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NEUROPHARMACOLOGY - INTRACRANIAL PRESSURE AND
CEREBRAL BLOOD FLOW

Dr. F.J.M.Walters FRCA, Consultant uncouple or disconnect this relationship in a dose
Anaesthetist, Frenchay Hospital, Bristol UK~ dependent way. The overall effect on
E-mail: Frank_Walters@Compuserve.com cerebrovascular tone therefore, is the sum of both
the direct vasodilatory effect and any indirect

ABBREVIATIONS . o

CBE Cerebral blood flow vasoconstrictor effect remaining.

ICP Intracranial pressure The important consequence of this is that any
CMRO, Cerebral metabolic rate dilatation inturn raises cerebral arterial volume and
MAP Mean arterial pressure increases brain volume. When the brain is stiffer, in
h Hour other words, compliance is reduced, intracranial
min Minute pressure (ICP) will rise [1]. This was explained in

the previous article to which the reader is referred
INHALATIONAL AND INTRAVENOUS andisdemonstrated in fig 1. Note the different size
AGENTS of the rises in ICP which occur as the squashiness
Reviewing new pharmacological agents and thefrcompliance of the brain changes. At the left hand
effects on the brain has been a considera®igl, the brain is not stiff, the normal situation. Any
challenge. Over recent years a number of nel@ngeincerebralvolume resultsemaallincrease
agents, both inhalational and intravenous have b#eh¢P. In contrast at the right hand end of the curve
introduced. Their advantages and disadvantatjgbrain is stiffer, due to oedema or a large space
are debated, their availability is not uniform, b@ecupying lesion such as a blood clot, tumour or
their costs are undisputedly increased. Should tigggt. Note thdarger increases in ICP at the right
be included in this review? | believe they should,@Rd of the curve in this situation.
a decision on the use of a drug can only be made
after consideration of all the facts, pharmacologidal,
economic and availability by the clinician. s
Previously, anaesthetists used inhalational .
techniques almost exclusively. Today itis differemt,
with the important advances in intravenous drugs,
asignificantnumber of anaesthetists use intravenous * "
techniques either routinely or with certain & *- !
indications. Thus both inhalational and intravenous? "
agents will be considered, with a discussion |of .
clinical considerations where relevant. "

INHALATIONAL AGENTS o
The conventional understanding is that anaesthgtic
agents reduce neuronal function and so deptess
metabolic demands. This in turn reduces ceredri@l1 The pressure-volume curve of the intracranial
blood flow (CBF). However it is well recognised f:é‘rtsgtszsAsl ége r‘i’sleusmgnf; 2“9%%""”“1‘]2? oS
that volatile anaesthetic agents cause cerebral  .;yhensatory mechanisms are overcome. This point
vasodilatation with an increase in CBF. Tdi®ct is reached at the elbow of the curve when further

effect is caused by a reduction in the tension of the  expansion of the mass causes a steep rise in ICP

isolated cerebral artery muscle. Volatile ageffsg important to consider the influence on two

also produce some uncoupling of the normgj,.. nhysiological mechanisms, autoregulation
relationship between metabolism and blood floy,, 4 CQ-CBF relationship. The normal

Usually, whlen cl:elrebrc':clll mitﬁbm'chrate_(CMZROautoregulatory mechanism is gradually abolished

decr(_aases, ocal blood owta sasthere |sar§dggg%e concentration of the volatile agentisincreased,
reqwrement_fo_r oxygen delivery and ca_rbon dioxiggs becoming blood pressure dependent. Thus as
removal. This is thandirect effect. Volatile agentsy o4 pressure rises, CBF increases and cerebral
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Fig .2 Idealised curves of the effect of a progressivqiy,'g 3
increased dose of a volatile anaesthetic agent on

CBF autoregulation

vasodilation occurs. In contrastwhen blood pressure
falls, there is no mechanism to sustain flow

reducing cerebrovascular resistance (fig 2).

