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Transient circulatory arrest, with survival, 
is a frequent occurrence in medical practice. 
This is a true emergency, since restoration of 
circulation either by artificial or natural 
means is imperative primarily because of 
cerebral (and somatic organ) intolerance to 
hypoxia. One standard experimental model 
(1, 2 )  of circulatory standstill which is close- 
ly related to its clinical counterpart has been 
studied electrophysiologically ( 3 ) .  Effects of 
circulatory arrest on intracranial pressure 
and time limits of tolerance to prolonged ar- 
rest have been delineated ( 2 ,  3 ) .  In  the 
present study, this experimental model has 
been utilized for a timed survey of cerebral 
lactate accumulation and glucose disappear- 
ance. Results may be compared with similar, 
but not identical examples described else- 
where, and correlation with those studies al- 
luded to above employing the same model are 
possible since there has been adherence to 
strict time sequences. Also, the lactic acidosis 
of cerebral ischemia is possibly a critical 
factor in determining brain survival (4), and, 
although a 4- to 5-min anoxic limit for hu- 
man cerebral functional restitution has been 
tentatively accepted in circulatory arrest, the 
exact time of standstill is often difficult to 
document. Thus, other means, including 
these chemical determinations, may be valu- 
able for prediction of useful cerebral sur- 
vival. 

Method. Five large mongrel dogs were 
anesthetized with pentobarbital (30 mg/kg) 
and 1-2 cc of gallamine was given in- 
travenously. After barbitalization and during 
the entire surgical procedure the animals 

1 Supported by the Heart Association of North- 
eastern Ohio, Inc., NINDB Grant 6-42-5721, and 
NIH Grant NB 5408. 

were intubated and ventilated with 40% ox- 
ygen and 60% air. Arterial pH and oxygen 
saturation were determined immediately prior 
to circulatory arrest and were essentially 
physiologic. Thoracotomy was performed 
through the fourth right intercostal space, 
and umbilical tapes were loosely applied 
around the roots of the ascending aorta, in- 
ferior vena cava, and superior vena cava 
cephalad to the azygos vein according to 
techniques previously described ( 2 ,  3 ) .  Ces- 
sation of left ventricular cardiac output ex- 
cept for coronary flow was accomplished by 
near simultaneous occlusion of both vena 
cavae followed by occlusion of the ascending 
aorta. Venous blood returned through the 
azygos vein and coronary sinus. Isolated 
cardiopulmonary circulation was thus re- 
tained. 

Prior to vascular occlusion a craniectomy 
had been performed employing hemostatic 
surgical technique exposing frontal, parietal, 
temporal, and occipital lobes bilaterally. The 
dura was reflected widely but venous sinuses 
were not disturbed. A brain sample of about 
1 cc of the left frontal lobe was rapidly re- 
moved (for control analysis) utilizing sharp 
dissection. Vascular occlusion was then imme- 
diately instituted and at  2, 5, and 10 min 
identical specimens were removed from left 
occipital lobe, right frontal lobe, and right 
occipital lobe in succession. From beginning 
of tissue removal to complete immersion in 
liquid nitrogen was usually 7 but always less 
than 10 sec. 

Femoral artery pressure, pulse, and elec- 
trocardiograph (EKG) were transmitted to a 
Grass polygraph. Deep body temperature was 
between 36.5 and 37.5' continuously moni- 
tored rectally. Coincident with vascular oc- 
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FIG. 1. Lzctate accumulation. 

clusion, EKG showed changes in QRS com- 
plexes, and later there were rhythm changes. 
Asystole occurred in one dog after 8 rnin of 
occlusion, but a good heartbeat persisted in 
other animals throughout as judged by EKG 
and cardiac palpation. 

Preparation of tissue for chemical determi- 
nation was after Lowry et al. (5) .  Tissue 
lactate studies were performed on deprotein- 
ized, neutralized, aqueous extracts utilizing a 
lactic dehydrogenose method (6).  Glucose 
was determined on aqueous tissue extracts by 
the glucose oxidase method (6, 7). 

