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ABSTRACT 

The effects of ketamine on cerebral blood flow (CBF), cerebral metabolic rate (CMRo2) and 
intracranial pressure (ICP) were evaluated in ventilated or spontaneously breathing goats 
after peripheral administration of 5 rag. kg -~ and central administration of 0. 1-2.0 rag. 

In mechanically ventilated normocarbic goats intravenous ketamine 5 rag- kg -~ had no 
effect on CBF, but did produce a significant reduction in CMRo2 (4.3 -+ 0.4 vs 3.7 
-- 0.3ml O2.min-I/100g) five minutes after injection. However, in spontaneously 
breathing goats, ketamine caused a significant increase in CBF (77 --- 7 vs 109 - 
12 ml. min- ' l l00g),  a significant reduction in CMRo2 (4.3 + 0.3 vs 3.8 -+ 0.4) and an 
increase of Pco2 from 4.5 -+ 0.5 to 5.4 +- 0.9 kPa (34 - 4 to 41 -+ 7 torr). Small doses of 
ketamine (0. I -2 .0  rag) injected directly into the cerebral circulation failed to cause any 
significant change in CBF. 

Intracranial pressure showed a significant increase from 13 -+ 3 to 19 -- 3 mm Hg in 
spontaneously breathing goats and no change in ventilated goats. 

These data suggest that ketamine is a mild depressant of cerebral metabolic rate and has 
no other cerebral vascular effects. 
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THOUGH THE PREVAILING impression is that 
ketamine causes an increase in cerebral blood 
flow (CBF) and cerebral metabolic rate 
(CMR02), this impression is not supported by 
the literature. Indeed, considerable diametrical- 
ly opposed results have been published on these 
subjects. 

Ketamine has been reported to cause from an 
80 per cent increase in CBF to a 50 per cent 
decrease. 1"2 In addition, ketamine has been 
shown to have no effect on CBF.3 Dawson,  et  HI. 
found a significant 16 per cent increase in 
CMRo2, while Kreuscher,  et  HI. and Takeshita, 

124 et al. found insignificant decreases. �9 �9 
Such variance in results is no doubt largely 

due to differences in methodology and the 
difficulty in measuring CBF and CMRo2 exper- 
imentally. The failure in some instances to 
control blood carbon dioxide may have contrib- 
uted significantly to the confusion. The purpose 
of  this study was to evaluate the effects of 
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ketamine on CBF, CMRoz,  and intracranial 
pressure (ICP) in ventilated and spontaneously 
breathing goats following both central and pe- 
ripheral administration of ketamine in subanaes- 
thetic and anaesthetic does. 

METHODS 

Goats weighing 30 to 40 kg were anaesthet- 
ized with halothane and surgically prepared for 
continuous measurement  o f  cerebral blood flow, 
as described by Miletich, et  HI. 5 Briefly, during 
halothane-nitrous oxide anaesthesia an electro- 
magnetic flow probe 4 or 5 m m  in diameter was 
placed around an internal maxillary artery. In the 
goat the internal maxillary artery, a branch of  the 
carotid artery, carries the entire blood supply to 
its respective half of  the brain. Following this, a 
2 • I cm opening was made along the top and 
midline of  the skull and a catheter was inserted 
into the superior sagittal sinus. The opening was 
then closed and the catheter was secured with 
dental cement.  In addition, a Codman Accu- 
Flow ventricular catheter (silicone, 1.3 x 2.5 • 
1 5 0 m m  x-ray detectable) was chronically im- 
planted into the left lateral cerebral ventricle and 
anchored to the skull with dental cement.  Chron- 
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TABLE I 

CARDIOVASCULAR EFFECTS OF KETAMINE IN NON-PARALYZED GOATS 
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Control 5 min? 10 min? Recovery 

Cerebral blood flow 
(ml/100g.min -~) 77 --- 7 109 --- 12" 96 --- 9* 88 --- 9 

Cerebral metabolic rate 
(O2M)/100g-I .min -1) 4.31 +0.36  3 .82+0.27  * 4 .0+0 .32  * 4.12 • 25 

