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I. History and Mechanisms of Anesthetic
Action

PROPOFOL, 2,6-diisopropylphenol (ICI 35868),
whose initial formulation as a 1% solution in 16% poly-
oxyethylated castor oil (Cremophor EL, ICI-Pharma,
England) was associated with severe pain on injection
and anaphylactoid reactions,'~* has been available since
1982 as a 1% solution in an aqueous solution of 10%
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soybean oil, 2.25% glycerol, and 1.2% purified cgg
phosphatide, which is largely devoid of allergic prob-
lems.

Although propofol has been on the market for al-
most 10 yr, this drug is still being found to posscss
new and unexpected properties. First introduced as
an induction agent,”® it was rapidly used not only to
induce but also to maintain ancsthesia.*® A few years
later, propofol was shown to be suitable for sedation
during regional anesthesia”'" and became widely
used for the same purpose in intensive care units.''”
'3 Recently, antiepileptic properties have been as-
sociated with the use of propofol, although this topic
still remains controversial. Lastly, at very low doses
we found that propofol possesses direct antiemetic
properties'? and is also efficient in the context of
pruritus induced by spinal opioids'® or associated
with liver discase.'®'” This review will deal with
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Fig. 1. Nonhypnotic therapeutic applications of propofol to
clinical care: the different actions of propofol related to its
blood levels concentration.

thesce new controversies and therapeutic uses of pro-
pofol in clinical care (fig. 1).

The mechanisms by which propofol exerts its anes-
thetic actions are, as for other anesthetics, poorly un-
derstood. Propofol inhibits activity at both spinal and
supraspinal synapses by interacting with the y-amino-
butyric acid (GABA) receptor complex to potentiate
GABA-mediated effects.'® It seems that propofol exerts
its actions at the chloride ion channel without binding
directly to the GABA receptors.'” All central nervous
system structures are affected by these actions, which
are rapidly reversible. However, it remains unclear
whether the potentiation of GABA-crgic actions is the
main mechanism by which ancsthesia is produced by
propofol.

II. Antiemetic Effects of Propofol

The occurrence of nausea, often followed by retching
and vomiting, remains one of the most distressing side
effects following anesthesia.? These problems are ob-
served after general, regional or local anesthesia. Sev-
eral factors such as age, gender, obesity, anxiety, history
of motion sickness or previous postoperative nausea
and any conditions associated with gastroparesis have
been correlated with a higher incidence of postoper-
ative nausea and vomiting.*' The incidence of post-

Anesthesiology, V 80, No 3, Mar 1994

operative nausea and vomiting is higher after laparos-
copy in gynccology, shock-wave lithotripsy and upper
abdominal surgery in adults**?%; children who have
undergone strabismus and middle car surgery are also
prone to postoperative nausea and vomiting.*+?°

‘The reviews of the past 30 yr dealing with this topic
do not reveal a significant decrease in the incidence of
postoperative nausca and vomiting. However, with the
use of propofol for ancsthesia, a significant decrease in
postoperative nausea and vomiting has been observed.?®

A. Clinical and Experimental Studies

The incidence of postoperative sickness is either sig-
nificantly decreased or shows a tendency toward a de-
crease when propofol is administered irrespective of
the anesthetic technique or drug used. In 120 patients
scheduled for major and minor genceral surgery, Doze
et al.*’ observed a 20% overall incidence of postop-
crative nausea and vomiting in patients receiving pro-
pofol-nitrous oxide versus 40% in those receiving
thiopental-isoflurane—nitrous oxide. Best et al.?® noted
an incidence of nausca and vomiting of 5% versus 35%
in patients receiving propofol or methohexital respec-
tively for microlaryngeal surgery.

In ambulatory surgery the incidence of postoperative
sickness was markedly lower with propofol when com-
pared to enflurane, isoflurane or desflurane.®**! Ret-
rospective analysis of data from 200 women who re-
ceived propofol for minor surgery showed a low in-
cidence of postoperative nausea and vomiting (< 3%)
in contrast to the usual 10-20% incidence observed
with other anesthetics.*? Raftery et al.*® assessed the
incidence of postoperative nausca and vomiting and
requirements for anticmetic medication in 80 patients
scheduled for assisted conception therapy. They re-
ceived either total intravenous (iv) anesthesia with
propofol or enflurane—nitrous oxide anesthesia; the
former was associated with less nausca and vomiting,
a lesser requirement for antiemetic medication and a
lower probability of unplanned admission to hospital
after day-care gynecologic surgery. In children, pro-
spective studies have also demonstrated a lower inci-
dence of postoperative nausea and vomiting.**** Dan-
doy et al.*® observed an incidence of nausea and vom-
iting near zero in 100 children aged 4-8 yr undergoing
squint surgery under propofol 6 mg - kg™ iv for induc-
tion and maintained with a continuous infusion of 11
mg-kg™'-h™". In 120 children aged 6 months to 12 yr
Watcha et al.*® found the lowest incidence of nausea
and vomiting in the group receiving propofol alone;
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interestingly, the addition of nitrous oxide to the pro-
pofol anesthetic regimen resulted in an increase in the
incidence of emesis.

Several authors have suggested a specific antiemetic
effect of propofol.””*® However, none of these studies
directly investigated such an effect. More recently,
Borgeat ef al.,'* in a prospective, double-blind, pla-
cebo-controlled study, examined the efficacy of sub-
hypnotic doses of propofol to treat postoperative nau-
seit and vomiting in the recovery room. Twenty-one of
26 (81%) patients in the propofol group and 9 of 26
(35%) patients in the placebo group were treated suc-
cessfully (P < 0.05). Of these, 6 patients in the pro-
pofol group and 2 patients in the placebo group re-
lapsed within the next 30 min (not significant).