Effects of anaesthetic agents on the CBF-CO
response curve. ldealised curves indicate the effects
of carbon dioxide (CQ) and volatile agents. The
slope of the thin line indicates that CBF-CO
sensitivity is increased with agents which increase
CBF, such as volatile agents.

b
I—Yalothane is a moderately insoluble agent,
blood:gas solubility 2.5and aVIAC of 0.75%. In

The CQ-CBF relationship is also affected by th@e presence of cerebral swelling, it produces a
volatile agents, the curve being shifted to the I§fiyge rise in ICP which can be prevented by
Hypocapnia is still able to reduce cerebral bloggperventilating the patient for 10 min before

flow and therefore to oppose the vasodilatiofroducingit[2]. Cerebral autoregulation is reduced
However if CQ s allowed to rise, there is a mucht 194 inspired concentration and abolished by 2%

more rapid increase in CBF (fig 3).

TEACHING POINT

Itiswellrecognised that following a head injury
where the patient has lost consciousness briefly,
a technique with spontaneous breathing with a
volatile agent should NEVER beused. Following
the head injury there will be some cerebral
swelling because of contusion. Compensation
will have taken place and thus the patient may
not appear to have any significant
decompensation. If an anaesthetic is required
and halothene is given with the patient breathing
spontaneously, there will be a rapid rise in ICP
following cerebral vasodilatation induced by
the combination of a raised co, and a volatile
agent. In addition blood pressure may fall as
well, the combination dramatically reducing
cerebral perfusion. Postoperatively this will be
seen as persistent UnConsciousness.

[3]. Halothane does not causes cerebral epileptic
activity detected on the electroencephalogram
(EEG). In practice therefore it is reasonably safe to
use halothane in a hyperventilated patient up to a
concentration of 0.5% in conjunction with nitrous

oxide. It should be avoided, if possible, by using

alternative techniques, before the dura is opened in
patients who have severe intracranial

decompensation [4] - in other words, massive brain
swelling leading to unconsciousness preoperatively.

Enflurane has less effect on CBF and ICP than
halothane. Like halothane it reduces CMROI it
does cause cerebral epileptic activity, particularly
whenthe patientis hypocapnic [5]. Epileptic activity
Is harmful as it induces a massive increase in
cerebral metabolism, which in turnincreases blood
flow and hence cerebral swelling. Neurosurgery
itself can also induce epileptic seizures
postoperatively, and thus drugs which induce this
process should be avoided. Finally the rate of
production and resistance to reabsorption of CSF
are increased by enflurane, making any increase in
ICP associated with its use worse.
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Isoflurane is a methyl ethyl ether withtdood:gas  reports in man of problems, although some countries
solubility 1.4 and MAC 1.2%. It causes both have set a minimum fresh gas flow of 2L/min.
respiratory and cardiovascular depression, the lat&svoflurane is very expensive, but when used in a
occurring predominantly due to a fall in systemipw-flow system is little more expensive than
vascular resistance [6]. CBF and cerebral blogsbflurane. However this does require sophisticated
volume (CBV) are not affected by concentrationsonitoring, and there is the potential problem of
of 0.6-1.1 MAC isoflurane, but 1.6 MAC doublegomplications arising from Compound A. Opinion
CBF. Similarly it is only higher concentrationgs still divided on whether the use of low flow
which cause an increase in ICP. There is lessvoflurane (<1L/min) is acceptable.

impairment of autoregulation and G@activity Desflurane is also similar to isoflurane when
when compared to halothane. A major property Is

. . =100
the significant reduction in cerebral metabolic ratcon5|der|ng the brain. ThEIAC is 5-10% and

_ . 0
There is evidence of uncoupling between the dir Bqlfod.gas solubility, 0.4%, f_;\lso very low. Thus,
il e sevoflurane the main advantage to the

dilating effect and indirect vasoconstrictive effec o . .
rieuroanaesthetist is rapid recovery. It too is

of isoflurane on the cerebral vasculature.Therefor; ensive and is onlv economically viable if used
up to 1.6 MAC the vasoconstricting effect P y y

predominates preventing cerebral blood flow from 2 sophisticated low-flow system. However in

