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SUMMARY

A literature Survey of ketamine anaesthesia has been reviewed

including personal clinical experience in some cases,

Ketamine hydrochloride (Ketalar) has been found to be a
good snaesthetic agent with strong analgesic and hypnotic properties.
The only draw back is its cardiovascular stimulating effects which
are not diserable in certain situations. There is an increase in
both systolic and s diastolic blood pressure as well as pulse rate,
This is associated with an increase in cardiac output, and coronary
blood flow, Cerebral blood flow is also increased, Despite the
increase in coronary blood flow, there is a reduction in the total
oxygen contents in the coronary sinus because of an increased
myocardial oxygen consumption. The increase in blood pressure,
however, makes Ketamine a drug of choice for induction of

anaesthesia in shoecked patients,

Because of the above-mentioned cardiovascular stimulating properties
ketamine has to be used with caution in heart surgery, pre-existing
hypertention,, and coronary insufficiency. In obstetries it kas also

to be used with caution because it can cross the placenta easily due to

its high lipid solubility.
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PART I

A REVIEW OF THE LITERATURE
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121 Introduction

HISTORY

Intravenous anaesthesia was first introduced into elinical
e 9 practice with sodium thiopentone forty years ago.
} Thiobarbiturates, with thiopentone as the prototype are widely
used as induction agents because of their rapid onset and
short duration of action. The less desirable aspects of
their use include:
aes increased sensitivity to somatic pain, '
(Dundee 1960)
b limitation of the route of administration,
i.e. only intravenously.
ce large doses are required to obtund reflex
response to surgery when this agent is
ugsed as the main or sole anaesthetice i
Hence frequent injections are necessary.
This leads to overdose at the end. The
potential for drug interaction and cumulative
dose effect is obviously increased because
of this long (ncn neural) tissue half life,
de Thiobarbiturates can cause profound circulatory

and respiratory depression such that they are

relatively contraindicated as the sole




anaesthetic agents in the aged as well as in

the presence of hypovolaemia.

es Termination of thiopentol's anaesthetic action
appears as a result of redistribution primarily,
as it is only slowly metabolised by the liver
and excreted via the kidney; a substantial
proportion of a given dose remeins in the body
(ises fat), following recovery from its ansesthetic

effects,

There was therefore a need for a safe, potent and short acting
parenterally administered anaesthetic, which combines analgesia and
sleep producing effect, without significant cardiovascular or
respiratory depression, This led to the clinical evaluation of
the Pheneyclidine compounds. Preliminary clinical study by
Meifentein et al (1955) on the clinical usefulness of phencyelidine
as an anaesthetic agent, showed +that although it produces an
adequate ansesthetic state in most patients, its undesirable and
occasionally long lasting non-reversible psychotomimetic side effects

during the post anaesthetic period, precluded its wide spread clinical

acceptance,

As a result of research to find an analogue of phencyclidine

that would provide adequate surgicel anaesthesia and rapid recovery

without its prominent psychotomimetic properties, ketamine
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2 -0 - Chlarophenyl} -2 = {methy’i@min@} - cyclohexone hydro-

chloride, initially refered to C1 - 581, was synthesized in 1961,

5 s

Ketamine was introduced as an agent capable of producing a unique
anaesthetic state, unlike the common inhalation and injectable
ansesthetics., It was characterized

where the eye remain open with a slow nystagmic gaze.

corneal and light reflexes, and occational seemingly purposeful

movememnts correlated to painful stimuli were noted in the presence

surgical anaesthesia (Domino 1965).

The so called "dissociative" ansesthetic state produced by

o

ketamine was desceribed as a2 functional dissociation between the

thalamocortical and limbic system where
coupled with 2 somnolent state in which the

$0 be anaesthetised but rather "disconnect

environment (Corsen et al 1968).

Preliminary observations indicated that ketamine has s
shorter, more controlable duration of action, and less propensity
of inducing seizures and severe emergence phenomenon as the chemically

related phenylcyclochexalamine compounds (McCathy et al 1965),

Domino et al (1965) in his studies in human volunteers confirmed that

ketamine would be more suitable than its parent drug for clinieal
snaesthesia. The early clinical experience with ketamine indieated
that it produces transient but minimal depression of respiratory

‘function, elevation of both systolic and diastolic blood pressure

.




and occasionally emergency reaction: in adults consisting of a

transient phase of vivid dreaming, with or without psychomotor
activity, manifested by confusion; change in mood and affect,
irrationsl behaviour and halluciantions (Domino et al 1965; Corsen &
Domino 1966). These later psychotomimetic effects appear to be
eontrollable by avoiding early verbal and tactile stimulation

and/or by the administration of a small dose of short acting

sedative hypnotic drug (Corsen et al 1965, Lofty et al 1970).