In the propofol group, 3 patients (3 of 26 = 12%)
nceded a second administration of the study drug to
achieve a successful outcome. The sedation scale in-
creased by one point in 33% of the patients successfully
treated with propofol and in 44% of patients success-
fully treated with placebo (not significant). The du-
ration of the beneficial effects of propofol was over 30
min in more than 70% of the patients. No change in
sedation was noted for failures in both treatment
groups. No patient showed a change in postoperative
pain score. Failures in the propofol group were all as-
sociated with surgery closely linked to vagal stimula-
tion. It has been postulated that hypnotic agents may
cxert their antiemetic action primarily via sedation.*”
In our study we observed no significant sedative effects
owing to propofol. Additionally, the duration of anti-
emetic action in our trial was much longer than the
normal duration of hypnotic action (5-7 min) achieved
with the 15-fold higher doses of propofol used for an-
esthetic induction.*® This is also seen in the prolonged
decrease in nausea and vomiting after propofol anes-
thesia, still evident for a long time after any anesthetic
or hypnotic effect of propofol has worn off. Both these
factors make hypnosis an unlikely explanation for pro-
pofol’s antiemetic properties.

Propofol has a profile of central nervous system
depression that differs significantly from other an-
esthetic drugs.®' In contrast to thiopental, for ex-
ample, propofol uniformly depresses central nervous
system structures,*' including subcortical centers.
Most drugs of known antiemetic efficacy exert their
therapeutic effects via subcortical structures. 243 We
therefore suggest that propofol exerts its antiemetic
action by the modulation of some subcortical path-
ways.
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Urce et al.*" showed that paticnt-controlled anxiolysis
with subhypnotic doses of propofol is an effective pre-
medication technique for use in patients for day case
surgery. Anxicty and emesis are salient side effects of
cancer chemotherapy. The efficacy of adjuvant propofol
in the prophylaxis of emesis associated with highly
cmetogenic cytotoxic treatment was investigated in
patients previously refractory to selective serotonin
antagonist (5-hydroxytryptamine, [5-HT3]) and dexa-
methasone during the acute phase (first 24 h) of their
first chemotherapy cycle.® In the second cycle, an iv
infusion of propofol (1 mg- kg™ - h™") was added start-
ing 4 h prior to induction of chemotherapy and con-
tinued up to discharge from hospital. These previously
refractory patients presented more than 5 emetic epi-
sodes per day, during and after receiving cither cyclo-
phosphamide (600 mg/m®) or epirubicin (120 mg/
m?). The addition of propofol resulted in total emetic
control (no emetic episode) during and in the first 24
h after chemotherapy.*® In a similar group of patients
treated by cisplatin (80-100 mg/m?) antiemetic pro-
phylaxis was successfully obtained in 90% with adju-
vant propofol.*® In addition, the continuous infusion
of subhypnotic doses of propofol greatly improved the
quality of life during cisplatin and noncisplatin che-
motherapy, as assessed by appetite, mood and physical
activity.

B. Hypothesis and Possible Mechanisms

The vomiting center is located close to the fourth
ventricle and has four principal afferents: first, the che-
moreceptor trigger zone, rich in serotonin, dopamine,

Serotonin (5-HT3) Dopamine

PROPOFOL~—__

Histamine ——— "

/ Cortex

CTZ) ——..
SN

Muscarine vomiting Opioids
center
Trigeminus (V) / \ Vi hleus (V)
Vagus (X) PROPOFOL

——= no interaction with propofo!

Y= po$sible interaction with propofol

Fig. 2. The chemoreceptor trigger zone (CTZ) and the vomiting
center: possible mechanisms of the antiemetic actions of pro-
pofol.
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histamine, muscarine and opioid receptors; second, the
cerebral cortex stimulated by anxiety, smell and phys-
iologic stresses; third, the labyrinthovestibular center;
and fourth, the neurovegetative system, sensitive
mainly to gastrointestinal irritation, distension or pa-
ralysis via the vagus nerve.'” The mechanisms mediat-
ing the antiemetic action of propofol are unknown (fig.
2). Propofol is vagotonic.”®*’ The failures observed in
the study of Borgeat et al.'* were associated with vagal
stimulation, arguing against a vagolytic mode of action.
Dam et al.’” using the autoradiographic [''C]2-deoxy-
D-glucose method in rats demonstrated that propofol
anesthesia induces a widespread depression of local
cerebral glucose utilization except in the nuclei related
to the auditory and vestibular systems. These observa-
tions could explain why propofol may not prevent
nausca and vomiting linked to vestibular afferent stim-
ulation. To date, no data arc¢ available concerning an-
tiserotoninergic or antidopaminergic properties of
propofol. However, propofol docs potentiatc GABA-
mediated effects at both spinal and supraspinal levels,
explaining in part the anxiolysis experienced by pa-
tients receiving low doses of propofol.** Finally, the
central nervous system interactions between opioids
and propofol remain little investigated.

C. Clinical Indications

Propofol possesses direct antiemetic properties. Sub-
hypnotic doses of propofol (10-15 mg iv) may be used
in the recovery room to treat postoperative nausea and
vomiting, particularly if it is not of vagal origin. Its
advantage lies in a rapid onsct of action (within sec-
onds) and the absence of serious side cffects. The anx-
iolysis provided by propofol can also improve the pa-
ticnt’s well-being in this setting. However, the benefits,
the cost and the efficacy of propofol for this indication
as compared to other traditional anticmetic drugs re-
mains to be determined.

