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The effects of three calcium antagonists on the recovery from neurologic dam-
ages after complete global brain ischemia were examined by evaluating the change
of a electroencephalogram (EEG), evoked potentials (EP) and a neurologic recov-
ery score {NRS) in dogs. Fifteen minutes global brain ischemia was achieved by
occluding the ascending aorta and the caval veins. Nicardipine {NC), flunarizine
(FL) and diltiazem {DL} were administered with continuous infusions for three
days after the ischemia. The EEG-EP scores (0:no response — :normal) 3 hr after
the ischemia were 1.4 # 0.4 (mecan % SE) in the control, 2.2 £ 0.3 in the NC,
2.2 = 0.4 in the FL and 2.1 1 0.2 in the DL. There were no significant differ-
ences between the 4 groups. The survival rates on the Tth day after the ischemia
were 67% (6/9) in the control, 78% (7/9) in the NC, 56% (5/9) in the FL and
89% (8/9) in the DL. No siguificant differences were presented between the 4
groups. The NRSs (0:death — 100:normal) on the 7th day were 40.3 = 7.3 in the
control, 59.0 = 8.5 in the NC, 63.2 % 9.7 in the FL and 55.7 = 3.3 in the DL.
Each treated group showed a tendency to have a higher NRS than that in the
untreated control group. The NRS in all dogs treated by the Cat™ antagonists
on the 7th day was 587 & 4.1, which was significantly higher than that in the
control group (P < 0.05). We conclude that the continupus administration of cal-
cium antagonists for three days after the global brain ischemia would be beneficial
for the neurologic recovery. (Key words: complete global brain ischemia, calcium
antagonists, neurologic racovery, EEG, evoked potentials)

{Ono K, Iwatsuki N, Takahashi M, et al.: The effect of calcium antagonists
on EEG, evoked potentials and neurologic recovery after complete global brain
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A postischemic hypoperfusion and a de-
layed neuronal death may contribute to an
aggravation of cerebral damage after brain
ischemial*?. A rapid increase of intracellular
calcium ion (Ca*tt) during or immediately
after brain ischemia has been perceived®.
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The increased Catt may induce a postis-
chemic hypoperfusion due to cerebral va-
sospasm and increasing blood viscosity after
brain ischemia. A delayed neuronal death
may be attributed to an increasing presy-
naptic release of excitatory amines, such as
glutamate. Glutamate augments the influx of
Catt and increases the intracellular Catt
concentration of nerve cells®. The excessive
increase of intracellular Cat* after brain is-
chemia aggravates the damage to nerve cells
by disturbing intracellular functions through



Vol 5, No 2

several mechanisms®. If we can inhibit these
reactions, the injury to nerve cells after brain
ischemia could be prevented. It has been
reported that some calcium antagonists can
prevent the postischemic hypoperfusion and
improve the neurologic recovery after global
brain ischemia in animal experiments*~C.

We have reported the effect of nicardipine
given for 2 hr after the 10 min global brain
ischemia in dogs”®. Nicardipine enhanced
the neurologic recovery on the 2nd and the
3rd day after the ischemia, but on the 7th
day there was no difference between the
treated and the untreated group. It is con-
ceivable that a longer period of continuous
administration of calcium antagonists might
reduce a delayed neuronal death and improve
a neurologic recovery after brain ischemia.
Therefore, we studied the effects of calcium
antagonists administered for three days after
the 13 min complete global brain ischemia in
dogs.

Materials and Methods

These experiments were approved by the
animal cares committee of Tohoku University
School of Medicine.