According to data compiled by the manufactures of this drug
from over 1,500 cases, Corsen & Domino 1966 the most common complieations
were:- ’
1e transient abnormal change in blood pressure, and heart
=0
rate 13/

2o inadequate pulmonary gas exchange secondary to mechanical

causes such as increased secretions and/or obstruction
of the upper airway - 5%,

3. Emergence phenomenon including hallucination, euphoria,
disturbance of body image, and numbness - T%.

4. Finally seemingly purposeful movement of the extremeties,
vomitting and other post anaesthetic complications - 3%,

The major undesirable characteristics of this drug include the

production of hypertension, tachycardia and psychic changes. Ketamine

wag initially advitised as a potent, rapid and short acting parenterally
4 S E o




administered anaesthetic with profound analgesia outlasting the

duration of unconsciousness, It was considered to be useful in
brief diagnostic and surgical procedures especizally in children
where psychic abberaticéﬁ were wncommon (Roberts 1967, Corsen et al
1969, Wilson et al 1969 ). A further advantage of ketamine in
paediatrics is that induction can be achieved with only a single
intramuscular injection and transient to general anaesthesia was

smooth and accompanied by stable vital signs.

Ketamine proved to be useful in radiotherapy in order to
overcome the difficulty in providing adequate sedation to the patient
without the anaesthetist being inside the irradiation area (Corsen
1972, Baltmore 1973, Amberg & Crordon 1976). Ketemine was also
employed with good results in patients undergoing ansesthesis for
debridment, and grafting of acute burns. It was also used in
reconstructive plastic surgery for removal of burn contracture secars,
without tolerance development (Wilson et al 1969b, Seingold &

MacMahou 1975, R. Sachez et al 1978).

After extensive clinical investigations inecluding nearly
2000 anaesthetic administration, ketamine hydrochloride (ketalar)
was approved in 1970, The clinical use for which ketamine was
initially recommended include:

1« Brief minor surgical and diagnostic procedures

that didn't require skeletal muscle relaxation




(eegs Incission &Drainage Abses, G.I.T. endoscopy,

cardiac catheterization, otorhino=laryngology,
f s opthalmologic and neuroradiologie procedures). i
| 2¢ Induction of inhalational anaesthesia where the intra-

muscular route of administration was preferred or when ;
! an ultra short acting barbiturate induction was i
eontraindicated on avoidance of cardiovascular depression.

3+ To supplement low potence nitrous oxide/ oxygen ansesthesia,

However, in spite of all these adventages, the use of ketamine
in adults in many places remain controversial because of the reportedly
high incidence ofzmdesirable side effects associated with induetion |
and emergence (King & Stephen 1977, Sunder et al 1970 & 1971, Morgan |
et al 1971, Winters 1972b). Many investigators have reported its use 3
with minimal complications (Corsen et al 1968, Oduntan & Cool 1970,
Lorhen & Limpman 1971, Sauchez et al 1971, Mag bag beokla 1971,
litte et al 1972, Walker 1972, Klose & Peter 1973 Langrehr & Heutman f

1973, Bidwar et al 1978, Elnaggar et 2l 1973.)
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Physical properties:

Ketamine hydrocloride (Ketalar) is 2- (o-chlorophenyl) -2
(methylamine) cyclohexanone hydrochloride respresented

by the structural formular:

It is a white erystaline solid, soluble in water to a 20%
clear solutiony which is stable at room temperature. The
base component is 86,7% of the salt. The solution has a
ph between 3.5 and 5.5. Benzethonium hydrochloride is
added as a preservative,

Ketamine hydrochloride is also highly lipid soluble,

Pharmacological actions?

Ketamine has unusual snaesthetic properties in that it

produces unconsciousness plus profound analgesia.

