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STUDIES OF CIRCULATORY AND METABOLIC CHANGES DURING KETAMINE NARCOSIS* #*%

1. Hensel, U. Braun, D. Kettler, D. Knoll, J. Martel and K. Paschen of the
physilogical institute, Chair 1 (Director: Prof. Dr. H. J. Bretschneider) at
the University of Gouettingen.

Summary
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Among commonly used anesthetics, ketamine ctviously occupies
an unusual position. While most anesthetics exert a retarding effect
on circulation and metabolism, ketamine clearly has the opposite
effect.

N ~Figure 1 shows the synopsis of the most important circulatory

ured bv the

characteristics after a representative individual test All the
pressures were recorded in the blood, the HZV was mea$/

thermo-dilution method [13] and the the coronary blobﬁ supplyv was
measured by means of a Pitot pipe catheter using the method of bret-
schneider [8]. As the figure showsﬁ;zgzhfﬁjeétion of ketamine 1in

thhe animal test causes an increase fﬁ heart frequency (HF),

HZV (lower curve), coronary blood supply (Qcof) and the mvocavrdial

Og“consumption, together with a reduction in coronary venous sat-

By I. Hensel, U, Braun, D. Kettler, D. Knoll, J. Martel and K.
e ol the Physiological lnstitute, Chaelr 1 (Dlrectors trot,
br. H.J. Bretschneider) at the University of Goettinpgen.
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Fig. 1. Effects of ketamine on the coronary venous O2 saturation

(upper curve), the myocardial 0., consumption (heart 0, consumption),

2
the coronary blood supply (vcori’ the heart frequency (HF), the
systolic and diastolic pressure, the rate of pressure increase in
the left ventricle (dp/dtmax) and the HZV in an animal test, By
Kettler and co-workers (1970)

Key: 1 = consumption, 2 = saturation, 3 = heart

uration (upper falling curve). The pressures and the rate of decrease

ﬂp/diwkx)-are~obviou&¥y higher, and are scarcely still being affected %‘Q

in the rcase shown, since narcosis had already been maintained for

“ hours whan the injection was given. The circulatory behavior

Shown here 1s in agreement with the findingsof other work groups

Pay14,15,17,18]. The pharmacological mechanism that causes this

etfect has up to now never been explained with complete satisfaction,

however, Vivtue and co-workers [18] interpreted these circulatory
v o preseqgen of porsedne as o2 o rosult of an intrvavese. -

ular release of catecholamine; the circulatory behavior shown in

bip. 1 supports this assnciation entirely. According to the findings

ot Traber and co-workers {17], however, there does not seem to be

a direct or indirect sympathomimetic effect caused by ketamine,

Ibis work proup found in animal experiments after pre-medication

with panplinplegica (hexamethonium) neither a positive chronotropic



effect nor an increase in blood pressure in the case of ketamine
narcosis. If it did exert a sympathomimetic action, ketamine would
also have to have the same circulatory effects described above even
in the event of ganglia block. Other findings [16] indicate that
ketamine possesses anti-cholinergic properties, so that the circul-
atory reactions found could be explained by a relatively intensified
sympathicotonus as a result of a vagus restriction. However, the
obviously higher total oxygen consumption compared with other nar-
coses, that we found in earlier studies [l1], cannot be explained

by this tvpe of atropine-~like effect. The increased O2 consunption
of the entire organism is an indication that a metabolic increase
induced by ketamine takes place not only in the cardiovascular sy-
stem - which in any case only amounts to about 10%Z of the entire
system [{3]. A release of catecholamine could not be entirely exclud-
ed as a possible cause of this even given the above findings, since
to our knowledge there are still no findings available on compara-
tive changes in the catecholamine level during ketamine narcosis.
Therefore it seemed to us appropriate to take comparative measure-
ments of the plasma concentrations of catecholinamines, glucose

and non-esterified fatty acids. In addition, the following study
will provide supplementary studies of the pharmacological causes

of the increase in the entire m etabolism during ketamine narcosis.