The discovery of specific receptors to serotonin (5-
HT3) on the chemoreceptor trigger zone led to the
development of specific antagonists (5-HT3 antago-
nists). The introduction of 5-HT3 antagonists led to a
great improvement in controlling nausea and vomiting
associated with cancer chemotherapy.®' However, 30%
of the patients still have inadequate control of emesis;
for these patients, the addition of subhypnotic doses
of propofol to 5HT-3 antagonists and dexamecthasonc
seems most promising. Here, propofol not only reduces
the incidence of nausea and vomiting but also greatly
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improves the patient’s quality of life. Further studies
arc needed to assess this new indication of propofol.

III. Antipruritic Effects

Pruritus is an unpleasant sensation that provokes the
urge to scratch. Many stimuli are able to induce pru-
ritus. The neural conduction of the itch sensation from
the free unmyelinated nerve endings to the central ner-
vous system mainly occurs on unmyelinated C fibers
and the anterolateral spinothalamic tract. Pruritus is a
common symptom of many dermatologic or systemic
diseases, but very little is known about the mechanism
of this condition.

A. Spinal Morphine-Induced Pruritus

1. Clinical and Experimental Studies. The use of
epidural or intrathecal opioids for the provision of
per and postoperative analgesia is constantly increas-
ing.>** However, the administration of spinal opioids,
morphine in particular, is associated with a high in-
cidence of pruritus.®>>® This pruritus is especially fre-
quent after cesarean section.®® It is difficult to treat,
and responds poorly to histamine blockers or other
standard therapics.’” Naloxone is currently the most
accepted drug to teeat this condition.>® Unfortunately,
this drug has also been associated with a decrease of
pain thresholds.>” We recently investigated the efficacy
of propofol (10 mg iv) as compared to placebo (In-
tralipid®) to treat spinal morphine-induced pruritus in
a prospective, randomized, double blind study.'?

The treatment success rate was significantly greater
in the propofol group (84%) than in the placebo group
(16%) (P < 0.05). The duratjon of action of propofol
was greater than 1 h in 18 patients, 40 min in 2 and
50 min in 1 paticnt. All successes in the control group
lasted more than 1 h. Among the cases of failed treat-
ment in the propofol group, pruritus improved in 2
patients after the open supplementary dose of propofol.
The other 2 patients were unresponsive to supplemen-
tary open propofol as well as to naloxone. In the pla-
cebo group, 90% of patients who did not respond to
treatment were subsequently successfully treated by 1
ml propofol (open arm of the study). The other 2 who
did not respond to propofol also were resistant to nal-
oxone. The level of postoperative pain remained un-
changed after each drug administration and also during
the 60 min study observation in both groups.

2. Known and Postulated Mechanisms. It is clear
that the syndrome of pruritus consists of two compo-
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nents: scratch, a motor disturbance and itch, a change
of sensation. However, the mechanisms by which mor-
phine (and other opioids) induces pruritus is still not
fully understood. It is evident that the role of opioids
in the responsc to stress and injury goes further than
solely producing analgesia. Opioids, morphine in par-
ticular, scem to be implicated, either directly or in-
directly, in the facilitation of the nocifensive motor
reflex (flexion response, scratch) that are an integral
part of the physiologic response to injury.*® On the
sensory side, the aversive and excitatory effects (itch
hyperpathia) of opioids arc well documented.®'~%* It
remains unclear if this excitation occurs via opioid
receptors, via modulation of neurotransmitter activity,
by a selective depression of certain ncurons or by direct
excitatory effect on dorsal or ventral spinal cord neu-
rons.®! Much evidence today suggests that segmental
itch and hyperpathia after intrathecal opioids are man-
ifestations of local, segmental excitation by opioids
within the spinal cord itself.®® This hypothesis is at-
tractive because propofol, as opposed to other anes-
thetics (e.g., barbiturates) in animal studics is asso-
ciated with a marked depression of both the posterior
and anterior spinal cord.*" ¢ Thus the possibility that
propofol exerts its antipruritic action primarily via
spinal depression, posterior horn for itch and anterior
horn for scratch, does not seem unreasonable (fig. 3).

3. Clinical Applications. The administration of
subhypnotic doses of propofol to relieve neuraxial
opioid-induced pruritus is effective in approximately
80% of patients.'® The quality of analgesia is not af-
fected by propofol. Propofol may also be given via a
continuous infusion (0.5-1.0 mg-kg™'-h™") without
any scrious side effects; this is of benefit for patients
with severe pruritus recurring within 1 h after a single
bolus dose.

B. Pruritus Associated with Liver Disease

Pruritus is a major, disabling symptom in patients
with cholestasis and often interferes with normal daily
activities and sleep.®” This symptom is difficult to treat
and is associated with significant morbidity.®®

Clinical Investigations. Different drugs have been
tried with varying degrees of success. Cholestyramine
is often efficient but is associated with frequent, un-
bearable side effects.®”" Androgenic steroids have been
tried, but they often aggravate the cholestasis.”' The
treatment modalities of phototherapy and plasmaphe-
resis still remain to be defined.”? Recently rifampicin
and ursodeoxycholic acid have been tried with varying
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Fig. 3. Local glucose utilization of central nervous system
structures after equipotent application of propofol and pen-
tobarbital to rats. This figure shows the differences in glucose
utilization induced by propofol or pentobarbital, using the
[**C]2-deoxy-p-glucose method. The more uniform and more
potent depressant effects of propofol on subcortical centers
are emphasized on this diagram. Except for the somatosentory
cortex all subcortical areas are more depressed by propofol
than by pentobarbital. Control (tissue without anesthetic) =
100%. LGU = local glucose utilization; ant = anterior; pos =
posterior; col = column; Vb = ventro-basal; thal = thalamus;
caud = caudate; nu = nucleus; gl = globus; pall = pallidum; ss
= somato-sensory; cort = cortex. (Adapted from Cavazutti and
Crosby.)