. ) . . . . C(t)ntrast to sevoflurane it is irritant to the tracheo-
rising. As the inspired concentration rises, the direc . : : i :
elE)ronchlaI tree, requires a special vaporiser but is

vasodilatory effect overrides the indirec . .
: . not metabolised or affected by soda-lime.
vasoconstrictor effect. However, in damaged or

pathological brains the indirect vasoconstrictiohther (diethyl-ether) is still used as it is considered
due to the depression in cerebral metabolic rdgebe one of the safest agents because respiratory
does not occur. Therefore small concentrations@gpression precedes cardiovascular depression. It
isoflurane will cause some cerebral vasodilatidgan irritant, soluble ageftiood:gas solubility 12

although it is not as marked as with equipoteftt.f. sevoflurane 0.6) anMMAC 1.92%. Thus
doses of halothane. induction is prolonged and can be stormy. Recovery

. . is, also prolonged. Considering the brain, ether
In clinical practice, it has been demonstrated that ; : i .

. o . . .causes a biphasic response; at low concentrations,
1.1% isoflurane significantly increases mtracranlg1

) . o . .2.4%, it will lead to some reduction in CBF and a
pressure in patients with intracranial tumours wi

midline shift, despite hyperventilating the patiens[lgnlflc:antfall in metabolic rate. However at higher

. : . concentrations, 4.5%, there is an increase in CBF
to induce a low CQJ7]. Despite these side-effects, . o )
. with CMRO, rising towards baseline values [10].
isoflurane has become a useful drug f 2

: . . ther liberates catecholamines and it is believed
neuroanaesthesia because of its ability to redli_ﬁe

: . fhat initially the increased sympathetic activity
cerebral metabolic rate and to cause less vasodilatio . .

: . reduces CBF, but at higher ether concentrations the
than other volatile agents available.

direct vasodilatory effect becomes dominant. The
Sevofluraneis anew volatile agentwiMAC 1.7-  increased sympathetic activity also stimulates the
2%, and a lovblood:gas solubility 0.6(isoflurane brain with a risk of inducing epileptic activity,
1.4). It has similar properties to isoflurane on thghich both increases brain oxygen needs as well as
brain, CBF, CBV and ICP [8,9]. A requirement oincreasing the risk of postoperative convulsions.

neuroanae.sthe5|a 's rapid recovery fOIIOWmfghus, if there is a choice ether should be avoided.
surgery which may have lasted several hours. L(f_\{v

) . . owever, if there is no choice, then ether is better
blood:gas solubility enables very rapid recover . . :
sed as maintenance, following an intravenous
even after many hours of surgery. Sevoflurane.1s, ~ . . ] . :
. . . _jnduction, in a paralysed ventilated patient, in
also metabolised (5%), increasing blood fluoride . . . :
: o conjunction with a narcotic to reduce the ether
concentration. So far no renal complications have *: L
requirements to a minimum.
been reported.

. . ummary
When sevoflurane is used with baralyme or soda- : .
. . . -.Sevoflurane has great promise for neuroanaesthesia
lime, in a circle system, Compound A, a toxic . o .
) . In those countries where it is available and can be
compound is produced. Again there have been no
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used with a low-flow system making it only slightlynetabolism. Pierce in 1962 showed there was a
more expensive than isoflurane. The only questidnse dependent reduction in cerebral metabolic
mark remains over the risk of the toxic substanagate and cerebral blood flow which ultimately led to
Compound A, which is formed when used withareduction in cerebral blood volume [12]. Itis this
CQO, absorber systems. Isoflurane is in general ttigange in cerebral blood flow and cerebral blood
“standard” volatile agent used for neuroanaesthesialume which causes a fall in intracranial pressure
However the advantages of these different ageatsl has been used therapeutically. Thiopentone is
are relatively small and can be described as finesed forinduction and has been used for maintenance
tuning. Halothane or any of the less “ideal” ageras an infusion with nitrous oxide, but without
are safe to use for neuroanaesthesia when themaixotic supplements [13]. Depending on patient
no alternativg@rovided that close attention to basiage, weight and general condition 500-1500mg of
details required for neuroanaesthesia are adheréaiopentone is put into 500ml. The infusion is
to. It is this that makes a major contribution tcommenced at 1-3mg/min, titrated against patient
reducing the disadvantages of less suitable agemtesaction and finally stopped as the dura is closed.