Thirty six mongrel dogs were divided into
the 4 groups, 9 in the nicardipine {NC)
group (body weight: 9.7 = 0.5 (mean * SE)
kg, age: 2.3 + 0.2 years old}, 9 in the flu-
narizine (FL) group (10.5 = ¢.3 kg, 2.4 =
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0.3 years old), 9 in the diltiazem (DL) group
(10.0 = 0.5 kg, 2.0 = 0.4 years old) and 9 in
the control group (10.9 + 0.5 kg, 1.8 £ 0.2
years old). There were no significant differ-
ences in weight and age between the groups.
Anesthesia was induced with 25 mg-kg~!
of thiopental sodium and maintained with
0.3% of halothane in oxygen and pancuro-
nium. Each dog was intubated with a cuffed
tube and ventilated to maintain a Pacg,
between 35 and 40 mmHg by an animal ven-
tilator (R-60, Aika). A femoral artery and
a forepaw vein were catheterized Eor blood
pressure measurement and administration of
drugs. Lactated Ringer’s solution was ad-
ministered with 6 ml:kg=!-hr=! before the
ischemia and 8 mlkg~!-hr~! after the is-
chemia. The upper esophageal temperature
was maintained between 37.0 and 38.0°C
before the ischemia. Following left thoraco-
tomy, tapes were placed around the bases of
the ascending aorta, and the superior and
inferior caval veins respectively. Fifteen min-
utes of complete global brain ischemia was
achieved by occluding the great vessels with
these tapes. During the occlusion, the heart
was cooled with cold lactated Ringer’s solu-
tion for myocardial protection. Recirculation
was established by releasing the occlusion
after drawing up the cold solution, and 10-15
ml of 7% NaHCOQO; was administered. Either
epinephrine (0.1 mg) or ethylephrine (1 mg)

Table 1. The measuring methods of EEG and evoked potentials

ABR MLR SEP EEG
Stimulation a left ear a left ear a left median nerve -
10Hz, 90dB 5Hz, 90dB 5Hz, 4mA
a click sound a click sound an electric current
Band Width 100-3,000Hz 5-1,000Hz 5-1,000Hz 0.5-30Hz
(Average) (1,024) (512) (512) =)
Duration 10msec 100msec 100msec -
Electrodes a vertex(+) same as ABR a forehead(+) a vertex(+)
Position a 1t ear(—) 2 cm 1t from a vertex(—) a 1t ear(—)
a spinous process(C2)(—)  a forehead(+)
2cm 1t from
a vertex(—)

Needle electrodes were used to measure EEG and evoked potentials.



116 Ono et al

J Anesth 1991

Table 2. EEG grade and EEG-EP score

1. Classification of EEG findings (EEG Grade)

dominant, normal alpha-activity with theta-delta-
dominant theta-delta-activity with detectable normal

theta-delta-activity without alpha-activity
low voltage delta-activity or monophenic, non-reactive

alpha-beta-activity possibly with short isoelectric

Grade 1

activity
Grade 2

alpha-activity
Grade 3
Grade 4

intervals
Grade 5

very flat to isoelectric EEG

2. Score of EEG and EP findings (EEG-EP Score)
1} Score of EEG 2:Grade 1, 1:Grade 2 or 3, 0:Grade 4 or §

2) Score of EP

a) ABR 5 wave l:recognized, O:not recognized

b) MLR Pa wave l:recognized, O:not recognized
¢) SEP N2 wave lirecognized, O:not recognized
d) SEP N3 wave lirecognized, O:not recognized

Total of the above

(6:normal ~ O:serious deterioration of electric brain function)

ABR 5 wave:the 5th positive wave of ABR, MLR Pa wave:the second
large positive wave of MLR, SEP N2 wave:the second negative

wave of SEP, SEP N3 wave:the third negative large wave of SEP.

was injected for raising blood pressure, if
necessary.