success.”*””7 However all of these drugs exhibit a very
delayed onset of action and are thus unsuitable for acute
symptomatic treatment. The beneficial effect of nal-
oxone in this clinical setting reported by some isolated
case reports’™”? led us to investigate the effects of sub-
hypnotic doses of propofol in this context. Subhypnotic
doses of propofol (10 mg iv) were compared to In-
tralipid in a prospective, randomized, double blind
study.'®'” Each patient received 2 doses of each treat-
ment drug (propofol and placebo). Treatment was suc-
cessful in 17 of 20 doses of propofol (85%) in the
propofol group compared with 2 of 20 doses (10%)
in the placebo group (P < 0.01). Onsct of action was
evident within 5-10 min. Among successful treatments
the median duration of action was 61 min for propofol
versus 50 min for the placebo group (not significant).
Order of administration of drug treatment had no sig-
nificant effect. After completion of the study period, 7
patients received a continuous infusion of propofol in
an open fashion at a rate of 1-1.5 mg- kg™ +h™! for a
mean of 3 days before surgery (n = 4), discharge (n =
2), or amelioration associated with antibiotic therapy
(n = 1). In all patients but one, symptoms improved
with the continuous infusion. Interestingly, it was
shown that the administration of barbiturates fails to
improve pruritus in this condition.®

Known and Postulated Mechanisms. The etiology
of cholestatic pruritus remains controversial. Recent
studies have demonstrated that it is not related to bile
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acid levels.®' Today, the most likely explanation im-
plicates various pruritogenic agents that may well be
opioid or opioidlike compounds.®? This would place
the basic mechanisms of liver diseasc-associated pru-
ritus close to those suggested for spinal opioids. This
hypothesis is supported by a number of observations.
Specific opiate antagonists such as naloxone or nal-
mefene—a specific opioid receptor antagonist devoid
of intrinsic activity, and more potent and longer acting
than naloxone®—are effective in treating both opioid
and cholestatic jaundice associated pruritus.®f Patients
with cirrhosis and impaired hepatocellular function
exhibit increased central nervous system-mediated
sensitivity to the sedative effects of morphine, ex-
plained by a downregulation of opioid receptors re-
sulting from chronically increased stimulation by ag-
onist ligands.®® Finally, such patients experience a se-
vere acute withdrawal-like reaction—similar to the
withdrawal reaction of opioid addiction®®#°—within
1 h of the administration of nalmefene.

These side effects were not observed when nalmefene
is given to patients with various other nonhepatic dis-
eases.”” %% All of these observations are consistent with
increased levels of opioid receptor agonists in patients
with cirrhosis, an hypothesis further borne out by the
finding of elevated plasma levels of methionine en-
kephalin and leucine enkephalin in patients with
chronic liver disease.?”'%*%° At elevated plasma levels,
these peptides have been shown to cross the blood-
brain barrier.®' The beneficial effects of subhypnotic
doses of propofol in this setting seem to be the con-
sequence, as for neuraxial opioid-induced pruritus, of
the strong depressant action of propofol on both the
anterior and posterior spinal horns (fig. 3).

Clinical Applications. Subhypnotic doses of pro-
pofol have been administered as a bolus (10 mg iv) or
a continuous infusion (0.5~1 mg-kg™" - h™") to relieve
pruritus in patients with liver disease. The continuous
infusion is recommended for patients with extremely
severe pruritus that reappears within 1 or 2 h after a
single bolus. Its rapid onset of action and the possibility
of using it as a continuous infusion make this drug suit-
able for the acute symptomatic management of pruritus.
This treatment is devoid of any major side effects and
may be given for several days without any evidence of
tolerance or accumulation.

IV. Epilepsy

Numerous anesthetic (methohexital, ketamine, en-
flurane) and analgesic drugs (high-dose opioids, local
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anesthetics) have been reported to cause seizures clin-
ically.”® The role of propofol in epilepsy is still con-
troversial. Although systematic investigations in both
animals and humans strongly suggest that propofol
possesses anticonvulsant properties,”?~°¢ several case
reports of postpropofol “scizures” or opisthotonus
have implicated propofol as a proconvulsant.?7-104

A, Proconvulsant Properties

The significance of the case reports dcaling with pro-
pofol as a proconvulsant agent are limited for the fol-
lowing reasons. First, the majority of the reported ex-
citatory movements appeared cither in patients with
known epilepsy”” " or in patients receiving drugs with
a known cpileptogenic potential.'*>'%* Secondly, in
none of the reported cases of excitatory movements
were simultancous electroencephalogram (EEG) re-
cordings performed to confirm true cortical epileptic
activity. One peculiar case report describes the occur-
rence of a seizure five days after propofol anesthesia
for no apparent reason.'® In such circumstances it is
clearly difficult to implicate propofol as the main factor.
Only one case clearly involved propofol as a procon-
vulsant agent.'°® Here the clinical sctting was particular
in that the patient was scheduled for a temporal lo-
bectomy for intractable temporal epilepsy; infusion of
propofol 2 mg-kg™' iv was associated with discharges
of spikes, polyspikes, and spike and slow-wave com-
plexes appearing 20-30 s after propofol and lasting
for as long as 7 min.

