed 
as a percentage of the total hemispheric grey matter. 

Statistical analysis was performed using the Chi Square 
test and unpaired t-test. A p value < 0.05 was regarded as 
statistically significant_ 

Results 
There were no statistically significant differences in the 
blood pressure, heart rate, ETCO~ or inspired halothane 
concentration used between the two groups during the 
course of the study. 

There were no significant differences in latency or 
amplitude of the left or right hemisphere SEP's before 
tourniquet implantation compared with the post-implant- 
ation values. During the acute experiment, the $EP's 
prior to arterial occlusion were similar to those recorded 
during the implantation procedure and there were no 
differences between the groups. A cortical potential with 
a major positive (P) and negative (N) deflection was 
always present. Other smaller far-field positive potentials 
usually preceded the major cortical potential but these 
were not consistently observed in all cats. 

Lidocaine infusion prior to the occlusion of the MCA 
caused a small but statistically significant (p < 0.01) 
reduction of the amplitude of the major cortical compo- 
nent with no change in latency (Table 1). 
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FIGURE The number of animals whh  preservation of  the SEP after 
m i d g e  cerebral ~trtery occlusion is shown for each time period. A 
seatistically significant difference between the Lidoeaine and saline 
animals was found at 15 minutes after occlusion. 

In the lidocaine group, SEP's persisted in 40 per cent of 
the cats immediately following occlusion of the artery 
whereas in all of the control animals SEWs disappeared (p 
< 0.05) (Figure). However, gradual recovery subse- 
quently occurred in both groups and there were no 
differences at the end of the experiment. Five lidocaine 
and four control animals had detectable SEP's at the end 

TABLE 1 Effect oflidocaine 5 mg.kg -~ on SEP (mean -+ SEM) 

Before After lidoca~ne 

P N P N 

Latcac~r 9 ,4  - 0,2 13.5 +- 0.2 9 6 + 0.3 13.7 + 0.5 
(msec) 
Amplitude 10 • 1.2 6.0 • 1.3" 
(~v) 

p < 0,01, 

TABLE lit Recovery $EP as percentage of preocclusion SEP 
(mean • SEM) 

Lidocame Saline 

Percentage of pre-lidocalne SEP 
63.5 • 14.8 61.6 -+ 6.5 

Percentage of post-Edecaine SEP 
78.6 • 17,0 61_6 -+ 6.5 

TABLE IV Area of  ischaemie neuronal damage (mean z SEM) 

Grade Sahne Lidocafne 5 mg.kg-' 

Mild 26.7 + 4.1 29.4 - 4.9 
Moderate 21,4 + 5.7 15.0 ~ 4,9 
Severe 8,6 -+ 2.8 7.5 • 2.4 

Area is expressed as a per cent of  corneal grey matter, 

of the study while five in each group had none discern- 
ible. In animals that exhibited some recovery of the SEP, 
no differences in amplitude or latency could he demon- 
strated between the two groups although the amplitude 
tended to be higher in the lidocaine group compared with 
the saline group (Table II). Expressing the amplitude after 
recovery as a percentage of the baseline values similarly 
yielded no significant differences between the two groups 
(63.5 z 14.8 percent for lidocaine group vs 61.6 +-- 6.5 
per cent for saline group) (Table III). If the amplitudes 
following lidocaine infusion were used as baseline values, 
the percentage recovery was higher in the lidocaine group 
compared with the saline group (78.6 ~ 17.0 vs 61.6 +- 
6.5 per cent). 

The results of the histological analysis are shown in 
Table IV. There were no statistically significant differ- 
ences in the size or the severity of the infarcts between the 
groups. 

TABLE It Le f t  hemisphere SEP (mean + SEM) before and after 
occlusion 

Lidocaute (u = 10~ Saline (n ffi 9) 

P N P N 

Preocclusion 
Latency 9,5 --- 0,2 13.5 -'- 0,2 tO.0 • tO,0 I3.6 • 0,2 
(msee) 
Amplitude 9.2 • l . l  8.9 - 1.7 
(~v) 

With recover* 
Latency 8.8 -+ 0,4 12.9 --- 0.5 9.0 --- 0,3 12.1 -+ 0_5 
(msee) 
Amplitude 5.2 - 0.9 3.4 z 0.2 
(~v) 

*Lidocaine n = 5, saline n = 4. 