Ty
Method

\)Eight mongrel dogs weighing between 19 and 27 kg were pre-medi-
cated with 1 mg of scopalamine and 30 minutes later received intra-
venously on average 20 mg/kg body weight of ketamine which produced
in them a condition similar to narcosis. Before administration of ~
the pre-medication, a blood sample was taken from each animal. The
blood sample was not taken until the test animal had calmed down

frer the cannmla insertion and the heart beat was lower thawy 1900 1
After giving ketamine, blood samples were taken at 15 minute inter-
vals and the volume loss in the circulation of the test animal
resulting from the withdrawal of blood was compensated tor by in-
fusion of synthetic blood. Mecasurement of catecholinamine was carv-

ied out simultaneously by two different procedures. The Institute
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Fig. 2. The behavior of PCOT, pH base excess and the average arterial
pressure, heart beat and the central venous pressure during keta: ine
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for Forensic Medicine located here carried out the measurements
for us with a modification of the trihydroxvlindol (THI) method
of Lund, while we ourselves used the procedure given in 1968 bv
Weil-Malherbe and Bigelow [19]. The free (non-esterified) fatty
acids were measured by the method of Duncombe [5], the blood supar
was determined by the enzyme method and the acid base balance by
the Astrup method. The blood withdrawal and the pressure measurcments
were taken through percutaneously inserted stecl cannulas or irri-
gating catheters.

A11 the animals were intubated after narcosis had been inducucd ot
and normo=-ventilated by means of a URAS (Hartmann & Braun Co.) with
a laughing gas/oxygen mixture in a ratio Of 80:20% by an kngstrom
Respirator, while the expiration CUZ concentration was checked,
by using an oxy-test (Hartmann & Braun Co.) in conjunction with
the inspiration breathing tube, the O, concentration could be

2
monitored continuously. After the final blood sample had been taken,

i



a EHN spirometer [6] was introduced into the respiration cycle to
measure the oxygen consumption and we waited for a steady state.
The narcosis lasted altogether about 1% hours., After extubation
and administration of a broad-spectrum antibiotic, the dogs were

returned to the kennel.

Results

To induce narcosis all the animals required a very high dose
of ketamine compared with humans: on average 20 mg/kg h of ketamine.
After the initial dose had been administered the animals lay down
on theilr sides, their eyes remained open all the time, now and again
there was blinking, swallowing and slow movement of the head. The
animals showed no pain reaction at all to needles. In most cascs
subsequent injections of ketamine were required at intervals of
20 minutes. On average the animals needed 20 mg/kg h to maintain
narcosis. Stronger counter respiration was considered a sign of
a decrease in the depth of the narcosis; this was frequently assoc-
iated with increased swallowing.

Figure 2 shows a summary of the acid base balance and the nost
important circulation levels during the first hour of narcosis.

From top to bottom , the values are shown for pCOz, pH, base excess

b
heart beat, average arterial pressure and central venous pressure.
The bars on the dotted lines indicate the average error in the mean

value. The pCO, is 35 mm Hg before narcosis and rises with artif-

2
icial respiration according to the adjusted ventilation level to

a value of 38 mm Hg. The pH level at the beginning is 7.35 and is
barely affected by narcosis. The base excess rises from a pre-nar-
cosis level of -5.8 mval/l to -4 mvall/l.

In the area of the acid base balance, therefore, we see no partic-
ular chanpes during narcosis with ketamine, On the other hand, the
e Yoyt o beat o 1ls wortn notiugs 16 - dinutes atftor the od i cistrati
of ketamine it is on average 180/min and after ancther 45 minutes
it is still 165/min., At the same time the averape arterial pressure
Tises from 137 mm He to 150 mm Heg. The central venous pressure (louw-
r curve) remains within the normal ranpe. The avertape values f{ov
the heatt beat and the mean arterial pressure are, according to

our expgericences with other methods of narcosis [10,111, much higher

with ketamine.