Seizurelike behavior, characterized by clonus of all
four limbs, facial grimacing and tongue clonus were
observed in mice receiving 75 mg-kg™' or more of
propofol via the intraperitoneal route during induction
and recovery from anesthesia.'”” EEG recordings
showed a generalized decrease in activity and the ab-
sence of any cortical epileptic activity. The timing and
the nature of the excitatory movements are similar to
those found in children (aged 6-12) during induction
of anesthesia with 3 mg - kg™ iv of propofol.'*®

Dolin et al.'® hypothesized that glycine antagonism
may underlie the excitatory effects of propofol, because
strychnine, a glycine antagonist, but not bicuculline,
an antagonist to the GABA, receptor, potentiated both
excitatory behavior and EEG paroxysmal discharges
when given with propofol. This is the only animal study
that would clearly associate propofol and excitatory—
epileptic behavior; their hypothesis remains debatable,
however, because they were not able to simultancously

20z Iy 01 uo 1senb Aq 4pdzZ000-000£07661-2¥S0000/ 1.2 L LZE/ZY9/E/08/4Pd-8]o1E/ABO|0ISaUISaUR/WOD" IBUYDISA|IS ZBSE]/:dBY WOl PapEojumMOq



648

BORGEAT, WILDER-SMITH, AND SUTER

. .

AR APAS N
A s

S AN
e
Ly -0,

VAN AN NNAD
AP AP A PSS VN
AMLAAADMAM A et st i

T3-04

AR AA AN NN g e
v

p1-Cy

AP A M SAAP AN i

ot ol i
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correlate EEG and behavior because mice were given
neuromuscular blocking drug when EEG was recorded.

In summarizing these publications  two points
emerge: first, propofol has never been proven to cause
cortical fits in the absence of severe preexisting epi-
Iepsy. Secondly, the excitatory phenomena reported
are the results of disinhibition in the context of low
dosages of propofol depressing inhibitory—Dbut not
excitatory—subcortical centers. The fact that inhibi-
tory central nervous system structures are more sensi-
tive to depression than excitatory ones is well known
for all hypnotic agents. Thus, it is possible to avoid
proexcitatory cffects of propofol by using adequate
dosage regimen, '™

B. Anticonvulsant Properties

On the other hand systematic studices in both humans
and animals strongly suggest that propofol possesses
anticpileptic  properties. During clectroconvulsive
therapy propofol consistently reduces scizure duration
when compared to equipotent doses of methohexital,
whatever the measurement techniques used. Using a
Cerebral Function Monitor, Dwyer ef al.''* compared
propofol 1.51 mg-kg™" iv and methohexital 1.19
mg.kg™" iv: the duration of seizures were 25% shorter
with propofol. Simpson ef al.'"' observed that seizure
durations were 40% shorter following propofol 1.3
mg-kg™' iv than those following methohexital 1.0
mg- kg™ iv using an isolated forcarm technique. The
obscrved clinical seizure duration was 42% shorter with
cither propofol 2.0 mg-kg™' iv as compared to meth-
ohexital 1.4 mg-kg™'''? or propofol 1.60 mg - kg™!
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Fig. 5. Electroencephalogram after clonazepam (4 mg), phe-
nytoin (500 mg) and thiopental (150 mg). Recruitment of acute
aactivity in the left posterior trace, with persistance of spike-
wave discharges. No accompanying clinical epileptic activity.

iv to methohexital 1.08 mg-kg™ iv.''* Propofol has
been successfully used to control status epilepticus in
a patient suffering from an overdose of chlomethiazole
and unresponsive to therapeutic doses of phenytoin, '
In another report, a patient with coxsackie encephalitis
developed uncontrolled scizures despite combined
treatment with diazepam, phenytoin, phenobarbital,
and chlomethiazole. The fits were completely sup-
pressed by a single bolus of propofol 100 mg iv and a
continuous infusion of 5.7 mg- kg™ + h™'.*% Borgeat et
al. successfully used propofol to manage a status c¢pi-
lepticus unresponsive to combined phenytoin, clona-
zepam and thiopental boli in a patient with a drained
posttraumatic subdural hematoma.''® On admission to
the ICU the patient had right facial clonus and the EEG
shows slow spike wave discharges in the left tempo-
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Fig. 6. Electroencephalogram after the addition of propofol
(3 mg- kg™ -h7™'). Burst suppression without epileptic activity.
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roparictal arca (fig. 4). Despite the administration of
clanazepam (4 mg), phenytoin (500 mg) and thiopen-
tal (150 mg) within 60 min the EEG discloscd the per-
sistence of spike-wave discharges (fig. 5). Induction of
a coma burst with propofol was decided. Figure 6
shows burst suppression without epileptic activity after
a bolus of propofol 3 mg-kg™' followed by a contin-
uous infusion of 8—10 mg - kg™' - h™'. Mackenzic et al.”®
also infused propofol until EEG burst suppression to
control fits in two patients resistant to conventional
trcatment. These results are confirmed by animal stud-
ics. In mice, Lowson et al.®® compared intraperitoncal
administration of propofol 50 mg-kg™' iv and thio-
pental 25 mg - kg™! iv against epileptiform seizures in-
duced by clectroshock and pentylenetetrazol. Both
drugs were equally effective against electroshock sei-
zures, but at the dose mentioned, propofol provided a
greater degree of protection against pentylenetetrazol
fits than thiopental. In rabbits, De Riu er al.’’ demon-
strated that a bolus of propofol 12 mg- kg™ iv and an
infusion of 50 mg-kg™'-h™' suppressed cortical par-
oxysmal clectric activity in pentylenctetrazol sceizures.
The infusion prevented the reappearance of electric
epileptic patterns in the EEG and tonic—clonic attacks.
In the same model, propofol was also effective against
cortically applied penicillin G-induced seizures, al-
though it was less potent and its action of shorter du-
ration in this condition.