Discussion 
The major finding of this study was that a single bolus of 5 
mg.kg -t of lidocaine produced transient (<30 min) but 
statistically significant preservation of the SEP after 
middle cerebral artery occlusion. However, this benefi- 
cial effect was not sustained and did not result in an 
amelioration of the histological extent of the the ischae- 
mic lesion after six hours of arterial occlusion. 

Lidocaine hydrochloride is commonly used as a local 
anaesthetic and as a cardiac anti-arrhythmic. Cerebral 
metabolic and neuroehemical studies have indicated that 
lidocaine may also protect cerebral tissue during periods 
of global ischaemia.l'z Potassium efflux, which has been 
shown to occur from cortic',d neurons during ischaemia, 
was delayed by massive doses (160 mg-kg -t) of intrave- 
nous l idoeaine. 7 This dose of lidocaine also flattened the 
EEG and reduced oxygen and glucose consumption. 
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However, the haemodynamic effects were such that the 
studies were done with the dogs on cardiopulmonary 
bypass. In vitro studies utilizing a vagus nerve prepara- 
tion have shown that during periods of glucose lack the 
addition of lidocaine decreased axonal permeability to 
potassium and sodium ions)  Astrup has speculated that 
lidocalne, by inhibiting electrocortical synaptic activity 
and by stabilizing membranes reduces cerebral energy 
expenditure and therefore delays the onset of irreversible 
structural damagc. 9 Lidocaine also has antithrombic 
properties which may help maintain blood flow through 
an ischaemic area. io 

Somatosensory evoked potentials are commonly em- 
ployed to monitor cerebral function during neurosur- 
gery.ll A good correlation has been demonstrated be- 
tween abolition of the SEP and a reduction in local 
cerebral blood flow to below 15 ml. 100g-I .min -t. ]2,13 In 
the present study, the preservation of the SEP in the 
lidocaine group immediately after occlusion and the 
tendency for the amplitude to he greater than the saline 
group are all interpreted as indicating that lidocaine 
maintained a better balance between energy delivery and 
demand. Indeed, such an assumption underlies the clini- 
cal utility of SEP's and has also been used experimentally 
by others, 3,14-17 

Evans etal .  recently reported that neurological func- 
tion, as assessed by somatosensory evoked potentials, 
was substantially preserved following cerebral air embol- 
ism in the animals that received a single prophylactic dose 
of 5 mg'kg - l  of lidocaine. 3 Although our study shows a 
transient (<30 rain) protective effect, there was no 
sustained protection when assessed by both the SEP 
measurements and histology. The differences in results 
may be explained by differences in the animal models 
used as well as the method of analysis of SEPs. Cerebral 
air embolism in cats only transiently interrupts flow 
through small cerebral arteries and repeffusion occurs 
usually within half an hour following dissipation of the 
embolus, is The model of focal cerebral ischaemia utilized 
in the present study consisted of major vessel occlusion 
for six hours without reperfusion and represents a much 
more severe ischaemic insult. With cerebral air embo- 
lism, the blood-brain barrier remains intact but intracran- 
ial pressure (ICP) is often elevated. 33s With vessel 
occlusion there is early disruption of the blood-brain 
barrier but ICP often only rises many hours later. 19 A 
bolus of lidocaine has been shown to reduce ICP and it 
may have been this effect rather than any metabolic 
benefit that produced the beneficial results in Evans' 
study.3.2~ In addition, we observed that lidocaine infusion 
caused a transient reduction in the amplitude of the 
cortical peak. This is probably a reflection of the central 
sedative effects of lidocaine. This was not taken into 

consideration by Evans' group and all their amplitude 
changes were expressed as percentages of baseline values 
following lidoeaine administration. This would tend to 
overestimate the percentage recovery as the effect of 
lidocaine alone on SEP wore off. They did not report the 
influence of lidocaine on SEP in their study. Applying 
their method of analysis, we also found a greater recovery 
of amplitude in the lidocaine-treated animals (Table 111). 
Our results are therefore consistent with their reported 
findings. 