Pharmocological studies indicate that whereas conventional



anaesthetic agents result in cardiovascular depression,
ketamine's transient haemodynamic effects appear to be
a resultant of both inhibitory and excitatory actions.
According to Traber et a1(1968 & 1970) ketamine has

both direct depression effects on the cardiovascular
system as well as indirect stimulatory effects.
1

The indirect stimulatory effects predominate at lower |

dosess




Cardiovascular changes

At higher doses and in the absence of both sympathetic and vagal
control, the elevation on heart rate, blood pressure and cardiac
output were diminished through a direct depression effect on the
myocardium (Faber 1965, Treese et al 1973, Schwartz & Howitz 1975).
The elevation of heart rate and blood pressure were abolished by

a genglion blocker, It was further postulated that pegidue pressor
response produced by ketamine after muscarinic blockade were mediated
via the sympathetic nervous system. ZFurthermore the absence of a
significant effect by adrenergic blockade on the cardiovascular
response to ketamine implied that neither sympathetic innervation
to the heart, nor circulating endogenous catecholamines were

responsible for the cardiostimulatory effects (Rumor et al 1975).

It was concluded that ketamine increased adrenergic discharge
and reduces vagal discharge to the heart such that in the absence
of sympathetic and vagal influence, the drug exerts a negative
jonotropic effect on the myocardial contractility. Cardiovascular
studies in humans by Kreuscher and Crauch (1967) and Virtual et al
(1967) indicate that the pressor response observed during induction
of ansesthesia with ketamine was due primarily to an increased
cardice output., Ketamine has also been found to produce a significant

decrease in coronary sinus oxygen content despite an increase in




myocardial oxygen consumption. It has also been shown to increase
cerebrolspinal fluid (C.S.F.} pressure and presumably intracrani @l
pressure secondary to inerease cerebral blood flow (Dawson et al
1972, Tatceshita et al 1972, Crardner et al 1971, Evans et al

ol

1971 and Shapiro et al 197

N

On the respiratory system, ketamine does not alter markedly
respiration although depression on minute ventilation often occur
immediately after parenteral administration of a large dose of
the drug (McCathy et al 1965, Corsen and Domino 1966, Pander 1971,
Coppel and Dundee 1972).

The mild respiratory depression produced is rapidly followed by
a rebturn to baseline ventilatory volumes without loss of carbon
dioxide responsiveness (Virtue et al 1967). However, Folts et al

(1965) reported significant decrease in minute ventilation when

. . . 3 ‘ g . s
ketamine was administered with a sedative hypnotic/narcotic mixture.

Various investigators have noted preservation of pharyngeal

and laryngeal reflexes with maintenance of an adequate airway without

intubation
1971, Iarnning and Harmel 1975). Nevertheless tracheal soiling and
aspiration have been noted after ketamine induction (Penrose 1972),

gland secretion which must be

Ketamine also stimulates salivary

(Wilson et =1 1967, Virtual et al 1967, Doubrava Sharson
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blocked by an antisialogogue (Lanning & Harmel 1975) agento
Respiratory airway resistance is not altered by ketamine
although it does decrease the overal chest compliance (Watermath &
Vergmen 1974 ),
EEG Changes

The electro encephalographic (E.E.G.) changes observed during
ketamine anaesthesia have been interpreted to imply that sensory
impulses might indeed reach the cortex but they are not percieved
because of depression of the association areas of the brain
(Corsen & Domino 1966, Corsen et al 1968)., Both the E.E.G. changes
and the psychotomimetic side effects observed during ketamine
anaesthesia have all been reported as temporary changese
Metabolism
A brief mention of the metabolism of ketamine is necessary, Ketamine
undergoes n-demethylation and hydroxylation of the = cyclohexanone
ring with the formation of conjugates which are excreted in the
urine, The unconjugated ne-demethylated metabolite has 1/6 the
potency of ketamine and the unconjugated ecyclohexancne derivatives

have only one tenth the potency of ketamine. The duration of

L

analgdesia is much more prolonged due to these metabolites (I & II
while in actual fact their hypnotic effects are much shorter

due to the fact that the metabolites are not as effective in

producing hypnosise
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III CLINICAL ASPECTS OF KETAMINE

The introduction of the drug ketamine to clinical
anaesthesia by Corse and Domino in 1966 brought in a
promising and new dimension to the practice of anaesthesia.
The drug definitely produces both good analgesia and hypnosis
with a relatively stable cardiovascular system and an adequate
maintenance of the alrwaye
However as already mentioned both circulatory, respiratory
as well as pharyngeal and laryngeal reflexes can be affected.
The main disadvantage of ketamine are the hypertension and
tachycardia, which are not desired in certain circumstances
such as pre-existing hypertension, coronary insufficiency
and in cardiaec surgerye
There is also undersirable psychotomimetic effects observed
during the post operative periode
Various investigaters have tried to find ways to minimise
some of these effectss

In 1976, Hatano et al, investigated whether small doses

of ketamine when administered with a micro infusion technique
with a result of a more even blood level will provide
sufficient analgesia throughout the operation and & more
stable haemodynamic status without undersirable respiretory

depressione Hatano et al also used diazepam premedication

and an intra vg¥ious bollus dose of diazepam 0.3 mg/kg and 1 mg/

kg ketamine hydrocholoride during induction,
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The use of diazepam was intended to minimise the post ansesthetic

psychtomimetic side effectse

Their patients were undergoing open heart surgery for various

corrective procedures.