Mean Arterial blood 13.6 -- 0.5 16.3 +-- 0.7* 15.9 --- 0.8* 14.2 • 0.3 
pressure kPa (torr) (102 • 4) (123 • 5*) (120 - 6*) (107 • 2) 

Paco2kPa (tort) 4 . 5 •  5.4---0.9* 5 . 2 •  1.2" 4 . 5 •  1.1 
(34 • 4) (41 • 7*) (39 • 9*) (34 • 8) 

Values represent mean • 
?Minutes after intravenous ketamine 5 rag- kg -I. 
*Significantly different from control values; p < 0.05, n = 17. 

ic catheters were also implanted in both a 
femoral artery and a femoral vein for arterial 
blood pressure measurements  and blood sam- 
pling. Upon completion of  the surgical proce- 
dure each animal was permitted to recover for at 
least seven days before experimentation. Fol- 
lowing recovery autoregulation was tested by 
intravenous injection o f  angiotensin 5 ~g  (Hyper- 
tensin| * to insure that cerebral autoregulation 
was intact before animals were used for experi- 
mentation. 

A total o f  28 experiments  were carried out in 
six goats. In 11 experiments  the animals were 
paralyzed with gallamine 1 mg .kg  -~ , quickly 
intubated and ventilated with room air. In the 
goat the trachea lies superficially on the neck and 
is easily palpated for rapid, painless intubation. 
Blood carbon dioxide concentrations were main- 
tained at approximately 4 .4  kPa (33 tort) which 
has been reported as normal for goats. 6 In 17 
experiments,  the goats breathed spontaneously.  

Control values for CBF,  ICP, CMRo2,  mean 
aterial blood pressure (MABP) and blood gases 
were obtained in triplicate before ketamine was 
injected intravenously over a period of  one 
minute. Cerebral blood flow, M AB P ,  ICP, and 
blood gases were continuously monitored 
throughout each experiment.  Before ketamine 
injection, 5 and 10 minutes  after injection, and 
after emergence from anaesthesia (usually 45 
minutes f rom the time of  injection) CMRoz was 
calculated from the femoral arterial and sagittal 
sinus oxygen content according to the formula 

CMRo2 = (A-V)o2 • 2 CBF : Brain weight. 

After 10 minutes of  ketamine anaesthesia cere- 
bral autoregulation was tested once more with 
angiotensin 5 Ixg injected intravenously.  

*CIBA, Summit, N.J. 

In four goats subanaesthetic doses (a dose too 
small to produce anaesthesia when injected 
peripherally) o f  ketamine 0 . 1 - 2 . 0  mg were in- 
jected directly into the cerebral circulation 
through a chronic temporal artery catheter. 
Cerebral blood flow, and M A B P  were monitored 
continuously during and following injection. 

The methods of  experimentat ion used through- 
out the study were determined by the Laboratory 
Animal  Care Commit tee  of  Michael  Reese Hos- 
pital and Medical Center to be ethical and not 
unnecessarily painful to the animals employed.  

RESULTS 

Intravenous injection of  ketamine 5 m g  .kg  -~ 
into normal awake goats caused immediate 
anaesthesia associated with a sudden rise in 
MABP and Paco~ (Table I). Shortly after these 
increases (usually one to two minutes)  CBF 
began to increase reaching m a x i m u m  values 
about 5 minutes  after ketamine administration 
(Table I). Cerebral metabolic rate for oxygen 
decreased by approximately 11 per cent at five 
minutes and remained depressed until recovery 
from anaesthesia.  Intracranial pressure increased 
significantly f rom a normal  of  13 --- 3 to 19 -+ 
3 m m  Hg (1.7 - 0 .4  to 2.5 --- 0 .4kPa)  at five 
minutes.  Arterial oxygen concentrations fell 
significantly within five minutes  following ket- 
amine from 94 • 4 to  82 • 7 m m H g  (12.5 - 0.5 
to 10.9 • 0.9 kPa) and remained depressed until 
recovery. 