Nitrous oxide has been used for many years asTQe infusion rates used ranged from 28 to

carrier gas and for its analgesic properties. Itml%gomg/h’ with a mean rate 300mg/h. Howeve;r
believed that the effects on cerebral blood roWge doses of barbiturates must be used with caution

were minimal. However. in work with humarn" patients with raised ICP as they also cause a

volunteers nitrous oxide has been shown to cauggﬁ:{lfed fall 'E b||00d [;res.sure which wil Iea(;j to.ﬁ
significant increase in cerebral blood flow acting n clere lrad_per US'OT prezsure, and wi
synergistically with the volatile agents [11]. Mor ccumulate, leading to prolonged recovery.
importantly, the increase in CBF due to
combination of isoflurane and nitrous oxide
reater than simply increasing the volatile aggnt, ™. : .
glone to provideptsiqe same I\Q/IJAC As mightgbe it arises and the merits of the agents availabje.
expected, anincreasein ICP hasbeen demonstrat%vﬂﬁny units, including our own, omit N2

when NO is used for patients with intracranigl ' <" the conscious level of the patient|is
tumours. depressed due to serious intracranial

decompensation.

a
s TEACHING NOTE
ntIt is more logical to consider each situation as

This has lead a number of centres to on@ tom
their technique. However nitrous oxide is not

contraindicated for most neurosurgical procedur@sopofol is an alkylphenol which has hypnotic
whenthere is minimal cerebral swelling. In additiopyoperties and has a potency 1.8 times that of
patients have to be anaesthetised with some agbipentone. It has been solubilised in intralipid
and before omitting nitrous oxide the clinicianwhand causes both respiratory and cardiovascular
normally uses it, must ensure that the alternatigepression. Propofol reduces CBF, CBV, ICP and
technique does not produce worse conditioreerebral metabolism. The drug causes a fall in
Volatile agents with oxygen enriched air have bebtood pressure when it is given because of a
used to maintain anaesthesia. Alternatively aeduction in both systemic vascular resistance and
infusion of thiopentone has been used, but there#@diac output. The drug is rapidly metabolised in
a significant problem of hypotension anthe liver, even in those patients with cirrhosis.
accumulation. More commonly propofol infusion¥here is also some clearance in the urine.
are used, but they are expensive and requiteraesthesia, when maintained by a propofol

sophisticated infusion pumps. infusion with either nitrous oxide and oxygen or
oxygen enriched air, is followed by rapid recovery
HYPNOTICS when used for not more than 3-4 hours. If used for

Drugs which induce general anaesthesia are cerebrahy hours, some accumulation will occur (fig 5).
depressants with the exception of ketamine.  One report related blood levels to the response to a

Barbiturates reduce CBF by both direct Cerebra%uhprlamaxnlnal stlmullus,h analogous tof g/IOACI\Tor
vasoconstriction and indirectly by a reduction jghalational agents. In the presence of 6070,
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the propofol effector site concentration was 1 BgACHING POINT
‘Al available evidence suggests that ketamine

mg.mi*(95% confidence limits 1.4-2.34 mcg/m
(14). Note the wide confidence limits, one of tl:?hou o el & meseie o e ain o

factors that makes it more difficult to ensure the

. ) . . neurosurgery especially in those with raised ICP,
patient IS not aware durlng a total intravenous . .
. or cerebral swelling leading to a decreased
technique. . .
compliance or squashiness.
TEACHING POINT receptors and may therefore offer protection from

the adverse effects of cerebral ischaemia. Thisis a

Falls in blood and cerebral perfusion pressure ) . )
! perfusion pressu field under intensive research at present.

are particularly risky in the elderly and
emergency patient, when they will cause a
significant fall in brain oxygenation. Any fall in
blood pressure associated with the use of propofol
can be avoided by reducing the bolus dose and
titrating it cautiously in these vulnerable patients.