One of three calcium antagonists was ad-
ministered randomly intravenously in bolus
immediately after recirculation followed by
continuous infusion for 3 days with the
following doses; NC with 10 pgkg™' in
bolus iv and 0.33 gg-kg™'-min~! of contin-
uous infusion, FL with 200 ugkg™® and
6.6 pgkglmin~!, DL with 50 pgke!
and 0.83 pg-kg~!-min~!. The control group
was received no calcium antagonist. Blood
pressure, heart rate, esophageal tempera-
ture, hematocrit, blood glucose concentra-
tion, blood lactate concentration, arterial
blood gases, a electroencephalogram (EEG)
and evoked potentials (EP) (Neuropack 2,
Nihonkohden) were measured before the is-
chemia, 3 hr and 7 days after the ischemia.
The EP applied in this study were an au-
ditory brainstemn response (ABR), a middle
latency response (MLR) and a somatosen-
sory evoked potential (SEP). The measuring
methods of EEG and EP are shown in table
1.

The changes in EEG and EP were evalu-

ated by the score as shown in table 2. The
EEG grade was made with reference to that
of Hockaday et al®. The EEG-EP score which
we originated is based on the EEG grade and
the appearance of EP waves!0.

Three hours after the ischemia, the chest
wall was closed and muscle relaxation was
reversed by neostigmine. After enough spon-
taneous breathing was confirmed by the ar-
terial blood gas analysis and the general
observation, the dogs were extubated and
returned to the animal cages. The neurologic
recovery of the dogs was assessed with the
neurologic recovery score (NRS) (table 3).
The NRS of each dog was counted once a
day for 7 days after the ischemia. Half lac-
tated Ringer’s solution with 5% glucose (4
ml-kg7'-hr~!) was continuously infused in-
travenously and amikacin (50 mg-day —') was
administered intramuscularly for 7 days after
the ischemia.

Statistical analysis was performed by the
Student t-test, the Wilcoxon u-test and the
X% test. P < 0.05 was assumed to be a signif-
icant difference and P < 0.15 was considered
to have a tendency of difference. Results are
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Table 3. Neurologic recovery score {NRS)

Consciousness: 0 — 15
normal=0, clouded=>5, stuporous==10, comatose=15

Respiration: 0 — 15

normal=0, slight abnormal=5, severe abnormal—10,

on ventilator=15

Cranial Nerve Response: 0 — 16
pupil size=0-2, light reflex=0-2, corneal reflex=0-2,
eyelid reflex=0-2, eye position—0-2, facial sensation=0-2,
auditory response=0-2, gag reflex=0-2

Motor and Sensory Response: 0 — 6

muscle tone=0-2, pain response==0-2, body position=0-2

Behavior: 0 - 8

cleaning=0-2, feeding=0-2, drinking=0-2, sitting=0-2

Gait: 0 - 20

normal=0, able to walk with a little ataxia=2.5,
able to walk with ataxia and paresis=5,

unable to walk but able to stand=10, unable to stand=15,
absent of purposeful movement—20

NRS = (1-sum of above score / 80) x 100 (0=death — 100=normal)

Table 4. The physiological indices before the ischemia and 3 hr after the ischemia

Contral

Nicardipine Flunarizine Diltiazem

Pre 3hr Pre 3hr Pre 3hr Pre 3hr
mean BP 125 115 126 115 135 134* 119 106
(mmHg) +7 + 3 + 4 + 4 +5 + 4 +5 +6
HR 186 165 173 173 173 157 170 157
(min~1) + 7 + 5 +6 +6 + 11 +7 + 12 +7
BT 37.5 36.7 37.5 36.8 37.5 36.7 37.4 35.4%
(°C) +01 *04 01 £03 £01 03 01 *02
HT 40.5 46.7 35.1 42.8 42.2 50.5 36.4 41.8
(%) +14 £13 +15 £20 =17 £17 16 =138
Glucose 123 137 107 150 145 153 114 166
(mg-d1™!) =8 + 11 +7 +12  +£12 +10 E£11  + 14
Lactate 1.09 1.53 0.96 1.89 0.88 1.84 0.99 1.53
(mM-I7!) +£024 =023 024 =038 £0.15 014 =005 =0.27
Pag, 492 455 508 415 441 364* 442 307**
(mmHg) + 9 £23 12 £24 +21 ‘£27 30 *36
Paco, 37.4 34.9 37.1 36.3 37.4 378 372 36.8
(mmHg) +07 +06 07 £06 *£09 04 05 1.2
BE ~174  -0.16 —1.02 -2.60** —0.99 -3.30** 017  -2.20
(mBEq-1"') +044 £063 +038 =038 =043 =*088 *067 = 0.70

