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Fig.1. Schema for vascular occlusion to oorain
complete cerebral ischemia. The 15 min
complete cerebral ischemia was induced by
occluding the aorta with Debakey’s vascular
clamp which was placed at just proximal to
the brachiocephalic trunk. The superior and
inferior venae cavae also were occluded with
umbilical tapes 15 sec after the clamp of the
aorta to avoid cerebral venous congestion.
Ao, ascending aorta; SVC, superior vena
cava; IVC, inferior vena cava; AZY, azygos
vein; D, Debakey’s vascular clamp; T, umbil-
ical tape.
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Fig.2. Mean arterial pressure (MAP) values (mean=S. D.) before and after the 15 min
complete cerebral ischemia. (), hypothermic group; @u=s=s=«s® . normothermic
group. *p<0.05 versus the normothermic group.
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Tablel. Neurologic deficit score for dogs

. Maximum
Neurologic Assessment Points Points
1. Level of Consciousness 15
Normal 0
Clouded or delirious 5
Stuporous 10
Comatous 15
2 . Respiration 10
Normal 0
Abnormal 5
On ventilator 10
3. Cranial Nerves 14
Pupil size (normal/abnormal/fixed) 0-2
Light reflex (present/weak/absent) 0-2
Oculocephalic reflex (present/weak/absent) 0-2
Corneal reflex (strong/weak/absent) 0-2
Facial sensation (strong/weak/absent) 0-2
Auditory (strong/weak/absent) 0-2
Gag reflex (strong/weak/absent) 0-2
4 . Spinal Reflexes 16
Muscle tone
Trunk (normal/spastic/flaccid) 0-5
Limbs (normal/spastic/flaccid) 0-5
Flexor reflex to pain; pressure exerted on base of
toe nail with hemostat
Front (normal/depress/absent) 0-3
Hind (normal/depress/absen) 0-3
5. Behavioral Reactions 20
Wheelbarrowing ; gait on forelimbs when hind limbs
held off ground, note head position and symmetry 0-3
Extensor posture thrust ; lower animal to floor with
hind limbs to touch, allow walking and observe
symmetry 0-3
Placing ; paws to contact table edge, simultaneously
and individually, observe for placement onto table
Front (normal/ataxic/absent) 0-3
Hind (normal/ataxic/absent) 0-3
Feeding (yes/swallows when fed/absent) 0-4
Cleaning (yes/absent) 0-4
6. Gait 25
Normal 0
Minimal paresis and ataxia; able to walk 5
Able to stand and independently support self,
but stumbles and falls frequently 10
Unable to stand independently ;
stumbles and falls frequently when supported 15
Unable to stand; purposeful movement
when supported by tail:+---- severe paresis 20
Absence of purposeful movement 25

Maximum score=100 points (the most severe neurologic deficit or death)

Minimum score=0 point (normal)
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Table 2. Acid-base status of arterial blood and administered dose of sodium bicarbonate

Post-ischemia (time after circulatory restoration)

Group  Pre-ischemia
10 min 30 min 60 min 2hr 3hr
pll Hypo 7.37+0.02 7.30+0.04* 7.42+0.03 7.4440.04 7.341+0.03 7.35£0.06
Normo 7.37+0.03 7.16+0.08 7.41+£0.07 7.42+0.06 7.44£0.06 7.44%0.07
PaCo, Hypo 38.9%+2.4 40.4+5.7*  35.0%3.5 33.0+3.8 41.5+5.9 39.2+6.8
(mmHg) Normo 39.0+2.1 37.3+8.8 37.4+6.3 35.2%4.1 38.3%4.4 35.2+5.7
BE Hypo —2.7%+1.3 —6.5+2.4* —0.2%1.9 —1.0%1.4 —3.3+0.9 ~4.2%1.5
{mEq/L) Normo  —2.7+1.3 —13.1£3.5 —l.1%2.1 —~1.1+2.4 —0.8+2.6 0.08+2.2
NaHCO," Hypo 1.9+0.6*
(mEq/kg) Normo 2.3:£0.8

Each value represents the mean=+S. D.
* p<0.05 versus the normothermic group.

¥, Total dose of sodium bicarbonate administered within 30 min after the ischemia to maintain normal
pH values of the arterial blood.
Hypo, hypothermic group ; Normo, normothermic group.

Table 3. EEG changes and survival time

Hypo Normo
EEG Flat Time (sec) 23.9+7.3 23.8+4.5
EEG Return Time (min) 29.0+8.7* 63.8+33.2
Survival Time (hr) 32.6+£15.6* 18.5+8.8

Each value represents the mean=+S. D.

* p<0.05 versus the normothermic group.

EEG flat time is from the onset of cerebral ischemia
until the EEG becomes isoelectric.

EEG return time is the period until the first EEG
activity was seen after the circulatory restoration.
Survival time was calculated after the circulatory
restoration.

Hypo, hypothermic group;
group.

Normo, normothermic
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Fig. 3. Survival rate during 48 hr after the 15 min complete cerebral
ischemia. The sample size of each the group is nine. ===

hypothermic group ; s==s==,
normothermic group.

normothermic group.

*p<0.05 versus the

Table4. Neurologic deficit score during 48 hr after the circulatory restoration

Group 3hr 6 hr 12 hr 24 hr 48 hr

Total Hypo 79+9* 69+18* 64£27* 54£37* 52140*
Normo  91+4 91+6 89+14 976 1000

Level of Consciousness Hypo 12+4 106 8+6* 748 618*
Normo  15%0 1442 134 13+4 150
Respirations Hypo 7x3 5+4 5+5 45 5+5
Normo 62 T£3 8+4 9+1 100
Cranial Nerves Hypo 843* 6x1* TL4* 65 T+7
Normo  12%1 11+2 11+£5 13+2 1440
Spinal Reflexes Hypo 8+3* T+£3* 7+6* 7+6* 8+9
Normo  13%£3 13+2 134 15£2 16+0

Behavioral Reactions Hypo 200 19+4 175 13+8 11£10
Normo 200 20£0 200 20+0 200

Gait Hypo 250 23+£5 21+8 1610 14+12
Normo 2540 250 25£0 25+0 25+0

Each value represents the mean=+S. D.