C. Postulated Mechanisms of Action

Although previous original investigations by Glen et
al.''® did not associate propofol with either anticon-
vulsant or proconvulsant properties, recent systematic
investigations and well-documented case reports
strongly support propofol as an effective anticonvulsant
ageng 0391 L

The efficacy of anticonvulsants is based on their ability
to either prevent the spread of epileptic activity in the
central nervous system or to increase the threshold of
discharge of an epileptic focus.''” In this context, pro-
pofol possesses properties that further support the hy-
pothesis of antiepileptic efficacy.

Propofol, like benzodiazepines and barbiturates,
potentiates GABA-mediated pre- and  postsynaptic
inhibition' and interferes with di- or polysynaptic ex-

¥ Frenkel C, Urban BW: A molecular target site for propofol: voltage-
clamp studies on human CNS sodium channels in bilayers (abstract).
ANESTHISIOLOGY 71:A590, 1989,
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citation by decreasing the release of excitatory trans-
mitters.” Propofol, in common with many other general
ancsthetic agents, reduces membrane conductance and
excitability ¥

Morcover, when compared to barbiturates whose an-
tiepileptic action is mainly via their effect on GABA,
receptors, propofol has a4 more uniform depressant ac-
tion on the central nervous system including in partic-
ular subcortical centers'' ¢ (fig. 3). Thus, propofol may
exert antiepileptic activity by interacting with multiple
mechanisms involved in the genesis of epilepsy: inter-
actions with GABA transmission membrane excitability
and via NMDA receptor by decreasing the release of 1-
glutamate and L-aspartatc—a property not shared by
thiopental—thus explaining its efficacy in patients re-
sistant to conventional treatment' ' (figs. 7 and 8). An-
other beneficial effect of propofol in this setting is its
free radical scavenging properties.''® In vitro studies
demonstrate that propofol reacts with free radicals to
form a phenoxyl radical with cach molecule of pro-
pofol scavenging two radical species.''?

D. Clinical Indications

We may surmise that the vast majority of the reported
propofol-induced ‘“‘seizures” during induction or
emergence from anesthesia were due to spontancous
excitatory movements of subcortical origin. These
movements have been reported in adults as well as in
children, with a higher incidence in the latter.'™ Al-
though not fully understood, they are dystonic, may
appear during induction or recovery from propofol
anesthesia and are not related to cortical epileptic ac-
tivity.'®® Thus, with the exception of particular cases
such as the one with intractable cpilepsy scheduled

NMDA
Stimulation

Epilepsy
E/ +
GLUTAMAT
ASPARTATE
release

GABA
Inhibition

Fig. 7. Possible antiepileptic mechanisms of propofol. Propofol
may interact with epilepsy by two main mechanisms: first by
increasing the y-aminobutyric acid-A (GABA,) inhibition and
second by decreasing the release of L-glutamate and r-aspartate
in the central nervous system. NMDA = n-methyl-p-aspartate.
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Fig. 8. y-aminobutyric acid-A (GABA,)-benzodiazepine iono-
phore receptor complex, and GABA, receptor—chloride chan-
nel complex with hypothetical sites of action for some intra-
venous anesthetics. GABA-ergic inhibition by propofol and
barbiturates may be mediated by two primary actions: an in-
crease in agonist affinity for the GABA, receptor and a pro-
longation of the chloride ionophore conductance. Actions on
the extracellular receptor site selectively open the chloride
channel. Propofol and barbiturates may act on both the re-
ceptor site and the chloride channel but at different receptor
sites. (Bottom) The known or postulated (?) antagonists.

for elective neurosurgery,'*® the use of propofol is nei-

ther associated with cortical epileptic activity, nor with
the aggravation of scizures. Patients with known and
controlled cpilepsy may thus receive propofol anes-
thesia. Morcover, propofol may be used to treat fits
unresponsive to conventional treatment. This agent
seems particularly useful for the induction of coma
therapy for controlling refractory epilepsia; compared
to barbiturates, burst suppression is more casily con-
trolled, awakening is more rapid and it is free of hepatic
side cffects. The dosage of propofol needed to control
status epilepticus remains to be determined.

V. Anxiolysis

Anxiety is a common symptom in patients scheduled
for surgical procedures carried out cither under local,
regional or general anesthesia.''? It is common practice
in day case surgery not to administer anxiolytic pre-
medication in order to avoid excessive postoperative
scdation and possibly delayed discharge. However, a
great number of these patients would prefer to receive
anxiolytic therapy.'!?

A. Review of Studies

Few studies to date have investigated the anxiolytic
properties of propofol. Urce et al.** found that patient
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controlled anxiolysis with subhypnotic doses of pro-
pofol (10 mg iv with a 3-5-min lockout period) was,
as compared to placebo, an effective premedication for
patients presenting for day case surgery. Anxiety was
assessed with an anxicty and a sedation linear analogue
scale completed by a modified affect adjective check-
list. These results were confirmed by Grattidge'?° who
found that a fixed dose of propofol, 0.7 mg- kg™t iv,
administered during surgery under local or regional
anesthesia provided not only sedation but also anxi-
olysis with a high degree of patient satisfaction. In this
study the level of sedation was assessed by the patient
himself. The anxiolytic and amnesic properties of pro-
pofol (0.95 mg-kg™" iv) were equivalent to these of
midazolam (0.08 mg-kg™' iv) in patients undergoing
ambulatory endoscopy.'?' In a study conducted by Fer-
rari el al.,'** low-dose propofol (0.47 mg-kg™" iv)
provided anxiolytic and scdative effects comparable to
cither midazolam or methohexital during retrobulbar
and peribulbar ocular block, with the added advantages
of reduced postoperative side effects and earlier return-
to-home readiness. We also observed a marked decrease
of the anxiety level in cancer patients receiving a con-
tinuous infusion of propofol 1 mg-kg™'-h™' starting
4 h prior to the induction of chemotherapy.™s