The results for the 200 cases were excellent,

Induction and maintenance was ;imple and smoothe

The effects on the cardiovascular and respiratory systems were

minimal, There was a wide margin of safety and 100% oxygen can

be given whenever required.

Hallucinations, dreams and excitement were almost totally absente
The same authors (Hatano et al 1978) extended their use of

ketamine microdrip infusion in combination with an intravenous

dose of diazepam during induction.

The patients were premicated with either diazepamy droperidol

or hydroxyzine, in combination with scopolamine or atropinee.

Their results indicated that patients premedicated with droperidol

and scopolamine were the most sedated at the time of induction and

had the slowest emergence especially in the geriatric age groupe.

chitement’ was seen in four out of the 250 patients and this was

easily controlled with droperidol 2.5 to 5mge Four patients

reported dreams but no patient developed hallucinationse No

patient recalled surgery and all had :ariigerq—gmde amnesiae

This followed evaluation of several premedications to attenuate

the psychotomimetic effects of ketamines, Dilburn et al (1978)

evaluated the effeet of diazepam, Lorazepam, flunitrazepam,

neurolept combination, hydralazine and promethazine in reducing

emergence exitement or delirium and unpleasant post anaesthetic
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dreamse This study was carried out in patients undergoing minor
gynaecological procedures.

The drugs were given 10 minutes before induction of anaesthesia,
induction was done with 2 mg/kg of ketamine intravenously and
maintained with an intermittent dose of ketamine 0425 mg/kg. body
weight as needed, The best results in attenuating the psychBotomimetic
effects were obtained with lorazepem seconded by flunitrazepame
Dundee and Lilburn (1978) investigated the effect of lorazepam

4 mg given either i.ve 30 = 40 minutes preoperatively, 60 minutes
i.m, preoperatively, or orally 90 minutes preoperatively to 205
patients undergoing minor gynaecological operationse The induction
doses of ketamine was either 05, 1, 1.5 mg/kg and 2 mg/kg body
weight, intravenously. The result shows that lorazepam
premedication did not have any obvious effects on the occurrence

of excitatory effects (Tremor, involuntary muscle movement of
hypertonous) of ketamine. The result show that with the small

dose of ketamine 0.5 mg/kg the incidence of rise in BP of more

than 20 mm Hg, systolic was significently less after i.m. lorazepam.
The protection offered by oral lorazepam was less marked but
significante. In contrast with the higher dose of 2.0 mg/kg,
lorazepem premedication did not reduce the incidence of hypertensione

However the preoperative administration of lorazepem by any of

the three routes virtually abolished the occurrence Ol severe
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emergence delirium following ketamine, Mild delirium occurred
frequently, but was not a problem, It was mostly associated with oral
lorazepam and 2 mg/kg ketamine, More observation on the technique,
dosage, and cardiovascular effects were done by Lilburn, Dundee
and Moore (1978). The initial study which included 20 patients
was done to determine the adequate average dose which will provide
sufficient anaesthesis in spontneously breathing patients.
This is because on giving a paralysing dose of a muscle relaxant
the obvious signs of adequate anaesthesia are abolished, and there
is a danger of a return to consciousness when supplementary inhala-
tional drugs are not givene

After this study patients were induced with ketamine and
maintained on an infusion of ketamine 0O.17% and muscle relaxantse
Various non depolarising muscle relaxants were
trieds The combination of ketamine and gallamine was abandoned
because of the chronotropical effects of both drugse. Cardiostimulatory
effect was greater in patients relaxed with pancuronium because
of the vagolytic action of pancuronium than in those relaxed with
d=tubocurarine.
There was greater patient acceptability of the anaesthesia, less

emergence sequelae and dreams, The preoperative use of lerazepam

is supposed to have contributed to this effecto
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At the same time proctalol failed to block the tachycardia
resulting from the phentolamine-ketamine combinatione
Promethazine had a moderate vasodilatory effeet, but 25 mg.
ieve failed to block the cardiostimulatory effect of ketamine, |
Heéxamethonium which is a ganglion blocker was effective in
blocking ketamine hypertention in 3 out of 4 cases, but caused
an unacceptable degree of tachycardia and wes followed by
prolonged post operative hypotention, and visuasl disturbences.
Procainamide: This is a local anaesthetie with a direct
myocardial depressant effect, It proved to have no effect on

the cardiostimulatory action of ketamine,

Verampamil: This drug is a derivate of papaveretum, which blocks
the uptake of the myocardial cell membrane of ionised calcium
which is necessary for the breakdown of ATP by ALY ase, This
action reduces myocardial contractility and is referred to as
negative ionotropic action. It gave a good control of blood
pressure, but was not effective in reducing the tachycardia,