* p<0.05 versus the normothermic group.

Hypo, hypothermic group; Normo, normothermic group.
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Fig. 4. Total neurologic deficit score (NDS,
mean=+S. D) for 48 hr after the 15 min
complete cerebral ischemia, Cmme=(), hypo-
thermic group ; @w===-@ , normothermic group.
*p<0.05 versus the normothermic group.

Fig. 5. Macroscopic findings of brain removed
from normothermic dog (Dog No.177), which
survived for 43 hr after the 15 min complete
cerebral ischemia. No macroscopic abnormal-
ities were seen (Kliiver-Barrera stain). 1)
Coronal section throuth the anterior commis-
sura and anterior limb of the internal capsule.
2) Coronal section through the anterior
nucleus of the thalamus. 3) Coronal section
through the superior colliculus and cerebral
peduncle. 4) Coronal section, 1 cm caudal
from 3) of the parietal lobe. 5) Coronal
section through the pyramis of the medulla
oblongata.
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Fig.6. Histopathological findings of brain removed from normothermic dog (Dog No.177)
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which survived for 43 hr after the 15 min complete cerebral ischemia. 1) Large number of
neuronal cells in the nucleus medialis showed decreased intensity of cresyl violet staining.
Thalamus, MT, mamillothalamic tract, (Klitver-Barrera stain, X40). 2) Surviving neurons
were atrophied showing eosinophilic cytoplasm. The typical cell was indicated by arrow.
Thalamus, (hematoxylin-eosin stain, Xx200). 3) Many Purkinje cells markedly disappeared in
the depth of the follia, but not in the top. Cerebellar hemisphere, D, depth of the follia; T,
top of the follia, (Kliiver-Barrera stain, X 40). 4) Surviving Purkinje cells were atrophied with
eosinophilic cytoplasm. The typical cell was indicated by arrow. Cerebellar hemisphere,
(hematoxylin-eosin stain, X100). 5) Perivascular space were dilated and PAS (para
aminosalicylate) positive materials were observed. Thalamus, (PAS, x100). 6) Perineuronal
space were dilated and PAS positive materials were observed in the small vessels, Cerebral

white matter, (PAS, X100).
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Effects of Low-Grade Hypothermia on Neurologic Outcome after 15 min
Complete Cerebral Ischemia in Dogs Sunao Asaji, Department of Anesthesiology,
School of Medicine, Kanazawa University, Kanazawa 920—J. Juzen Med. Soc., 98,
1087 —1100 (1989)
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Abstract

The effects of low-grade hypothermia on the neurologic outcome following 15 min
complete cerebral ischemia was studied in 18 mongrel dogs. They were anesthetized with
0.5-1.0% halothane and 60% nitrous oxide in oxygen. Their PaCQO, and PaO, were
maintained within normal limits. Thoracotomy was performed through the right fourth
intercostal space. Umbilical tapes were placed around the ascending aorta and the inferior
and superior venae cavae. The esophageal temperature was maintained at 34.0-35.5C and
37.0-38.5C in a hypothermic and a normothermic group, respectively. Their EEG’s were
continuously monitored during the experiment. After the animals were ventilated with 0.2%
halothane in 100% oxygen for 30 min, the aortic arch was occluded for 15 min with a
Debakey’s vascular clamp proximal to the brachiocephalic trunk, and then the superior and
inferior venae cavae were occluded. Although brief infusions of dopamine were
administered in some cases, spontaneous circulation was restored immediately in all
animals after releasing the occlusions. Two hours after circulatory restoration, the chest
was closed, and the ventilation was adjusted to maintain the PaO, above 100mmHg with
FiO, 1.0-0.4. The time of flattening of the EEG from the onset of the ischemia, was not
significantly different between the hypothermic group (23.9£7.3 sec, mean®S.D.) and the
normothermic group (23.84+4.5 sec). After circulatory restoration, the EEG reappeared
significantly earlier in the hypothermic group (29.0%8.7 min) than in the normothermic
group (63.8+33.2 min). When adequate spontaneous respiration resumed, the animals
were extubated and transferred to an oxygen cage. The Neurologic deficit score (NDS)
was evaluated at 3, 6, 12, 24 and 48 hr after circulatory restoration. In the NDS, the
following items were assessed with assigning points: level of consciousness, 15; type of
respiration, 10; reactivity of cranial nerves, 14; spinal reflexes, 16 ; behavioral reactions,
20 ability of gait, 25. A hundred points in sum of these score indicated the most severe
abnormalities, and 0 point the least. The NDS was consistently less in the hypothermic
group than in the normothermic group at 3, 6, 12, 24 and 48 hr after circulatory
restoration. Some time-related recovery tendencies in the NDS were observed in the
hypothermic group, but not in the normothermic group. The survival time was
significantly longer in the hypothermic group (32.6%15.6 hr) than in the normothermic
group (18.5+8.8 hr). The survival rate at 48 hr after circulatory restoration was
significantly different between the hypothermic group (4/9) and the normothermic group
(0/9). The above results indicate that the difference of only 3C in the body temperature
exerts a significant influence in recovery of neurologic functions, as well as the survival
rate after the 15 min complete cerebral ischemia. The present findings support the clinical
observation that central nervous dysfunction after revival from cardiac arrest is less striking
in patients with hypothermia.