Similar intravenous injections of ketamine 
into goats previously paralyzed with gallamine 

I 1.0 mg-  kg-  produced anaesthesia,  but without 
significant increases in CBF (Table II). As  seen 
in non-paralyzed goats,  M A B P  rose signifi- 
cantly. However,  because ventilation was con- 
trolled Pco2 concentrations remained stable 
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TABLE II 

CARDIOVASCULAR EFFECTS OF KETAMINE IN PARALYZED GOATS 

Control 5 mint 10 mint Recovery 

Cerebral blood flow 
(ml/100g. rain -t) 68 + 4 62 -+ 5 65 +- 5 61 - 6 

Cerebral metaolie rate 
(OzM)lt00g -l- rain -~) 4.34 --- 0.39 3.71 -+ 0.33* 4.05 --- 0.36 4.32 - 0.45 

Mean Arterial blood 13.8 --- 4 15.2 +- 4 15.6---0.5" 15.4• 
pressure kPa (torr) (104 --+ 3) (114 -+ 3*) (117 -+ 4*) (116 - 4*) 

Paco~ kPa (tort) 4.2 - 0.1 4.0 - 0.2 4,0 + 0.2 3.8 + 0.2 
(32 -+ 0.9) (30 - 1.2) (30 + 1.3) (29 + 1.5) 

Values represent mean +SE. 
[Minutes after intravenous ketamine (5 mg/kg). 
*Significantly different from control values; p < 0.05, n = 11. 

(Table I1). As in non-paralyzed goats, CMRo2 
decreased approximately 15 per cent until re- 
covery. Intracranial pressures were unchanged 
by ketamine injection. 

Subanaesthetic doses of ketamine (0.1-2.0 
mg) injected through the temporal artery directly 
into the cerebral circulation of unanaesthetized 
paralyzed goats failed to produce any significant 
change in CBF. 

DISCUSSION 

In paralyzed ventilated goats intravenous ket- 
amine 5 mg. kg-' did not produce any significant 
change in 1CP, or CBF (Table II). Correspond- 
ingly, central injections of subanaesthetic 
doses into the cerebral vascular system did not 
alter CBF, indicating that ketamine has no 
immediate or direct effect on cerebral vessels. 
This observation is in contrast to the conclusion 
from the studies by Ivankovich, et al. using the 
same animal model, that administration of ket- 
amine does increase CBF. 7 This conclusion, 
however, seems unwarranted in that no CBF 
changes were evident for up to at least one 
minute following central ketamine administra- 
tion. One would expect that CBF changes 
should have occurred within seconds if a direct 
vascular mechanism were involved. Since this 
was not seen, it may mean that the observed 
increases in CBF were the secondary result of 
increases in Paco2 and arterial blood pressure. 
Indeed, data from our studies in non-paralyzed 
goats show significant increases in CBF occur- 
ring coincident with elevations in Pac~ and arte- 
rial blood pressure. 

Takeshita, e t  al.  reported an increase in CBF 
with no significant change in CMRo2 in patients 
free of cardiopulmonat T or neurological compli- 

cations. 4 However, it is difficult to judge at what 
point in the study CBF determinations were 
made in these patients. In our experiments, the 
maximum effect of ketamine on CBF and 
CMRo2 occurred approximately five minutes 
after administration. Assuming the same to be 
true in man, CBF and/or CMRo2 determinations 
made much after five minutes might represent 
emerging or recovered values. In addition, 
Takeshita, et al. made no attempt to determine 
the status of cerebral autoregulation. Without an 
intact autoregulatory mechanism, the steep in- 
creases in arterial blood pressure seen by these 
authors could have contributed to, or caused the 
CBF elevations following ketamine. 

Similar perplexing variables confuse the work 
of Hougaard, et al. 3 In patients with various 
kinds of cerebral vascular impairment, total and 
regional CBF were studied 2-4  minutes follow- 
ing ketamine administration. Only two of five 
patients showed an increase in total CBF. How- 
ever, four of five patients did have an increase in 
flow to the frontotemporal region. The authors 
concluded that regional CBF increases after 
ketamine were due to local cerebral metabolic 
changes and not to direct vascular effects. But 
these conclusions were based on only two 
patients, one of whom had a simultaneous 
increase in MABP above the normal cerebral 
autoregulatory range. Likewise, both total and 
regional CBF changes seen throughout this study 
correlated well with changes in MABP. As in the 
previous studies, one might wonder about the 
intacmess of the cerebral autoregulatory capabil- 
ity, particularly in patients with cerebral vascu- 
lar impairment. 