Labetalol: A drug with both gl and # adrenergic blocking

properties, gave a fair to good control of blood pressure, and

controlled the heart rate in most patients. Hence labetalol in
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s

doses of 0.5 mg/kg t0 140 mg/kgo proved to be the most promising

drug and is werthykfurther studye

ordinary drip sete

very common
usually used as an

ieVe in adults and

procedures such as

Karm and Bewes (1975) tried to investigate

f giving ketamine ansesthesia by

in one of the developing countries (Tanzania),

drug in ansesthetic practice in Tanzania,

infusio

=]

1 uwsing an
and cost relationship
Ketamine is a

It is

b

induction agent ieme in children and mostly

repeated i. s can be used in short
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dilatation and curretage of the uterus, In

’

/ their study they found that in spontaneously ventilating patients

t

e b

! an intravenous dose of 4 to 6 mg /kg body weight/hour is sufficent

L

dripe

to mointain ansesthesiae
required is 2 mg/kg.

that the running cost of a draw over vapourizer

They made no recommendation that ketamine

ihen patients are wentilated, the dose

From the dose cost relationship,

such as an EelfeOo

ether/air technique is cheaper than that of a ketamine infusion

should replace

convensional ansesthetic technique such as EeM.0. ether/air or

+1
cne

use of regional blocks whexr

¢

Licables
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Hence the extent of the use of ketamine in anaesthetic practice
still remains rather limited.

In some places such as Nigmegen University, it is not
commonly used, and this applies to the majority of the developed
countries such as the western Buropean countries, whereas in
developing countries such as Tanzania, it is so common that

dministered by less qualifie

o 4

ersonnel, This

fol]
o]

is due to the discovery in developed countries of better anaesthetic
techniques, though expensive, such as neuroleptansesthesia
whereby more expensive drugs such as fentanyl and droperidol are

useds In developing countries this would be considered a rather

pensive technique and in fact such drugs are therefore not l

H
103

ily available except under special @ircumstancese \
We therefore had to look on the safe method of administering |
ketamine ansesthesia which when modified could be used without |
much problems The method can then be taught to those who will have
0 administer ketamine anaesthesia in places where there is even

less supervision by a qualified anaesthesiologiste In places like |

Tanzanis where sometimes nitrous oxide is not readily available |

the use of ketamine eliminates this problemes The patient can be

ventilated with a simple technique of using an Ambu bag and a




nixture of air and oxygen, if the oxygen is available, or
just air alone; and ansesthesia maintained with an

infusion of ketamine and muscle relaxant.
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PART III

A PERSONAL EXPERIENCE IN SCOME CLINICAL
CASES OF KETAMINE - DIAZEPAM

ANAESTHESIA
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KETAVMINE - DIAZEPAM ANAESTHESIA

A study of ketamine anasesthesia in combination with
diazepam was done at the University of Nijmegen, Holland,
Thigs was done with a view to minimising both the
cardiovascular manifestations by the use of continuous
ketamine infusionj and the psychotomimetic effects

minimised by the use of diazepams

PATIENT AND METHCD

Patients in this study included those with no history of
psychosomatic disorders, non-alcoholics and those with no
history of cardiovascular disorderss The age limit wes
between 15 and 60 years. The type of operations included
those requiring muscle r laxation in general surgery such
ag intra-abdominal operations and those requring no
muscle relaxation, in patients undergoing bedy surface
Table I below gives the patients number,

operationse

age and type of operation dones




TABLE I

Noo | AGE SEX TYPE OF OPERATICH

1 16 m Open reduction fracture tibia and repair

tendon

2 24 m Arthroscopy

3 25 n Removal pins and plate right tibia
4 21 m Corrective osteotomy tibia

5 33 m Removal pins and plate tibia

6 48 £ Varices (L)

i § 18 m Appendicectomy

8 34 k4 Breast tumour (L) excission biopay
9 25 m Varices (L)

10 23 £ Excission biopsy neck tumour (L)
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and

Anpesthetic technigue

Patients were given 10 mg diazepem orally for night sedation,
the night before the operatione.