If ]idocaine does indeed have the ability to protect 
neurons from ischaemia, it is appropriate to speculate on 
why lidocaine failed to provide sustained benefit in the 
present investigation. As alluded to above, the ischaemia 
produced by six hours uf MCA occlusion may have been 
1oo severe and sustained for a single bolus of lidocaine to 
protect. An infarct evolves over many hours. For lido- 
caine to influence infarct size, it probably must be present 
in the ischaemic area for the major part of this process. 
Because collateral blood flow allows some perfusion 
through the ischaemic area, the bulk of the drug initially 
trapped may have been washed out. Continuation of the 
drug infusion may therefore be beneficial. 

If these results are verified by further studies in models 
of focal ischaemia, then this clinically relevant dose of 
lidocaine may prove useful during surgical procedures 
that render patients at risk for developing focal cerebral 
ischaemia. Examples of this are carotid endarterectomy 
and temporary clipping of an ancurysm's feeding vessel 
during obliteration of cerebral aneurysms. Although 
tempting, it would be inappropriate to extrapolate these 
results to global complete ischaemia such as cerebral 
ischaemia during cardiac arrest because there are substan- 
tial differences in the pathophysiology, zl Indeed, a re- 
cent study of lidocaine in a model of complete global 
ischaemia was unable to show a benefit. 22 

We conclude from this study that a single bolus of  
lidocalne, in this model of focal cerebral ischaemia, 
produces a transient preservation of the SEP. This effect 
was not sufficiently sustained to alter the extent or 
severity of the histological lesion. We believe that a 
continuous infusion of lidocaine warrants further investi- 
gation in models of temporary focal cerebral ischaemia. 
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R~sutn6 

Afin de d~terminer tes effets d'un bol~s intraveineax de 
5 mg'kg "t de lidocaine sur fa protection c~r~brale, t'artkre 

eFrgbrale moyenne gauche (MCA ) a AtA obstru~e par vole trans- 

orbitaire chez 19 chats. Dix chats ont regu un bolus de tidocai~ne 

alors que neu[ ont regu un volume simiiaire de solution physio- 

Iogique immAdiatement avant l'obstruction de la MCA. Les 

potentiels ~voqu~s somatoseusoriets (SEP) ont dr6 enregistr~s 

avant et aprds le bolus de lidocalne et continuellement aprds 

l'occtusion de ta MCA. S~x heures apres l'obstruction de 

l'art~re et sans reperfusion les animaax ont ~td sacriti~s et lear 

cer~'eau fixes pour histologie, Avant l'occlus[on de MCA ta 
lidocalne a provoqud une diminution statisttquement stgmfica- 
rive (p < 0,01) de l ~ amplitude des composantes majeures corti- 
coles de la SEP (10 • 1.0 I~V vs 6.0 +- 1.3 tzV). La 

p(riode de latence fla inchangde. Darts le groupe lidoca'the les 
SEP ont persist~ chez 40 pour cent immAdiatement apr~s l' occlu- 

sion ators qu'ils ont disparu chez tousles animawr du groupe 

contrOle (p < 0.05). Une r~cupgration graduelle est survenue 

clans les deux groupes et it n'y avait aucune diffgrence ~ latin de 

l'expdrience m~me si les amplitudes gtaient plus grandes clans le 

groupe lidocat~te. II n'y avait aueune diffdrence statistiquement 

significative dans la mille histologique et la s~vdrit~ des infarc- 

ms entre les groupes. Si ta taille de l'infarctus n'gtait pas r~daite, 

la sauve garde transitoire des SEP su ggdrent q ae d' autres 6tudes 
avecla lidocaihe en perfusion continue en presence d'une 
isek~mie cArAbrale focale temporaire seraient n~cessaires. 