Each data represent mean = SE. *P < 0.05 vs the control,

¥*P < 0.0 vs the control
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expressed as mean * SE.
Results

The physiological indices before and 3 hr
after the ischemia are shown in table 4.
There were no significant differences between
the control and each of the calcium antag-
onist group before the ischemia. While, 3
hr after the ischemia, significant differences
were presented in mean BP, Pag,, Paco,
and BE of the FL, in BE of the NC, and in
Pag, of the DL versus the control.

The survival rates were 67% (6/9) in the
control, 78% (7/9) in the NC, 89% (8/9) in
the DL and 56% (5/9) in the FL on the
7th day after the ischemia. There were no
statistical significances between the groups.

T

1 vs the control, ¢: P < 0.10 vs the con-
trol, d: P < 0.11 vs the control.

Fig. 2. Each NRS of the all
surviving dogs on the 7th day after
the ischemia.

F: the dogs of the flunarizine
group, N: the dogs of the nicardip-
ine group, D: the dogs of the dilti-
azem group, C: the dogs of the con-
trol group.

The changes in NRS of the surviving dogs
for 7 days are illustrated in figure 1. The
NRSs on the 3rd day after the ischemia
were 41.4 = 4.2 in the control, 56.4 = 5.6
in the NC (P < 0.09 vs the control), 61.5
+ 9.8 in the FL (P < 0.11 vs the control)
and 524 * 3.9 in the DL. The NRSs on
the 7th day were 40.3 = 7.3 in the control,
59.0 + 8.5 in the NC, 63.2 = 9.7 in the FL
(P < 0.11 vs the control), and 55.7 = 3.3
in the DL (P < 0.09 vs the control). The
NRS of each surviving dog on the 7th day
is shown in figure 2. The dogs with the
good recovery (over 70 in the NRS), were
observed in the treated group (2 dogs in the
NC, 2 dogs in the FL and one dog in the
DL). The NRS of all 20 dogs treated with
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Table 5. Changes in EEG grade of the 4
groups at 3 hr and on the Tth
day after the ischemia

EEG grade
N 1 2 3 4 3
3 hr 9 - - - 8 1
Cont

7thday 6 - ~ 4 2 -
3 hr g9 - - 1 8 -

NC
Tthday 7 - 3 2 2 -
3 hr g9 - - 2 7 -

FL
Tthday 5 1 - 4 - -
3 hr g - - 1 8 -

DL
Tthday 8 - 3 4 1 -

Cont: the control group, NC: the nicardipine
group, FL: the flunarizine group, DL: the dilti-
azem group.

calcium antagonists on the 7th day was 58.7
+ 4.1, which was significantly higher than
that of the control {P < 0.05). There were
no significant correlations between each NRS
on the Tth day and each of the physiological
factors at 3 hr after the ischemia in all
surviving dogs.

The EEG of Grade 1 and all EP waves
were recorded before the ischemia in all
dogs. An EEG and all EP waves disappeared
during the ischemic period. The first and
the third wave of ABR and the N1 wave of
SEP reappeared in all dogs at 3 hr after the
ischemia. The grades of EEG at 3 hr and on
the Tth day after the ischemia are shown in
table 5. There were no significant differences
in the grade of EEG between the groups.

The reappearance rates of the EP waves
at 3 hr and on the 7th day after the ischemia
are illustrated in figure 3. The reappearance
rates of ABR-5, MLR-Pa and SEP-N3 were
low at 3 hr however, these on the 7th
day after the ischemia tended to recover.
There were no significant differences in the
reappearance rates of the EP waves between
the groups.