B. Hypothetical Mechanisms of Action

Recent neurochemical investigations have linked
anxiety to dysfunction in central benzodiazepinergic,
serotoninergic and noradrenergic systems.'?? a,-Ad-
renergic agonists and serotonin antagonists reduce
anxicty.'*"'*> Benzodiazepines produce their phar-
macologic effects by regulating the interaction of GABA
with its binding sitc on the GABA, receptor complex. 2
The GABA, receptor complex plays a major role in the
pharmacology, neurochemistry and physiopathology of
stress and anxiety.'*® Anxiety is modulated by changes
in activity of endogenous ligands for the benzodiaze-
pine receptor.'* The administration of midazolam into
the mamillary bodies of the posterior hypothalamus in
animals is associated with anxiolysis. This would im-
plicate the mamillary bodies as one of the sites of anx-
iolytic activity.'*” The anxiolytic effect of benzodiaze-
pines has also been associated with an increase of gly-
cine inhibitory neurotransmitter activity. Moreover, the
affinity of the benzodiazepines for glycine receptors in
the brain stem correlated with their antianxiety po-
tency.'*® Interactions between propofol and glycine
receptors has been suggested to explain some of the
excitatory manifestations associated with propofol.'*?
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Propofol also potentiates GABA,-mediated effects.’® The
possibility of a mechanism common to propofol and
the benzodiazepines, as well as the interactions at the
GABA or glycine receptor sites to produce anxiolysis
deserves further investigation.

C. Clinical Indications

Preliminary investigations show that subhypnotic
doses of propofol possess anxiolytic properties,
strengthening the case for its use during sedation and
as an adjunct to local or regional anesthesia. It would
be interesting to know if these effects persist during
the immediate postoperative period following general
anesthesia. Subhypnotic doses of propofol have prom-
ising antiemetic effects during cancer chemotherapy;
in this setting, anxiolysis is one of the factors that greatly
improve the patients’ well-being.*® In day case surgery
subhypnotic doses of propofol as premedication war-
rant further investigation because the anxiolysis asso-
ciated with propofol’s relative freedom from side cf-
fects, rapid recovery and low level of postoperative
amnesia are of significant benefit to the patient.

VI. Muscular Actions

The muscular relaxation associated with propofol
administration is another subject of controversy. This
question is important in anesthesiology and particularly
in medical and surgical intensive care because the use
of neuromuscular blocking agents has some limita-
tions.'?” Although the previous formulation of propofol
(Cremophor EL solution) modified the activity of neu-
romuscular blockers,'*"'*! the current formulation is
devoid of any interactions with vecuronium,'**'%? suc-
cinylcholine, or atracurium. '3

A. Clinical and Experimental Studies

Kumar et al.§ investigated the in vitro effect of pro-
pofol on isolated guinea pig tracheal smooth muscle.
They observed that propofol causes a dose-related re-
laxation of the tracheal smooth muscle, mediated nei-
ther by § nor by cholinergic receptors. Human studies
have mostly concentrated on the intubating conditions
in patients receiving propofol with or without neuro-
muscular blockers. Previous studies demonstrated that

§ Kumar A, Lee TL, Adaikan PG, Lau LC, Ratnam SS: Effect of pro-
pofol on guinea pig tracheal smooth muscle (abstract). ANESTHESIOL:
oGy 71:A280 1989.
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laryngeal reflexes were depressed by propofol, per-
mitting laryngoscopy and intubation at safe induction
doses.'*! Dominici et al.'*® evaluated the case of in-
tubating patients following propofol 3 mg - kg™ iv with
and without suxamcthonium. They did not find any
difference concerning the number of successful intu-
bations, although propofol alone was associated with
a higher incidence of bucking. The addition of suxa-
methonium also provided a better opening of the
glottis.

They concluded that tracheal intubation can be safely
and efficiently performed with propofol without my-
orelaxation. Saarnivaara and Klemola'*® compared
propofol 2.5 mg-kg™" iv added to different doses of
alfentanil and found acceptable intubating conditions
in 79% of the patients receiving propofol plus alfentanil
30 pg-kg™' iv. Mulholland et al'*” compared the
quality of tracheal intubation after induction of pro-
pofol (2.5 mg-kg™' iv) in patients who received cither
lidocaine 1.5 mg iv or a placebo. No significant differ-
ences were noted between the groups; however, the
overall failure rate was 30.6%. The authors do not rec-
ommend this technique as it does not seem reliable or
predictable enough for routine usc. Jacque et al.'*®
had a 36% rate of intubation success with either pro-
pofol 2-2.5 mg-kg™' iv or propofol 1.0 mg-kg™' iv
bolus followed by a continuous infusion as compared
to 100% success with thiopentone and suxamethonium.
They concluded that propofol has no muscle-relaxing
properties and did not advise its use as a sole intubating
agent.

B. Use in Human Tetanus

Tetanus is characterized by muscle rigidity and reflex
spasms that result from the combination of the tetanus
toxin and a ganglioside with the synaptic terminals of
spinal interneurons. This complex interferes with the
release of the inhibitory transmitter substance acting
on glycinergic or GABA-ergic cells.'* ' Thus, disin-
hibition of « and vy motor neurons occurs, resulting in
increased muscular tone, loss of coordination and the
spontancous, simultancous contractions of both agonist
and antagonist muscles that constitute tetanus
spasms. "¢

Borgeat et al. investigated the effects of propofol in
two patients with tetanus.'*"'*? In the first patient mid-
azolam up to 16 mg-h™', morphine 5 mg-h™"' and ve-
curonium had been necessary to control painful my-
oclonus. The introduction of propofol (50 mg iv bolus
and continuous infusion 3.5-4.5 mg-kg™'-h™") per-
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mitted the discontinuation of midazolam and vecuro-
nium and a decrease rate of morphine infusion. In the
second patient, masseter and rectus major muscular ac-
tivity was recorded by means of electromyography.
Following a bolus of propofol 50 mg iv, muscular ac-
tivity decreased from 150 to 10-25 mV within 15 s
for a mean duration of 6 min. The mechanisms involved
in muscular relaxation by propofol in this setting are
not known. A peripheral mechanism is unlikely. From
our current knowledge of the pharmacology of pro-
pofol a direct spinal action seems likely; it remains to
be determined which neurotransmitters (glycine or
others) are involved in this process.