NEUROMUSCULAR BLOCKING DRUGS
Suxamethonium has been reported to raise
intracranial pressure [16] in both man and animals.
More recently other reports have failed to measure
a rise in ICP in head injured patients following
suxamethonium [17].

A manual regimen has been described by Rob

etal[15]to achieve a maintenance level of propd TEACHING POINT

by commencing with a bolus, 1 mg/kg, and ara
infusion rate (10 mg/kg/h for 10 min
8m/kg/h for a further 10 min). This is subsequen

When presented with a patient who has a full
stomach, safe establishment of the airway takes a
priority. Despite the possible risks of raised

reduced to the baseline maintenance rate of 6
kg/h. This technique requires both narco
supplements and . Propofol is a very usefu
agent for maintenance of anaesthesia of #ancuronium does not affect CMRQ CBF or
neurosurgical patient, particularly when nitrod€P during induction of anaesthesia. It may cause
oxide is to be avoided. It should be noted thaterial hypertension and tachycardia which may
propofol infusions are expensive and requineake intracranial conditions difficult during
sophisticated infusion pumps. More recently tbargery.

concept of Target Controlled Infusions (TCI) h
beenintroduced where a specially designed syri
pump using a pre-programmed algorithm inje
the drug at a rate necessary to achieve the b
level set by the clinician.

intracranial pressure, in the emergency case,
suxamthonium is the drug of choice for intubation.

"K‘Isecuronium

Heh
t
|

iIs an intermediate acting
-depolarising neuromuscular blocking drug. Its
‘Eﬁ cipal advantage is that it has no significant
ﬁ’gcts on cardiovascular parameters. Apreliminary
reportin neurosurgical patients confirmed that there
Ketamine is a derivative of phencyclidine thatvas no effect on intracranial pressure or cerebral
induces dissociative anaesthesia, and stimulgegusion pressure [18]. Following an induction
the cardiovascular system with minimal respiratatgse of 0.15mg/kg the onset time for neuromuscular
depression. However in patients with intracrani@bckade is approximately 140 seconds which is
decompensation because of oedema or spadequate for elective procedures.
occupying lesions, in contrast to other anaesth
agents, it increases CMRQBF and ICP. Thes
changes can be reduced by pre-treatment W
hypocapnia, thiopentone or a benzodiazepine.

ertllﬁjs, in summary, vecuronium appears to have

eful properties for inducing neuromuscular
%ckade prior to intubation in elective cases. Itcan
be used to maintain neuromuscular blockade using
Following ischaemia the pathological mechanisan infusiontechnique. Alternatively, neuromuscular
which results in cerebral infarction involves th#ockade can be maintained perfectly satisfactorily
release of a number of neurotransmitters, a mayith the more established long acting or intermediate
one being N-methyl-D-aspartate (NMDA)euromuscularblocking drugs with the anaesthetist
Ketamine is a non-competitive antagonistat NMDOAking into account the unwanted side-effects.
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TEACHING POINT

®  Narctoics are required as an adjunct to
the other agents to control the stimulation of
surgery and the tube

®  Narcotics will depress respiration,
indirectly increasing CBF and ICP by raising
PaCO,

®  Neurosurgical procedures are often long
and require rapid but controlled emergence to
assess the neurological status and ensure
adequate respiration

®  Theideal narcoticis one whose effects are
predictable and can be controlled.

NARCOTICS

It has been well established that narcotics giver’O o)
conscious patients with some degree of intracrania
decompensation will cause a rise in intracran
pressure. However, if ventilation is supported th?
the direct effect of narcotics in general on cerebra

blood flow is minimal.