Results. See Fig. 1 and 2. 
D 'scussz'on. Conversion to anaerobic meta- 

bolism with lactate accumulation is well 
known to occur during cerebral hypoxia. For 
determination of cerebral viability (or 
death), multiple parameters, not the least of 
which is clinical neurological examination, 
have been utilized, and none has been found 
ideal. The electroencephalographic record, al- 
though valuable when isoelectric for a pro- 
longed period, is not useful if electrical activ- 
ity exists. Thus, a reliable laboratory deter- 
mination could be of assistance to determine 
cerebral functional restitution since months 

of needless rehabilitation might be averted. 
Brockman and Jude (2 )  have shown that 
10-12 min is the limit of canine survival 
applying clinical criteria in the model utilized 
in the present experiments. A study employ- 
ing electrocortical recordings in dogs has 
shown that survival can be predicted by 
quality and timing of recurrence of activity 
(3 ) .  From those studies it appears that lac- 
tate accumulation recorded in the present ex- 
periment a t  10 min may represent a level in 
dogs with which restoration of useful cerebral 
function becomes unlikely. Nevertheless, 
glucose depletion, intracellular pH aberra- 
tions, and lysosomal destruction, as well as 
other changes, may be more likely causes of 
cerebral damage. 

Cerebral tissue lactate increase as well as 
glucose utilization was closely correlated with 
time of vascular occlusion, and the increase 
in lactate concentration was sufficient to ac- 
count for about one-fourth the decrease in 
glucose concentration by way of anerobic gly- 
colysis. Anaerobic glycolysis of glucose in 
ischemic brain produces 2/38ths as many 
high-energy phosphate bonds as aerobic oxida- 
tion and results in lactate accumulation (8). 
A 4-fold increase in mouse brain lactate was 
recorded 1 min after decapitation, and after 2 
min and 10 min it had risen 8- and 9-fold, 

CEREBRAL GLUCOSE 
40 I 

35 

30 

25 
rnMOLESIKG 

20 

15 

10 

5 

DISAPPEARANCE 

CONTROL 2 5 10 
TlME(mins) 

FIG. 2 .  Glucose disappearance. 
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respectively ( 5 ) .  Brain glucose was 25% of 
normal at  30 sec and 0 at  1 min after decapi- 
tation. Thorn et al. (9) observed a gradual 
rise in lactate in ischemic hypothermic (26’) 
and normothermic rabbit brain. This dif- 
fered from the rapid rise observed by Hurwitz 
and Wolfson (10). The latter concluded 
that there appeared to be no correlation be- 
tween brain lactate and cerebral viability be- 
cause a 3- to 4-fold increase in brain lactate 
was observed in rats and dogs 6 min after 
circulatory arrest without significant change 
in the next 84 min. McGinty and Gesell (1 1) 
were able to obtain similar lactate- 
accumulation curves as in the present experi- 
ments by subtracting absolute lactate values 
of those hemispheres frozen within 10 sec of 
decapitation from the remaining hemisphere 
incubated for longer periods. Stone et at. 
(12) and Gurdjian et al. (13) have demon- 
strated that an increase in brain lactate is 
observed when oxygen saturation of arterial 
blood decreases to 55-65%. Changes were 
even greater if systemic hypotension was 
present during oxygen unsaturation. Siesjo et 
at. (14) have shown that conditions which 
interfere with cerebral circulation lead to in- 
creases in cerebrospinal fluid lactate/py- 
ruvate ratio. 

As to the amount of brain lactate present 
under normal circumstances in an isolated 
monkey brain preparation (15) with ex- 
tracorporeal perfusion, a small amount was 
present but increasing increments of lactate 
were measured only after 1 hr with the impli- 
cation that cerebral metabolism was then 
shifting to an anaerobic system. Gaevskaya 
(16) stated that true content of cerebral lac- 
tic acid can be ascertained only by in situ 
freezing of the brain with preservation of 
normal circulation and total absence of hy- 
poxia until the moment of circulatory arrest. 
In  brain examined under these conditions, a 
small amount of lactic acid was found. Avery 
et al. (17) summarized “normal values” ob- 
tained for lactic acid in cat and dog brain 
frozen in situ. Lactic acid content was found 
to be within the range 11.4-36.5 mg/100 g 
averaging 15.3 mg for the cat and 22.3 mg 
for the dog. These values are similar to con- 
trol levels in the present experiments and fell 

within the range obtained by various investi- 
gators for lactic acid in resting muscle and 
blood. 

Summary. Glucose and lactate content in 
dog brain were measured before and during 
arrest of circulation in a standard prepara- 
tion. Comparison with other studies of the 
same model allowed the guarded conclusion 
that the cerebral lactate level in dogs after 10 
min of severe hypoxia may be indicative of 
an irreversible state. Lactate concentration 
rose and glucose levels fell during a 10-min 
period of ischemia. The increase in lactate 
concentration was sufficient to account for 
about one-fourth of ‘the decrease in glucose 
content by way of anerobic glycolysis. 
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