In the morning before the operation the patient received a
dose of 0,25 mg of atropine intramuscularly and 10 mg diazepam
orally one hour before the operation.

Induction: Patients were brought to the induction room where
normal procedures such as plecing an i.ve infusion, blood
pressure cuff and ECG skin electrodes were donee Blood
pressure and pulse were monitored before the inductione

The patient was then given an intravenous bollus dose of 0.2
to & mg/kg body weight of diazepem followed within one minute
by an induction dose of ketamine 1 to 2 mg/kg body weighte
Most patients have a vacant appearance and usually the corneal
eyelid reflexes are not abolished, At this time a face mask
was placed and the patient allowed to breath 100% oxygen. If
intubation was necessary, the patient was given succinylcholine
1 mg/kg weight to facilitate intubation of the trachea, and
continued to be ventilated with the 100% oxygen during the
apnoea caused by succinylocholine,

Immediately after induction a drip infusion of 0.1% ketemine

( 1 ml =1 mg of ketamine) in 500 ml glucose 5% was started
using an Ivac drip apparatus which delivers 20 drops/ml. The
ketamine infusion was connected to the normal dextrose/saline

infusion thowough a T connector via the Apbocath intravenous

cannulae
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TPhe initial rate was set at 40 to 50 drops/minute, and this was
1ater varied according to the depth of anaesthesia. The a2im was
to pro&ide a minimum dose of 1 mg of ketamine/kg/hour. The patient
was transfered to the operating room, where monitoring of the
blood pressure, pulse rate and depth of anaesthesia were continued
at 10 minutes intervals from the time of inductione

If at any time ansesthesia was considered to be inadequate
the drip speed was increased or an additional bollus dose of
ketamine was given at the dose of 0.25 mg/kg. In case muscle
relaxation was required, pancuronium bromide wes given at the
dose of 0,06 mg/kg body weight, The patient was then ventilated
using a mixture of 30% oxygen in air with an ambu bag or a machine
such as Engstrom or Drager which can deliver a mixture of air
and oxygen. Small doses of velium, or pentothal (50 - 100 mg)
were used at any time when rapid deepening of anaesthesiza was
required during surgerye, The patient was closely observed for
signs of sweating or any movements. At the end of operation
the ketemine infusion was stopped 5 to 15 minutes before the
end of anaesthesia and non-depolarizing neuromuscular drugs were
reversed with mestinon (pyridostigmine), an anticholineterase

drug, and atropine if the patient was still curariseds If the

patient showed any signs of psychomotor disturbance 5 to 10 ng
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of dominal Forte(prothipendyl hydrochloride) which is a
tranquilizer and sedative, with an anti emetic effect, was

given intravensusly.

3e3e Measured parameters: In this étudy blood pressure and

pulse were monitored immediately before induction and at an
interval of an hour after the operation.
Capnograph, plethsmograph and ECG were monitored during the
operation, After stopping the keteamine infusion the time for
the patient to be fully conscious and well orientated was notede
The amount of ketamine used through thfe ketamine infusion drip
and the duration of time from starting to stopping the infusion
noted, and any additional doses., Any adverse signs and symptoms
during anaesthesia were recorded during operatione
Postoperative complications such as hypertension, arrythmias and
other cardiovascular manifestations as well as delayed emergence,
excitation and delirium were noteds

At the end of the operation the surgeon was asked how he felt
about this type of ansesthesia and also noting if the patient has

been moving during surgery which gives a negative point from the

side of the surgeon.
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The nurses at the recovery room were also interviewed on the way
they liked the recovery period of the patient and whether they

had to give extra attention to the petient or give more analgesic
drugs postoperatively. They were also asked whether the patient

vomitted during the immediate postoperative periode

The patient was also visited the evening after the operation
and the next postoperative daye The patient was specifically
asked whether he/she was aware during the operation; if he had
dreams and whether they were pleasant or upleasant. He was asked
whether he felt pain at all, postoperatively and the time the patient

received any analgesic was noted from the ansesthetic chart,

The patient was also asked whether he felt nauseated or vomitted
after the operations