TEACHING POINT

If a patient with trauma, which includes a head
injury, is in severe pain this MUST be controlled.
Ifthereis major trauma the patient will probably
be ventilated and thus narcotics can be used
safely. If the patient is awake all other methods
of practicable analgesia, such as local
anaesthesia should be tried. However, if they

morphine (1-2mg) can be given intravenously
whilst the patient is given supplemental oxygen.
1t is stressed that supplemental oxygen will NOT
prevent respiratory depression and a rise in
arterial CO,. It will only reduce the incidence
and severity of transient desaturation. This can
occur during sleep in patients receving narcotics.
it is vital to observe changes in conscious level,
neurological signs and respiration closely in an
intensive care unit. This treatment is potentially
hazardous but also essential for the patient.
Thus it should only be carried out by those
trained to recognise changes in cerebral status
and to resuscitate the patient if required.

are inadequate then small increments of

Update in Anaesthesia

minutes. Suppression of the cardiovascularresponse
to painful stimuli can be achieved using 1.5-2.5
mcg/kg. There is no change in CBF or ICP, though
if a large bolus is given a small decrease in arterial
pressure can lead to a similar change in cerebral
perfusion pressure. However it has been shown that
fentanyl does accumulate and the duration of action
can be up to 60 minutes or more if used over a
period of time.

Pethidine is a synthetic opioid with similar
properties to other narcotics, with additional atropine
like effects. It can cause marked hypotension
(minimised by slow intravenous injection), an
important consideration in a patient with high ICP.
The length of action is intermediate, 2h with a
lasma half life 3-4hours. The usual intravenous
oFe is 0.5mg/kg. Pethidine has two drawbacks for
In?uroanaesthesia. It is metabolised in the liver to
r"f‘orpethidine, which is a convulsant. Norpethidine
elies on excretion in the kidney, and thus this
problem is particularly relevant in someone whose
renal function is impaired. Secondly, pethidine is
lipid soluble, thus if large doses are used, in a long
and stimulating procedure for instance, the action
can be prolonged.

In summary, pethidine is not an ideal agent, but if
it is the only narcotic available then it is safe to use
it, but with caution, while considering the properties
mentioned.

Alfentanil is a more recent opioid which is less
potent than fentanyl but has a very rapid onset of
effect with shorter duration due to rapid excretion.
Alfentanil has a very low volume of distribution
and because it is not widely distributed throughout
the body the amountrequired to produce an adequate
effective concentration is less - hence its rapid
excretion. This happens despite the clearance rate
being similar to that of the more soluble opioid,
fentanyl. It is analogous to the rapid emergence
from the effect of amsoluble inhalational agent.

Suppression of the cardiovascular response to
painful stimuli can be achieved with
10-30mcg/kg which will be effective within 1 min
and last for 12 minutes. However, a bolus of this
magnitude can cause a fall in arterial pressure,
especially in elderly or emergency patients with a

Fentanyl is an established narcotic used : , ) - :
neuroanaesthesia, the peak effect occurrin?@nPromised circulation. This is very important

minutes after injection and lasting for more than Y41€N intracranial pressure is raised.
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Initially there were reports that CBF, and ICP wedose). One of the problems with remifentanil is that
increased by alfentanil. There appeared to be the remaining analgesic which is very useful in the
explanationfor this and the rises were not considelietdmediate postoperative period even for
clinically significant. However these changes weFaniotomies does not occur. Therefore the problem
accompanied by falls in arterial pressure which haflproviding postoperative pain relief needs careful
a significant effect on cerebral perfusion pressunsideration.

Looking at the mechanism of autoregulatio&

provides the answer for this otherwise unexplain? cent editorial [22] where it was defined as the

fise ICP. It autoregulation is functpmng, Afime for plasma concentration to decrease by 50%
arterial pressure falls, a compensatory increase, i, terminating an i.v. infusion designed to

CBF occurs, as explained in the previous artICI|‘?Taintain a constant plasma concentration. Context

The Increase in CBF V,V'” happen becausg Ofr,é‘fers to the length of the infusion. It has been
decrease in cerebral resistance, caused by dilatafian, ) \strated that thsntext sensitivehalf-time

of ths clerebrql latr)tlerlcéles. | In trn this |ncreats)%§ both anaesthetic agents and opioids could differ
cerebral arterial blood volume, causes cere Fﬁhrkedly from elimination half-lives and that it is
swelling and increases ICP if the brain is alreaqpépendent on the duration of the infusion. The
en!arqu. lf. this explaqat|on IS ;:]orrect, Whenbtl'BTHsetofaction ofadrugis notonly afunction of the
opiold is given to patients with some Cerebral;ination half-life but also of a number of complex