The values for adrenaline and noradrenaline turned out much less
homogeneously in r2lation to all the other values measured. This
is probably the result on the one hand of the not entirely problem-
free method of catacholamine measurement; however, on the other
hand, measured by the task that falls physiologically to the catechol-
amines, there is a greater biological scattering range here, cven
under standardized conditions. The two methods used produced the
same quantitative results. The rapid decomposition of these com-

pounds made it necessary to process each individual sample immediate-
lv. For each individual determination of the blood values 1listed

above a total of about 40 ml of blood had to be withdrawn. The decrease
in the blood sample taken before narcosis is already problematic.
The insertion of a cannula certainly places a certain amount of
stress on the test animal, although the insertion site on the ex-
tensor side of the foreleg wasgenerously infiltrated with a local
anesthetic (Lidocain). Some animals reacted with an increase in
heart beat, however, in most cases there was a decrease in heart
beat with a tendency to arrhythmia. In both instances we waited
until a "resting condition” with a heart beat of 90/min had estab-
lished 1tself.

The behavior of the plasma balance of free fatty acids,
#.lucose, adrenaline and noradrenaline (Weil-Malherbe method) and
the reaction of the heart beat are shown in Fig, 3. In the upper {47

section of Fig. 3 the course of the average plasma balance is svoun

a—

for noradrenaline, The curve shows a drop fror 1.27 . /1 to u,u

-t

after 15 minutes with a subsequent rise to 1.5 /1 after 30 =in=
The 15 minute level of the adrenaline concentration in the pl.su
rises from its 1nitial level of ().]7,,’/1 te 0.48 4 /1 and falls

after 30 minutes to a final level of 0.33 ‘/1. Comparison of tla
three samples for noradrenaline and adrenaline using the Krusiol-

e teste, A paramoeter=treo vorianco analveis, Lowe Lo Lo -
icant differences for both catecholamines at the 5% level, We must
assupne, therefore, that the variations in the three samples occurred
pruraely accidently, The rise in the heart beat shows clearly, however,
that the circulatory reactions typical of ketamine had taken
»lare 3 the area of investipation,

Tie vlurnse Tevel drops from its initial level of 78 mp-" only
Siaeatly bt S o= 0y whille the fatty acid level increrases slipht-

(N
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lv above the normal level (0.09-0.6 mval/l) 15 minutes after ad-
rrinistering ketamine., The resting level of the free fatty acids
is on average 0.9 mval/l, the level after 15 minutes of ketamine
narcosis is 1.3 mval/l and after 30 minutes it is 1.1 mval/ti.

After taking the last blood sample, the up to then open svsten
was converted to a closed one and we waited for a steady state,.
Then the oxvgen consumption was measured over a period of 10 minutes.
The normal body temperature of the dog 1is about 38°¢ rectally. Be-
fore and during the ketamine narcosis the temperature in all the

. o] .
dogs remained on average unchanged at 38.6°C, The 0O, consumption

2
levels are given here in ml 0, (STDP)/min and kg body weight and,

based on a of 1.7, are converted to an animal temperature of

1v
37°C. The mean value standardized in this way, which was obtained
from eight test animals, is 7.2 ml 0 /min (Fig. 4). This means that
the oxvgen consumption during ketamine narcosis is much higher than
the 02 consumption levels that we found recently using other nar-
cosis methods [1]. For the sake of comparison, the O7 consumption
during barbiturate narcosis was 5.1 ml Oj/min-kg, during halothane
narcosis it was 4,6 ml 02/m1n~kg and it was lowest during methoxv-
flurane narcosis at 3.9 ml Ov/min-kg. Following the measuremnents

during ketamine narcosis, the 2nimals were injected with a muscle

relaxant (0.1 mg/kg body weight Pancuronium). The average 0, con-

<

.

sumption fell 1U minutes later to 5.5 ml Oj/min~kg, or by about

307 (Fig. 4). Administration of a morphine derivative produced a
further drop 1in O2 consumption. 10 minutes after injection of 1
mp/vr of dipiritramide the average 0, consumption was 4.3 =l 0 /uin-

< -

kg or 607 of the initial value (Fig., 4).