Pinally he was asked whether he was willing to undergo the same
type of anaesthesia if he had to be operated again. This gives

the acceptability of this type of anaesthesia to both ansesthetist,

surgeon, nursing staff and most important the patient.
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Changes in blood pressure and pulse are recorded in Table II (a)
belows=
PABLE II (a)
A VLY . 1 ™ i T, Cvip
omww mwpmmc%bmr WMWHMF% CHANGES 1IN d BP & PULSE BP & PULSE
| toverion  |ABTER SYSTOLIC | DIASTOLIC| PULSE INTRA= POST=-
o BP BP Rate/ OPERATIVELY OPERETIVELY
INDUCTION A
mm Hg m Hg mine
1 {140/80 70 }|150/90 80 +10 +10 +10 stable stable
2 1140/80 60 |130/70 55 -10 -10 w. 5 stable stable
3 |130/80 50 |140/70 100 +10 ~10 +50 stable stable
4 }140/80 64 |160/80 110 +20 0 +50 stable after
30 min, stable
5 |160/90 108 | 165/100 110 -5 +10 + 2 stable after
45 min, stable
6 1120/80 72 |130/85 90 +10 +10 +18 stable after
45 min, stable
7 | 120/60 T2 |130/70 90 +10 +10 +18 stable stable
8 1130/70 80 |130/80 110 0 +10 +20 stable stable
9 |130/80 80 [140/90 105 +10 +10 +25 stable stable
10 ]120/80 110 |130/80 140 +10 0 +30 stable stable




TABLE

IT (b)

P BEFORE AFTER
NO, A % waPp | AR
BP MAP | HR EP MAP | HR
1 140/80 | 100 | 70 | 150/%0 | 110 | 80 10 14.2
2 140/80 100 60 130/70 90 55 10 8+3
3 130/80 97 50 | 140/70 93 100 441 100
4 140/80 | 100 | 64 160/80 | 107 | 110 7.0 | T1.8
5 160/ 90 113 | 108 165/100f 122 110 Te9 142
6 120/80 93 | 72 | 130/85 100 ) Te5 25
7 120/60 go{ T2 130/70] 80 0 148 25
8 130/'70 | 80 | 130/80 97| 110 4T 25
9 130/80 97{ 80 | 140/90 17| 105 2.6 31,2
10 120/80 93| 110 130/80 97 140 443 2702
Mean 96 11 101 99
= 9%+y | T7+20 o149 |ggwo| 62 | P




» arterial pressure before and

LT

10 minutes after induction, calculated by the formular:
Mean arterial pressure = Diastolic pressure + % (Systolic-Diastoli

pressure)

It also shows the 7% change of the mean arterial pressure and the

heart rmte. The mean and standard errors of the means for both

arterial blood pressure and heart rate are shown, By the Analysis

of Variance, there is a statistically significant inerease in blood

pressure and heart rate.

(a) shows an

a

in one patient (case noe. 4) which was also accompanied by an incres

in pulse frequency not associated with 2 rise in blood pressure.

i3

O

is not surprising since the main effect

increase in systolic blood pressure of 20 mm Hg

T ketamine is chronotropic

and hence a significant effect on increase pulse rate for patient noe.

and 4, while there is a significant rise in blood pressure and pulse,

S et = &

most patients remoined in half an hour after induction and

1Y

Refer also table II (b) with explanationse

patients had stable blood pressures and pulse rates during the

rative periodes No arrythmias were recorded post-operatively.

3
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Table III below shows the dosage of ketamine required to maintain
adequate anaesthesia during the operation and the effect of the
dosage on the recovery time?

TARLE I1I
CASE [|DOSAGE : Lo ol
c.ww. KEPANTYE 1§ ASABSTRURIS. GASES TSED. DURATION OF  brovery
mg/kg/hour THE OPERA= TME (min)
TION (min)
1 45 ..zwo\ % . sponte megills syst 120 115
o 6.0 ZNO\ om - gpont, magills syst 50 48
3 740 .SH.\ON - Engstrom IPPV 40 150
4 5¢6 Air/0, - Engstrom IPEV 70 33
5 2,0 .ﬁu\om - Engstrom IPPV 20 8
6 640 Air/0, = Dreger IFPV 60 28
7 5e2 »u.u\om -~ Ambu Bag IFPV 35 60
8 4.6 »ﬂ,\om = Drager IPPV 100 120
9 4,0 ﬁa\om - Drager IFPPV 120 80
10 57 >Hw\om - Engstrom IFPPV 45 70




Pable IV below shows the induction doses of ketamine and valium
and the additional doses of valium, and pentothal used during

the operation.