swelling and blood pressure maintained |Of)étctors which include the rate of equilibration

c?]tlecho(ljarrr}]ine;, there W”(lj bmghange in ICP. between plasma and effector site, the method of
This study has been carried out by Werner [19] WI31‘8Iministration and duration of infusion. It is also

noted that when BP was sustained there was M8re relevant than simple elimination half-life

change in ICP following sufentanil, bu.twhen tWa34ta to clinical anaesthetists who give drugs over a
allowed to fall ICP rose. Although this work wa: eriod of time

carried out with sufentanil, another opioid wit

similarities to alfentanil, the mechanismi s believeth® method of administration can be either a
to be the same. continuous infusion or intermittent boluses. The

context sensitive half-lives for different narcotics

re illustrated (fig 4) and it can be seen that the half-

e for remifentanil is unaffected by time. This
Id be expected, since there is no accumulation

ntext sensitive half-timewas discussed in a

Remifentanil is an ultra-short acting esteras
metabolised, mu-opioid receptor agonist. Itis aq
to produce intense analgesiarapidly, and has pote

S|m|I_ar to ferolltanyl. It. has;ypcljcal og_lmd e:;feclzs IO s it is rapidly metabolised. It is interesting to note
respiratory depression, bradycardia and ske rapid increase in the context sensitive-half-life

musc_le hyp_er_tonus_,. The major differenc_e with _thfﬁr fentanyl when used for more than a 2h period.
drug is thatitis rapldl_y_broken down by cwculatmgié\gren the drug is used over a long period of time,
a_md_tlssue non_—spe_cmc esterases. Thus the B hally; 54 5 large volume of distribution and is fat
life is 110-20 min with a plasma clearance of 3-4, \pie 4 large amount is stored in the fat stores. It
L.min. As recovery is so_rapld, It 'S unaﬁected_ bi}ﬁerefore takes a long time to be eliminated from
the dose or the length of time t_hat I ha; been givey, body, particularly asitis released slowly. Clinical
_The concept of cqntext sens_ltlve halt-lite has be%'}perience supports this when fentanyl is used in
introduced and will be considered below. long cases. Clinicians know that if they give large
Early experimental work has shown that there d®ses of fentanyl, even when the patient needs
little difference between remifentanil and alfentanfhore analgesia, recovery will be slow. In contrast,
on CBF or ICP. Studies in patients undergoirgthough alfentanil does accumulate to some extent,
craniotomy have compared fentanyl, alfentanil aritds predictable, appearing to level off at 60 minute
remifentanil [20,21]. A bolus administered over tontext sensitive half-life after an infusion of 180
min did not cause a significant rise in ICP (2-Bin. Thereafter longer infusions make little
mmHg), but depressed blood pressure to an extdifterence, again born out by clinical experience in
which was related to the dose (MAP 8 mmHg lowéwng cases.
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significance, the major benefits to the patient arise
Defined as 50% decranse i from careful assessment, and understanding of the

P Fontany effect-site opicid concentration problem with careful attention to basic principles

% :: Sutentani of neuroanaesthetic management. These have been

3 . | detailed previously but they can be summarised

% w0 Alfentanil

m e ® Good clear airway

Duration of infusian (minutes) ®  Full oxygenation without
from Shafer Anaesthesiology 1991 74 53 hypercarbla
®  Smooth induction with no
Fig 4 Cpntext-sensit?ve half—time.s of infusions. of coughing or bucking
different narcotics as a function of the duratipn o
of infusion. ®  Careful monitoring of the
patient
When propofol infusions are used for more than3- e  Steady well controlled
4 hours, recovery becomes longer. This can [pe maintenance of anaesthesia
understood by examining the contextsensitive hglf- g \vell controlled emergence and
life (fig 5). Note that after an infusion of 6hours thF recovery
context sensitive half-time is 20 minutes.
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TEACHING POINT

The use of infusion techniques with ne

narcotics are becoming more popular a
enables the clinician to control the drug effe

d
Ct

o

stimulation and wears off when no longer
required. However, older drugs are still effecti\

more accurately so that it peaks at maximym
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