Dawson, et  al. found in dogs that intravenous 
ketamine administration caused approximately 
80 per cent increase in CBF along with a modest 
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16 per cent increase in CMRo2. t Unfortunately, 
control MABP values were inordinately high, 
almost exceeding the upper cerebral autoregu- 
latory range for dogs. Even the moderate in- 
creases in MABP seen by Dawson,  et  al. at this 
time could easily have exceeded the autoregula- 
tory range, adding to CBF values. 

It seems to be well documented that ketamine 
causes an increase in ICP in patients with space 
occupying lesions, s'9 However, in patients with 
normal spinal fluid pathways results are less 
clear. Gardner, et  al.  to reported a large increase 
in ICP in their normal subjects, while Oibbs saw 
no significant change.I t  Interpretation of  these 
divergent results may be facilitated by recent 
studies in which it was seen that ketamine 
administration to patients caused considerable 
alteration in pulmonary haemodynamics and 
gas exchange. ~2'~3 In our study ICP and CBF 
changes occurred only in animals with unaided 
ventilation. Thus it is possible that large ICP 
changes reported during ketamine anaesthesia 
may be due to the effects of ketamine on the pul- 
monary circulation rather than on cerebral 
haemodynamics.  

In conclusion, it would seem that much of 
the contradictory data concerning the direct 
effects of  ketamine on CBF, ICP, and CMRo2 
might be due chiefly to methodological limita- 
tions and deficiencies of  previous studies. While 
ketamine has been shown to have sympathomi- 
metic properties, no studies to date have shown 
it to have direct vascular or metabolic effects in 
other organs. 14 
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RI~SUMI~ 

Les effets de ]a k~tamine administr~e par vole intraveineuse ~t la dose de 5 mg- kg -I alnsi 
que ceux produits par l'administration directe d'une petite dose (0.1 ~t 2 mg) de cet agent 
darts l'arti~re temporale faisalent l'objet de cette 6tude effecture chez la ch~vre. Les 
param~tres mesur~s 6taient le drbit sanguin crr~bral, le mrtabolisme crr~bral et la pression 
intracranienne. Darts onze des eas, l'rtude a 6t6 faite chez 1' animal en respiration spontanre, 
alors que la ventilation *tait contrrl~ dans dix-sept autres cas. 

Chez la ch~vre en respiration contrrlde (avec malntien d'une Pr normale), l'adminis- 
tration intraveineuse de 5 mg- kg -I de k~tamine ne modifiait pas le dgbit sanguin errrbral, 
mais une diminution significative du mgtabolisme crr6bral (3,.3 --. 0.4 vs 3.7 + 0.3 ml 02 '  
min -I par 100 g) 6tait observre cinq minutes aprC:s I'injection. 
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Chez l'animal en respiration spontan6e, la m~me dose de k6tamine amenait une 
augmentation significative du d6bit sanguin c6r6bral qui passait de 77 --+ 7 ~t 109 - 
12 ml. min-I/100 g ; cette dose causait 6galement une diminution significative du m&abo- 
lisme c6r6bral (4.3 --- 0.3 vs 3.8 - 0.4 ml 02'  min-I/100 g, ainsi qu'une 616vation de la 
Pco2 qui passait de 4.5 - 0.5 it 5.4 --- 0.9kPa (34 +- 4 ,~ 41 -+ 7 tort). 

De petites doses de k~tamine (0.1 ~t 2 mg.) inject6es directement dans la circulation 
c6r~brale ne modifiaient pas de fa~on significative le d6bit sanguin c~r~bral. 

Une 616vation significative de la pression intracranienne (qui passait de 13 - 3/t 19 --- 
3 mmHg) a 6t~ observ6e chez lez ch~:vres en respiration spontan6e, alors qu'aucun 
ehangement n'6tait observ6 chez les animaux en ventilation eontr616e. 

Ces r~sultats sugg~rent que la k6tamine est un d6pressan116ger du m6tabolisme c6r~bral 
sans autres effets vasculaires c~r~braux. 