Discnussion of the results
The rise in pressure and heart beat that occurred during keta-
cocin oand the increases 1u the entive ov-tos © e e o~
a release of catecholamine as the common cause of these side=-offocts,
Among the catecholamines, adrenaline in particular possesses the
ettfect of increasing the metabolism as well as haviong an coffoeect on
the circulation. Norvadrenaline has a similar gqualitative effect in

this respect, however to a lesser extont. The 0, consunption of 7,2

ml Uv/nin kp measured during Ketamine narcosis 1s obviously hipheor




than the average (0, consumption during other narcosis procedures

D
and when does are at rest and awvwake, In the latter case, accordinrg
to the findings of the work group krendel and co-workers (2], it

is on average 5.7 ml 07/min-kg and thus is on the order of magnitude

o1 the 0O, consumption levels that are found under narcosis conditinns
{haletlane, NLA, barbiturate) [1]. The increase 1in 0O, consumption
2

during ketamine narcosis by about 25% above the normal level at
rest can be rapidly elininated by administering a depolarization-
suppressing nuscle relaxant (cf. Fig. 4)., It transpires, therefore,
that almost the entire increased rate of 0, consumption during ket-
amine narvcosis can be attributed to increased muscle tone
whilcl, is probably caused by the central nervous svstem [15].
Thiis the catecholinamines can be eliminated as the cause, at lecast
»olative to the increase in metabolism that has been described,
since theo circulatory chanpes discussed above are largelv still
present after administration of the muscle relaxant,

when the measurements of the catecholamine levels in the
plasmna are compared, the fluctuations in their curves show that
thie averaype levels of the individual samples demonstrate deviations
of varving deprees of magnitude. The resulting differences are not
statistically significant, however., Even indirectly by means of
easurine the glucose level in the blood, no indication could be
tonund of anv release of large amounts of catecholamines. When adroen-
aline and noradrenaline pour out of the medulla of the suprarenal
rland, plvrogennlvsis is stimulated in the skeletal muscle, the
fatty tissue and the liver, The activation of plycogenolvsis, esp-
i«dlv in the liver, would then have to produce an obvious increaso
in tl glucose level in the blood. However, the glucose concentra-
fion temains essentially unchanged within the time period of the
study, as can he seen in Fig, 3. The free fatty acids, on the other
Vst dnerease b 407 1% pddinutes aflter adnivistretion or otar i
and 29 minutes later are about 20% higher than the level at rest,
The 1necreascd release of fatty acids by lipolyvsis from the latty
tissue is caused amony other things by incvreased catecholanmine
artivity. It can be concluded from the behavior of the fatty acids -~
it one lonks at it topether with the circulatorv reaction -
that the introduction of ketamine narcosis induces a more intensoe
svitpathotonic conditinn in the test anials. Accovding to studies

9




by Feigelson et al. [7], the fatty acid level does in fact increase
with infusions of noradrenaline up to 8 times the level at rest.
The increase in the fatty acid level found here therefore has no
particular significance. Possibly , however, the loss of the resting
level or the introduction of narcosis produces a greater "stress
factor"” to which the organism responds with the typically delaved
increase in free fatty acids [12]. The descending trend in the
fatty acid curve from the 15 minute level to the 30 minute level
would support this association.

The findings reported here, like those of Traber et al. {17],
dispute a direct or indirect sympathomimetic action on the part
of ketamine. Accordingly, the anti~cholinergic effect detected by
Seifen and Mahmel [16] appears to be the most likely explanation
for the increased sympathotonus. The idea of a pharmacological mech-
anism of this kind is supported also by the recent repurt by Kettler
et al. [11] of the great catecholamine sensitivity of the myocardium
and the circulation in the presence of ketamine, compared with

other narcotics.
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