The EEG-EP scores at 3 hr after the
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Fig. 3. The reappearance rates of the e-
voked potentials in the 4 groups at 3 hr and on
the Tth day after the ischemia.

ABR-5: the 5th positive wave of ABR, MLR-
Pa: the second large positive wave of MLR, SEP-
N2: the second negative wave of SEP, SEP-N3:
the third negative large wave of SEP, C: the con-
trol group, N: the nicardipine group, F: the flu-
narizine group, D: the diltiazem group.

ischemia were 1.4 * 0.4 in the control, 2.2 =
0.3 in the NC, 2.2 = 0.4 in the FL and 2.1
= 0.2 in the DL (fig. 4). On the 7th day, the
EEG-EP scores were 2.8 = 0.5 in the control,
3.8 £ 0.3 in the NC, 4.6 = 0.3 in the FL
(P < 0.12 vs the control) and 4.3 £ 0.3 in
the DL (P < 0.14 vs the control).

Discussion

This study demonstrated that the groups
treated with calcium antagonists tended to
recover better than the control group in
the neurologic recoveries after the complete
global brain ischemia. The NRSs of ali dogs
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Fig. 4. Changes of EEG-EP score in the 4
groups at 3 hr and om the 7th day after the is-
chemia.

C: the control group, N: the nicardipine
group, F: the flunarizine group, D: the diltiazem
group, a: P < 0.12 vs the control, b: P < (.14
vs the control.

treated by calcium antagonists were higher
than that of the control group on the 7th day
after the ischemia, and the good NRSs (over
70) were found only in the treated groups.
The EEG-EP scores of the treated groups
tended to be higher than that of the control
group on the 7th day. However, the EEG
grade and the EEG-EP score at 3 hr after
the ischemia were not different between the
groups. These results suggest that calcium
antagonists given after the ischemia have
a similar beneficial effect on the neurologic
recovery, while they have a little effect on
the recovery of electrophysiological functions
evaluated by EEG and EP waves at 3 hr
after the ischemia.

In our previous study’, the administration
of NC with a dose of 10 ug-kg™! in bolus
followed 0.33 pg-kg~'-min~! in continuous
infusion prevented the postischemic cerebral
hypoperfusion when given after the global
brain ischemia. The doses of FL and DL used
in this study were reported to increase cere-
bral blood flow in normal animals'!. Thus,
we selected these doses for this study, ex-
pecting an increase in cerebral blood flow
after global brain ischemia. These three cal-

J Anesth 1991

cium antagonists used in this study differ
slightly each other in their pharmacological
properties' 2. However, the recoveries of NRS
after the ischemia were not different hetween
the calcium antagonist groups. Therefore,
the beneficial effects of these three calcium
antagonists may be attributed to the fun-
damental property of inhibiting the Cat*
influx through the calcium channel.

Steen et al.! showed nimodipine to im-
prove the neurologic recovery after the com-
plete brain ischemia caused by throttling the
neck for 17 min in primates, and Fleischer
et al.% observed the beneficial effects of lid-
oflazine in the neurclogic recovery after the
10 min complete brain ischemia by occluding
the aorta in dogs. However, Vibulstresth'®
reported that nimodipine had no beneficial
effects in the pathological recovery after the
20 min forebrain ischemia by the four ves-
sels occlusion in rats. In the randomized
clinical study by Forsman et al'*, nimodip-
ine did not improve the neurologic recovery
after cardiac arrest. The disagreement of
these results may be due to the differences
of the extent of ischemic brain damage, of
the method of neurologic evaluation and of
the drugs used. The extent of damage may
depend on the fashion and the duration of
brain ischemia and the species of subjects.
In our prévious study®, NC given after the
10 min complete brain ischemia by occluding
the aorta in dogs improved significantly the
neurologic recovery on the 2nd and the 3rd
day after the ischemia, but did not influ-
ence the neurologic recovery on the 7th day,
because the neurologic function of the un-
treated group recovered spontaneously to the
same level as the treated group at the late
period (the 6th and the 7th day after the
ischemia). In the 15 min complete brain is-
chemia in this study, NC, FL and DL tended
to improve the neurologic recovery on the
6th or the 7th day, because the spontaneous
improvement of the neurologic function in
the control was small at the late period.
According to our studies with the same
methods of brain ischemia and neurologic
estimation in dogs, calcium antagonists may
promote significantly the neurologic recovery
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at the early period (the 2nd or the 3rd day
after the ischemia) after the moderate cere-
bral damage (e.g. the 10 min complete brain
ischemia), and improve slightly the neuro-
logic recovery in the case of severe brain
damage (e.g. the 15 min ischemia).