TABLE IV

CASE | AGE WEIGHT INDUCTION DOSE [INDUCTION ADDITIONAL |ADDITIONAL
NO, (YRS) (XG. ) VALIUM (mg) DOSE KETAMINE | VALIUM (mg) | PENTOTHAL
(g) (mg)

1 16 40 10 50 15 100

2 24 T4 20 100 - -

3 23 8063 25 150 5 150

4 21 T4.5 25 150 5 200

5 33 8745 25 175 5 100

6 48 679 25 150 10 50

T 18 65 20 130 5 50

8 34 675 20 135 5 250

9 25 T4 2245 150 -

10 23 7045 20 140 -




ose required

and at the same time the addition of 100 me pentothal in total,
addit was used for this vnatient. and
il wa.s used for this patient, and

had also the shortest recovery ti The recovery time rang
between 8 minutes to 150 minutes and the longest recovery time

roome We had no anaesthetic

at thet material time in the no ambu

bag with an adequate valve 1

spontaneous breathing w

<t
fte
o
-

-

out rebreathing,.

The rest of the patients were ve

Engstrom or Dr

one was ventilat

normal for this patient

LCOO meintained




TABLE

V: ACCEPTABILITY OF ANAES

THESIA

CASE NAESTHETIST | SURGEON NURSING STAFH PATIENT| EXCITEMENT,
KO, DREAMS
BELIRIUM

1 reasonable reasonable| reasonable good nil

2 good good good good nil

3 reasonable reasonable| reasonable good nil

4 good good reasonable good nil

5 good good reasonable bad nil

6 good. reasonable| reasonable good nil

T good reasonable good good nil

8 good good good good nil

9 good good good good nil

10 good good good good nil
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reasonable by the ans

a sm2ll dose of pentothal

controlled

or valivm or sdditional ketamine and when the anaesthesia

was not deep enoughe The same

the patient showed excessive movement,

A

egthes

sweating and sig

=]

Anaesthes

ostoperative vomiting delayed recovery

nt such as to ensure

of extra care to the

No postoperative nausea

was willing to

and vomiting, n

undergo the same type of a

aga8l1ne




Cou

18e he had von

postoperatively. There was no patient who experi

xcitement or delirium, The type of

good and reasonable for most of the surgeons.

No patient reported

ight movement

A 1 'S i 4 7
his or her eyes, This was

Pressure, pulse rate and there was no sweating.
by a small dose of pentothal (50mg) or diazepam (2.5-5mg) or

increasing the ketamine infusion drip speed,

Omam?mmxmﬁmmgmm<mmwmﬂiﬂ@msmmmﬁﬁxﬁmMmewﬂm

monitor which was connected to the patient

fo-1]

The ZEG showed more cerebral activity as evidence

spikes when additionsl ketamine was given. This is in I

the study done by Corsen and Domino (1966) and Corsen et al (1968)

1 b 13

as reported befores The increased spikes were abolished when the

ne was followed b




PART IV

DISCUSSION AND CONCLUSION
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DISCUSSION

From this study and other studies reviewed, it is obvious
that ketamine has strong analgesic properties associated with
good amnesia, The cardiovascular effects mostly seen include a
tachycardia associated with hypertension. There is inecreased
cardiac output and increased coronary artery blood flow, Due
to increased myocardial work, there is a definate decrease in
coronary sinus oxygen content as a result of incressed
myocardial oxygen consumption, This could be a disadvantage
in patients with severe myocardial disease. However the increased
cardiac output is sometimes beneficial in certain hypovolaemic
states such as shock, Various research have been done %o
attenuate the cardiostimulatory effects of ketamine with little
success, It is reported that labetalol which has both & andﬂ
adrenergic blocking properties should be further investigated.

When ketamine is used and muscle relaxation is necessary,
it is better to avoid gallamine, Pancuronium bromide ean be

used although (in combination with ketamine) it may also produce

an increase in heart rate., Some investigators found no evidence

for this as already reported,
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CONCLUSION

Ketamine can be used with much safety provided that the
person who administers it is aware of its contra=indications,
Just as in meany drugs used in anaesthetic practice, When
patient safety is paramount to the point that vivid dreams
are un-important, and when rapid anslgesia with maintanance
of circulation and respiration are needed and when relaxetion
is unnecessary, ketamine can be nothing short of magicl! For
the majority of surgical procedures, methods of eliminating
side effects have not been standardized Further research can
certainly be continued to make this drug more acceptable
and useful in anaesthetic practices In this study valium hes
been used to attenuate the psychotomimetic effeets of ketamine,
It is easily available and not so expensive, Other drugs
however have been used with good effect. To avoid pain
and thrombophlebitis, diazepam should be injected slowly in

a big vein, where the infusion speed can be made fast to

dilute ite
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