C. Other Indications

The various studies dealing with intubating condi-
tions provided by propofol alone are discordant. The
evaluation of these data is difficult because the doses
of propofol used are not identical, the skills and training
of the anesthetists involved are impossible to standard-
ize, and the patient’s anatomic particularities may well
have played a role. Nevertheless, it seems that propofol
provided better intubating conditions as compared to
thiopental'**; thus it may be the anesthetic of choice
when neuromuscular blocking agents are not indicated
or are even contraindicated. However, its routine use
as sole intubating agent is not recommended.

Preliminary results show that propofol may be cffi-
cient in patients with tetanus at a dosage of 3.5-7
mg-kg™' - h™! with supplementary boli of 50 mg iv be-
fore painful stimulation: muscular relaxation is marked,;
sedation is easily managed; and complete awakening
is rapid even after prolonged infusion—no accumu-
lation.'*!

VII. Abuse Potential and Analgesic
Properties

A. Abuse Potential

Intense dreaming activity, amorous behavior or hal-
lucinations are features reported during recovery from
propofol anesthesia.'**'*> Mood changes are also dis-
tinct characteristics of patients administered subhyp-
notic doses of propofol: in women scheduled to receive
cancer chemotherapy, we observed a change from in-
trovert to extrovert behavior after the continuous in-
fusion of 1 mg-kg™'+h™! of propofol during 4 h. 156
In a prospective, randomized, double-blind placebo-
controlled and crossover study, Zacny et al.''® observed
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that healthy volunteers free of any drug abuse or psy-
chiatric disorders underwent changes in mood in a
dose-related fashion; five of ten subjects liked high-
dosage propofol infusion (2.0 mg+ kg™ - h™"), three did
not. From a psychopharmacologist’s point of view, any
chemical substance that leads to rapid euphoria and
that favors communicative behavior in general facili-
tates autostimulatory pathways, thus leading easily to
toxicomania. Propofol does indeed fit this profile and
must therefore be considered to have drug abuse po-
tential. However, its use in this setting is limited to a
certain extent by its mode of administration (only iv)
and its pharmacokinetic characteristics (very short half-
life). To datc only one casc of propofol addiction has
been reported in the literature.'” It concerns the par-
ticular case of an anesthesiologist with a previous his-
tory of drug dependence. However, it is always con-
ceivable that some patients at risk may be tempted to
abuse a drug such as propofol, and anesthesiology de-
partments should be aware of such a risk.

B. Analgesic Properties

The analgesic properties of propofol remain contro-
versial. In its first formulation (2,6-diisopropylphenol
in Cremophor EL) propofol was shown to increase pain
threshold using tibial pressure algesimetry. In the same
study, thiopentone was demonstrated to possess hy-
peralgesic properties.'*® In its new formulation, anal-
gesic propertics of propofol have not been formally
demonstrated. However, some authors have found that
the postoperative need for analgesia was decreased fol-
lowing propofol anesthesia, as compared to thiopental—
halothane anesthesia.?! In the intensive care setting,
Du Grés et al.'”® compared the use of propofol and
midazolam for achieving similar levels of sedation fol-
lowing coronary artery bypass grafting. They found that
the propofol group needed less morphine than the
midazolam group.'" In the same clinical setting, Mc
Murray et al.'>" noted that, compared to midazolam,
the requirements for morphine and glyceryl trinitrate
were less when propofol was given, a finding not con-
firmed by Kenny and Chandhri."!

It is evident that propofol does not possess classic
analgesic properties to counter acute pain. However,
propofol interacts with di- or polysynaptic excitation
by decreasing the release of excitatory transmitters, e.g.,
L-glutamate and L-aspartate.'” These amino acids are
closely implicated in the stimulation of NMDA recep-
tors in the spine. These receptors are central to the
modulation of postoperative hyperalgesia or windup.'*?
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By its interactions with the NMDA receptor, propofol
may decrease postnociceptive windup and therefore
diminish the need for analgesics either in the recovery
room or on intensive care units. This fascinating aspect
of propofol deserves further studics.

VIII. Conclusions and Therapeutic
Implications of Nonanesthetic Properties

Despite the presence of propofol on the Europcan
market for almost 10 yr its nonhypnotic therapeutic
uscs have remained unknown until very recently. Pro-
pofol is remarkable in that it possesses, in contrast to
other hypnotics, strong depressant subcortical actions
that long outlast its corticohypnotic ones.'* The an-
tiemetic, antipruritic and anxiolytic effects of subhyp-
notic doses of propofol suggest a preferential involve-
ment of subcortical structures. Because of its favorable
pharmacokinetic properties, 7.e., short half-life and
high clearance rate,'**='*¢ the use of propofol in such
low dosages is safe in clinical practice and devoid of
scerious side effects. For these indications, it can provide
specific therapeutic benefits and improve the general
patient’s well-being. Propofol seems to interact with
various neurotransmitters or specific receptors in the
central nervous system in ways still unknown, whose
clucidation represent a fascinating challenge for future
investigations.
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