The excessive increase of intracellular
Cat* immediately after ischemia may be
induced by: 1) opening of voltage dependent
and receptor operated calcium channels, 2)
a release from intracellular Ca™t regulat-
ing ofgans and 3) a decrease of the efflux
through a calcium pump and a Nat-Catt
exchange system®. These increased intracel-
lular Ca*™ may aggravate the damage to
nerve cells after ischemia through activa-
tions of phospholipases and nucleases, and
synthetases of free radicals and thrombox-
anes etc®. A calcium antagonist inhibits a
voltage dependent Ca''! channel and part
of a receptor operated Ca™t channel, but
may not -act on other Ca®™t pathways®'®
The development of the delayed neuronal
death may be contributed by the increased
excitatory amino acids, such as glutamate
and aspartate, which increase intracellular
Ca*® 24 to 48 hr after ischemia. The re-
ceptor of excitatory amino acids is separated
into two types, an inotropic type and a
metabotropic type!®. An inotropic receptor
has three subtypes, a N-methyl-D-aspartate
(NMDA) type, a Quisqualate (QA) type and
a Kinate (KA) type. Calcium antagonists
may inhibit a voltage dependent Ca*¥ influx
which is mediated by an influx of Na¥ and
an efflux of K* by activation of QA and KA
receptor, but may not inhibit Ca’™t influx
by activation of NMDA and metabotropic
receptors®?®, Therefore, the effects of cal-
cium antagonists on Cat* regulation and on
excitatory amino acids may explain the par-
tial amelioration of these drugs for cerebral
resuscitation observed in this study.

In our previous study'®, a thromboxane
inhibitor (ONO 3708) administered after the
15 min complete brain ischemia showed a
significant beneficial effect on the recovery of
the EEG and EP at 3 hr after the ischemia
in the same model as this study®. Sev-
eral mechanisms and factors may contribute

Catt antagonists and comnplete brain ischemia 121

for the aggravation of brain damages after
ischemia. Therefore, the combined use of sev-
eral drugs, such as thromboxane inhibitors!?,
super oxide scavengers'® and calcium antag-
onists, might have more beneficial effect on
the recovery of nerve cells after ischemia.

The physiological factors, such as
body temperature!?, hematocrit and blood
glucose?® have been suggested to influence
the neurologic recovery after brain ischemia.
The physiological factors before the ischemia
were not significantly different between the 4
groups in this study. Three hours a‘fter the
ischemia, there were significant differences
in some factors between the control group
and the calcium antagonist groups. However,
each NRS on the 7th day after the ischemia
did not correlated with each of the physi-
ological factors at 3 hr after the ischemia
in all survived dogs. Then, the physiological
factors at 3 hr after the ischemia might not
affect the NRS within the ranges of each
factors in this study.

We conclude that three calcium antago-
nists, NC, FL. and DL, administered contin-
uously for 3 days after the 15 min global
brain ischemia would improve similarly the
neurologic functions in dogs.

This study was supported by Grant in
Aid for Scientific Research from the Ministry
of Education, Science and Culture, Japan, #
01480374.

{Received Jul. 5, 1990, accepted for publica-
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